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TITLE: OF THE INVENTION

Connection.Structure between Components. for
Semiconductor Apparatus
BACKGROUND. OF THE INVENTION
Field of the Invention

The present invention relates to a connection
structure between components for. a.semiconductor apparatus
and particularly to a connection  structure: where a high
thermal conductivity is required for mounting of a
semiconductor device. involving..considerable: heat
generation such as a high-power transisto:'or-a laser
diode.
Description of the Prior Art

A connection structure between components of a
semiconductor  apparatus generally comprises-an insulating

base member and connection members- joined: thereto. For

.example, the connection structure comprises:an insulating

base plate on which a-semiconductor device- is.mounted, and
lead frames-connected=by-solderinghuéing.silver solder in
predetermined portions where connection circuits or the
like are.formed-on the insulating base- plate. In such a
case, the insulating base plate generally neéds~to-have-a
good eléctrical insulation, a high mechanical strength- and
a high- thermal conductivity for dissipation of heat from

the semiconductor device, so as to maintain insulation
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from the semiconductor-device. The: lead frames need to
have a low electric resistance and.a high mechanical
strength. For example, concrete characteristics required
for the lead frames are indicated in MIL STD 883B. This
standard specifieS"such-charaéteristics-as=a-tensile
strength, a bending strength and fatigue required for the
lead frames. Alumina (A1203) which satisfies  the above
mentioned requirements is generally selected in- the prior
art as a material of an insulating base- plate: used for
such connection- structure- between components of a
semiconductor apparatus. For the lead frames,; iron-nickel
alloys: such as -Kovar- (trade  name- i.ev, an alloy of Fe-29
wt.% Ni-17 wt.% Co) and 42 alloy (i.e., an alloy of Fe-42
wt.% Ni1) are generally-selectéd~as-the materials
satisfying the requirements-of: the- above-mentioned
standard. The technical paper "Ceramic Substrate and IC
Package" pp. 59-67 in the special issue of Electroceramics
of “Kagakukogyo" of March- 1984 discloses a'connection
structure-in which lead frames of Kovar (trade name) are
fixed by silver solder to metallized layers formed .as
connection circuits on an insulating base- plate- of
alumina, the connection*structure-being'used-as-a base on
which a semiconductor apparatus- is mounted.

Fig. 1A is a plan view- showing an example of a

conventional connection structure  between .components of a
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semiconductor apparatus as described above; Fig. 1B is a
sectional view thereof; and Fig. 1C is-a sectional view
showing details of a junction portion between a lead frame
3 and a base plate 1 of alumina. Referring to those
figures, in this. connection structure, metallized layer 2
is formed on specified regions of a major surface: of a
base ﬁlatefl of alumina and lead frames 3 are joined to
the metallized -layer 2-by~a-meta1 solder or the like. A
semiconductor device. 4.such: as-a. field effeet transistor
involving considerable" heat generation is mounted on a
predetermined position of the base- plate-l and it is
connected: with the. metallized .layer 2 ox the. lead.frames 3
by bonding wires' 5. Further, a heat sink 6-of a tungsten
alloy, e.g., a copper-tungsten alloy is fixed on another
surface of the base plate- 1, opposite. to the. above
mentioned major surface: on which' the semiconductor:- device
4 is mounted. In addition, as shown in Fig. 1C, a thin
BEEEEE\EEZSE_Z is formed. on a metallized layer 2 in the
junction portion between the base: plate-1l and -the- lead
frame 3, and a plated layer 8 is. formed, as required, on
—— T ———
the surfaces- of the lead frame 3 to ensure a stable
wettability of a-metél solder 9.
Although-alumina  is excellent in electric insulation
and mechanical strength, its heat dissipation. is. not good

. -1
because its thermal conductivity -is: as- low-as 17 Wm “K 1.
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Accordingly, alumina. is not suited for a base material,
for example, on which a field effect transistor- involving
considerable heat generation is to be mounted. It is also
known that an insulating base  plate - using beryllia (BeO)
having a thermal conductivity- as: high as 260 Wm. 1K -1 is
used for mounting a semiconductor-device involving
considerable heat-generation. However, beryllia-is toxic
and measures to be taken for ensuring safety in use are
complicated.

Further, Japanese- Patent Laying-Open No. 21032/1984
discloses a base plate. formed of a material containing. 2
to 30 wt;%-of copper in tungsten or molybdenum -as: a base
plate having a high thermal conductivity for-mounting a
semiconductor device. However, this base plate does.not
have electric insulation and alumina -not-having a good
heat dissipation-is used as a material surrounding the
device.

Under the circumstances; special interest-has:been
drawn recently to aluminum nitride- (ALlN) as an insulating
base metal for mounting a: semiconductor. device involving
considerable heat  generation- since aluminum nitride- has
substantially as' good- a- thermal conductivity as that of
beryllia, i.e., 200 Wm 1K -1 and it has no. toxicity and has
as .good electric- insulation and mechanical strength as

those of alumina.
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However, 1f lead frames are soldered to an aluminum
nitride base plate by a metal solder, e.g., a silver
solder - {Ag-Cu), an average thermal expansion-coefficient
of aluminum nitride in. a range. from a. room. temperature- to
a-silver soldering temperaturew(780°C) is as small as 4.3

-6 g1

x 10 , while an average- thermal expansioncoefficient

of iron-nickel alloy of the lead frames- is.very high,
e.g., 10 x 1079 k™! in the case of Rovar and 11 x-10"° x~%
in the case of 42-alloy; Consequently, the difference
between the thermal expansion-coefficient of the. aluminum
nitride-base plate and that of the lead frames causes-a
strain due to a- large thermal stress-as a:residual stress
in the aluminum nitride base plate in a cooling. process
for silver  soldering-of the lead frames-to the-aluminum
nitride base plate. Accordingly, if the lead frames- are
drawn in a direction -of detachment from the base. plate,
the connection structure is easily ‘broken-and-a sufficient
strength of junction of the- lead frames-can not be
assured.

In- addition;, it has been proposed-to’ uselead frames
of molybdenum having substantially. an' equal thermail
expansion coefficient as.that of aluminum nitride. so as- to
relieve a strain due to a’thermai stress. However; since
molybdenum is expensive- and does:not have- a good

formability, it does not serve to provide a connection
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structﬁre~easy~to-use-and'having“a low cost;, to be- applied
between components' for a semiconductor' apparatus. |
On- the --other hand, Japanese Patent Layingr-Open No.
167833/1987 -discloses' that the thermal expansion
coefficient.  of the - lead frames: is: sultably changed by
adjustment of composition: of an. iron-nickel~cobalt.alloy
used as the material of the lead frames, thereby to make
disappear or reduce-residual stress:and strain caused=by
soldering of the. lead frames to a-sintéred-body of
ceramics having a low thermal expansion coefficient, such
as aluminum nitride. However, according to’ this
techniéue, it is. necessary. to finely-adjust-. the
composition of the- iron-nickel-cobalt alloy as
conventionally used as the-material of the:‘'lead frames-and
conséquently-the manufacturing -process.is..complicated.
Another example of a connection structure- between
components- for- semieconductor: apparatus- is- a-cap for
airtightly enclosing a-semiconductor device mounted on an
insulating: base plate. The material of  the cap for
enclosing of the semiconductor device, for which a high
reliability is required, is. for example a low. thermal
expansion alloy material such as 42 alloy or Kovar (trade
name), or a ceramic material such as alumina or mullite.
The structure of the cap is .as- shown in Figs. 2A and 2B.

The semiconductor device 4 is mounted- on- a ceramic- base
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plate 101 and is- covered with a covering member 11. If
the covering member'll-is formed of- insulating ceramics,
that is, in the-case shown in Fig. 2A, a -skirt-shaped
metal frame: 111 is provided to- surround the covering
member  11. If the: covering member 11 is formed of an
alloy material having conductivity, that is, in the- case
of Fig. 2B, an -insulator layer 112 is provided in a
contact portion between the covering member 11 and the
semiconductor device 4. Thus, the cap provided with the
insulator as-described: abover has a structure. preventing
leak current from the semiconductor: device 4. In both of

Figs. 2A and 2B, metallized layers 2 are- formed in

junction portions- and a-heat sink 6 for enhancing: heat
dissipation is-provided on the-covering member 11.
Since- semiconductor devices- have:a- tendency ‘to
considerablyiincreasenheat generated: therefrom, it is-of
urgent necessity -to develop caps“having-exceilent~heaf
dissipation. For-example, if a cap of a metal material
having a high thermal conducfivity is used, it is
necessary to provide-insulator'portions as described
above, which causes not only increase:- in manufacturing
cost but also deterioration in. thermal conductivity.
Therefore, caps using materials having-high-thermal
conductivity and excellent insulation have- become- of much

interest. Beryllia (BeO), silicon carbide. (SiC) and
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aluminum nitride: (A1N) may be considered as materials
satisfying such.requirements:. However, beryllia and
silicon carbide- are- disadvantageous in view- of toxicity
and electric characteristics: thereof: and also because-of
irregularity. of supply thereof. Accordingly, aluminum
nitride is most suitable. However, in order to
manufacture caps-using-aluminum nitride as:the covering
material, it ispnecessaxywto.applyfmetallizationato
portions-to be joined to the frame- member on the surface
of the covering: material of aluminum- nitride-and then- to
solder the. the. covering member. to. the frame member by
metal solder.

