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TITLE: OF THE INVENTION

Connection.Structure between Components. for
Semiconductor Appaxatus
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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mounting of a sem conductor device involving considerable heat generation
such as a hi gh-power transistor or @ raser diode:~A—connection structure
. between conponents of a semi conduct af;s3RRATABHS pg8Res al | y conprises an

i-nsul ati ng base nenber and connectl;on.m_ 'I\ﬂl ﬂ thereto. For exanple,
| 'I

the connection structure conprises an
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
"5 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
10 such conneetion- 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
15 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
20 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

25 conventional connection structure  between .components of a
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hase plate on which a sem conductor device hs'nDGﬂTFx#~?ﬁﬁ++fﬁwaranes

connected by sol dering using silver sol der |nmggﬁggmgb nq@

.connection circuits or the like are formed on ase pl at e.
I'n such a case, the insulating base plate denk ”Mﬁ: F o have a good
el ectrical insulation, a high nechani cal stre t her mal

conductivity
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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

: . R . -1i,-
because its thermal conductivity -is: as - low-as 17 Wm *K 1.
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tor dissipation of heat fromthe sen1conductq#-dev#ce—_sg_as_Lg_nalnta|n
i nsul ation fromthe senmiconductor device. The éF ] franes need to have a
. low electric resistance and a hi gh mechani cal ' aceg anpl e,

S
concrete characteristics required for the Iead’vﬂ Mﬂlimﬂl cated in ML

STD 883B. This standard specifies such REPLAGE

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)

5 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.

10 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

15 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

20 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

25 those of alumina.
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2.characteristics as a tensile strength, a bending strength and fatigue
required for the |l ead franmes. Al um na (A1203}hmh|ch SatISerS the above

. hentioned requirenents is
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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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generally selected in the prior art as a material of an insulating t base’

plate used for such connection structure between conponents of a

. sem conductor apparatus. For the |lead franmes, ir Ofkisishekiis Batd Reymceguch as
Kovar (trade name, i.e., an alloy of Fe-29 wt.%.Ni nd 42 all oy

(i.e., an alloy of Fe-42 wt.% N ) are generally se materi al s

sati sfying the requirenents of

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

5 coefficient of the  lead frames- is: suitably 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

10 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

15 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

20 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.

25 The semiconductor device 4 is mounted- on- a ceramic- base

THIS SHEET HAS BEEN
REPLACED




t-he above nentioned standard. The technical paper—“Ceramc-Substrate
and | C Package" pp. 59-67 in the special issue of EH‘ctroceran1cs of

. "Kagakukogyo" of March 1984 di scl oses a connection st s lace | ead
frames of Kovar (trade name) are fixed by silver sold d

| ayers fornmed as connection circuits on an |nsulat|ng

al um na, the connection

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

5 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

10 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.

15 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

20 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

25 interest. Beryllia (BeO), silicon carbide. (SiC) and

THIS SHEET HAS BEEN
REPLACED




structure being used as a base on which a senm conductor_apparatus is

nount ed. 3 Japanese Patent Layi ng- Qpen No. 21032/ 1984 _
" This Sheet Has Beén Peplaced

| LD

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

5 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

10 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

15 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

20 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

25 case of 42 alloy). As a result, a residual strain occurs
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di'scl oses a base plate formed of a material containing 2 to 30 w . %of
copper in tungsten or nolybdenum as a base plate having a high thernal
. conductivity for nmounting a sem conductor device. Ho ect iﬂleh cef| at e

does not have electric insulation and alum na not havi
di ssipation is used as a material surrounding the devi

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
5 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
10 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
15 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 duefto-theimal stress-caused -in

20 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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Speci al interest has been drawn recently to alum num nit+i-de(ALN) as an

i nsul ating base netal for nounting a sem conductor devige |nvoIV|ng

.consi derabl e heat generation since alum numnitride has Beerl Repl
E”cal

good a thermal conductivity as that of beryllia, i.e., 2
According to an- aspect of the.present invention, a

and it has no toxicity and has as good electric insulati

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
5 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
10 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
15 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

20 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

25 components for semiconductor apparatus .preferably

- 10 -

THIS SHEET HAS BEEN
REPLACED




strength as those of alumna. However, if |ead franes are~sﬁ+deFed—Lg_an‘__
alum numnitride base plate by a netal sol der, a Siyli | der

0
.’(Ag Cu), an average thernmal expansion coeff|C| ent of al uwm’ i “ﬁiﬁda
r1 0

range froma roomtenperature to a silver soldering tenpe
comprises a metallized layer formed on a- junction- surface

is as small as 4.3 x 10[err] Kl err], while an average ther

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
5 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
10 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
15 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
20 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
25 of 0.1 mm in thickness and 8 mm in width, the thickness: of

THIS SHEET HAS BEEN
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expansi on coefficient of iron-nickel alloy of the |ead fréﬁﬁE“T§“very—thh-_

e.g., 10 x 10[err]Klerr] in the case of 4 Kovar and 11 ﬂllﬂ.ﬁ%&ﬁsj

e Cate 1 T IIIIIIIIIIIIIIIIIMII"!

10

15

20

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.

- 12 -
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Consequently, the difference between the thermnal expansiOH—eeeii+444¥u_iﬁf___
the alum numnitride base plate and that of the lead fra .causes a stralg

,due to a large thermal stress as a residual stress in the iﬁ"wm@ _
I

base plate in a cooling process for silver soldering of the
the alum numnitride base plate. Accordingly, if the lead f

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

5 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.

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

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.

15 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

20 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

25 plastic deformativity so that the surface - of the

- 13 -
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are drawn in a direction of detachnent fromthe base plate,

t he connection

structure is easily broken and a sufficient strength offmmmmkummsaﬁ Repl&eed
~lead frames can not be assured. Japanese Patent Layi ng-Qp 987
di scl oses that the thernal expansion coefficient of the

sui tably changed by adjustnent of

connection membexr  itself is deformed plastically to

relieve thermal stress caused by a difference-between

thermal expansion"coefficients-of the base member and the

connection member. In the above described- connection

5 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

10 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

15 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-cobalt alloys.

In- the above-described connection:-structure, any of

20 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

25 nitride and that of' the connection member. Accordingly,

- 14 -~
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cqoiposi tion of an iron-nickel-cobalt alloy used as the ”igxt Bei:ePﬁ%feentﬂl adegad

frames, thereby to nmake di sappear or reduce residual str

ccaused by soldering of the lead frames to a sintered body Ima BM& l\ -
Havi ng a | ow thermal expansi on coefficient, such as alum 1L .
However, according to this technique, it is necessary to finely adjust the

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

5 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

10 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

15 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

20 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

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

- 15 -
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conposition of the iron-nickel-cobalt alloy as conveanUﬁaTTV_U§§d'as the
material of the |ead franes and consequently the MRS W BRPIRBAAESS

e [T T

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
5 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
10 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~thewconnectioh-member:such=as=the
- lead. frames. cannot be uniform and. the: reliability of the
15 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

20 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

25 780°C or a higher temperature to about-200°C, whereby the

- 16 -
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.Anot her exanpl e of a connection structure between conpon LS f

sem conduct or apparatus is a cap for airtightly enclosin & laced _
.device nounted on an insulating base plate. The nateri al '

encl osi ng of the sem conductor device, for which a high rel i

required, is for exanple a |l ow thermal expansion alloy material such as 42
all oy or

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, which'9a1ue-is~considerably larger. than that- of

5 aluminum 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

10 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

15 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 composite metal plate
is that a lead frame: formed of only a soft metal material

20 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
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.generated therefrom it is of urgent necessity to devel op
excel | ent heat dissipation. For exanple, if a cap of a met
havi ng a high thermal conductivity is used,

\\_
kqvar (trade nanme), or a ceramc material such as alun1na1@g&@y % Si nce
sem conduct or devi ces have a tendency to considerably ing¢r ‘iﬁiﬁiilced -

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
5 semiconductor apparatus comprises-a-cap- for airtightly

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

10 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

15 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

20 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,
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I4°1s necessary to provide insulator portions as descri bed above, which
causes not only increase in manufacturing cost but al so deTids She¢tflkd Bean Réplaced

sthermal conductivity. Therefore, caps using materials havin ]
conductivity and excellent insulation have becone of mnuch i
Beryllia (BeO, silicon carbide (Si C) and

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

5 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

10 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

15 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,

20 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

25 the thermal expansion coefficient of the: covering member
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6-.aluninumnitride (AIN) nay be considered as naterials satlsf such
requi renments. However, beryllia and silicon carbide are igj Been Replaved.

Nt HHNIHIII

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
5 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
10 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
15 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
20 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

25 plastically deformed in a temperature  range from the
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and alectric characteristics thereof and al so because of irregutarrtyof
supply thereof. Accordingly, alumnumnitride is nost SU|tam§§EﬂkQM§%§ﬁelmmd

.in order to manufacture caps using alumnumnitride as the c
material, it is necessary to apply netallization to porti.ons mﬁuﬁl{(ﬂ"
to the frame nenber on the surface of the covering naterlal

nitride and then to

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
5 have the same function as described above in--conmection
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
10 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
15 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
20 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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sql der the the covering nmenber to the frame nmenber by netal solder In such
a-case, if netal soldering, e.g., silver soldering (Ag-Cu) aﬁgﬁﬂmwh«ﬂ
there is a considerable di f ference between the aver age therjﬂl

coefficient of alumnumnitride and that of iron-nickel al

previously. More specifically, the

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

5 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

10 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-.

15 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

20 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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average thermal expansion coefficient of alumnumnitride is low, i.e., 4.3
X 10[err]Klerr] in the range fromthe roomtenperature to the tenperature
~for silver soldering (780[err]C), while the average. thermal expansion
coefficient of iron-nickel alloy of |ow thermal expansion used generally
for the frame nenber is-extrenely high, i.e., 10 x-10[err]Klerr] (in the
case of Kovar) to 11 x 10[err] Klerr] (in the

10

15

20

25

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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case of 42 alloy). As. aresult, a residual strain occurs 7 due to
strong thermal stress caused in the covering nenber of alunihﬂﬂmﬁﬂhsﬂﬂek eplac

;The resi dual

10

15

20

25

strain causes cracks in 'ﬂﬂ"’

I

i

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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the covering nenber of alum numnitride and warping or def
frame nenber. Thus, the above described prior art does not
~to provide a cap with hi gh di nensi onal precision, good ajr-t

high reliability. The citation EP-A-0 153 618 refers to a
preparing a highly heat conductive substrate which

mation. i'n the

i

conpri ses

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 direct

5 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

10 attentiom 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

15 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

20 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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interposing an active layer with a thickness of 0,5 - 10 [eﬁh%ShﬁﬁﬂPb&ﬁ

JSubstrate and a copper menber. The al umi niumnitride subst rat

silver and an active netal, optionally copper, between an al ualma
t

copper nenber are joined which each other by heating. The ci
ABSTRACT of Japan, vol. 10, no. 192 (E- 417) [2248], 5th July 1986; &
JP-A-61 39560 intends to

10

15

20

25

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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pr.event the strength of a lead fromdeteriorating due to diffusion of a

silver solder material by a method wherein a coated fil m compis it H)s Béet Replaced
Jas its main constituent element is forned on at |east a part '

where it is wetted with the silver solded material. The citatf :

ABSTRACT of Japan, vol. 10, no. 347 (E- 457) [2403], Novemnber ) )

JP- A-61 150351 proposes to -

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

5 Dbase 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

10 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

15 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-oxideﬁ aluminum nitride,
calcium oxide; yttrium-oxide-and stearic acid yttrium-and
the like, to provide metal paste, similarly to the above.

20 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

25 with a metallized layer on the surface of a baée;plate
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restrain the generation of <cracks by alleviating the conprehensive—_

thermal stress by enclosing a base and a |id subjected to. SithisQhle¥gheW.L !
JAIN with the plural layers of glass which are different sligh | | placed
thermal expansion coefficients. In other words, the base and I ”4 "”:.

H
:
i

of AIN are joined together by plural |ayer soft gl ass.

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
5 method for forming -a conmnection: 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

10 accordance- with-the-present -invention. Referring to Fig.
332, first, an. aluminum nitride: sintered base-plate..is
_prepare&. 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

15 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

20 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

25 of- the aluminum nitride formed-base: plate: Thereafter- the
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8.1t is an object of the present invention to provide a_connection
structure between conponents of a sem conductor apparatus, which uses a

.base nenber of alum numnitride having good heat di ssi patmﬂﬁlii‘t’!ﬁ!m

e e i

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

5 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

10 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

15 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

20 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

25 apparatus; Fig. 4B is a sectional view thereof; and Fig.
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\
sem conduct or devi ce invol ving considerabl e heart generat on and mekes it

possible to join a connection nmenber. to the base nenber Wlﬁﬂaweenkeplaced

cappropriate junction strength. This object is solved by a i m,mmmuﬂ
; i m

structure between conmponents of a sem conductor package ac
1. The present invention has been acconplished based on

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
5 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

10 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

15 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

20 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

25 wettability of metal solder 9.
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the findings by the. inventors of the- present invention t_5f~TﬁE_T?EﬁTT‘T“
strain due to thermal ‘stress caused in the cooling proces?msmmaohdﬁkhﬁQmﬁém

i nt er posed between a base nenber of alum numnitride an
menber including as a main material any of iron-nickel IIo
-cobalt all oys.

be relieved effectively if a specified thermal stress rell Mu&u
y

i ron-ni ckel

10
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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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o-1f a materi al

relieving menber between the base nmenber of al uni num ni t r i Hhs SheetHisiBe

REH R TG

10
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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
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tfre stress relieving nenber becones further softened near a tenperﬁfﬁFE—T_“
soldering and it becones readily plastically deformative. Sheet Hys Bbdn R eplaced
nost of the thermal stress caused by the difference in the t

connection nmenber is absorbed by the plastic deformation of ‘the silm U'”"I

expansi on coefficients of the alum numnitride base nenber
relieving nmenber, whereby -residual stress in

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

5 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

10 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.