In such a case; 1f metal soldering; e.g., silver
soldering:(Angu)'isnappliedv there- is. a- considerable
difference-between the average: thermal expansion
coefficient of aluminum nitride and that: of ifonrnickel
alloy, as-described. previously. More specifically, the
average thermal expansion coefficient of aluminum nitride

is - low, i.e., 4.3 x 107871

in the range from.the. room
temperature to the temperature for silver: seldering
(780°Ci, while the. average: thermal .expansion coefficient
of iron-nickel alloy of low thermal expansion used
generally for thexframehmember-is-extreme&ynhiéh; i.e., 10

6. -1 6 -1

X 10°° K™~ (in ‘the case of Kovar) to 11 x 10 ° K~ (in the

case of 42 alloy). As a result, a residual strain occurs
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due: to’ strong thermal stress' caused in the covering member
of aluminum nitride. The-residual. strain causes:cracks in
the covering: member  -of aluminum nitride and warping or
deformation: in the framefmembér; Thus, the above
described: prior art- does not make: it possible- to. provide--a
cap with high dimensional preeision, good. air-tightness
and high reliability.
SUMMARY OF- THE INVENTION

It is. an objeet of the. present invention. to.provide a
connection- structure-between-components-of - a-semiconductor
apparatus; which’ uses- a' base member -of aluminum nitride
having.good:heatudissipationhsuitableffor;mountingmoffa

semiconductor-device- involving .considerable heat

‘generation’ and: -makes.-it possible. to join a- connection

member to: the: base.member with an appropriate.-junction
strength.

The: present invention has been-accomplished based on
the findings by the- inventors of the present invention
that the residual strain due to thermal stress-caused in
the cooling process: in soldering: can be: relieved
effectively. if a specified thermal.stress. relieving. member
is interposed'between*a base member- of aluminum nitride
and a- connection member-including as- a-main material any

of iron-nickel alloys:and ifonrnickelrcobalt.alloys.
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According to an- aspect of the.present invention, a
connection structu:e-between'compopents‘of'a-semiconductor
apparatus comprises: a base member of aluminum nitride
having a . major surface. on which a semiconductor: device: is
to be mounted; a connection member including, as a main
material, any of- iron-nickel alloys and iron-nickel-cobalt
alloys; a stress relieving. member; and a.-solder. member for
joining the base member, the stress relieving member- and
the connection member. The stress relieving member: is
interposed. between the base member and. the connection
member and it-is formed-of-any of soft metals and soft
alloys having a-high plastic deformativity: to relieve-a
thermal stress cauéed.by-the-difference.between-the
thermal expansion coefficient: of- the base-member and that
of the  connection member by plastic deformation of the
stress relieving. member itself.

Preferably, the stress- relieving member may be formed

of any material selected among copper, copper-alloys,

nickel, nickel.alloys, iron and aluminum. The connection
e R S IR e

member may be lead frames having 0.1 mm in thickness and’ 8
mm in width for example, which values- allow: the stress
relieving member. to have a thickness. of 0.01 to 1 mm. The
base member of aluminum nitride preferably includes a

sintered body. Further, the connection structure between

components for semiconductor apparatus .preferably

- 10 -
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comprises a metallized layer formed on a- junction- surface
of the base member. Preferably, the metallized layer 2
contains at least a metal selected out of tungsten and
molybdenum, at least an aluminum compound selected from
the group of aluminum nitride, aluminum oxide:and aluminum
oxynmitride, and calcium oxidei/'A plated layer is A
preferably formed on a junction surface of the -metallized
layer to be. connected with a solder material. A plated
layer is also preferably formed on a surface- of the
connection member to be joined with the- solder material.

Thus, if a material of any of soft metals and soft
alloys- is used as the stress relieving member between-the
base member of aluminum nitride-and the connection member,
the stress’ relieving member becomes- further softened near
a temperature for- soldering and it becomes- readily
plastically deformative. As a result, most of the thermal
stress caused by the: difference in thenﬁhermal.expansion
coefficients of the aluminum nitride: base- member- and the
connection member is: absorbed: by the plastic deformatrion
of the stress relieving. member, whereby residual stress. in
the base member  of aluminum nitride can~be-made¥disap§ear.
Consequently, a desired strength of soldering can be
attained. |

If a lead frame as the connection’ member- -has a - size
of 0.1 mm in thickness and 8 mm in width, the thickness: of

THIS SHEET HAS BEEN
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the stress relieving member is preferably ln the range
from 0.01 to 1 mm. If it is less. than 0.01 mm,; the stress
relieving. member is. too. thin to. allow. a: sufficient amount
of plastic deformationand cannot- absorb the- thermal
stress - in a- satisfactory manner. If the-thickness«pf-the
stress relieving member is.more than 1 mm, a thermal
stress caused by thermal expansion of the-stress relieving
member itself at the time of soldering cannot be
disregarded. More specifically, even if the. thermal
stress- caused by-fhe'difference~between'thevthermal
expansion coefficients- of the- lead frames-and the aluminum
nitride base member can be. absorbed by plastic deformation
of the: stress relieving member, the considerably- large
thermal stress of the- stress-relieving member: itself
adversely affects the. lead. frames:and the. base. member of
aluminum nitride; resulting-in-a thermal strain: in those
members.

In addition, anmetallized“layer.iSspreferably formed
on the junction surface of the base--member of - aluminum
nitride and if the metallized layer contains- at least a
metal selected out of tungsten and molybdenum, at least an
aluminunr compound selected out of aluminum nitride,
aluminum oxide and aluminum oxynitride, and calcium oxide,

it has desired junction strength and. thermal conductivity.
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If a plated layer is formed on a- surface-of the
metallized layexr to be joined. with solder material,
uniform and stable soldering can be applied thereto. This
is because wettability of the solder material and the
metallized: layer can be improved by the. plated layer
provided therebetween: The- plated layer formed on-the
surface  of the connection member-to be joined with- the
solder member has:also the same-effect. Those plated
layers are formed preferably by nickel plating.

Particularly, if treatment such: as- gold plating: is to be

3

applied in. an aftertreatment, it is. preferred: to apply
nickel plating-for~the»purposeS%of~improvingvadhesionrand \
deposition of the:gold-plating=an& forming a-uniform goid
plated. layer on. the nickel plating.

According to another*aspect-of"thewpresentiinvention,
a connection structure between components- of a
semiconductor apparatus- comprises: a base-member of
aluminum nitride; a connection member- including, as a main
material, any-of iron-nickel alloys and iron-nickel-cobalt
alloys; and a solder material for. joining the.base~member
and the- connection member, and this connection structure
has- the below- described features. At least a  surface of
the connection. member. to be joined. to. the base member is
formed of any of soft metals and soft alloys-having a high

plastic deformativity so that the surface - of the

- 13 -
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connection membexr  itself is deformed plastically to
relieve thermal stiess caused by a difference-between
thermal expansion»coefficients of the base member and the
connection member. In the above described connection
structure- between- components' of a- semiconductor apparatus,
the junction: face between the. connection member and: the
base member is preferably formed of any material selected
from copper, copper alloys; nickel, nickel alloys, iron
and aluminum. The connection member preferably includes
lead frames. Further, at-least'a-portion-of-the
connection member to be. joined to-the base-member
preferably: includes an inner layer. portion formed of any
of iron-nickel alloys-and iron-nickel-cobalt alloys; and
an outer layer portion formed of any of soft metals and
soft alloys. 1In that case, the. other portions. of the
connection member- excluding the portion joined to the: base
member are- preferably formed of any material selected out
of iron-nickel alloys and iron-nickel-ccbalt alloys.

In- the above-described connection:-structure, any of
soft metals and soft alloys- forming the surface of: the
connection member joined to the base member of aluminum
nitride is plastically deformed: to relieve- the- thermal
stress caused by the-difference between: the thermal
expansion coefficient of the base member of aluminum

nitride and that of' the connection member. Accordingly,

- 14 -~
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if the base member of aluminum nitride and the connection
member are- soldered, the connection structure can provide
a sufficiently high junction strength- since:the- thermail
stress caused therebetween has. been relieved. Thus, the
connection structure has a-high reliability and a high
resistance to thermal stress.