15 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

20 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. BCi. The
three-layer composite metal portion 3a- cam be formed in a
manner in which- the stress relieving layers: 13 on both

25 sides of the metal layer 23 to be  soldered out of the lead
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the base menmber of aluminumnitride can be made di sappear. .Consequently, a
desired strength of soldering can be attained. A preferredT@ § fAs Been ®Eplaced
~the above described connection structure is clainmed in claijl | _

enbodi nent, If-a lead frame as the connection nenber has a di I
in thickness and 8 mmin wi dth, the thickness of

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

5 those- surfaces to cause the three-layer composite meral
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

10 metal portion 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

15 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

20 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

25 and the metallized layer 2 formed on the aluminum nitride
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the stress relieving nenber is preferably in the range from0.01 to 1 mm
If it is less than 0.0OL nm the stress relieving nenber is. This@htehiiss Been R eplaced

Jallow a sufficient anount of-plastic deformation and cannot a
thermal stress in a satisfactory manner. |f the thickness of Iﬂﬂ
relieving nember is nore than 1 nmm a thermal stress caused by

expansi on of the stress relieving

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
5 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

10 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

15 1like 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

20 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

25 solder 9 through: a stress: relieving member 130 of copper
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menber itself at the tinme of soldering cannot be d|srega%ded*——ﬂIWTF"*’——_"
speC|f|caIIy even if the thermal stress caused by the dlff QLENGR BRaRepRBA

expansi on coefficients of the |ead.franes and t
“nitride base nenber can -be absorbed by plastic deforrratlon‘ 1““‘““

~the thermal

10

15

20

25

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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REPLACEMENT SHEET of the stress relieving nenber t he consi derably | arge
thermal stress of the stress relieving nmenbe tself dveré‘éiSﬁheafHaeBteth’ Haged

clead franes and the base nenber of al um num n| t ride; result |” I"“"""lmlm

strain in those nenbers.

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

5 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

10 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

15 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

20 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

25 method in accordance with the- invention.
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A-preferred enbodi nent of the connection structure nentiGEEH‘EBBVE‘fS‘-—-%—

claimed in claim3 by using this netallized |ayer, the conﬁbsﬁhﬁnﬁﬁﬁgyﬁ

. has the desired junction strength and thernal conduct|V|ty _

preferred enbodi ment of the above nentioned connection stru ﬂ'ggﬁggﬂ d’ :
inclaim4. If a plated layer is fornmed on a surface- of the-~ o i

N4

Example- A

A metallizing process was applied to a base plate- of .
an aluminum nitride sintered body obtained by the above
described method. The~metallizing-processﬂwaSnappligdwby

5 the steps of coating metal paste having a predetermined
composition on a suxface. of each.samp1e~6f: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=66

10 minutes. As a result, a metallized layer was formed on
predetermined regions: of the.aluminnm~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

15 Dbinder 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 in thickness -
was formed on' the surface of the: metallized layer. Then;

20 as shown in Fig. 4C, a stress. relieving: member was
?nterposed:between-eaeh-lead'frame~and-the~a1uminum
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

25 plate.and'thevlead.frame»is.shownwin Fig. 9. A lead frame

- 38 -

THIS SHEET HAS BEEN
REPLACED




sol dering can be applied thereto. This is because wettab
~solder material and the netallized |ayer can be inproved b

metallized |ayer to be joined with solder material, unifo HHBHHiSt abl e
Iayer provi ded t herebetween. The plated | ayer fornmed on th I

s Be eplaced.-

connection menber to be joined with the solder nember has al so t he sane

ef f ect.

10

15

20

25

Those pl ated

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

- 39 -

THIS SHEET HAS BEEN
REPLACED




i £
11

| ayers are fornmed preferably by nickel plating. Particulatty, treatment
such as gold plating is to be applied in an aftertreatment,. bt ife éﬁﬁaﬁkgg--

,to apply nickel plating for the purposes of inproving adheqlﬂwm HHHI”m

deposition of the gold plating and formng a uniformgold gl

t he ni ckel plating..

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
5 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
10 FET was soldered to the~surface of the plated layexr-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

15 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

20 semiconductor- device: is- to be- mounted, from a view- point

of thermal. conductivity.
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Anot her connection structure between conponents of a sem conductor package

according to the invention is claimed in claim5. In this'connection
.structure, any of soft netals and soft alloys form ng the suUmis®bhetdds BednReplaced

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
41 | LTHIS SHEET HAS BEEN
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joined to the base nmenber of alumnumnitride is plastically defornmed to

relieve the thermal stress caused by the difference betweenThifigheetiias Bagh Replaced.

.expansi on coefficient of the base nmenber of alum numnitride

‘the connection menber. Accordi ngly, if the base nenber of al Jmmmmmﬁlmﬂ

and the connecti on nenber are sol dered, the connection structure can
provide a sufficiently high junction strength

10

15

20

25

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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since the thernmal stress caused therebetween has been retieved.— Thus,
the connection structure has a high reliability and a hi ghded BhsBtecRepaced |

thermal stress. A preferred enbodi nent of the connection st !
*claimed in claim5, is claimed in clains 6 or 7. If at Ieas’(\muE“““ f
t he connection nenber joined to the base nenber includes an er '
portion fornmed

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-meta;lized'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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of- iron-nickel alloy or iron-nickel-cobalt alloy; and an outer |ayer
portion fornmed of a soft netal or a soft alloy to be joined to the base -
.menber of aluminumnitride is plastically deformed to réelh Illiiﬁi mpliﬁﬂi

sSheet e
*stress caused I"“ Il"

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
5 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
10 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
15 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
20 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

25 regarded as one cycle: As a result, as for the lead
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12 bet ween t he base nmenber

i nner

t he connecti on nenber

practi cal

use.

| ayer portion,
is |lowered, which may cause |n

For this reason, the

t he bendi n

of alum numnitride and the connection nenber
If the entire connection nmenber has a three-layer struct urhisShedt Has

| ayer portion and the outer
itself

i

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 (um) 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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connection nmenber may be fornmed so that only the junctio__pQLLLQn.sub}eeted

to thermal stress has a three-layer structure and the other portion
~single-layer structure of iron-nickel alloy or iron- nlcﬁ@ﬁ giﬁH

‘maintain a high bending strength. Further, if a two- la
structure is adopted in which a single stress relieving
netal or a soft alloy is

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
5 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

10 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

15 Jjunction strength was measured. in: the same: mannexr 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.

20 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

25 42 alloy. It is further understood that in the-cases-of
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formed on a portion of the connection nenber such as a lead franme to be
this two-1ayer conposite structure has al so an—effeet—of —

in this two-layer con?fggsé,ii,afﬁgﬁeé&wa&q,

sol der ed,

crelieving thernal
war pi ng to deformati on may occur
at the time of soldering at a high tenperature and voids w

stress.

However ,

in the lead franes due t

generated in the junction portions between the | ead

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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franmes and the base nmenber of alum numnitride. Thus, the junction strength
of the connection nenber such as the |ead franes cannot be uniform and the
sreliability of the connection structure itself is |owered. For_exanple, |et

us assume a case in which copper is selected as the soft nmetal material of
the surface of the This Sheet Has Beer Replaced

Ll

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
5 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
10 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
15 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
20 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

25 composite metal or a single-layer composite. metal. were
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13: connection menber joined to the base menber, Kovar (trade nane, i.e
Fe-29 wt. % N -17 wt.% Co) is selected as a main naterlal of t he connectlon

-menber and a conposite netal plate formed by conbinati ﬁﬁ WTTB ""

S
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

5 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

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

present invention.
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sol dered to the base nenber of alum numnitride by silver solder.
copper
-soldering tenmperature of 780[err]C or a higher tenperat

.200[ err] C, whereby the therna

case;

In this

Is plastically defornmed in a tenperature range fromthe silver

stress caused between the

base plate of alum numnitride can be relieved.

expansi on coefficient of copper

IS as.

high as 18 x 10[ e

Al t hough

UFhés Shept Hisdgen Replaced

g

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
Cu (20) |Rovar (60)| cu (20)| 4.8 1x10_7) | No Cracks
& |2|ca (20) |42 alloy | cu (20)| 5.6 1.5x10 ditto
Yy . (60) -11
og Fe- {20) { RKovar (60)| Fe: (20) 12.1 1.6x10_11 ditto
pdl4 |Fe (20) |42 Alloy | Fe (20)| 13.6 | 1.2x107 ditto
a3 (60)
E‘é Ni (20) |Kovar (60)| Ni (20) | 6.2 | 2.0%1001; ditto
‘5 6 | N1 (20) 42 Alloy Ni (20) 7.8 2.1x10 ditto
(60)
Cu (20) Kovar (80) - 52.1 Incapable - ditto
of Beling
. Measured
'gé: 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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Kterr], which value is considerably |arger than t hat of al um numnitride,
it hardly causes residual strain due to thermal stressThiyShetRdsBeeniRipihdlf
.cooling process of the soldering, because copper has a.-nm [ :

“deformativity to be plastically deformed in the cooling iﬁgm,ﬁ’m
n

addition, if oxygen free copper is used as the copper fo
surface, it has a particularly remarkabl e ,

Although the present invention- has--been: described and
illustrated in detall, it is clearly understood that- the |
same is: by way of illustration and. example-only: and. is: not
to be- taken by way of limitation; the-spirit: and scope of

5 the present invention being limited only by the- terms: of

the appended: claims:
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effect of relieving the ther m The Kovar. - as one—of

iTon-ni ckel -cobalt all o . the main materi a“m ']

. connection nmenber. not o im |s i ndustrially sui uu ﬂm”m””m
material of the |ead fra but al so because Tt had an

t hermal, expansion coefficient close to that of alum numnitride anong the
nmetal materials. The reason for form ng the connection

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

5 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

10 Yase 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

15 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

REPLACED




menber such as the. lead frame by_a conposite. netal bla is that a | ead
frame formed of only a soft nmetal nmteri al i'tself h

Le\re\and—
-bending strength and it sSheetHasBeenR 1 ed m!ﬁv
| | T IIIIIIIII i bini -

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
S nitride, aluminum-oxide and aluminum oxynitride;, and

calcium oxide.
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woul d I nvol ve a disadvantage in practical application. Another
connection structure in formof a cap for airtightl '

.semi conduct or devi ce mod§iShest a3 B
“invention is clained in ’ ﬁ

10

15

. . ap4y¥#4kﬁ4ﬂrfr—~—~——
" " MR -

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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i nvention, t he stress-ThﬁShkﬁﬁ&B@qumQaﬁer i s pl ast i-catty—deformed;

sO as to relieve a thernmal s i y the difference

.thermal expansion coeffici er@l@?ﬁ%ﬂifﬂﬂﬁl ng menber and thgmwﬁ““lMJ|Hlu|Ill
nenber in the cooling proces ! of soldering. FurtHer® it bfcohes
possi bl e to suppress generation of cracks in the covering

-~

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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nmenber of al um num nltrkde~and%e—supﬁ%es=sﬂt he binmetal effect, whereby
war pi ng and deformation of hLREE § can be reduced Thuq it

. possible to provide a cap 9 nsi onal preci si ' '
reliability, ensuring good H n‘;i nce the surfacﬁﬂlnn m Hﬂ Hlli)f
. [ [ L M S *

the junction surface to be | east fornmed of

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,

5 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, |

10 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
15 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

20 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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15 soft netal material, the SB?Y_TﬁﬁiirwﬁﬁTérfaf~serves to-+relieve-the —

A R i

10

15

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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respective nenbers of the cap is sufficiently high, which also enhances
reliability. For exanple, let us assune a case in which copper is selected

. as the soft metal material, K et wReplaged) i s sel ect mai_n
material of the frame nenber I er conposit%- i ﬂﬂﬂ"ﬁed
by conbination thereof is sol sol der to t s

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,

5 and an outer layer portion formed. of. any of. soft metals

and soft- alloys.
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menber. of alum numnitride. In this case, the copper is plastically
défornmed in a tenperature range fromthe silver sol deri g tenperature,

~

10

15

20

ABSTRACT OF THE DISCLOSURE

A connection structure- between lead frames and a base
plate of aluminum nitride, to be applied as a connection
structure between components. of a semiconductor: apparatus,
comprises- the-base plate-formed of a sintered body of
aluminum-nitridenon=which'a‘semiconductorﬂdevicgris-to-be
mounted, the lead. frames including, as..a.main material,
irom alloy containing nickel in 29 wt.%:- and cobailt in-17
wt.%;, and silver.solder for. joining: the- base’ plate-and the
lead frames. A surface of the. lead frame: to be: joined to
the base plate is formed of oxygen-free-copper of a high
plastic deformativity to relieve, by plastic  deformation
of itself, a thermal. stress.-caused. by a .difference between
a thermal expansion coefficient of the baser plate- and that
of the: lead: frame- in a cooling. process-at: the -time--of
soldering. Preferably, only a portion of. each: lead. frame
to be joined to: the base- plate comprises+an inner layer
portion of iron- alloy containing: nickel in 29 wt.% and
cobalt in 17 wt.%, and an. outer ;ayer:portion of

oxygen-free--copper.
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-i.e., 780[err]Cor a higher tenperature to about 200[ err] @his SRefdfas B&n Replaced
relieve the thermal stress applied between the Kovar and t ]

nitride. In this exanple, the-materials of the respective mmnﬁm

sanme function as descri bed above in connection
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wi-t h the exanple of the connection structure between the lead franmes and
the base plate of alumnumnitride Further preferred enb |nents ofTﬁE“~
sinvention are clainmed in the remaining subclains. These aﬂ@n&qmam

2
obj ects, features, aspects and. advantages of the present i
beconme nore apparent fromthe foll ow ng detail ed descripti

FIG.1A
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present invention when taken in conjunction with the acconpanying
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 16 :

- This Sheet Has Been Replaced
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Firgs. 1A, 1B and 1C are plan and sectional views showng—a—connection
structure between conponents for semi conductor appar at ug .| cordance
-wi th an enbodi ment of the present invention, e.g., a conn

“anong |l ead franes, a stress relieving rrerrber and a base p} aﬁ'
nitride.

FIG.3A

PREPARE ALUMINUM NITRIDE SINTERED BASE PLATE J

COAT METAL PASTE ON SURFACE OF ALUMINUM
NITRIDE SINTERED ‘BASE PLATE
SCREEN PRINTING ACCORDING TO PREDETERMINED
PATTERN -

DRYING

!

FIRE ALUMINUM NITRIDE SINTERED BASE PLATE
COATED WITH METAL PASTE

!

APPLY Ni PLATING ON SURFACE OF METALLIZED LAYERJ

!

SINTER Ni PLATING J

!