In the case.of soldering. the connection. member. to the
base member: of  aluminum nitride; if at least- the: portion
of the connection: member- joined to- the base member
includes an inner. layer portion formed of iron-nickel
alloy or iron-nickel-cobalt alloy, and an outer- layer
portion formed of a soft metal or a soft alloy, the outer
layer portion of the soft metal or the soft alloy to be
joined to the base member of aluminum nitride:is
plastically deformed to relieve=thefthermai stress: caused
between the: base member of aluminum nitride and the
connection member. In such-a case; if  therentire
connection member has a three-~layer  structure- including
the inner layer portion and: the outer layer portion;, the
bending  strength of the connection member itself is
lowered, which may cause- inconvenience. in: practical use.
For this. reason, the connection member may be formed. so
that only the junction portion subjected to thermal stress
has- a three-layer structure and the- other portions-have~a

single~layer structure: of iron-nickel. alloy or

- 15 -
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iron-nickel-cobalt alloy to maintain a high bending
strength. Furthexr, if a two-layer. composite structure-is
adopted in which-a single stress:-relieving layer of- a soft
metal or é-soft-alloyxis-formedfon=a-portion=of the
connection member such: as a lead -frame-to be- soldered,
this two—layer  composite structure- has- also an effect- of
relieving thermal. stress- Héﬁéver; in this- two-layer
composite structure, warping or. deformation: may occur. in
the lead frames- due to a bimetal effect at thehtimevbf
soldering at a-high temperature- and voids will be+easi1y
generated. in the: junction portions between the lead. frames
and the base: membexr of aluminum nitride. Thus; the

junction strength of the- connection member: such- as: the

- lead. frames. cannot be uniform and. the: reliability of the

connection structure itself is lowered.

For example, let us assume -a-case-in which: copper: is
selected as the soft metal material of the: surface-of. the
connection. member joined to the- base member; Kovar  (trade
name, i.e., Fe-29 -wt.% -Ni-17 wt.%-Co) is selected as-a
main material of the connection member and. a.composite
metal plate formed' by combination of' those materials-is
soldered to the- base member of aluminum-nitride by silver
solder. 1In- this- case, copper is plastically deformed. in a
temperature- range: from the silver soldering  temperature of

780°C or a higher temperature to about-200°C, whereby the

- 16 -
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thermal stress caused between the- Kovar and the- base- plate

of aluminum nitride can be relieved. Although  the thermal

expansion coefficient of copper is:-as high as 18 X 10 =6

K-l, whlch'value-ls~cons1derab1y larger. than that- of

aluninum nitride; it. hardly: causes-:residual strain -due- to
thermal stress. generated in the cooling. process:of the
soldering, because - copper has a high plastic deformativity
to be plastically deformed in the: cooling process. In
addition, if oxygen: free copper. is. used: as- the. copper: for
the junction' surface, it has a particularly remarkable
effect of relieving the thermal stress. The Kovar as:one
of iron-nickel-cobalt alloys is selected:.as. the: main
material of- the- connection member: not' only because- it is
industrially sulilted as the material of- the  lead. frames- and
the like but also because- it has:a. thermal expansion
coefficient close- to that of aluminum nitride:-among the
metal materials. The reason for forming. the connection
member. such as the. lead frame:-by a gomposite”metal plate
is that a lead frame: formed of only a soft metal material
itself has-1owmtensiie~and:bending.strength~and it would
involve a disadvantage in. practical application.

The soft metal materials may be not only copper-or
copper alloys but also nickel, iron and aluminum metals or

alloys thereof. However, if aluminum .is used, the- desired

- 17 -

THIS SHEET HAS BEEN
REPLACED




10

15

20

TTTTT———

Thls Sheet Has Bee

TN

effect can be obtained only in the case of soldering it by
a low melting solder: material.

According to a further aspect of the present
invention, a connection structure between components- of- a
semiconductor apparatus comprises-a-cap- for alrtightly
enclosing. a semiconductor: device mounted on an insulating
base plate. This cap is provided over the- semiconductor
device to protect it. The cap comprises -a- covering member
formed of aluminum nitride, a frame: member. formed of any
of iron-nickel-alloys and iron-nickel-cobalt - alloys, to be
joined to the covering member to surround the
semiconductor. device. located under: the: covering member, a
stress- relieving member; and- a-soldering material for
joining the covering member, the. stress relieving member
and the frame: member. The stress relieving member is
interposed~beiween'thekcovering'member~and-themframe
member and it is formed of a soft metal or a- soft alloy
having a high plastic deformativity to relieve, by plastic
deformation of itself, a thermal stress- caused by a
difference between the thermal expansion coefficient of
the covering member. and: that of the frame: member. The
stress relieving member is preferably formed of any of
copper, copper alloys, nickel, nickel alloys, iron- and

aluminum,

~- 18 -
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The  cap in accordance with the- present inventiop
comprises. the covering member, the frame member and. the
soldering material and it has the below described
features. At least a junction: surface between the- frame
member- and -the covering member. is.-formed of. a soft metal
or a soft alloy having a high plastic deformativity so
that it is plastically deformed itself to relieve-the
thermal stress caused by the difference- between: the
thermal expansion-coéfficient-of=the"covering=member~and
that of the frame member  in a cooling process: at the-time
of soldering. In this case, the junction surface- is
preferably formed of any of copper, copper-alloys; nickeil,
nickel alloys, iron and aluminum. At least a portion of
the fIrame member to be- joined to. the. covering. member
comprises.an inner layer portion formed: of any of
iron-nickel alloys and iron-nickel-cobalt alloys; and an
outer layer portion formed of any of soft metals and soft
alloys.

In the cap in accordance with the present invention,
the stress relieving member interposed between the
covering member and the frame member, or the soft metal
material of the portion of the frame: member to e  joined
to the covering.member is plastically deformed, so as - -to
relieve a thermal stress caused by the'difference-between

the thermal expansion coefficient of the: covering member

- 19 -
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and that of the  frame member in the cooling process at the
time of soldering. Further, since-the portion of the
frame member to be joined to the covering member comprises
the- inner 1ayer~portion of iron-nickel alloy-and-the»dﬁter
layer portion of  the soft metal material, it becomes
possible to suppress generation of cracks-in the covering
member of aluminum nitride and to suppress- the bimetal
effect, whereby warping. and deformation: of the frame
member. can be: reduced. Thus, the present invention.makes
it possible to provide~a cap with a high dimensional
precision and a high reliability, ensuring good
airtightness. Since. the. surface. layer. portion of the
junction surface to be soldered is at least formed of a
soft metal material, the soft metal material sexrves- to
relieve the thermal. stress..applied to the junction. surface
and accordingly the: junction strength between the
respective members: of the cap is sufficiently- high; which
also.enhances-reiiability;

For example, let us assume a case in which coppezr is
selected as. the soft metal material, Kovar (trade name?) is
selected as .the main material of. the frame. member and a
three-layer composite metal plate formed by combination
thereof is soldered by silver solder to the covering
member. of aluminum nitride. 1In this case, the copper is

plastically deformed in a temperature  range from the

- 20 -
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silver soldering temperature, i.e., 780°C or a higher
temperature  to about 200°C, SO0 as- to relieve the thermail
stress applied between the Kovar anduthe-alumihum.nitride,
In this example, the-materials. of the respective- members
have the same function as described above- in--connection
with the example of the. conmection: structure. between the
lead frames and the base plate- of aluminum:nitride-.

These objects and other ohjects;, features, aspects
and advantages. of the present. invention. will. become:..more
apparent from the following-  detailed description of the
present invention when. taken in conjunctionfwith-the
accompanying.drawings..

BRIEF DESCRIPTION’ OF' THE DRAWINGS

Figs. 1A, 1B and 1C are plan and sectional views
showing..a- conventional structure. between components for
semiconductor apparatus, such' as- a -connectiom structure
between an alumina base plate and lead- frames.

Figs. 2A and 2B are~sectional;vieWSmshowingua
conventional connection structure-between components- for
semiconductor apparatus such as-a.connection structure: to
be used for a cap.foi.airtightly.enclosingaa~semicanductor
device mounted on an insulating base- plate.

Figs. 3A and 3B are process-charts:schematically

showing two methods for fabricating a connection structure
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between. components- for semiconductor. apparatus in
accordance-with: the: present invention.

Figs. 4A; 4B and 4AC are plan and sectional views
showing. a connection structure: between components-for
semiconductor: apparatus' in accordance-with' an- embodiment
of the present  invention, e:.g., a-connection structure
among. lead frames, a stress. relieving member and a base
plate-of aluminumr nitride.

Figs. 5A, 5B and 5C are plan and sectional views
showing a connection structure- between components: for
semiconductor apparatus-in accordance-with-another
embodiment of the present invention;, e:g., a connection
structure- between lead frames-of. a- composite metal plate
and a ‘base‘ plate: of aluminum nitride-.

Figs. 6A, 6B; 6CI and 6CII. are plan -and sectional
views showing a connection: structure: between components
for semiconductor-apparatus- in accordance-with a- further
embodiment of the- present invention, e.g., a connection
structure between lead frames.of a three-layer composite
structure and a base- plate of aluminum nitride.

Fig. 7 is a sectional.view~showing=a;further
embodiment of the invention in which a connection
structure between"components=for semiconductor'apparatus

is applied to a- cap.
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Fig. 8 is a sectional view showing a still furthex
embodiment. of the- invention in which a connection
structure bétween~components~for.semiconductor.apparatus
is applied to a cap.

Fig. 9 is a side view showing a dimensional. relation
in an example of a connection structure between a- lead
frame and a base plate of aluminum nitride.

Fig. 10 is a side view -for explaining a test method

- for measuring a junction strength of a lead frame: joined

to a base plate of aluminumr nitride.

Fig. 11 is an illustration- showing a portion where a
warping in a-frame»member oflan example.of. a.cap is
measured.

Fig. 12 is an illustration: for explaining a test
method for measuring. airtightness. of the. cap of Fig. 11l.
DESCRIPTION- OF THE' PREFERRED EMBODIMENTS

As described in the: foregoing, the-present invention
relates to an improvement of a technique for forming.a
connection structure between  components  of  a semiconductor
apparatus, using a base member of aluminum nitride. The
aluminum nitride as. a sintered body to be used in.the
present invention is obtained for example by the: below
described method.

The base member formed of a sintered .body of aluminum

nitride used in the- present- invention includes preferably
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aluminum nitride as a major component and ‘contains-0.01 to
1.0 wt.% of an element of the group IIIa in the periodic
table and 0.001 to 0.5 wt.% of oxygen, with a thermal
conductivity thereof being higher than- 180 Wm 1K 1 In
forming the base member, first at least a compound
containing a rare earth element is mixed with powder- of
aluminum nitride- so- that thecompound containing the- rare
earth element is contained in 0.01 to 1.0 wt.% evaluated
by conversion' of the rare earth element. Paraffin, PVB,
PEG or the like is used as a shaping. additive-agent.
Phenol resin or the like- causing:'a residual carbon- by
decomposition, or carbon powder; graphite powder or the
like may be- added thereto so as to control the residual
carbon in the sintered body. The rare earth compound is
for example stearic acid, palmitic acid, alcoxide nitrate,
carbonate or hydroxide. Preferably, a high polymer
compound such' as stearic acid is used. It is believed
that such materials make it possible to decrease- the
content: of the rare-earth and to prepare mixture with
aluminum nitride powder in good condition. Particularly,
stearic acid is the most preferred in view..of not only. the
function as the shaping additive  but- also -the property of
being mixed with aluminum nitride powder, the gquantity of
residual carbon, and the like. The aluminum.nitride

powder needs-to be in- fine- and uniform-grains. The
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average  grain diameter of the aluminum nitride-powder is
preferably 1 um or less.and the content of oxygen in the
powder is preferably 2.0 wt.% or less. Such aluminum
nitride powder cannot be--easily obtained by a direect
nitriding method (i.e., a method using nitrization: of
metal aluminum). It can be-obtained by a reducing
nitriding method (i.e., a method by utilizing reducing
nitrization of aluminum oxide). If the direct nitriding
method -is adopted, it is necessary to pay particular
attention to control of the reaction, classification: of
the- grain diameter.and the. like.

After the- mixture-powder: is-shaped- in a desired- form,
it is sintered in a non-oxidizing atmosphere+containing
nitrogen.. ' In order to make the sintered body- -have- a- high
thermal.conductivity, sintering is- performed preferably-at
a temperature from. 1000 -to. 2100°¢C for more. than five hours
to cause an average grain diameter to be more  than 5 um.
Cooling after the sintering is preferably performed
rapidly. If thencooling“is-performed;gradually, sintering
additives are deposited and the- sintered surfaces are
considerably deteriorated. For this reason, the cooling
is effected-prefe;ably down to' 150°C at a rate of

200°C/hour.
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A process for forming a metallized layer on-a surface
of the base member .of the sintered body of aluminum
nitride thus obtained is applied in the- following manner.

First, the base plate of the sintered body of
aluminum nitride is prepared by the above. described
method. As the material of the metallized layer, metal
paste is prepared by mixing calciunmr compound powder,
aluminum . compound. powder. and metal. powder of tungsten or
molybdenum, and adding an organic- binder- such—-as vehicle
thereto. Compositions-of the metal paste are-metal powder
of 40 to 98 wt.%, aluminum compound of 1 to 25 wt.% and
calcium oxide-of 1 to 35 wf;%; In order to apply-a
sintering brocess" as aftertreatment at a low- temperature,
copper or nickel may be added.as- catalyzexr for. lowering
the sintering temperature. The metal paste- thusrprepared
is coated on a - major surface. of the base plate-formed of
the sintered body of aluminum.nitride. The base. plate of
the sintered body of:aluminum nitride is fired in an
inactive- atmosphere-of nitrogen or the like at a
temperature  from 1500 to 1800°C, whereby-a metallized
layer is formed on the- surface- of the base: -plate. If the
metallized layer is formed to contain aluminum oxide of:1
to 10 wt.$%$ as the-aluminum compound and calcium oxide- of- 1
to 20 wt.% using tungsten powder as - the-metal powder, orxr

if the metallized layer is .formed to contain aluminun
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oxide of 1 to 10 wt.% as the aluminum compound.and. calcium
oxide of 1 to 35 wt.$% by using molybdenum powder: as' the
metal powder, it is made possible to- provide. a connection
structure with a desired adhesion strength between. the
base plate of the aluminum nitride- sintered body and the
metallized layer and having a good- thermal conductivity.

The steps.of forming a metallized: layexr on the
surface- - of a base- plate formed by the-aluminum nitride
sintered body may be- performed as follows, by sintering- an
aluminum nitride formed body coatred with the metal paste
at one time.

First, a base plate of the aluminum-nitride formed
body is. prepared: by shaping. the aforementioned mixed
powder-into-a-prescribed~configuration=such-a-k‘green
sheet. A material.for the metallized layer is- prepared by
kneading powder: of tungsten: and:-at least oner additives
selected from a group of aluminum-oxide; aluminum nitride,
calcium oxide; yttrium-oxide-and stearic acid yttrium-and
the like, to provide metal paste, similarly to the above.
The metal paste thus provided is-applied to thevsurface~of
the base plate formed.by the aluminum nitride- formed body,
by printing or coating. The base. plate formed by. the
aluminum nitride  formed body is sintered with the metal
paste similarly to the above conditions, to be provided

with a metallized layer on the surface of a baée;plate
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formed by the- aluminum nitride -sintered body. Thus;, the
aluminum niﬁride sintered body with the metallized having
high thermal conductivity can be: obtained.

Description is now:made-of a typical example-of a
method for forming -a connection: structure- between
components-of a semiconductor'apparatus*in=accordan08wwith
the present- invention: Figs: 3A -and 3B are:process:.charts
showing: two methods: for: forming: a-connection: structure
between-componentSTof“a~semiconductqrrapparatuSHin
accordance- withthe-present invention. Referring to Fig.

332, first, an. aluminum nitride: sintered base-plate..is

prepared. Then; metal paste obtained by the-above

described method  is-coated on a surface-of' the-aluminum
nitride- sintered base plate. A screen printing. . process
may be- applied: to the coated metal paste inaccordance
with a-éredetermined-pattern; e.g., a predetermined
circuit pattern. After that, the. screen printed metal
paste is dried. Thealuminum nitride sintered- base--plate
is fired in an inactive gas-atmosphere-heated at a
predetermined temperature. | |

The - above steps- may be performed-as follows.
Referring to Fig. 3B, an aluminum-nitride formed base
plate is first prepared. Then, the metal paste-obtained
though the' aforementioned method is-applied-to-the- surface

of- the aluminum nitride formed-base: plate: Thereafter- the
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metal paste  thus applied is dried. Then the-aluminum
nitride formed: base plate is sintered with the metal paste
in an inert gas atmosphere. which is. heated to. a.prescribed
temperature. Thus, an aluminum nitride sintered: base
plate with' a-metallized layer- is- formed.

After the  firing/sintering, nickel plating-is-applied
to a surface of a metallized layer formed- on: the: aluminum
nitride sintered: base- plate. Heat treatment is applied at
a temperature of about 800°c to improve-strength and
airtightness of the nickel plating, so that the- nickel
plating is sintered. Then, soldering is- applied. to the
surface - of the nickel plating to join the- aluminum nitride
sintered base: plate, the lead frames, the- frame-member for
cap and the like. Further, gold. plating.is.applied to the
junction portions. Thus, the connectiom structure in
accordance: with: the: present- invention can be: formed.