APPLY SOLDERING TO SURFACE OF Ni PLATING TO
JOIN IT WITH LEAD FRAMES, FRAME MEMBER OF
CAP, OR THE LIKE

APPLY Au PLATING TO JUNCTION PORTION
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Fi*gs. 2A, 2B and 2C are plan and sectional views showing a connection
structure between conponents for sem conductor apparat UsS i'n accordance vmth
~apot her enbodi ment of the present invention, onrexid Shed Has BeercRaplaes

a
between | ead frames of a conposite nmetal pl ate and a base 1 “mﬂm ‘mm“r

nitride.

F1G.3B

PREPARE ALUMINUM NITRIDE FORMED BASE PLATE

COAT METAL PASTE ON SURFACE OF ALUMINUM
NITRIDE FORMED BASE PLATE
SCREEN" PR]NT]NG 'ACCORDING TO PREDETERMINED
PATTERN

DRYING

!

SINTER ALUMINUM NITRIDE FORMED BASE PLATE J

COATED WITH METAL PASTE

!

APPLY Ni PLATING ON SURFACE OF METALLIZED LAYER I

!

SINTER Ni PLATING I

!

APPLY SOLDER]NG TO SURFACE OF Ni PLATING TO
JOIN IT WITH LEAD FRAMES, FRAME MEMBER OF
CAP, OR THE LIKE

APPLY Au PLATING TO JUNCTION PORTION
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Ff.gs. 3A, 3B, 3Cl and 3ClIl are plan and sectional views-showing a
connection structure between conponents for sem conductor apparatus in
<accordance with a further enbodi nent of the present invent ﬁ,h BeenReplaced

" connection structure between | ead franmes of a three- Iayer C
structure and a base plate of alum numnitride.

FIG.4A
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1% Fig. 4 is a sectional view showing a still further enbodiment of the
I nvention in which a connection structure bet ween conponents

f Ay
IOt
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sém conductor apparatus is applied to a cap. Fig. 5 is a side view show ng
a dinensional relation in an exanple of a connection structure betweemra——
:lead frame and a base plate of alumnumnitride. Fig. 6 iS FhSheleuydmRW ddiced

“explaining a test nmethod for measuring a’junction strength ol "]'l“"'“m"l“"

FIG.6A
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frame joined to a base plate of aluminumnitride. Fig. 7 is an illustration
showi ng a portion where a warping in a franme nenber of an exanpl e of a cap

is measured. Fig. 8 is an illustration for explaini ng a_mt“‘ma‘thvdﬁ—o&
measuri ng ai rtlght ness of the cap of Fig. 11.  This Sheet Has Béen Repl

RS
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The base menber formed of a sintered body of al um num nitride includes

pr eferably alumnumnitride as a mgjor conmponent and contains '0.01to 1.0 —
.%of an element of the group Illa in the periodic table ThiyGh@t BB BoénRePladed
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Wi{err]Klerr]. In formng the base nenber, first at |east a conpound

containing a rare earth elenent is mxed with powder of atummnmummnitride SO
. that the conmpound containing the rare earth elenent is conm;g}gggapg@n 1ol &8

L0 w Voavalualoo by comarsian of (he rare Hllllllllllllllllllll

<——-———10mm-————>/3
) .f;"p,,d-mr:%wg
Al . 2
"
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earth element. Paraffin, PVB, PEG or the like is used as a shaping .
additive agent. Phenol resin or the |like causing a residua*hcafboﬁﬂayﬁ—
~deconposition, or carbon powder, graphite powder or the I as leced
thereto so as to control the residual carbon in the sinter re
earth conpound is for exanple stearic acid, palnmtic aci d ﬁlﬁ?ﬁl m,a

THIS SHEET HAS BEEN
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nitrate, carbonate or hydroxidé Preferably, a high polyner conmpeupd =sush-¢
as stearic acid is used. It is believed that such materials make ib,g
possi bl e to decrease the content of the rare earth and to prepare nlxture

with alum numnitride powder in good condition. Particulakyr&tearit f rd
is the nost preferred in view of not only the function xﬁ&ﬁ&h&MEWTSHEE
-1 -
17 SEP 1996

TITLE OF THE INVENTION

Connection Structure between Components for
Semiconductor Apparatus
BACKGRCUND . 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 meounting of a
semiconductor.device,involvingnconsiderablé-heat
generation- such as a high-power transistor or a laser
diode. .
Description of the Prior Art

A connection stgucture between-componenté 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-semiconductér-device is -mounted, and
lead frames. connected by soldering..using silver solder in
predeterminéd portions where connection circuits or the
like are formed on the insulating base- plate. In such a
case, the insulating base plate generally needs to have a
good eléctrical insglation; 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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shaping additive but also the property of being mxed wth alum numnitride

powder ,
powder

the quantity of residual carbon, and the like. Thg—a-uAr-Aum-Aiiii-dem
needs to be in fine and unlforn1gra|ns. The REPLAGEMENT SHEET
17 SEP 1996
- 2 -

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-aSuavtensile
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.% Ni) are genera}ly~selec£éd—as-the materials
’ satisfying the-requifementsvof-thevabovemmentioned
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 connectionjstructure-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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19 average grain dianeter of the alum numnitride powder is prefera
[err]mor |less and the content of oxygen in the powder "
wt.%or less. Such alum numnitride powder cannot be e&%p

direct nitriding nmethod (i.e.,. a-nethod using nitrizafilonh
alumnum. It can be obtained by a reducing
- 3 -

semiconducteor 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 frams
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 élate-l of "alumina and lead frames 3 are joined to
the metallized ‘layer ﬁ by -a-metal solder or the like:. A
semiconductor device. 4-.such- as--a field effect transistor
involving considerable- heat generation is mounted on a
predetermined position of the base. plate-1l and it is
connected with the.metallized .layer 2 or Ehe.leadnframes 3
by bonding wires-'5. Further, a heat sink-sv?f-a tungsten
alloy, e.g., a coppeerungsten alloy is- fixed oﬁ-another
surface of the. base plate 1, opposite. to the. above
mentioned major“surfacé-on'which-the-semiconductor:devicé
4 is mounted. 1In addition; as shown in Fig. 1C, a thin
rlated layer 7 is- formed. on a metallized layer 2 in the
junction portion between the- base’ plate-l and -the-lead
frame 3, and a plated layer 8 is-formed, as regquired, on
the surfaces. of the lead frame 3 to ensure a stable |
wettability of a metal solder 9.

Although-alumina is excellent in- electric insulatibn-.

- and mechanical strength, its heat dissipation. is. not good

because its thermal conductivity is as low.as 17 Wm_lxhl.
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nitriding nmethod (i.e., a- nmethod by utilizing reducing nitrization of

alum numoxide.). |If the.direct nitriding nethod is adopted, it is_ .
necessary to pay particular attention to control of'jhE"géfﬁﬁﬁéﬁmﬁﬁfT
classification of the- grain dianeter and the |iKke. \fﬂéﬂj;héthxii >
powder is shaped in a desired form it is sintered in 4 non-odeiz'n\.i
at nospher e cont ai ni ng : : 17 SEP 199
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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"mountedf It is also
known that-an-insulating7base'plate-usinghberyllia (BeO)

having a therma:Lt:.r.mduct:'Lv:'l;ty-a.s=‘nigh-as.26l)‘Wm.1K"l 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 LayinghOpen-Nou 21032/1984
discloses a base. plate. formed of. a material containing.-2
to 30 wtl% 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~dissipationris’used as a material su;rounding'the
device. . l |

Under the circumstances;, special interest-has- been
drawn recently to aluminum nitride- (A1N) as an insulating

; base metal for mounting a semiconductor.device invoiving
| consideéable heat generation' since-aluminum nitride has
substantially as  good: a thermal conductivity as that of
beryllia, i.e., 200 Wwm YK~! and it has no toxicity and has
as good electric- insulation and mechanical strength as

those of alumina.
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nitrogen. In. order. to nake the sintered body have a high thermnal
conductivity, sintering is perfornmed preferably at a tenperature from-1000
to 2100[err]C for nore than five hours'to cause an averaggpgr{mrf 31 SHEHTe
to be nore than 5 [err]m Cooling after the sintering i|s preferabiy
perfornmed rapidly. |If the cooling is performed gradualjl {, ﬁngtg 066
additives are deposited and the sintered surfaces are

However, if lead Irames are soldered to an aluminpm
nitride base plate by a'metél 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 temperaturer(7SOOC) is as small as 4.3

6 -1

x 10°° K, while an average- thermal expansion-coefficient

of iron-nickel -alloy of the lead frames~is-very-hi§ﬁ;
e.g., 10 x 10"% K™ in the case of Kovar -and-11 x-107° K™%
in the case of 42 alloy. Conseguently, the difference
between-éhefthermal.expansionscoefficient-of.theﬂalumipum
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
fo?'silver'solderingmof the lead frames+to- the-aluminum
nitride- base plate. Accordingly; if the- leadr frames- are
drawn in a direction -of detachment from-the base~plate,i
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 use-lead frames
of molybdenum having substantially- an' equal thermal
expansion coefficient as.that of aluminum nitride. so as- to
relieve a strain due to a-thermal stress: However; since
molybdenum is expensive  and dpes not have- a godd

formability, it does not serve to provide a connection
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consi derably deteriorated. For this reason, the cooling is effected

preferably down to 150[err]C at a rate of 200 C hour. REPLACENENT. _SHEET
B REPLACEMENT SHEET
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structure easy to use and having' a low cost, to be- applied

between components' for a semiconductor' apparatus.

On the--other hand, Japanese Patent Laying~Open ¥o.

167833/1987 -discloses: that the- thermal expansion

.coefficient. of the lead frames- is:sultably - changed: by

adjustment of éomposition;of-an.ironnnickei—cobaltﬁalloy

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- sintered body of

ceramics having a low thermal expansion coefficient, such

as aluminum nitride. However, according to- this

technique, 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

consequently. the manufacturing process is complicated.

Another  example’ of ‘a‘connection structure-

between

components for semiconductor: apparatus-is-a cap for

airtightly enclosing a.semiconductor device mounted on an

insulating-base-platéu 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

This Sheet Has Been R

(0 ] l!ll

THIS SHEET HAS BEEN
REPLACED




1 7 N OV 1997 20 A process for formng a netallized |ayer on a surface of
t he base nenber of the sintered body of alum numnitri IE%¥IF
applied in the foll ow ng manner. First, the base plate qiEmh@rTSH\ﬁt &f ody

e A S

17 SEP B9

of alumnumnitride is prepared by the above descri bed

-7 -

plate 101 and is-covered with a covering member 11. If
the covering member- 11 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. 22 énd-ZB, metallized layers: 2 are- formed in
juﬂction portions- and a- heat sink 6-for' enhancing:-heat
dissipation -is-provided on' the~covering member: 11.

Since- semiconductor devices- have:a- tendency -to
considerably increase. heat generated: therefrom, it is»of
urgent necessity~to develop caps- having' excellent heat
dissipation. For-example, if a cap of a metal material
having é high thermal conductivity is used, it is

. necessary to provide  insulator portions as described
above, thch causes not only increase - in manufacturing
cost but also deterioration.in-thermal conductivity.

Therefore, caps using materials having high-thefmal
conductivity and excellent insulation have become- of much

interest. Beryllia (BeO), silicon carbide {SiC) and
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met hod. As the material of the netallized |ayer, netal paste is prepared by
m Xxi ng cal ci um conpound powder., al um num conpound powder and netal powder
of tungsten or nol ybdenum and addi ng an organi ¢ bi ndgr ebugite
thereto. Conpositions of the netal paste are netal p ?E&Fﬁﬁhﬁfg ¥
wt. % alum num conpound of 1 to 25 wt.% and cal ci um oxj of 1 to 35 1%

In order to apply a g - 17 SEP 1996

aluminum nitride: {A1N) may be considered as makterials
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 is.-necessary.-to apply.metallization. to
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;, if metal soldering; e.g., silver
soldering-(AgECu).isuappliedq there-is. a-considexrable
difference-between the- average: thermal expansion
coefficient of aluminum nitride. and that. of ironrnicke;i
alloy, as-describedlpreviously. More specifically, the
average  thermal expansion coeffiecient of aluminum nitride
is-low, i.e., 4.3 x 1078 k"1 in the. range from.the room
temperature’ to the temperature'for silver- seldering
(780°C5;.while the avérage:thermaluexpansion=coefficient
of iron-nickel alloy of low thermal expansion-used
generally for the. frame member- is.extremely-high, i.e., 10
x 107 x™* (in the case of Kovar) to 11 x 1078 x™} (in the

case of 42 alloy). As a result, a residual strain occurs
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sintering process as aftertreatnment at a | ow tenperature, copper or nickel
may be added as catalyzer for |owering the sintering tenperat
paste thus prepared is coated on a maj.or surface of t
of the sintered body of alum numnitride. The base p

the like at a

due- to strong thermal stress:céuse& in the covering member
of aluminum nitride. The residual strain-causes-cracks-in
the coﬁering-member of aluminum nitride and warping or
deformation~£n the frame member. Thus, the-above
described prior art does- not make it possible-to. provide--a
cap-with.high-dimensional.precision; good air-tightness
and high reiiability. '

SUMMARY OF- THE- INVENTION

It is-an objeect of the. present invention. to.provide a
connection*strupture-between-componénts of a~semicondqctof :
apparatus;, which uses: a'‘base member -of aluwinum nitride
having. good heat dissipation .suitable for mounting of.a
semiconductor"device-involvinguconsiderabie-heat
generation and -makes-it possible. to join a conneetion
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
effectiQély-if a .specified thermal.stress. relieving. member
is interposed  between a base member: of aluminum nitride
and a connection~member'including“as-a-maih material any

of iron-nickel alloys-and iron-nickel-cobalt.alloys.
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tenperature from 1500 to 1800[err]C, whereby a netallized |ayer
on the surface of the base plate. If the netallized |ayer is forned to
contain alum numoxide of 1 to 10 wt.% as the al um numpeenpetnt anu cat
% usi ng tungsten powder as the netclﬁﬁguﬁﬁhﬁ rgHEEﬁ
nmetallized layer: is fornmed to contain alum num

oxide of 1 to 20 w.

is forned

- 10 - 17 SEP 1996

Fum
us

According to an aspect of the present invention, a
connection structure between  components' 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_expapsion-coefficient-of~the-baseﬁmember-and-that
of the-connection-member:bynplastic-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
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
bése'member of aluminum nitride preferably'inbludes a
sintered body. Further, the connection structure between