An embodiment of a thus formed connection -structure
between  components of a semiconductor apparatus- in
accordance with an- aspect of the present invention, for
example, a junction: structure of 1eéd«frameSy stress
relieving members and a-base plate:of - aluminum nitride
will be described with reference- to the- drawings+ Fig. 2A
is a plan view- showing the embodiment of: the. invention
used for the base-plate for mounting- the semiconductor

apparatus; Fig. 4B is a sectional view thereof; and Fig.
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4C is a detailed sectional view of a junction portion of

the lead frame 3 and the base plate 1 of aluminum nitride.

'Referring to the figures, this connection structure

includes a metallized layer 2 formed by the above
described process on specified regions of a major surface
of the aluminum nitride sintered base plate 1, and lead
frames 3 soldered to the metallized: layer 2 by metal
solder or-the-like. A stress relieving member-13 of a
soft metal such as copper coated with -a- nickel plated
layer is interposed between the-metallized layer 2 and
each lead frame 3. A semiconductor: device 4 such-as-an
FET involving considerable heat-generation-is‘mounted-onra
predetermined position: of the.aluminum nitride base- plate
1. The semiconductor device 4 is connected with- the
metallized layer 2. or the lead frames- 3 by bonding wires
5. Further, a heat sink 6 of a: tungsten alloy, e.g., a
copper-tungsten alloy is attached: to another surface-of
the aluminum nitride- base- plate- 1, opposite  to the
aforementioned major surface. 1In-addition, as.shown: in
Fig. 4€, the junction portion- between  the: aluminum nitride
base plate 1 and each lead frameQB-further'compriseSwa
thin plated layer 7 formed. on the metallized layer. 2, and
a plated layer 8 formed, as required, on outer: surfaces- of
a metal layer 23 of Kovar or the: like, to ensure

wettability of metal solder 9.
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Another embodiment of a connection structure 5etween
components of a- semiconductor. apparatus- in accordance with
another aspect of  the invention, e.g., a connection
structure between lead frames having a . stress relieving
layer of .a soft metal material and- a metal.layer. of
iron-nickel alloy and an aluminum nitride-base plate will
be  described with reference: to. the- drawings: As- shown in
Figs. 5A and 5B, a metallized: layer 2 is. formed.on
specified regions of a surface of the- aluminum nitride
base plate 1 and lead frames- 3 of a.composite metal layex
are joined to.the metallized layer 2 by soldering of metal
solder or the~likez Each'of the lead  frames-has-a stﬁess
relieving layer 13 of copper or the like and a metal layer
23 of Kovar or the like. A-semiconductor. device: 4-such as
an FET involving considerable: heat generation is mounted
on a predetermined position of the: aluminum nitride- base
plate 1 and it is-connecfed.with-the-metallize&mlayer=2-or
the lead. frames- 3 of a composite: metal plate by means-of
bonding wires- 5. Further; a heat sink- 6-is. attached to
another surface. of. the aluminum nitride base plate. 1.

The metallized layer 2 may be the one conventionally
used for soldering lead frames to an insulating base
pPlate. For example, it may be formed by the above
described steps: of coating metal paste including tungsten

or molybdenum as a major component on the aluminum-nitride
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base plate-and firing it together with the- base plate, or
it may be formed by a postmetallizing process;, or may~bé'a
thin £ilm of titanium, chromium or. nickel formed by vacuum
evaporation- or sputtering. The metal soldering material
is preferably silver solder; howevexr, it may be other
solder material. insofar as..it can ensure a-good. junction
between a metal material of a composite-metal plate and a
metallized layer by forming a  thin metal coated layers
having good wettability- with the solder material. thereon.
Even in the case: of using silver- solder;, it is preferregd,
for example as:. shown in Fig. 5C, to form; as- required, a
thin nickel plated layer. 7 on.thermetallizedflayer-2 if
the metallized layer 2. includes- tungsten  as:-a-major
component and -to form, as required, a -nickel plated layer
8 on the surfaces .of each lead frame- 3 .of a.composite
metal plate- in advance thereby-to -ensure-a-stable
wettability of the- metal soldex 9.

Another embodiment of a connection. structure between
components' of a semiconductor apparatus- in accordance with
a further aspect of the present invention, e.g., a
connection structure of lead frames. having a three-layer
composite structure and an aluminum- nitride base: plate
will be described with reference to the drawings. As
shown in Figs. 6A -to 6CII, in this connection structure, a

metallized layer- 2 is formed on- specified- regions' of a

- 32 -

THIS SHEET HAS BEEN
REPLACED




10

15

20

25

—_—

This Sheet Has Been

R

major surface of the aluminum nitride. base: plate 1 and
lead frames 3 each including a three~layer composite-metal
portion 3a and a single-layer metal portion- 3b, or only a
three-layer composite portion 3a are joined to the
metallized layer 2. - Only'the:three—laYer'compcsite~metal
portions 3a of the lead frames:3 are joined to the
metallized laver 2 by soldering. of metal solder. 9. A
semiconductor device 4 such as an FET involving
considerable heat generation is mounted on a predetermined
position of the aluminum nitride: base plate-1l and it is

connected with the-metallized layer 2 or the- lead frames-3

by bonding wires: 5. Further, a heat sink-6 may be

attached to anothér major surface of. the aluminum nitride
base plate 'l as required.

In addition; if each-lead frame:-3 includes-a
three-layer composite-metalxportion«Ba;aﬁd.a-singlerlayer
metal portion' 3b, a metal layer- 23 of Kovar or-the like
out of the three layers is formed of the same low
expansion metal material as -that. of the. single-layer metal
portion-3b and stress  relieving layers 13 on-both-sides of
the metal layer 23 are formed of the  same: soft metal
material, as shown in. an enlarged: view.of Fig. 6CI. The
three-layer composite metal portion 3a- cam be formed in a
manner in which- the stress relieving layers: 13 on both

sides of the metal layer 23 to be  soldered out of the lead
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frame 3 are formed as c¢lad materials: by a clad tape
forming method. As shown in Fig. 6CI, both surfaces of
the portion to be: soldered in the lead frame- 3 may be- made
thin and the stress relieving layers 13 ﬁay-bevformed-on
those- surfaces to cause- the three-layer composite metal
portiom 3a- to have-almost'the~same-thicknessras that of
the single-layer metal portion 3b.

Fig. 6CII shows, in an enlarged view, another. example

of a lead frame:3 only formed-of a three-layer composite

metal portiom 3a.

The method. for forming the metallized: layer 2 on. the
aluminum nitride base- plate 1 may be-'a method
conventionally used for soldering lead frames-to an
insulating’ base. plate, or. any of the above described
methods- such: as- the- method for coating metal paste
including tungsten, molybdenum or the- like on- an aluminum
nitride base plate and firing the paste together with the
base.plate-or the- method for forming a thin f£ilm of
titanium, chromium.orxr- the- like. by vacuum evaporation  ox
sputtering.

The metal soldering material is preferably silver
solder. However, it may be other metal soldering material
insofar as- it can ensure a good junction: between the
three-layer composite-metal portion 3a of the lead frame-3

and the metallized layer 2 formed on the aluminum nitride
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base plate' 1l by forming a thin coated layer  of a metal
having good: wettability with the soldering material
thereon. In addition, even in the case: of using silver
solder, if the metallized layexr 2 includeShtungsten~as-é
major component, it is- preferred to form, as required, a
thin plated layer. 7 of nickel or the like: on- the
metéllized=1ayerw2-and a- plated- layer' 8 -of-nickel or-the
like on the  surfaces-of the three-~layer- composite metal
portion 3a of each lead frame-3 in advance: thereby-to
ensure- a- stable- wettability of metal solder 9. The-plated
layer may be formed on all the surfaces-of each lead frame
3. In such-a manner, adhesion and deposition of gold
plating or the- like applied-in an aftertreatment can be
improved ahd thus-a uniform-plated 1ajer"of-goid:or the
like can be: formed.

A description: is now made  of a-cap to which a
connection structure-between: components of a- semiconductor
apparatus in accordance: with the present invention: is
apprlied, with reference to the drawings. Fig. 7 shows-an
embodiment of the cap structure. A metallized layer 2 is
formed on peripheral side: surfaces of a.covering member 11
formed of  a sintered body of aluminum nitride. This
metallized layer 2 is joined to a frame - member 30 formed
only of a metal layexr 230 of an iron-nickel alloy by metal

solder 9 through' a stress relieving member 130 of copper
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or the like. The lower end of the. frame member. 30 is
joined to a-ceramic:base~plate=101-through:anbther
mefallized layer 2. A semiconductor device: 4 is mounted
on the ceramic base. plate 101l. 2 heat sink 6 is provided
on -an upper-surface-of~the-coverinngembem-ll, so that
heat generated~from~the:semiconductorrdevicew4-is
dissipated by the. heat sink- 6- through the. covering member
11, and thus the- cooling effect is' enhanced. The
metallized layers 2 are: the same:'as those described: above
concerning.the connection structure: between: the: lead
frames and the aluminum nitride base:plate. The metal
solder 9 to be used is preferably. silver solder; however,
it may be other soldering material insofar as-.it can
ensure a good junction betweenthe-related surfaces  of the
frame-member- 30 and the metallized- layers-2 by forming
thin coated films- of a=metal.having:angoodhwettability._
with the soldering material thereon. Those thin- layers
have: the same: function as described: above: with: regard to
the embodiment of the: conmection structure. between--the
lead frames and the: aluminum nitride base-plate:

Fig. 8 is a sectional view-of another embodiment in
which a connection structure between components for
semiconductor apparatus in' accordance with' the present
invehtion is applied to a cap. According to Fig. 8, a

metallized layer 2 is formed on peripheral side surfaces
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of a covering member 11 formed of a sintered body. of
aluminum nitride. A frame member 30 of a three-layer
composite metal. plate is-joined to the metallized layer 2
by metal solder 9. The frame: member 30 has.a composite
structure includihgua.metal.layer.230.of a. low. expansion
metal material such as- Kovar and stress relieving layers
130_of a-soft metal material such as copper formed: on both
surfaces. of the metal layer 230. The.lower end of the
frame- member- 30 is joined to a-ceramic base plate 101
through another metallized: layer 2. A semiconductor

device. 4 is mounted on the: ceramic baseaplatealol.

the covering member 11 of the sintered: body of aluminum
nitride, to .dissipate heat generated: from- the
semiconductor"deVice-4-through<the-covering"member~11 and
thus. the cooling effect is-enhanced. The metallized
layers 2 and the. metal solder 9 are- the. same as-.described
above. 1In addition; a thin plated layer  may be formed- on
the frame member- 30 or the: junction surfaces: of the
metallized layers 2. The function of such thin plated
layer is the same: as described above:.

The following description is made of examples- A to E.
using. samples prepared with base members..of. aluminum
nitride sintered body obtained by the above  described

method in accordance with the- invention.
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A metallizing process was applied to a
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base. plate- of |

an aluminum nitride sintered body obtained by the above

described method. The metallizing process-was applied by

the steps of coating metal paste having a- predetermined

composition on a suxface. of each. sample of. an aluminum

nitride sintered base plate; applying debindering: thereto

and then firing the~baseup1ate~coated:withrthe~metél paste

in a nitrogen-atmosphere-at a-temperature~of*1600°c for: 60

minutes. As a result, a metallized layer was formed on

predetermined regions: of the aluminum nitride sintered

base plate. The-metal paste used in this-case-was

prepared by adding-calcium- oxide- powder and

alumina- powder,

to-tungsten~powder:and:mixinguthe=powdexsawith-an organic

binder such as a-vehicle. The amount of: calcium- oxide

powder: added was 14 wt.% and that of alumina powder was:- 4

wt.%.
Further, a nickel plated layer of -2 um

was formed on: the surface of the: metallized

in thickness -

layer. Then,

as shown in Fig. 4C, a stress. relieving: member was

interposed between each lead frame--and the--aluminum

nitride- sintered base- plate and silver soldering- was

applied thereto at a temperature-of 830°%c.

A -dimensional

relation: in the junction between: the- aluminum. nitride base

plate.and'thevlead.frame»is.shownwin Fig. 9.
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3 having a width of 8 mm and a length of 10 mm was: joined
to the aluminum nitride base plate. 1 having. a length of. 20
mm by silver solder: 9. The--area:of. junction between' the
lead frame 3 and the aluminum nitride- base: plate 1 was

2 mm x- 8 mm.. In order to evaluate a junction: strength
between-thevlead—framewandrthe~aluminum-nitride~bése
plate, tensile- tests were carried out by pulling the:-lead
frames - 3-in the direction shown by the arrow, so. as to
measure- the soldering: strength-: The-resuits-areﬁshown-in
Table 1. More specifically, the' soldering: strength for
each sample - in Table 1 is an average value obtained: based
on five measured values: For' comparison;, an-example-of
junction of lead frames-to a beryllia- base: plate-is- shown
in Table 1  {as the sample No.. 10).

According to Table-l, the soldering-strengths'of‘thé
samples not using any-étreSS'relieving.membex'were
extremely low, i.e, 0.5.to 2-kg. In the case of the
samples not using the stress-relieving members; the  start
point of breaking existing in each aluminum-nitride-base
plate. and cracks due: to thermal. stress.were. exhibited
apparently. In the"case‘of'the“sampieé*using-stress
relieving members: for junction:betﬁeenrthe;leadrframes~and
the aluminum nitride- base plate. in accordance: with the
present invention; it was- found that a-desired soldering

strength can be obtained if the- thickness of the stress
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relieving member is in the range from 0.01 to 1l mm with
the lead frames having a thickneSSnof 0.1 mm and a width
of 8 mm.

In addition, after a metallized layer having  the
above described composition was formed on specified
regions of the surface of. each: sample of the: aluminum
nitride base: plate; a nickel plated layer-of 2 to 3 um-in
thickness and a .gold. plated layer of 2 to 3 um-:in
thickness were formed. thereon. After that, a high. power
FET was soldered to the-surface: of the plated layer-by
solder material of gold-silicon. Then, by using. a method

of-Z&VBE, a- change. amount Z&VB caused by -application .of a

E
forward drop:voltagewVBE betweenftheaemitter"andfthe‘base'
of the- transistor was measured and a thermal resistance- of
the unit including the- transistor and the-aluminum. nitride
base plate was. evaluated. The  measured thermal resistance
values  of all the-samplevaere~1eSSwthan-1.990/W3
Consequently, it is understood: that the aluminum. nitride
base plate is suited as' a ‘base’ plate on which-a
semiconductor- device: is- to be- mounted, from a view- point

of thermal. conductivity.
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Table 1
No.| Lead Frame Stress Relieving: Member Soldering: Strength
(kg)
1 | Kovar (t'= 0.05 mm) 4pm Ni~plated Cu (t = 0.1 mm) 13
2 ditto ditto (t = 0.05 mm) 11
3 ditto not provided 1.3
4 Kovar (t-= 0.1 mm) 4um Ni-plated Cu (t = 0.1 mm) 13
5 ditto ditto (t = 0.05 ymm) 12
6 ditto ditto- (t = 0.02 mm) S
7 ditto ditto - (t = 0.005 mm) 4.5%
8 ditto ditto {(t = 1.5 mm) 0.8
9 ditto not provided 1.5
10* ditto not provided 5.5
11 | Rovar (t =-0.2 mm) 4pum Ni-plated Cu .{t = 0.2 mm) 10
12 ditto ditto (t = 0.1 mm) 8.5
13 ditto not provided 1.2
14 | Rovar {(t = 0.07 mm) Cu {(t = 0.1 mm) 14
15 ditto Cu (t = 0.05 mm) 12.5
16 ditto Cu {(t = 0.03 mm) 11
17 ditto not provided 2
18 | Kovar (t = 0.1 mm) Cu (t = 0.1 mm) 11
19 ditto Cu (t = 0.05 mm) 8
20 | Rovar (t = 1.4 mm) Cu (t = 0.01 - 1.0 mm) 1.5
21 ditto not provided 1.5
22 | Kovar (t = 0.1 mm) Ni - {t = 0.1 mm) 7
23 ditto Ni {t = 0.05mm) 5
24 | Fe-Ni 42 alloy 4ym Ni-plated Cu (t = O.21mm) 10.5
(t = 0.1mm)
25 ditto ditto (t = 0.05 mm) ]
26 ditto not -provided 1
27 Fe-Ni 42 alloy 4um Ni-plated Cu (t = 0.2 mm) 8.3
{(t = 0.2 mm)
28" ditto ditto (t = 0.1 mm) 7.3
29 ditto not provided 1
30 | Fe-Ni 42 alloy Cu (t = 0.03 mm) 9.5
(t = 0.07 mm)
31 | ditto not provided 2
32 | Fe-Ni 42 alloy Ni (t = 0.1 mm) 8.5
(t = 0.1 mm)
33 ditto Ni (t =-0:05 mm) 7
*: BeO base plate
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Example B

A metallized layer was formed on specified regions..of
a surface-of a base plate-of an aluminum nitride sintered
body by the- following metallization: processing. The
metallization processing of samples was performed: by
applying tungsten:- paste: of prescribed composition to the
surfaces: of respective;samples-of'the~aluminum formed base
plates. shaped. in a configuration such. as a green sheet by
the aforementioned method with: screen: printing of
prescribed patterns;, drying, performing debindering and
then sintering. the: same: in.a nitrogen. atmosphere. at.a
temperature of 1850°C for 5 hours. Thus, metallized
layers were formed on prescribed: portions: of. aluminum
nitride sintered base:plates« Nickel~p1ating~léyers*of-2
pm in thickness were- formed on:thevmetallize& layers, and
sintered in a-hydrogen atmosphere:- at a- temperature- of
750°C for 20 minutes. Lead frames were-joined on-the
metallized layer. in. the: same: mannexr as in the: example. A,
whereby samples-were prepared:. The junction strength
between the lead frames and the base: plate: of: each sampile
was evaluated in the same manner. as in the-éxamplerAa The
results are shown  in Table- 2.