‘,.‘

components for semiconductor apparatus .preferably
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21 oxide of 1 to 10 wt.% as the al um num conpound and caIC|un1OX|de of 1to
35 wt. % by using nol ybdenum powder as the netal powder; pi SAOBROE - ot

possi ble to provide a connection structure mnth a desire 5§H§§rﬁ ST e
bet ween t he

17 St w96
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comprises a metallized layer formed on a junction' surface
of the base member. Preferably, the metallized layer
contains at least a metal selected  out of' tungsten and
molybdeﬁum, at least an aluminum~compcund=selectéd.from
the. group of aluminum nitride, aluminum oxide and aluminum
oxynitride, and calcium oxide. A plated layer is
preferably formed on. a junction'éurface-of the metallized
layer to be. connected with a soldér 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«and3the-connectionrmember,
the. stress’ relieving member becomes- further softened near
a temperature for- soldering and- it becomes- readily
plastically- deformative. As a result, most of'the-therﬁ;l
stress caused by ﬁ%e.difference in the»éhermal.expansion
coefficients of the- aluminum nitride: base-member and the
connection member is- absorbed by the plastic deformation
of the stress relieving member., whereby residual.stress.in
the-basé-member'of aluminum nitride can be made--disappesar.’
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
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base plate of the alumnumnitride sintered body and the netallized | ayer
and having a good thermal conductivity. The steps of joH-Rg—a—retatzed
| ayer on the surface of a base plate formed by the al UnRERUBCEIMERT EHEET
sintered body may be perfornmed as fol lows, by sinterihgyamatuminomm tfide
formed body coated with the netal paste-at one tine. 17 SEP 1996

- 12 -

the stress relieving member is' preferably in 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 deformation-and cannot absorb the thermal
- stress: in a- satisfactory manner. IE the-thickness-Qf the
stress felieving.memben'ispmore-than-l mm; a thermal
stress caused by theimal.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 the thermal
expansion coefficients. of the: lead frames and the- aluminum
nitride base member can be. absorbed by plastic deformation
of the: stress relieving membex, 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 thosé
members.
In addition, a metallized.layer. is: preferably formed
on the junction surface of the base-member of aluminum’
.~ nitride and’'if the metallized layer contains-at least a
metal séiected out of tungsten and molybdenum, at least an
aluminum compound selected out of aluminum nitride,
aluminum oxide and aluminum oxynitride, and calcium oxide,

it has desired junction strength and thermal conducktivity.
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First, a base plate of the alum numnitride f or med body is prepared by
shapi ng the aforenenti oned m xed powder into a prescribed confjgurati
such a a green sheet. A material for the metallized |jpygip hSFRFIEPSHEET Qy
kneadi ng powder of tungsten and at | east one additives
group of alum num oxide, alum numnitride, calciumoxife{ vyt r'égn. | die fand
stearic acid yttrium and - i3 - 15’§ éﬁg

If a plated layer is formed on a- surface-of the
metallized layer 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 layexr' 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.
Particulariy; if treatment such- as: gold plating: is to.be
applied. in an. aftertreatment, it is preferred to.apply
nickel platiné for' the- purposes- of' improving. adhesion and
deposition of the gold-plating-and-forming a.uniform goid
plated. layer on. the nickel plating.

According to another- aspect of the -present invention,
a connection structure between domponents of a
semiconductor apparatus-comprises: a base member of
aluminum nitride; a connectionm member including, as a main
material, any-of iron-nickel alloys and iron—nickel-cobalt
alloys; and a soldér material for. joining the base member
and-the:connection membexr, 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
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the like, to provide netal paste, simlarly to the above. The netal paste
thus provided is applied to the surface of the base plate forned by the
alum numnitride formed body, by printing or coating. Th ap gehatg SHpETed
by the alum numnitride forned body is sintered with the mmj
simlarly to the above conditions, to be provided with a talliégg_bsge
on the surface of a base plate - 14 - 17

connection member: itself is deformed plastically to
relieve thermal stfess 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 selécted
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-nickei alloys-and- iron-nickel-cobalt alloys; and
an outer layer portion: formed of anywof~soft-metais and
soft alloys. Ih:that case, the. other portions.éf the |
connection-member~exciuding_the'portion'joined to-the'ba;e
member are-preferably-forﬁed-of any material selected out
of iron-nickel alloys and iron-nickel-cobalt alloys.
In the above-described connection-structure, any of
3 soft metals ' and soft alloys- forming the surface of the
connectién-member joined to the base. member of aluminum
nitride is plastically deformed to relieve-the thermal
stress-caused by the--difference between the thermail
expansion coefficient of the base member of aluminum

nitride and that of' the connection member. Accordingly,
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22 formed by the alumnumnitride sintered body. Thus, the alum numnitride
sintered body with the netallized having high thermal conductivity can be

REPLACEMENT SHEET
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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- thermal
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 portién formed: of. iron-nickel
alloy or iron-nickel-cobalt alloy, and an-outer- layer
portion formed 6f-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 reIieve=the—#herma& stress- caused
between the: base member of aluminum. nitride. and the i
connection member. In-such~a.case7 if  the-entire
connection member hés a three-~layer structure- including
the inner layer portionm and the outexr layer portion; the
bending- strength of' the connection membexr 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-laye; structurg and the other portions: have- a

single-layer structure of iron-nickel. alloy or
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obt ai ned. An enbodi nent of a connection structure between conponents of a
sem conduct or apparatus for exanple, a junction structure of a |l ead franes,

stress relieving nmenbers and a base plate of a|UninU”i||L|' w®
described with reference to the drawings. Fig. 1A i{s kﬁ%&ﬁ* oW ng
t he

C1c . 17 SEP 1996

iron-nickel~-cobalt  alloy to maintain a high bending
strength. Furthexr, if a-two-iayer.composite structure-is
adopted in' which-a sinéle'stress:relievihg layer of- a soft
metal or a soft-alloy:is-formed-on=a;portion'of the
connection member such: as a lead-frame. to be- soldered,
this two-layer-composite-structure»hés-also-anheffect“of
relieving thermal. stress-: Héﬁever; in this- two-layer
composite structure, warping or. deformation. may occur. in
the lead frames- due to a bimetal effect at the-time-of
soldering at a-high'température-and.voids will be- easily
generated. in the. junction portions' between the. lead. frames
and the base: member- of aluminum- nitride. Thus; the
junction strength of-thewconnectioh:member.such-as the
lead. frames. cannot be-uniform.and.the:feliability of-the
connection- structure itself is lowered.

For example, let us'assumeva~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 piate-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
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enbodi mrent of the invention used for the base plate for_nounting the
sem conductor apparatus; Fig. 1B is a sectional viewtHhe f scangiregrerl ¢
is a detailed sectional view of a junction portion of tjhe “'"anéugiard
the base plate 1 of alumnumnitride. Referring to the figur%;_ é | S
connection structure includes a netallized | ayer 2 forqed bﬂ 5SEBeIR96

- 17 -

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

-1, which valué is considerably larger than that of

K
aluminum 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=cooiing"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-nickelfcobalt alloys is selected -as. the:main
material 6f'the?connectionrmembe:.not only because-it is
industrially  suited 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 formihé.thenconnection
member. such as the. lead frame by a composite.metal plate.
is that a lead frame- formed of only a soft metal material
‘itself has low- tensile 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
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printing and sintering of a nmetal paste on specified regions of a major

pl ated | ayer:

surface of the alumnumnitride sintered base plate 1, , - T
soldered to the netallized |ayer 2 by netal sol der or th&EFhﬁﬂ“‘ ggﬁ%%
relieving menber 13 of a soft metal such as copper coatled™ “Th™a ni ckel
I S . 47 SEP 1996
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effect can be obtained only in £he,case-of'soldering-it-by
a low melting solderxr: material.

According to a further-aspect.of.the pPresent
invention, a connection structure between  components-of: a
semiconductor apparatus compriseS'a-cap-for airtightly
enclosing a-semiconductor?devicg=mounted.on.an insulating
base plate. "This cap is provided over théhSemiconductor
device to protect it. The cap comprises -a-covering member
formed of aluminum nitride, é-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 thé covering member, the. stress-relleving member

and the frame member. The stress relieving member is

interposed-befween-the covering- membex: and: the-frame
member and it is férmed of a soft metal or a-soft alloy
having a high plastic-deformativitf-to relieve, by plastic
deformation -of itself, a thermal stress- caused by a
difference between the thermal expansion coefficient of
the covéfing.member.and-that of the frame: member.. The
stress relieving member is preferably formed of any of
copper, copper alldys, nickel, nickel alloys, iron and

aluninum.
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23 interposed between the netallized |ayer 2 and each lead frane 3. A
sem conductor device 4 such as an FET invol ving considerabl e heat
generation is nounted on a predeterm ned position of ti aﬁﬁﬁﬁﬁ&wpq SHEET

17 SEP 1996

- 19 -

The - cap in accordance with thelprqsent invention
comprises the covering member, the frame memker 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-coefficient-of-the-covering*member~and
that of the- frame ‘member' in a cooling process: at the-gime
of soldering. In this case, the junction surface is
preferably formed of  any of copper, copper alloys; nickel,
nickel alloys, iron and -aluminum. At least a- portion-of
the frame. member to benjoined:to.ﬁhe.coveringhmember
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
alldys.

In the cap in accordance with the present invention,
the stress- relieving member interposed between. the
"coveriné member and the frame  member, or the: soft metal’
material of the portion of the frame: member to be 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
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nitride base plate 1. The sem conductor device 4 is connected wth the
netallized layer 2 or the |l ead frames 3 by bonding wres
sink 6 of a tungsten alloy, e.g., a copper-tungsten allo RSPauﬁﬁﬁﬂédﬁﬁQT
anot her surface of the alum numnitride base plate 1, oppogt+te-to-tte

af orenenti oned major surface. |In addition, as shown in Fig. ‘}CI"SE:P %96

- 20 -

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 coqprises
the  inner layer portion of iron-nickel alloy and- the- outer
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 serves- to
relieve the thermal.stress..applied to the junction: surface
and accordingly the' junction strength between the i
respective members of the: cap is sufficiently high; which
also enhances reliability.

For example, let us assume a case in which copper is
selected as. the- soft metal material, Kovar (trade name) -is
selecteé“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
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the junction portion between the alum numnitride base plate 1 and each
|l ead frame 3 further conprises a thin plated | ayer 7 frerfred—on

netallized |ayer 2, and a plated |ayer 8 forned, as r qBEP@Hﬁn®n3dﬂﬁ§F
surfaces of a nmetal |ayer 23 of Kovar or the like, toferfSure wettabilijt)
metal solder 9. An enbodi nent of a connection structure beywyegnP 1996
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silver soldering temperature, i.e., 780°C or a higher
temperature to about 200°C, So as to relieve the thermail
stress applied. between the Rovar and the aluminum nitride.
In this example, the-materials. of the respective-members
have the same- function. as described above in--connection
with the example of the. conmnection structure bektween the
lead frames and- the  base plate - of aluminum-nitride-.

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

BRIEF DESCRIPTION‘ OF THE DRAWINGS

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

Figs. 2A and 2B are sectional views showing.-a
conventional connection structure between components: for

v semiconductor apparatus such as-a.connection structure-to
be used.for a cap for airtightly . enclosing.a semiconductor
device mounted on aﬁ insulating base. plate.

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

showing two methods for fabricating a connection structure
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conponents of a sem conductor apparatus, e.g., a connection structure
between | ead franes having a stress relieving |ayer of a soft netal

mat eri al

and a netal |ayer of iron-nickel alloy and an cl%ﬁbnunl
base plate will be described with reference
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between.- components- for semiconductor. apparatus in
accordance-with: the: present invention.

Figs. 42; 4B and 4AC are plan and sectional views
showing: a connection structure: between. components-.for
semiconductor:apparatusJin_aécéédance"with‘an-embodiment
of the present invention, e:.g., a-connection structure
among. lead frames, a stress- relieving -member. and. a base
plate-of alﬁminum-nitridex

Figs. 53, 5B and 5C are plan. and sectional views
showing a connection.structurevbetween-componentSHfor_
semiconductor-apparatuS"in'accordancemwith“another
embodimént-of the present inventien; e:g:, a connection
structure-between-iead-frames.of.aacomposite-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-componentsl
for semiconductor-apparatus:in accordance:with  arfurther
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.

Fié. 7 is a sectional view:showing a- furthexr
embodiment of the invention in which a connection
structure between  components' for semiconductor apparatus

is applied to a cap.
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24 to the drawings. As shown in Figs. 2A and 2B, a netallized layer 2 is

formed on specified regions of a surface of the alumnumnitride base plate
1 and lead frames 3 of a conposite netal | ayer are jgt+red—t-o~the~—reteahlized
| ayer 2 by sol dering of netal REPLACEMENT SHEET
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Fig. 8 is-a sectional viéw-showing a still further
embodiment of the-invention in which a connection
structure between 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 meaéuring a-junction strength of a lead frame joined ,
to a base plate of aluminum nitride.

Fig. 11 is an illustration showing a-portion where a
warping in g-frameamember of an example.of. a.cap is
measured.

Fig. 12 is an illustration for explaining a test
method for measuring. alrtlghtness of the. cap of Fig. 11.
DESCRIP'I’ION OF THE: PREFERRED EMBODIMENTS a

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'

i . apparatus, using a base member of aluminum nitride. The
aluminuﬁ 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 présent-invention'includes-preferably

e ———,
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solder or the |ike. Each of the |lead frames has a stress relieving |lay 13
of copper or the like and a metal |ayer 23 of Kovﬁf E?[qm%ﬂﬁ% Uhgg
A sem conduct or device 4 such as an FET invol ving consié% Shra he
generation is nounted on a predeterm ned position of the alunlggp% ptr
base plate 1 and it is connected with the netallized S 996

ge
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aluminum nitride as a majbr'componént 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-lSO-Wm-?Krl. In
forming the base member, first at least a compound
containing a rare earth element is mixed with. powder of
aluminum nitride- so that thevcompound-containing"theQrare
earth element is.-contained in 0.01 to 1.0 wt.% evaluated
by conversion of the rare earth element. Paraffin, PVBy.
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-sinteiednbody;, The- rare:- earth compound- is
‘for example stearic acid, palmitic acid, alcdxide.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 alsoc the property of
being mixed with aluminum nitride ‘powder, the quantity of
residual carbon, and the like. The aluminum nitride

powder needs to be in fine- and uniform grains. The
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| ayer 2 or the lead frames 3 of a conposite netal plate wageans“
wires 5. Further, a heat sink 6 is attached to anot her |
alumnumnitride base plate 1. The netallized |ayer
conventionally used for soldering |lead frames to an ins
For exanple, it may be

.athpépq§%§EF%
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average grain diameter of the aluminum nitride-powder is
preferably 1 um or 1ess.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 direct
‘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:réducing
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 thenmixtu:e-powde; is shaped- in a-'desired- form,
it is sintered in a non-oxidizing atmosphexe: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 hodrs
to cause  an average grain diameter' to be more  than 5 um.
Cooling after thé sintering is preferably performed
rapidly. If the cooling. is performed gradually, sintering
additives are-deposited and the sintered surfaces are
considefébly deteriorated. For this reésony the' cooling
is effected preferably down to- 150°C at a rate of
200°¢/hour.

—_—_—
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formed by the above described steps of coating netal paste including
tungsten or nol ybdenum as a major conponent on the al upnumnitride-base
plate and firing it together with the base plate, or it RBBLAGEMENT SHEET
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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-sihtered-body of
aluminum nitride is prepared by the. above. described
method. As the material of the metallized'layer, metal
paste is prepared by mixing calcium.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 wt:%. In order to apply-a
sintering probess:as aftertreatment  at a low- temperature,
copper or nickelQmay'be-addedwas.catalyzer for. lowering
the sintering temperature. The metal paste' thus prepared
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, wherebya metallized
layer ié.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, or

if the metallized layer is .formed .to contain aluminum
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25 formed by a postmetallizing process, or may be a thin filmof titani
chrom um or nickel formed by vacuum evaporation or sputtq{Epnﬂ-’rpF{hq gﬁggl
soldering material is preferably silver solder; howeverj Fay-—-Be—~—ot-hqr
solder material insofar as it can ensure a good junction bet%Fgg t3
material of a conposite netal plate and a P'W

- 27 -

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 connectiocon
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: layer 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 coated with the metal pastée
at one time. |

First, a base-plate-of the aluminum-nitride-forﬁed;
body is prepaied=by shaping. the aforementioned: mixed
powder- into a prescribed configuration: such-a- green
sheet. A material.for the: metallized layer is- prepared -by
kneading powder. of tungsten: and.-at least- one additives
selected from a group' of aluminum-oxide:, aluminum nitride,
calcium oxide, yttrium- oxide- and stearic acid yttrlum and
the like, to provide. metal paste, similarly to the above
The metal paste thus provided is applied*to the~surface~of
the basé plate fofmed.by the aluminum-nitride-formed-body{
by printing ox coating. The~bas¢.plate formed bf.the
aluminum nitride formed body is sintered with the metal
paste similarly to thé above -conditioris, to be provided

with a metallized layer on the surface of a base plate
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netallized | ayer by formng a thin netal coated | ayers havipg—-good

wettability with the solder material thereon. Even in the Ca§§WDA&B$1ﬂgQHED
+eﬁﬁ+

silver solder, it is preferred, for exanple as shown in Fi(.
as required, a thin nickel plated |layer 7 on the netallized ayg7,§ ég
netallized | ayer 2 includes tungsten as a najor component gn £ W

required, a nickel plated |ayer - 28

formed: by the-aluminum-nitride sintered body. hus, the
aluminum nltrlde sintered body with the metallized hav1ng
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 semicomductor apparatus- in accordance-with
the present- invention: Figs: 3A and 3B are process. charts
showing: two nlethods. for forming: a.connection - structure
between- components of‘a~semiconductqrrapparatus*in
accordance- with the present invention. Referring to Fig.

3A, 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- in- accordance
with a predetermined pattern, e.g., a predetermined
circuit patterﬁ. After that, the. screen-printed metal
paste is dried. The'alﬁminum nitride sintered base -plate
is fired in an inactive' gas atmosphere heated aﬁ'a
predetermined temperature.

Thé 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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8 on the surfaces of each lead frane 3 of a conposite netal
advance thereby to ensure a stable wettability of the netal

plate in
sol der 9.

Anot her enbodi ment of a connection structure between conpofrefts—o6f—a

seni conduct or appar at us, e.g., a connection structureﬂ5ﬂﬂh¢&ﬁhﬁr$ﬂ§§

having a three-layer conposite structure and an al um numjni

1%

tridebase—ptat

- 29 - 17 SEP 1996

metal paste- thus appliéd“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 aluminumr 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-sintereé-basé plate. Heat treatment is applied- at
a temperature of' about 800°¢c to improve-strength and
airtightness=of.the~nickel rlating, 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'connection“structure in
accordance-with' the present: invention-can be formed.

An embodiment of a thus formed connectionstructure .
between components of a semiconductor apparatus in
accordance with an-aspect of  the present 1nvent10n, for
example, a Junctlon structure of lead -frames:, stress
rellev1ng members and a-base- plate-of aluminum nitride
'will be described with reference- to the: drawings. Fig. 4A
is a plan vieh-showiné'the embodiment'of-thé.ihvention
used for the base:plate for mounting-the semiconductor

apparatus; Fig. 4B is a sectional view thereof; and Fig.
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w Il be described with reference to the draw ngs. As shown in Figs. 3Ato

3,

in this connection structure, a netallized |ayer 2 ps—erARd-0R o
specified regions of a 26 REPLACTMENTY SHEE
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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-Dby 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-thé»metallizedwlayer 2. and
each lead frame 3. 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. The semiconductor'devicé-é-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., ai
copper-tungsten alloy is attached: to another- surface-of
the aluminum nitride- base plate' 1, opposite  to the
aforémentioned majox surfaceu' In addition, as:shown. in
Fig. 4¢, the junctionm portion- between- the- aluminum nitride
base plété-l and each ;ead frame:'3 further comprises a
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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maj or surface of the alumnumnitride base plate 1 and |ead frames 3 each

I ncluding a three-layer conposite netal portion 3a and a §

y.e[' U’ELIB: t

x-s"lf'. YA XL
portion 3b, or only a three-layer conposite portion 3a ar§q Pg ﬁ%d“ﬁﬁéﬁﬁe¢

metal lized layer 2. Only the three-layer conposite nmetal |pdrtions 3a of
the lead frames 3 are joined to the netallized | ayer 2 by |sql d¢i7i $EP GtDs

nmet al

solder. 9. A - 31 -

Another embodiment of a connection structure between
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 referénce 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 aﬁd lead frames. 3 of a composite metal layer
are joined -to the .metallized layer 2.by soldering. of metal
solder or tﬁe~likez Each of theflead;framES'hés a stress
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 predetermiﬁed-position of theaaluminum'nitride-basé
plate 1 and it is.connected with the metallized iayer'z 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.

Thé metallized layer 2 may be the one conventionally .
used for solde;ing-lead fraﬁes to an insulating base
plate. 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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sem conductor device 4 such as an FET invol ving consi derabl e heat

generation is nounted on a predeterm ned position of the 11;&%EH¢%U;1

base plate 1 and it is connected with the netallized | ayer

heci!

|

JEET

frames 3 by bonding wires 5. Further, a heat sink 6 may be tached to

anot her maj or surface of the al umi num nitride base plate 1
- 32 -
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base plate:-and firing it together with the-base: pldte,- or

it may be formed by a postmetallizing proéess; or may be a

thin £ilm of titanium, chromium or. nickel formed by vacuum

evaporation or sputtering. The metal soldering material

is preferably silver solder; however, it may be other

solder material. insofar as..it can ensure a good- j

unction -

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 silvexr- solder;, it is preferred,

for example as. shown in Fig. 5C, to form; as required, a

thin nickel plated layer. 7 on.the-metallized layer 2 if

the metallized layer 2. includes- tungsten' as:--a- maj

or

component and-to form; as- required, a-nickel plated layer

8 on the surfaces of each lead -frame-r3 -0of a.composite

metal plate: in advance ‘thereby- to-ensure-a-stable

wettability of the-metai solder 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

will be described with reference to the drawings.

shown in Figs. 6A-to 6CII, in this connection. structure, a

plate

As

metallized layer- 2 is formed on- specified regions' of a
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In addition; if each lead franme 3 includes a three-I|ayer conposite met al
portion 3a and a single-layer netal portion 3b, a netalft=a 23-ofkevat
or the like out of the three layers is- forned of the saﬁggkﬁMIexpdmﬁﬁﬁn
netal material as that of the single-layer. netal portijor} 3b and™stTes?s
relieving layers 13 on both sides of the netal layer 23 4reqfogppdogd 1 he
sanme soft netal - 33 -

[a}
A\

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
metéllized layer 2. - Only the' three-layer composite-metal
portions 3a of the lead frames-3 are joined to the
metallized layer 2 by soldering.of metal solder 5. 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
connected with the metallized layer 2 or the lead frames 3

. by bonding. wires 5. Further, a-heat sinkrs-may be .
attached to anothér major surface- of. the aluminum nitride
base platel as required.

In addition; if each lead frame-3 includes-a
three-layer composite metal portion-3a;aﬂdha-singlerlayer
metal portion' 3b, a metal layer 23.of'Kovér or- the+ like
out of the three 1éyers 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 metél layer 23 are formed of the same: soft metal
material, as shown in an enlarged view .of Fig. 6CI. The
three-layer composité'métal portion 3a- can 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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material, as shown in an enlarged view of Fig. 3Cl. The three-I|ayer
conposite netal portion 3a can be fornmed in a manner in which the stress
relieving layers 13 on both sides of the netal |ayer 23 @S QL O8] but
Of t he | ead - REQ—!R&.‘HL.!'}% \ﬁ-lrE%?
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frame 3 are formed as clad 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-be»formed on
those- surfaces to cause the three~layer composite metal
portion- 3a- to have almost’ the same- thickness-as 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 portion: 3a. |

The method. for- forming. the metallized:-layexr 2 on. the
aluminum nitride-ba#e-plate-l 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 tungsﬁen; molybdenum or the: like onr an alumindm
nitride base-plate_and.firing.the.paste~together with the
base-plate'or the- method for forming a thin £ilm of
titanium, chromium.or the like by vacuum evaporation' or
sputtering.

Thé metal soldering materiél 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~léad-frame-3

and the metallized layer 2 formed on the aluminum nitride
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REPLACEMENT SHEET 27 frane 3 are fornmed as cladmaterials by a clad tape

formng nethod. As. shown, in Fig. 3Cl, both surfaces of the portion to be
soldered in the lead frame 3 may be nade ‘thin and t he—stress—ret-evihg
layers 13 may be formed on those surfaces to cause thé\erhfediiidySHEET |
conposite netal

- 35 - 17 SEP 199

base plate 1 by forming a thin coated layer- of a metal
having good wettability with the soldering -material
thereon. 1In addition, even in the case: of using silver
solder, if the metallized layer 2 includeswtungsten“as-a
major component, it is- preferred: to form, as reguired, a
thin plated layer 7 of nickel or the like: on: the
metéllized~1ayer~2 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. 1In such-a manner, adhesion: and deposition of gold
prlating or the  like applied-in an-aftertreatment can be
improved ahd thus-a uniform-plated.lafer~of-goid:or the
like can be: formed.

A description is now made- of- a-cap to which a
connection structurebetween: components- of a. semiconductor
apparatus in accordance: with the. present invention: is
applied, 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-Z is joined to a frame- member 30 formed
only of a metal layer 230 of.ﬁn iron-nickel alloy by metal

solder 9 through a stress relieving member - 130 of copper -
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portion 3a to have al nost the sane thickness as that of the single-Iayer

metal portion 3b. Fig. 3Cl1 shows, in an enlarged view, another exanple of

a lead frame 3 only formed of a three-layer conposite nefal _portion 3a. T

ne

nmet hod for forming the metallized layer 2 on the al um ndnpEptAdreERPaSEET
plate 1 nmay be a nethod e

- 36 - | 17 SEP 1996

or the like. The lower end:of the frame. member. 30 is
joined to a ceramic base ‘plate-101 through another
me&allized layer 2. A semiconductor  device: 4-is mounted
on the ceramic base- plate 101. A heat sink 6 is provided
on -an upper surface: of the covering member 11, so that
heat generated from- the semiconductor device 4 is
dissipated by-the. heat sinkss-throuéh the covering member
11, and thus the~cooling-effect'is-énhancedu The
metallized layers 2-are: the same:'as those described above
concerning.the connection strucéureabetween the: lead
frames-and the aluminum nitride base: plate. .Theumetal
solder 9 to be used is- preferably. silver  solder; however,
it may be other soldering material insofar as it can
ensure a good junction between- the:'related surfaces'of the
frame- member- 30 and the metallized layers 2 by forming
thin coated films- of a metal having a. good.wettability
with the soldering material thereoﬁ, 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 conneétion structure between components for
semiconductor apparatus in' accordance with the present
invention is applied to a cap. According to Fig. 8, a

metallized layer 2 is formed on peripheral side surfaces

- This Sheet Has Been Replaced

REPLACED
i



conventionally used for soldering |ead frames to an insul ating base plate,
or any of the above described nethods such. as the nethge—+er—ecoati-rg—retal
paste including tungsten; nolybdenumor. the |ike on an |aRERLABRITATt BiEE
base plate and firing-the paste together with the base gl gT€ 0 odl
for formng a thin filmof titanium chromumor the |iKe by1gﬁggpq@96
evaporation or 37 - '

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 including.é metal. layer. 230.0f 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. layexr 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 base*platezlol.
Further, a heat-sink 6'is provided- om an upper surface-of
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 andjthe-metal.solden 9 are the same: as. described
above. In addition, a thin plated layer may be formed: on
the frame membexr- 30 or the junction surfaces of the
metallized lIayers 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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sputtering. The netal soldering material is preferably silver solder.
However, it nmay be other netal soldering naterial insofar as it can ensure
a good junction between the three-|ayer. conposite netal pert+en—3a ﬂﬁ
| ead frame 3 and the netallized |layer 2 fornmed on the al nﬁﬁﬁhﬁ?ﬂ%ﬁidéh

_ap - | 17 SEP 1996

Example A

A metallizing process was applied to a 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 surface. of each.sample-bf an aluminum
nitride sintered:base~p1ate;‘appiying"debindezing=thereto
and then f£iring the base-plate coated with- the metal paste
in a nitrogen-atmosphere-at a-temperatuIE1of~1600°C for 60
minutes. As a result, a metallized layer was formed on
rredetermined regions: of the aluminum-nitride sintered
base plate. The metal paste used: in this- case-was
prepared by adding -calcium oxide powder- and alumina-powdexr
to-tungsten-powder“andrmixingnthe-powdexsywith-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 in thickness
was formed' on'the surface of the: metallized layer. Then,
as shown in'Fig. 4C, a stress. relieving member was
}nterpoééd:between'each-lead'framewand-thenaluminum
nitride- sintered base. plate and silver'solderingrﬁas
applied thereto at - a temperature of 830°C. A-dimensional
relation: in the junctiom between the- aluminum nitride base

plate and the ‘lead frame is. shown-in Fig. 9. A lead frame
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28 base plate 1 by formng a thin coated |ayer of a netal having good
wettability with the soldering material thereon. In addition, even in the
case of using silver solder, if the netallized |ayer

REPLACEMENT SHEET

s . 17 SEP 1996

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 selder: 9. The--area:of. junction bgtween-the
lead frame-3 and the aluminum nitride-base: plate 1 was

2 mm X 8 mm. In order to evaluate a junction: strengkth
between the-'lead frame and- the-aluminum nitride-base
'plate; tensile- tests were carried out by pulling therlead
frames-3 in the dirgction shown by the arrow, so. as to
measure- the- soldering: strength. The results are  shown- in
Table 1._ More- specifically, the soldering- strength for
each sample in Table 1 is an averageavalue.ohtained based
on five measured values: For' comparison; an' example -of
Jjunction' of lead frames-to a bexryllia base plate is shown
in Table 1  (as the sample No..1l0).