From Table 2, it is found that the soldering
strengths of the samples not using any stress relieving

member were- as low as 0.5 to 2 kg. The start point- of
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breaking of each of such samples. existing. in the aluminum
nitride  base plate- and cracks due to thermal stress were

found for each of such: samples. .

Table 2
No. | L.ead Frame Stress Relieving Member Soldering Strength
(kg)
1 | Kovar (t = 0.1 mm) | 4pm-Ni~plated-Cu (t = 0.1 mm) 13.5
2 ditto ditto (t = 0.05 mm) 10.5
3 ditto Cu (t = 0.1 mm) 13
4 ditto __ ditto (t = 0.05 mm) 10.5
5 ditto Ni (t = 0.1 mm) 9.5
6 ditto ditto {t = 90.05 mm) 7
7 ditto not provided 1.5
8 | Fe-Ni 42 alloy- 4pum Ni-plated~Cu (t = 0.1 mm) 14
{t = 0.1 mm)
9 ditto ditto (t = 0.05 mm) 10.5
10 ditto Cu (t = 0.1 mm) 12
11 ditto ' ditto (t = 0.05 mm) 10.5
12 ditto Ni (t = 0.1 mm) 8.5
13 ditto ditto (t = 0.05 mm) 7
14 ditto not provided 1.5
Example: C
5 Lead frames-:were soldered without interposition of-a
stress relieving member by silver solder at a:-temperature
of about- 830°C to be joined onto a metallized layer
including tungsten as a major component formed: on: a
surface of an aluminum nitride. base plate. In this case,
10 the lead frames used had the shape: shown in Fig:. 9 with

the thickness thereof- being: 0.1 mm. As shown in Fig. 5C
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or 6C, the junction portion of each lead frame  was formed
of a three-layer composite metal portion or a two-layer
composite metal portion, the composition thereof. being
shown in Table 3, and each lead frame was formed to have a
uniform thickness. The junction strength between the lead
frames and the: aluminum nitride. base- plate. of. each of ten
samples prepared was measured: in the+-same- manner-as- in the
Example A. The results of the- measurement of' the- junction
strength are shown in Table. 3 which indicates: ranges of
the~different-ﬁeasunedbvalues<of'thevten~sampiesa

As is evident from Table 3, in. the case of  using lead
frames-havingnthree—layer.compositesmetal.portionSsandztwo

layer- composite metal portions- for- junctiom with' the

respective’ aluminum nitride- base: plates, the- junction

strengths were remarkably improved compared with the- cases
of using conventional lead frames formed of only Kovar or
42 alloy. It is further understood that in the. cases-of
using lead frames-having. three-layer composite. metal
portions, the ranges of difference in junctiomr strength
were  smaller than those: in the- cases- of using lead frames
having two-layexr composite metal portions.

Further, bending'strength"testwaere~coﬁductedrwith-a
period required for a free end of a lead frame: bent at
right angles-to be: restored to the: initial state being

regarded as one cycle: As a result, as for the lead
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frames having. three-layer composite metal. portions. and the

conventional lead frames formed of only Kovar or 42 alloy,

more than 24 cycles: were required until they were- broken.

On the. other hand, the - lead frames. entirely formed of a

two-layer composite -metal portion were- broken by-5 to 10

cycles and the-lead frames: formed of only a soft metal

material were broken by.2 to 6 cycles.

Table 3
No.| Stress Central Stress Junction | Breakage
Relieving. | Metal Layer Relieving | Strength
Layer on (m) Layer on | (kg)
Soldered Opposite
Surface Surface
(pm) (pm)
1 Cu (20) ° Kovar (60) Cu (20) 9.4~10.8 '|In Lead Frame
2 Cu (40) Kovar. (60) none. 2.4~10.1 ditto
3 | Cu (30) 42 Alloy (40) Cu (30) 7.6~9.9 ditto
4 | Cu (40) 42 Alloy (60) none ~7.1 ditto
5 | Fe (20) Kovar (60) Fe (20) 5.6~7.7 ditto
6 [ Ni (20) Kovar (60) - Ni (20) - | 6.0~6.9 ditto
7 | Fe (40) 42 Alloy (60) none: - 3.1~5.8- ditto
8 | Ni (40) 42 nlloy (60) none- 5.2~6.1 ditto
9 Kovar (100) 0.9~1.4. In ALN
10 42 Alloy (100) '0.8~1.1 ditto

Values in () represent thickness.of the respective. layers.
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Example D

In the- same- manner as in the Example-C, lead frames
having the same: shape- and the: same: thickness: of 0.1 mm
were joined to an aluminum nitride-base. plate- by soldering
as- shown in Fig. 9. Each' lead  frame-was prepared to-have
a portion to be soldered including: a -three-layer composite
metal portion or- a: two-layer. composite. metal. portion as
shown in Table 4. Each-lead frame was-joined to-a
metallized-layer:including=tungsten'as«a-major:comfonent
formed on specified regions. of a-surface: of the aluminum
nitride base plate-as in the Example A, by- a-soldering
process'at-a-temperature-from-450 to 600°¢C using. a- low
melting metal soldering material having- a -composition: of
gold-silicon; gold~silver~germanium: or- the- 1ike: The
junction strength was measured. in: the. same: manner as.- in
the- Example- A with regard to ten samples- of: each-kind thus
obtained. The-results-of the- measurement of the- junction
strength .are- shown .in Table: 4, which: indicates: ranges. of
difference of - the measured values.

As can be seen from Table 4, in the: cases-of using
lead frames having: three-layer . composite metal portions
and lead frames- having two-layer composite metal portions,
the junction strengths- were:- remarkably improved compared
with the conventional lead frames- formed of only Kovar or

42 alloy. It is further understood that in the-cases-of
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using the lead frames having the three-~layer composite

metal portions; the:ranges-of'differenée~in-the junction

strength were small.

Table 4
No. | Stress - Central Stress Junction | Breakage
Relieving | Metal Layer Relieving | Strength
Layer on- { pm) Layer on -| (kg)
Soldered Opposite
Surface Surface
{pm) (pm)
] Cu (30) Kovar (40) Cu (30) 9.4~10.8 |In'Lead Frame
2 | Cu (40) Kovar (60) none - 1.9.10.1 ditto
3 | Cu (20) 42 Alloy (60) | Cu (20) 8.6~10.2 ditto
4 | Cu- (40) 42 Alloy (60) | none ~8.0 ditto
5 | Fe (20) Rovar (60) Fe (20) | 8.8+~11.0 ditto
6 | Fe (40) 42 Alloy (60) none 2.4~.7.6- ditto
7 | Ni {20) Rovar (60) - Ni (20) 6.6~8.1 ditto
8 | Ni (40) - 42 Alloy (60) none- 1.0~.7.1 ditto
9 | a1 (20) Kovar {60) Al (20) | 10.1~11.4 ditto
10 | Al (40) Kovar (6D) nore- 11.2~12.2 ditto
11 | Al (20) 42 Alloy (60) | Al (20) - | 9.2~10.8 . ditto
12 | Al (40) 42 -Alloy-(60) none - 8:8+<11.0 ditto
13 Kovar (100) 1.6 In AIN
14 42 Alloy (100) 1.8 ditto

Values in () represent thickness of the. respective layers.
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Example: E

A metallized. layer including. molybdenum. as- a major
component was  formed in the same- manner: as in-theﬂExampié
A on a surrounding portion of a covering member- formed of
a sintered body of aluminum.nitride having. a thickness..of
3 mm-and an area of 10 mm-x-10 mm. After nickel plating
was applied to the:metallized layer, a- frame member of 0.1
mm- in thickness.:.was soldered thereon by silver solder. at a
temperature of 830°%¢. This: frame- member- was- formed by a
three-léyer composite metal shown in Table 5. 1In the-cése
of using copper as an outer layer- portion—-of- the-frame
member., a nickel plating process: was. applied before- the
soldering. Warping and airtightness. of each of-the:capg
thus obtained were measured. The warping was: measured: as
the value a as showm in Fig. 11 in: junction between a
covering member. 11 and a frame:member 30. Airtightness
was measured by placing each-cap in a helium-gas
atmosphere and evacuating -the cap as shown in Fig. 12.
The junction portion between a covering: member: of an
aluminum nitride sintered body and a frame member was
examined by -a scanning type electronic microscope- of a
magnification. 5000. or. a- stereoscopic. microscope. of. a
magnification 40 to examine cracks: or defects.