According to Table'l, the soldering strengths' of- the
samples not using any stress' relieving. member were I
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
apparenﬁiy. In the~case-of'the-samples*using'stress
relieving members' for junction:betﬁeen~the-lead-frames~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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2 includes tungsten as a nmajor conmponent, it is preferred to form as

required, a thin plated |ayer 7 of nickel or the like on the netallized
| ayer 2 and a plated |layer 8 of nickel or the |like on tjhe-sufaces.of 11
three-layer conposite metal portion 3a of each |ead frgmBEBLAGEIETagRET
thereby to ensure a stable wettability of netal

- 40 - 17 SEP 1996

relieving menber- is in the range from 0.01 to 1 mm with
the lead frames-having a thicﬁneSSrof 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;sampla of the aluminum
nitride- baser 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-themsurfacerof'the~plated;layer"bx
solder material of gold-silicon. Then, by using. a method
of ZSVBE, a- change. amount Z&VBE caused.by-application.of a
forward drop:voltagewVBE between the emitter- and: the base
of the trahsistor was measured and a-thermal resistance- of
the unit including the- transistor and the+aluminum.nitride
base plate wasﬂevaluatedu The- measured thermal resistance
values of all the-samples~were~1esswthan'1.99C/Wu
Consequently, it is understood: that the aluminum nitride
base plate is suited as' a base' plate onm which a
semiconductor device. is- to be mounted, from a. view- point

of thermal. conductivity.
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solder 9. The plated | ayer may be fornmed on all the surfaces of .each-leaén

frame 3. In such a nmanner, adhesion and deposition of g Iﬁgnﬁ@EﬂBETd%&Eﬁe
like applied in an aftertreatment can be i nproved and th sJa~uﬁh% ed
| ayer of gold or the like can be formed. Fig. 4 is a secti gnal ..V, s a
enbodi nent k" éfﬁ»’""ié’%
- 41 -
Table 1
No.| Lead Frame Stress Relleving: Member Soldering. Strength
- (kg
1 | Kovar (t = 0.05 mm) 4um Ni-plated Cu (t = 0:1 mm) i3
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 rm) 12
6 ditto ditto: (t = 0.02 mm) 9
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 | Kovar (t = 0.2 mm) 4um Ni-plated Cu (t = 0.2 mm) 10
12 ditto ditto {(t = 0.1 mm) 8.5
13 ditto _ not provided 1.2
14 | Kovar (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 | Xovar (t = 0.1 pum) Cu (t = 0.1 mm) . 11
19 ditto Cu (t = 0.05 mm) 8
20 | Kovar (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 4um Ni-plated Cu (t = 0.lmm) 10.5
(t = 0.lmm) '
25 ditto ditto (t = 0.05 mm) 9
26 ditto not provided C 1
27 | Fe-Ni 42 alloy 4um Ni-plated Cu (t = 0.2 mm) 8.3
1 {t = 0.2 mm) '
28 ditto ditto {(t' = 0.1 mm) 7.3
29 ditto . . not provided _ 1
{30 | Pe-Ni 42 alloy Cu (t = 0.03 mm) 9.5
| (t = 0.07 nm)
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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in which a connection structure between conponents for sem conductor
apparatus is applied to a cap. According to Fig. 4, a netallized | ayer 2

is formed on peripheral side surfaces REPLAGEMENT SHEET

a2 - 17 SEP 1995

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 metallizat}og:processingu The
metallization processing of samples was  -performed: by
applying tungsten:paste-of'prescribed=compositionrto-the
surfaces of respective samples- of the aluminum formed base
plates. shaped in a ¢onfiguration_such,as a-green sheet by
the aforementioned method with-screen~printing of
presqrihed-patternsy 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-plating 'layers of-2
um in thickneés were- formed on: the metallized layers, and
sintered in a-hydrogen atmospheré at a- temperature of '
750°C for 20 minutes. Lead frames were joined on the
metallized layer. in. the. same: manner as in the example.3a,
whereby samples.- were prepared. The junction strength
between the’ lead frames and.the-base-plate of each 'sample
was evaiuated in the same manner. as in the example A. 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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29 of a covering nmenber 11 forned of a sintered body of alumnumnitride.
A franme nenber 30 of. a three-layer conposite netal plate.is joined. to.the
netallized | ayer 2 by netal. solder 9. The frane nenbef m@mﬂaﬂwarb@H§§5|te

structure including a nmetal |ayer 230 of a Iom1expan3|3nﬂﬂﬂwﬂ
such as Kovar and stress relieving | ayers 7 SEP 199%

-43" B ’

e

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. | Lead Frame Stress Relieving Member Soldering Strength
(kg)
1 | Kovar (t = 0.1 mm) | 4pum-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) 8.5
6 ditto ditto (t = 0.05 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

Lead frames were soldered without' interposition of-a
stxess-religving member by silver soldexr 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,
the lead frames used'had~the-shape-shown in Fig. 9 with

the thickness thereof being 0.1 mm. As shown in Fig. 5¢C
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130 of a soft metal material such as copper formed on bath._swiaces—ef—the
metal |ayer 230. The lower end of the frame nenber 30 i REPLABEENT SHEET
ceram c base plate 101 through another netallized |ayer| 2pA-sSemTONTUC] O
device 4 is nounted on the ceram c base plate 101. Furtpef, jznki 6
I's provided on an upper surface of the covering nmenber [1 of ' { RE'sifiterkd
~ body of al um num - 44 -

=

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 ihe-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 measured values- of the ten sampiles.

As is evident from Table 3, in the case of using lead
frames ‘having. three-layer. composite metal. poxrtions: and. two
layer- composite metal ‘portions- for: junctiomr 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.junction strength
were smaller than those: in the cases-of  using lead frames
having fﬁo-layer composite metal portions.

Further,-bending“strength testé were conducted with-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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nitride,

t hrough the covering nenber
netallized | ayers 2 and the netal

In addition, a thin plated |ayer

pl at ed

sol der
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11 and thus the cooling effe
9 are the same
may be formed on the fr
the junction surfaces of the netallized |ayers 2. The fU

to di ssipate heat generated fromthe sem conductor device 4
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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 Bioken: by.2 to 6 cycles.

Table 3
No.| Stress Central Stress Junction | Breakage
Relieving | Metal Layer Relieving | Strength “
Layer on {im) - Layer on | (kg)
| Soldered Opposite
Surface Surface
{1m) {um)
1 | Cu (20)° Kovar (60) Cu (20) 9.4~10.8 1 In Lead Frame
2 | Cu (40) Rovar. (60). none. 2.4~10.1 ditto
3 | Cu (30) 42 Alloy (40) | Cu (30) | 7.6~9.8 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) Rovar (60) - Ni (20) - | 6.0~6.9 ditto
7 | Fe (40) 42 Alloy (60) none 3.1.5.8- ditto
8 | Ni (40) 42 Alloy (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 {) rgpresent-thickness.of the respective layers.
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| ayer is the sanme as described above. The foll ow ng description i s made of
exanples A to E using sanples prepared with base nenbegs—ef—atumrum

nitride sintered body obtained by the above described freRERIACEMENE SHERRNe
with the invention.

- 17 SkEP 1996
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~ Example:- D

In the  same - manner as in ther 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
Imetal-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 plateas'  in the Exampile' 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 like: The
junction strength was measured in. the. same manner- as. in
the- Example- A - withregard to ten samples- of each-kind tﬁus
obtained. The~;esults-of the measu;ément~of-the=junction
strength are shown .in Table 4, which: indicates:.ranges 6f
difference of the measured values-.

As can' be seen from Table 4, in the cases. of using
lead frémes 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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30 Exanple A A netallizing process was applied to a base plate of an
alum numnitride sintered body obtained by the above desgcribed nethod. The

metal li zing process was applied by the steps of coating
a predeterm ned

- 47 -

MREAACRASEE davinp

17 SE5 1696

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
Layexr on {pBm) Layer on .| (kg)
Soldered Opposite
Surface Surface
{Hm) (pm)
1 {cCa (30) Kovar (40) Cu (30) 9.4~10.8 |In'Lead Frame
2 | cu {40) Kovar (60) none 1.8-.10.1 ditto
3 | cu (20) 42 Alloy (60) | ‘cu (20) | 8.6~10.2 > ditto
- 4 | Cu-(40) 42 Rlloy (60) | none ~8.0 ditto
5 | Fe (20) Kovar (60) -Fe {20) | 8.8~11.0 ditto
6 | Fe (40) 42 Alloy (60) none 2.4.7.6". ditto
7 Ni {20) Kovar (60) . Ni (20) 6.6~8.1 ditto
8 | Ni {40) - 42 Alloy (60) | none 1.0~7.1 ditto
9 | Al {20)° Kovar (60) Al (20) 10.1~11.4 ¢} ditto
10 | Al (40) Kovar (60) none- 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 RIN
14 42 Alloy {100) 1.8 ditto

Values in () represent thickness of the- respective -layers.
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conposition on a surface of each sanple of an alum numnitride sintered

base pl ate,

appl yi ng debi ndering thereto and then firing the base plate

coated with the-netal paste in a nitrogen atnosphere at ~a-t-enperature of
1600[err]C for 60 mnutes. As a result, a netallized |la eRHM@@t@pmnqﬂmgp

nmet al

predeterm ned regions of the alumnumnitride sintered Jarc pHat-er—FHie

paste used in this case was

- 48 -

Example- E

A metallized. layer including. molybdenum. as-a major
component: was formed: in the same- manner' as in the Example

A on a surrounding portiomr 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 layez, a-frame=member:of"0.1_
mm- in thickness. was soldered. thereon by silver solder. at a
temperature of 830°c. This'frame-member was formed by a

three-layer composite metal shown in Table 5. In the case

~of using copper as am outer layer portion of the frame

member, a nickel plating. process was applied before. the
soldering. Warping- and. airtightness of each of the caps
thus- obtained were measured. The warping -was:- measured as
the value a as shown in-Fig, 11 in: junction between a
covering.member.11.and.a-frame.hemben 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: membexr: 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.micrﬁscope of. a
magnification 40 to examine cracks: or defects.

Samples: each having a frame member of a. two-layex
composite metal or a single-layer composite metal. were

—
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prepared by addi ng cal ci um oxi de powder and al um na powder to tungsten

powder and m xing the powders with an organi c binder such as a vehicle. The
anount of cal ci um oxi de powder added was 14 w. % and gheat—ef—aliurina
powder was 4 wt.% Further, a nickel plated |ayer of 2 [RERLAGEMENT lSHekndss
was formed on the surface of the netallized |layer. Then
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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 thevpresent'inventioﬁ:have
excellent charécteristics:in.resistance:to.warping and
airtightness: In addition, no cracks: were- found  in- the
junction portions. of the: caps- in accordance:-with: the

present invention.
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as shown in Fig.

| ead frame and the alumnumnitride sintered base pl at

1 C, a stress relieving nenber was interposed between each
and silver

sol dering was applied thereto at a tenperature of 830[eREPIACEMENG SMrRF! Pnal
relation in the junction between there aIun1nun1n|tr|(e~b&se~pkake he
lead frame is shown in Fig.5 . Alead frane ' 17 SEP 1904
- 50 -
Table S
No. | Three layer Composite Metal [|Warping |Airtightness | Observation
Outer Central Outer {um) - |({atmcc/sec) | of
Layer on | Layer Layer on Structure
Soldered Opposite
Surface Surface
o |2 Cu.(20) | Kovar (60)| Cu (20) 4.8 lxlo:ﬁ No Cracks
S [2]|cu (20) |42 Alloy cu (20)| 5.8 1.5x10 ditto
“ (60) -1
0g|3|Fe (20) |Kovar {60)| Fe-(20)| 12.1 1.6x10_13 ditto
g,:-é 4 |Fe (20) |42 Alloy | Fe (20)]| 13.6 | 1.2x10 ditto
3 (60) .
5‘%’ 5|Ni (20) |Xovar (60)| Ni (20)| 6.2 | 2.0x10 ‘H ditto
6 | Ni (20) |42 alloy Ni: (20) 7.8 |'2.1x10 ditto
(60)
1l |Cu (20) | Kovar (80) - 52.1 | Incapable- ditto
of Being '
0 Measured
"9‘§ 2 |Fe (40) | 42 Alloy - 41.6" ditto ditto
. (60) |
9 43 | Kovar - - 100.6 ditto Cracks
% (100)
mg 4 |42 Alloy - - 121.8 ditto ditto
{100) - : '

Values in () represent thickness-of the respective-layers.
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31 3 having a width of 8 nrmand a |length of 10 nmwas joined to the
alum numnitride base plate 1 having a length of 20 mm by silver sol det 9.

The area of junction between the lead frame 3 and the al
plate 1 was

- 51 -
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Although the present invention has been described and

illustrated in. detail, it is clearly understood that- the

same is. by way of illustration:and,exampie.éniy-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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2 Mmx 8 mm In order to evatuate a junctiom strength between the Igad
by put t1ng the | ead 1rames 3 | ANRAMIRIIIAE o &' Sne ar rom so as to

measure the soldering strength. The're¥ulls *are shown i X '%WT?
specifically, the soldering strength for. each sanple in gﬁ@h$”¢§'§gET

aver age val ue obt ai ned based - 52 -
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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 hawving. 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, 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,
sald stress relieving member and said connection membex-,

said stress relieving member being. formed: of: any-of
soft metals and soft alloys having- a ‘high plastic l
deformativity-to'be-plastically deforme&, thereby-to
relieve a thermal stress caused by a difference- between. a
thermal expansionvcoefficient'of*said-basermember"and that
of said conhection member in a cooling'process:at the: time

of soldéiing.

2. A connection' structure-in accordance -with claim

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

———————
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on five neasured val ues. For—Tonparison, an exanple of junction of |ead
franes to a beryllia base pl Tﬂﬂ“lﬂuﬂm [”mabl e 1 (as the sanple No. 10).
According to Table 1, the sol of the ga bggﬁﬂﬁﬁﬂusmgg- ny
stress relieving nenber were éxtfenkly"lo .e, 0.5 toﬁg' Ot he cage

of the sanples not-using the stress relleV|ng menbers,} jthe start
o E3 - 17 SEP 1996

material selected among the group of' copper, copper

alloys, nickel alloys, iron and aluminum.

3. A-.connection structure. in -accordance. with claim

1, wherein said comnection membexr- includes- a--lead" frame-

4. A connection: structure in accordance:with claim
3, wherein said stress. relieving.member has-.a thickness.:in
the range from 0.01 to 1l mm when said 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

: i

1, wherein said connection structure further. comprises: a
metallized layer formed on a - junction surface--of said base

member.

_ 7. A connection structure in accordance with claim
6, wheréin said metallized layer contains-at least a metal
selected.out of' tungsten: and molybdenum, at least' an
aluminum coﬁpound selected. among. the: group. of. aluminum
nitride, aluminum-oxide and aluminum oxynitride, and

calcium oxide.
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poi nt of breaking existing ii—each—atumnurmri-tride base plate and cracks
due to thermal stress were ex In th ,
sanpl es using stress relievi nglmm“wmn”“lct i on bet 85*’&%"‘1 é%i&"fufim

and the alum numnitride base plate i nMccéordance with ghd present
i nvention, it was found that a desired sol deri. ng strengfhjcapybgrphtsy ni

if the thlckness of the stress _ 54 -

114
(9]

d

U

8. A connection structure in accordance with claim
6, further comﬁrising 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 £ormed on: a-surface
of said connection membexr  to’ be* joined with- said soldering

material.

" 10. A connection. structure between components of. a
semiconductor' apparatus, comprising: |

a base-member. formed of aluminum nitridezhaving a
major surface-on.whicﬁ a semiconductor. device: is. to. be
mounted,

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

a soldering material for joining: said baée~member=aﬁd
said connection' member,

at'least a surface- of said connection-membexr' 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 rélieve"a-thermai

stress caused by -a difference between a thermal expansion

- This Sheet Has Been Replaced .
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32 relieving menber is in the range fromO. 01 to 1 nmwith the |lead franes

havi ng a thickness of 0.1 mmand a w dih of
RN 0 R I lIII REPLAGEHENT SHEET
Ces 17 S;: LR RS
. o]

coefficient of said base member and that of said
connection member in a- cooling process at the time of

soldering.

11. A connection structure in acco:@énce"with'claim
10, wherein at least the- surface of said connection member
to be joined to said base member. is formed.of  any material
selected among the group of copper;, copper alloys; nickel,

nickel alloys, iron and aluminum.

12. A connection structure: in accordance. with claim

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

13. A connection structure-in accordance with: claim
12, wherein at least a portion of said.connection: member
to be joined to said base 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.

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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In addition, after a nmetallized [ayer having tire above described

et s, e, o RN =, . oo e

in thickness and a gold plated Iayer "of "2 ¢ [err]n1|n thl% ness Je?g
formed thereon. After that, a high power FET was sol déréd 14 82 T4  ac

of the plated | ayer by

D
—= =

 —y

- 56 .-
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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 member to be joined to said covering. member

to surround. said semiconductor device. located under said

covering member:;, salid-frame member: including, as a main

material, any of iron-nickel alloys-and: irom-nickel-cobalt

élloys,

a stress relieving member' interposed-between- said

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

a soldering member for: joining. said.covering -membex,

said stress relieving member:-and--said frame-member:,

saild 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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sol der material of gold-silic g a nethod of [err] a change
anount [err] caused by appli ciﬂllm m"“ Hrm dr op voltage V[err] between
the emtter and the base of the-tTkekansl SKors was neasur nd.a_ther mal

resi stance of the unit including the transistor. and the fﬂEBUAGEMEMT'ﬁﬂE

base plate was evaluated. The neasured thermal resistdgn €5

the sanples were | ess than 1.9[errLC%Wl;

17 SEp 224
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17. A cap for airtightly enclosing. a: semlcondu&tor
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: 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 iron-nickel alloys!and:ironrnickelrcohalt
alloys; and

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

at least a surface-r of said frame member to be-joined
to said éovering~member-being formed of any of soft metals
"and soft alloys.having high.plastic deformativity to be
plastically deformed, therehy to relieve- a-thermal stress
caused by a-difference between a thermal expansion i
coefficient of said.covering:member:and»that.bf said frame |

member in a cooling process at the time of soldering.

18. A cap in accor&ancerwith claim-l?, wherein at
least thé'surface.of said frame. member. to. be- joined to
sald 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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Consequently, it is understood that the alum numnitride base plate is

suited as a base pl ateJm ! u nductor device is ft {u_u:i..tc ;
froma view point of t uln“m %EB&‘“"T'- SHEET

s annrim,
an A A

17 SEP 1995
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19. A cap in accordance -with clam 17, wherein at
least a portion of said frame member to. be: joined to said
;:overing- member comprises-an inner layer poi:t'ion' 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.

This Sheet Has Been R eplac

T

THIS SHEET HAS BEEN
REPLACED




33 Table 1 No. Lead Frane Stress Relieving Menber

Sol dering Strength (kg) 1  Kovar (t= 0.05 mj 4[err]m N1'ﬁéﬁ%%§i#§iﬁ§}@§?

0.1 mm 13 2 ditto . . _ ditto | ~—LI-='0

) 11 3 ditto not provided B

1.3 17 SEP %96 |
|

- 59 -

CONNECTION STRUCTURE BETWEEN COMPONENTS
FOR SEMICONDUCTOR APPARATUS

AABSTRACT OF THE DISCLOSURE

A connection' structure- between lead frames and a base
plate of aluminum nitride, to be applied as a- connection
structure between components.of. a semiconductor: apparatus,
comprises the-base plate formed of a sintered body of
aluminum-nitride«on-which'a-semiconducton=devic§ris'to-be
mounted;, the lead frames.including, as..a.main material,
iron alloy containing nickel in 29 wt.% and cobalt in-17
wt.%, and silver. solder for. joining: the- baser plate and the
lead frames. A surface. of the. lead frame to be joined to.
the base plate is forﬁed of oxygen-free copper of  a high
plastic deformativity to relieve, by plastic’deformation
of itself, a thermal. stress..caused by. a .difference between
a thermal expansion coefficient of the base plate and that
of the lead: frame-in a cooling. process-at the time of
soldering. Preferably, only a portion of each lead frame
to be joined to the base plate comprises an inner layerxr
portion of iron- alloy containing nickel in 29 wt.% and
cobalt in 17 wt.%, and an outer layer portion of

oxygen-free copper.

FIGURE 4C.
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4 Kovar (t = 0.1 mm 4[errmN-plated Cu (t = 0.1 mm 13 5
ditto ditto (t =0.05 mMm T cH-+-4.0
ditto (t = 0.02 nm 9 7 ditto %#LACEM?NHBHEH
(t = 0.005 M) 4.5 8 ditto diftto =
1.5 m 0.8 9 ditto not prowced‘aysgpfg%
1.5 10* ditto not p_)_rclvi_ded ‘
FIG.1A
I
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FIG.1B
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11  Kovar (t = 0.2 nm) 4[errlmNi-plated Cu (t = 0.2 nm 10
12 ditto | ditto (t = 0.1 m 8.5 13
ditto not provi ded s @V@r
= 0.07 ) Qu (t = 0.1 m) 14 {5 REPOCERERTIONAT
Cu (t = 0.05 mm 12.5 16 ditto B
(t = 0.03 m) 11 17 ditfo not] dr odiZd8Li 1996
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18 Kovar (t = 0.1 nm) cu 0 (t'=0.1m 11 19
Cu t nm

ditto (t = 0.05 20 Kovar (t
1.4 mm) Cu (t =0.01- 1.0 m ' 1.5 41p PL A AL

not provi ded 1.5 22  Kovar (t |= |

Ni (t =0.1 nm 7 23 ditto

(t = 0.05mM) 5 24 Fe- Ni _4% al | oy 4[ err]

= 0. 1nm) 10.5

e s g §

FI1G.3A

PREPARE ALUMINUM NITRIDE SINTERED BASE PLATE I

'

COAT METAL PASTE ON SURFACE OF ALUMINUM
NITRIDE SINTERED BASE PLATE

SCREEN PRINTING ACCORDING TO PREDETERMINED W
PATTERN

DRYING

!

FIRE ALUMINUM NITRIDE SINTERED BASE PLATE
COATED WITH METAL PASTE

!

APPLY Ni PLATING ON SURFACE OF METALLIZED LAYER

Y

SINTER Ni PLATING

¥

APPLY SOLDERING TO SURFACE OF Ni PLATING TO
JOIN IT WITH LEAD FRAMES, FRAME MEMBER OF
CAP, OR THE LIKE

APPLY Au PLATING TO JUNCTION PORTION
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(t = 0.1nmm 25 ditto | ditto (t = 0.05 nm)

9 26 ditto not . provi ded ° 1 27
Fe-Ni 42 all oy 4errImNi -plated Cu (t = 0.2 nm o~
0.2 mm 28  ditto ditto (t = o.1REP,/1“’£*\%‘&‘:Fégrg
7.3 29 ' ditto not provi ded _ 1
4 17 SEP 1996
F1G.3B

PREPARE ALUMINUM NITRIDE FORMED BASE PLATE

COAT METAL PASTE ON SURFACE OF ALUMINUM
NITRIDE FORMED BASE PLATE
SCREEN PRINTING ACCORDING TO PREDETERMINED
PATTERN

DRYING

{

SINTER ALUMINUM NITRIDE FORMED BASE PLATE
COATED WITH METAL PASTE

APPLY Ni PLATING ON SURFACE OF METALLIZED LAYER

Y

SINTER Ni PLATING

!

APPLY SOLDER]NG TO _SURFACE OF Ni PLATING TO
JOIN IT WITH LEAD FRAMES FRAME MEMBER OF
CAP, OR THE LIKE

APPLY Au PLATING TO JUNCTION PORTION
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30 Fe-Ni 42 all oy Cu. (t =0.03 nm 9.5 (t =
0.07 mm 31 ditto not provided
2 32 Fe-Ni 42 all oy Ni (t -Ol(rm) = 8.5 (t
= 0.1 33 ditto Ni t = 0. —
7 *: B(rang base plate REPLAERMENT SHEET
-5 - 17 SEP 19%
FIG.4A
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34 Exanple B A netallized |layer was fornmed on-specified regions of a
surface of a base plate of an alum numnitride sintered

REPLACEMENT SHEET
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body by the follow ng netallization processing..

The netallization

processi ng of sanples was perfornmed by applying tungsten paste of
prescri bed conmposition to the surfaces-of respective sanples

al um num forned base pl ates shaped in a configuration suclf g
sheet-by the aforenenti oned nmethod with screen printing of
prescri bed- patterns,

dryi ng, perforanp-gebindering and
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then sintering the sane in a nitrogen atnosphere at a tenperature of

1850[err] C for 5 hours.

frames were joined on the

Thus,
portions- of alum numnitride sintered base pl ates.
of 2 [err]min thickness were fornmed on the netallized | ayer
in a hydrogen atnosphere at a tenperature of 750[err]C for

nmetallized | ayers were fornmed on prescri bed
Ni ckel Iating Iayers

8
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netallized |ayer in the sane manner as in the exanple A whereby

sanpl es. were-prepared. The junction strength between the | ead franmes and
the base plate of each sanple was evaluated in the sanme peftfer—as—in-the_
exanple A. The results are shown in Table 2. From Table P BEHUL:SJP@UISQQIPM
t he soldering strengths of the sanples not using any stresE""«?I”T‘e*mwng*m]

s 17 SEP 75
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menber were as lowas 0.5 to 2 kg. The start point of
each of such sanples existing in the alumnumnitride base plate and cracks

due to thermal stress were

- 10 -
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35 breaking of
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found for each of such sanples. Table 2.No. Lead-Frane - Stress

Rel i evi ng Menber Sol dering-Strength (kg) 1 Kovar (t = 0.1 mm)
4errImNi -plated Cu (t= 0.1 m) 13.5 2 ditto :
ditto (t= 0.05 mm) 10.5 3 ditto REPLACEMENT SHEET
(t = 0.1 nmm 13
PP 17 SEP 2%
FIG.1

e ———
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4 .
ditto
ditto
1.5 8
ditto

dittoa - ditto (t = 0.05 mm) 10.5 5760 8 2014

N (t = 0.1 mr) 9.5 6 di { P65
(t =0.05mMm 7 7 ditto : not provi ded
Fe-Ni 42 all oy 4pmN|-pIatedCU( = 0.1 nm 14 (t= 0.2 mm 9
ditto (t 0.0%2 mMm

_CON'NECT-ION éTRUCTURE BETWEEN COMPONENTS FOR SEMICONDUCTOR APPARATUS

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
mouhting of a semiconductor device involving considerable
heat generation such as a high-power transistor or a
laser diode.

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 compri'ses an insulating
base plate on which a semiconductor device is mounted,
and lead frames connected by soldering' using 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 needs to have a good electrical insulation, a
high mechanical strength and a high thermal conductivity
for dissipation of heat from the semiconductor device, so
as to maintain insulation 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

REPLACEMENT SHEET
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10 ditto

ditto (

(t = 0.1 n
7

Cu (t =0.1 mm) 12 11

ditto
t = 0.05 nMm 10.5 12 ditto Ni
8.5 13 ditto . ditto (t = 0.05
14 ditto not provided

1.5 Exanple C Lead frames were sol dered @i thout interposition of a

characteristics as a tensile strength, a bending strength
and fatigue required for the lead frames. Alumina (Al,0,)

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.e., an alloy of Fe-29 wt.% Ni-17 wt.% Co) and 42
alloy (i.e., an alloy of Fe-42 wt.% Ni) are generally
selected 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 circpits on an
insulating base plate of alumina, the connection

structure being used as a base on which a semiconductor

apparatus is mounted.