Samples- each -having ‘a frame: member of a two-layer

composite metal or a single-layer composite. metal. were

- 48 - | THIS SHEET Has Been |
- REPLACED




10

-This Sheet Has Been Rep

Illlll T llll ]

also prepared for comparison and warping and airtightness

-thereof were measured.

The results-of*the‘measurementS'are shown in- Table- 5.
The - values- - of warping indicated in Table 5 are: average
values each -obtained from five measured. values. As- can be
clearly seen  from' Table 5, the capsr having the- connection
structures in accordance with the present invention have
excellent characteristics: in resistance: to. warping and
airtightness: 1In addition, no cracks-were found in- the

junction portions. of: the caps- in accordance: with: the

present invention.
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Table 5
" No. | Three layer Compesite Metal |Warping: {Airtightness | Obsexvation
Outer Central Outer { jum) (atmecc/sec) of
Layer on | Layer Layer on Structure
Soldered Opposite
Surface Surface
1| cu.(20) |Rovar (60)| cu (20)| 2.8 1x10:ﬂ No Cracks
& |2|ca (20) |42 alloy | cu (20)| 5.6 1.5x10 ditto
4y R -11
0&]3 | Fe {20) | Kovar (60)( Fe (20) 12.1 1.6»::10_1:L ditto
pdl4 |Fe (20) |42 Alloy | Fe (20)| 13.6 | 1.2x107 ditto
a3 (60)
E‘é 5|Ni (20) |Kovar (60)| Ni (20) | 6.2 | 2.0%10]1, ditto
‘5 6 | N1 (20) 42 Alloy Ni (20) 7.8 2.1x10 ditto
(60)
1 |Cu (20) Kovar (80) - 52.1 Incapable - ditto
of Beling
. Measured
“9‘§ 2 | Fe (40) 42 Alloy - 41.6 ditto ditto
N (60)
G413 | Kovar ~ - 100.6 ditto Cracks .
%g (100)
8814 142 Alloy - - 121.8 ditto ditto
(100)

Values in () represent thickness-of the respective - layers.
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Although the present invention- has--been: described and
illustrated in. detall, it is clearly-understood“that-thel
same is: by way of illustration and. example-only: and. is: not
to be- taken by way of limitation; the-spirit: and scope of
the present invention being limited only by the- terms: of

the appended: claims:
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WHAT IS CLAIMED IS:

1. A connection structure. between components. of a
semiconductor apparatus comprising:

a-base member formed of aluminum-nitride having a
major surfaceron~which a. semiconductor. device: is to be
mounted,

a connection: member to be- joined: to saild base-member,
said connection member including, asma-mainfmaterial,'ény
of iron-nickel alloys:and iron-nickel-cobalt alloys,

a stress relieving member: interposed between said
base member and said connection member:;, and

a soldering material for joining said-base member,
said stress. relieving: member: and- said connection member-,

said. stress .relieving. member being. formed- of: any -of
soft metals and soft alloys-having a high plastic
deformativity: to be plastically deformed&, thereby- to
relieve a thermal stress. caused by a difference: between: a
thermal expansionvcoefficient'of*said'base:membei“and that
of said connection member in a cooling process: at the time

of soldering.

2. A connection structure-in accordance -with claim

1, wherein said. stress relieving: member- is:- formed of any

2 THIS SHEET HAS BEEN
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material selected among the group of copper, copper

alloys, nickel alloys, iron and aluminum.

3. A»connectiontstructure.in-accordance;with.claim

1, wherein said connection member- includes- a--lead frame.

4, A connection: structure in accordance:with claim
3, wherein said stresszrelieVingnmember.hasua.thickness»in
the range from 0.01 to 1 mm when- sald lead- frame-has a

thickness- of 0.1 mm:and a width of- 8. mm.

5. A connection:-structure. in accordance: with.claim

1, wherein said base member includes-a-sintered body.

6. A connection structure in accordance:with- claim
1, wherein said connection structure further comprises: a
metallized layer formed omr a - junction surface--of said base

member.

7. A connection structure in accordance with claim
6, wherein said metallized layer contains-at least a metal
selected out of-tungstenaand-molybﬁgnum, at least an
aluminum compound:selectedramong;tﬁézgr&up>of.aluminum
nitride, aluminum-oxide and aluminum oxynitride, and

calcium oxide.
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8. A connectionm structure in accordance with claim
6, further comprising a plated layer formed on a surface
of said metallized layer to.be joined with said soldering

material.

9. A connection structure in accordance-with claim
8, further comprising a plated layer: formed on a-surface
of said connection: member to' be joined- with said soldering

material.

~ 10. A connection structure between components of. a
semiconductor apparatus, comprising:

a base-member. formed of aluminum nitride having a
major surface on which a semiconductor: device: is. to be
mounted,

a connection member to be- joined to: said base member,
said connection member. including, as.a main material, any
of iron-nickel alloys and iron-nickel-cobalt alloys, and

a soldering material for'joining:saidrbasewmember=and
said connection: member,

at least a surface- of said connection member  to- be
joined to said base member being formed of any of soft
metals and soft alloys having a-high plastic deformativity
to be-plastically deformed, thereby to relieve-a- thermail

stress caused by-a difference between: a thermal expansion
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coefficient of said base member and that of said
connection member in a- cooling process at the time- of

soldering,

1l.l A connection structure in accordance-with claim
10, wheréin at least the- surface of said connection member
tb be ﬁoined.to.saidrbase«member4is¢formeduof-any material
seiected=among~the-group'of'copper; copper alloys; nickel,

5 nickel alloys, iron and aluminunr.

12. A connection structure- in accordance with claim

10, wherein said- connection member includes-a lead frame:.

13. A connection structure-in accdrdancemwith:claim
12, Qherein.at least a portion of said. connection member
to-be-joinea to said base member comprises-an inner- layer
portion. formed of any of iron-nickel alloys-and
5 iron-nickel-cobalt alloys, and.an.outer. layer portion

formed of any*of~soft'metéls,and;soft*alloys;

14. A connection structure. in accordance with claim
13, wherein said connection member has. other: portions..than
the portion to be joined to said’ base member:, formed: of

any of iron-nickel alloys and iron-nickel-cobalt alloys.
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15. A cap for airtightly enclosing a semiconductor .
device mounted on an insulating base plate, comprising:

a covering member formed of aluminum-nitride. provided
over said semiconductor device-to protect the same,

a-frame-membef to be joined to said covering member
to surround said semiconductor device. located under said
covering ‘member:;, said'framevmember-ihcluding; as a main
material, any of iron-nickel alloys-and: iron~nickel-cobalt
élloys, |

a stress relieving member  interposed- between- said

- covering member. and- said frame- member, and

a soldering. member for: joining. said.covering: member,
sald stress relieving member:-and said frame- member:,

said stress relieving member: being -formed- of- any of
soft metals. and soft alloys: having. a: high plastic
deformativity to be-plastically deformed, thereby to
relieve a thermal stress- caused by a difference between: a
thermal. expansion. coefficient of said covering: member and
that of said frame member in a cooling process: at the time

of soldering.

16. A cap in accordance: with claim 15, wherein said
stress relieving member is formed: of any material selected
among the group of  copper, copper alloys, nickel, nickel

alloys, iron and aluminum.
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17. A cap for airtightly enclosing. a-semiconductor
device mounted on an insulating.base. plate, comprising:

a covering member formed of aluminum nitride- provided
over said semiconductor device to proteect the- same:,

a frame: member to be»joined:to said covering. member
to surround said semiconductor device-located -under- said
covering member, said frame: member  including, as-a-main
material, any of ironrnickel.alloys;and:ironrnickglrcobalt
alloys; and

a soldering material for joining: said covering member
and. said frame: member,

at least a surface- of said frame member to be-joined
to said covering member being: formed of any-of soft metals
and soft alloys: having high.plastic deformativity to be
plastically deformed, thereby to relieve-a thermal stress
caused by a difference between a thermal expansion
coefficient of said covering.member: and. that.of said frame

member-in a cooling process at the time of soldering.

18. A cap in accordance.with -¢laim-17, wherein at
least the surface of said frame: member. to. be: joined tq
said covering member- is formed of any material selected
among the group of copper, copper alloys, nickel, nickel

alloys; iron and aluminum.
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19. A cap in accordance -with clam 17, wheréin.at
least a portion of said frame: member to. be: joined to said
éovering"member'compriseS“an inner layer portiom formed of
any of iron-nickel alloys: and iron-nickel-cobailt alloys,
and an outer layer portion formed. of. any of soft metals

and soft- alloys.
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