REPLACEMENT SHEET

17 MOV 097




stress felieving nenber by silver solder at a tenperature of about
830[err]C to be joined onto a netallized | ayer including tungsten as a
maj or component formed on a surface of an alumnumnitride base plate. 1In

this case,

t hi ckness thereof being 0.1 mm As showg in Fig. 2 C

 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.

Special interest h;s.been drawn recently to
aluminum nitride (AlN) 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?K™* and it has no toxicity
and has as QOOd electric insulation and mechanical
strength as those of alumina.

| However, if 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 temperature (780°C)
is as small as 4.3 x 10-°K~, while an average thermal
expansion coefficient of iron-nickel alloy of the lead

frames is very high, e.g., 10 x 10°°K™! in the cése of

the | ead frames used had the shape shown in Fig. 5 wth the




36 or 3C, the junction portion of each |lead frane was forned of a
three-1layer conposite netal -portion or a two-|layer conposite netal portion,
t he conposition thereof being shown in Table 3, and each | ead frane was
fornmed to have a

- 4

" Kovar and 11 x 107K 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 streés 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.

| Japanese Patent Laying-Open No.167833/1987
discloses thét the thermal expansion coefficient of
the lead frames is suitably 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 sintered 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

e ATIT OLICE
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uni form thickness. The junction strength between the |ead franmes and. the
alum numnitride base plate of each of ten sanples prepared was neasured in
the sane manner as in the Exanple AL The results of the neasurenment of the
junction strength are shown in Table 3 which indicates ranges of the _
di fferent neasured values of the ten sa®ples. As is evident from Table 3,
in the case of using | ead .

.and.consequently the manufacturing process is
complicated.

Another example of a connection structure between
components for semiconductor 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.

Since semiconductor devices have a tendency to
considerably increase heat generated therefrom, it is
of urgent necessity to develop caps having excellent
hegt'dissipation. For example, if a cap of a metal
matefial having a high thermal conductivity is used,
it is necessary to provide insulétor 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
conducfivity and excellent insulation have become of

much interest. Beryllia (BeO), silicon carbide (SiC) and
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frames having three-layer conposite nmetal portions and two | ayer conposite
nmetal portions for junction with the respective alumnumnitride base

pl ates, the junction strengths were renmarkably inproved conpared with the
cases of using conventional |lead franes formed of only Kovar or 42 all oy.
It is further understood that in the cases of. using | ead franmes having

t hree-1 ayer conposite netal

aluminum-nitride. (A1N) may;be considered as materials
satisfying sﬁdh requirements. However, beryllia .and
silicon carbidé are disadvantageous in view of.toxicity-
"and electric. characteristics:thereof and..also because-of
irregularity of supply thereof. Accordihgiyy.aluminnm
nitride is most suitable. However, in-order-to
manufacture-caps}using gluminum.nitride as the covering
material, it.is..necessary to apply.metallization to
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, if metal soldering, e.g., silver

- soldering {(Ag-Cu) is.applied, there is a considerable
difference betweernr the- average: thermal expansion
coefficient of-.aluminum: nitride and that. of iron-nickel
alloy, as described.previously. More-specifically, .the
average thermal. expansion coefficient of -aluminum nitride
is low, i.e., 4.3 x 10"6 K-l in the. range from- the- room
temperature- to the-temperature for silver seldering
(780°C); while the average: thermal expansiomr coefficient
of iron-nickel alloy -of low thermal-expansion"used
generally for the- frame- member is-extremely-high, i.e., 10

6.~ 6 -1

x-10 °'K (in -the'-case’ of Kovar) to 11 x-10 ° X (in--the

case - of 42 alloy). As. a result, a-.residual strain occurs

REPLACEMENT SHEET
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portions, the ranges of difference in junction strength were- snmaller than
those in the cases of using | ead franmes having two-|ayer conposite netal
portions. Further, bending strength tests were conducted with a period ,
required for a free end of a |lead frane bent at.right angles to be restored
to the initial state being regarded as ond cycle. As a result, as for the

| ead _

due to strong thermal stress caused in the covering membeT
of aluminum nitride. The residual strain causes cracks in
the -covering member of aluminum nitride and warping or
deformation in the frame member. Thus, the above

described prior art-does- not-make it possible to.p:bvidéua.
cap with high dimensiomnal precision; good air-tightness

and high reliability-

The citation EP-A-0 153 618 refers to a method for preparing
a highly heat conductive substrate which comprises
interposing an active layer with a thickness of 0,5 - 10 um
comprising silver and an active metal, optiocnally copper,
between an aluminum nitride substrate and a copper member.
The aluminium nitride substrate and the copper member are
joined which each other by heating.

The citation PATENT ABSTRACT of Japan, vol. 10, no. 192 (E-
417) [2248])], 5th July 1986; & JP-A-61 39560 intends to
prevent the strength of a lead from deteriorating due to
" diffusion of a silver solder material by a method wherein a
coated film comprising nickel as its-main constituent element
is formed on at least a part of the lead, where it is wetted
with the silver solded material. '

The citation PATENT ABSTRACT of Japan, vol. 10, no. 347 (E-
457) (2403]}, November 21, 1986; & JP-a-61 150351 proposes to
restrain the generation of cracks by alleviating the
comprehensive thermal stress by enclosing a base and a lid
subjected to sintering with AIN with the plural layers of
glass which are different slightly in their thermal expansion
coefficients. In other words, the base and the lead ocut of

AlN are joined together by plural layer soft glass.

REPLACEMENT SHEET
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37 frames having three-layer conposite netal ~portions and the conventional
| ead frames forned of only Kovar or 42 alloy, nore than 24 cycles were
required until they were broken.

8

It.is .an object 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 heat. dissipation suitable for mounting of a

~ semiconductor device-iﬁvolving considerable ‘heat

generation and makes it possible to join a connection
member. to the: base member. with an appropriate junction

strength.

This 6bject is solved by a connection structure between
components of a semiconductoxr package according to claim 1.

The-presgnt invention has been accomplished based on
the f£indings 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 iron-nickel~cobalt alloys.
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On the,ofher nand, the lead franes entirely forned of a t WoRERYACEMENT SHEEI
conposite netal portion were broken by 5 to 10 cycles and the

formed of only a soft nmetal nmaterial were broken by 2 to 6 I I
; ATl

No. Stress Central . Stress Junction Breakape
Met al Layer Relieving Strength ¢

9

If a material of any of soft metalsi ofr

alloys- is used as the stress relieving member between the
base member of aluminum nitride and the connection-menber,
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.the .thermal expansion
coefficients.of the aluminum nitride base-membexr and the
connection member is absorbed by the plastic deiérmation
of the. stress relieving.-member:, wherehy-résidual stress .in
the base member of aluminum-nitridecan be made disappesar-.
Consequently, a.desired strength of soldering-:can be

attained.

A preferred embodiment of the above described connection
structure is claimed in claim 2. In this embodiment,

" 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
the stress relieving member is preferably im the range
from 6;01Ito 1 mm. If it ngiess than-0.01.mm, the stress
relieving member is. too thin to 2llow a sufficient amount
of-plaﬁtic deformation and cannot absorb the thermal
stress in a satisfactory manner. If the thickness of the
stress relieving member is more than 1 mm,; a - thermal -
stress caused by thefmal expansion of the stress relieving
‘member itself at the time of soldering cannot be
disregarded. More specifically, even. if the. thermal

~ stress caused by the difference between the thermal
expansion coefficiénts of the lead. frames and the aluminum

nitride -base member can be absorbed by plastic. deformation



Layer on ([err]) Layer on (kg) Sol dered | -
Su?face Surface ([err]m BEP %ﬁ@ﬁi éﬁ%ET
Cu (20) Kovar (60) Cu (20) 9.4-10.8 In Lead-Franme 2 Cu (40)
Kovar. (60) none 2.4-10.1 ditto 3 Cu (30) 42 A Vo0 4057
Cu (30) 7.6-9.9 ditto " 10

f

of the- stress relieving member, the considerably Iarge
_thermal.stress-of the- stress relieving member: icself
adversely affects the. lead-frames and. the base.vmember.of
aluﬁinum-nitridey resulﬁing in a thermal'strain:-in-those

members.

A preferred embodiment of the connection structure mentioned

b . . . .
above is claimed in claim 3 by using this metallized layer,
the connection structure has the desired

junction strength
and thermal conductivity. ”

A further preferred embodiment of the
connection structure is claimed in claim 4.

above mentioned

I1f a.-plated layer is formed on a surface-of:the
metallized layer to be joined with .solder material,
uniform and ;table soldering can be applied thereto. This
is because wéttébility 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~ccnnection-member to be joined with: the
solder member has:also the same effect. Those plated
layers*arefformednpréferably by nickel plating.
Particplarly,.if-treatment-such.as:goid plating is to be
applied. in. an-aftertreatment, it ié preferred to apply
nickel plating -for the- purposes of improving adhesion'énd
deposition'of-the:gold-plating and forming a uniform- goid

plated layer on: the nickel plating.



4 Cu (40) 42 Al oy. (60) none -7.1 di t t p—o—Fe—269

Kovar (60) Fe (20) 5.6-7.7 ditto 6 N (20) HMAGEI@E%% SHEET
Ni (20) 6.0-6.9 ditto 7 Fe (40) 42 Alloy (60) hope .
3.1-5.8 ditto 8 N (40) 42 Al oy (60) none 5] 2- Ny 466
ditto 9 Kovar (100) 11 0.9-1.4 | All%jfi%*' 1557
42 Al oy (100) 0.8-1.1 ditto '

l

Another connection structure between components of a
sémiconductor package according to ﬁhe invention is claimed
in claim 5.

In this 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, 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 thermal stress caused therebetween has been
‘relieved. Thus, the connection structure has a high
reliability and a high resistance to thermal stress.

A preferred - embodiment of the conngction structure as
claimed in claim 5, is claimed in claims 6 or 7.

If at least the portion of the connection member joined
to the base member includes an inner layer poition formed
of iron-nickel alloy or ifon-nickel-cobalt alloy; and an
outer layer portion formed of a soft metal or a soft alloy
to be joined to the base member of aluminum nitride is

plastically deformed to relieve the thermal stress caused



Val ues in () represent thickness of the respective |ayers. %8 Eg%ug%q”p
In the sane manner as in the Exanple C, |ead frames REPLACEMENT SHEE
17 NOY 8%
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between the base membef' of aluminum nitride and the
connection member. If the entire connection member has a
thrée-layer structure including the inner layer portion and
the outer layer portion, the bending strength of the
connection hember itself is 1lowered, 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
structufe and the other portions have a single-layer
structure of iron-nickel alloy or iron-nickel-cobalt alloy
to maintain a high bending strength. Further, if a two-
layer composite structure is adopted in which a single
stress relieving laygr of a soft metal or a soft alloy is
formed on 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. However, in
this two-layer composite structure, warping to deformation
may occur in the lead frames due to a bimetal effect at the
time of soldering at a high temperature and voids will be
easily generated in the junction portions between the lead
frames and the base member 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 examplé, let us assume a case in whicﬁ copper is

selected as the soft metal material of the surface of the




havi ng the same shape and the sanme thickness of 0.1 nm werfe, To 0N
alum numnitride base plate by soldering as shown in Fig. SBtEg@ﬁ§$%bﬁ%gégr
frame was prepared to have a portion to be sol dered includi]g a three-Tayar

conposite netal portion or a two-layer conposite netal porltijon]gs NGVoli37i n
Table 4. Each lead frane was joined to a netallized |ayer {i ncl udi ng
tungsten as a nmj or. conponent 13 .

i

' 2 e - - {+rade
connection member joined to the Dase mgmber,.xovar { txad

name, i.e., Fe-29.wt.% Ni-17 wt. % Co) is selected as a
main material of the cormmection member and a composite
metal plate formed by combination of those materials is
soldered ‘to the base member of aluminum nitride by silver
solder. .In this casey; cop?er-is;plastically deformed in a
temperature range from the silver soldering temperature of
780°¢ or a-highér temperature -to about.zoooc,.whereby the
thermal stress caused between the Kovar and the base plake
of aluminum nitride can be. relieved. Although the thermal

expansion coefficient of copper is as high-as 18 x 10”8

k1

, which value is considerablf larger than that of
aluminum nitridé;.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*coo&ing*prbcess: In
addition, if oxygen free copper is used as the copper for
the junction surface,; it-has a ﬁarticularly-remarkabie
effect of relieving the thermal stress. The Kovar-as oneg
of iron-nickel-cobalt alloys is . selected as. the main
material of the connection member. not’ only because -it is
indugtrially-suited-as.the-material of the- lead frames- and
the like: but also. because it has a..thermal expansion
coefficient-close to that-df aluminum nitride amomg the
metal materials. Thé-reason-for-formingwtﬁe connection
membér ;uch as the. lead frame by a composite metal plate

is that a lead frame formed of only.a soft metal material



formed on specified regions of a surface of ‘the alum numnitride base plate

as in the Exanple A Dby a soldering process at a tenperaturfe OfRAR0LQ,
600[err]C using a low nelting netal soldering materi al haylnBE@Jg% Doglﬁﬂoﬁr
of gold-silicon, gold-silver-germaniumor the like. The JLn%tlon strength

was neasured in the same manner as in thes Exanple A with rdgadrdi 7o Ri¥nigs7
sanpl es of each kind thus

i

|

itself has low tensile and bending strength and it
would involve a disadvantage in practical

application.

Another connection structure in form of a cap for
airtightly enclosing a semiconductor device mounted
on an insulating base plate according to the

invention is claimed in claim 12.

In the cap in accordance with the present
invention, the stress relieving member is
plastically deformed, so as to reliéve a thermal
stress caused by the difference between the thermal"
expansion coefficient of the covering member and
that of the frame member in the cooling process at
the time of soldering. Further, it becomes possible
to suppress generation of cracks in the coverihg
member of aluminum nitride and to suppress the
bimetal effect, whereby warping and deformation of
the frame'member can be reduced. Thus, it possible
to pro#ide a cap with a high diﬁensional 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



obtai ned. The results of the measurenment of the junction st Vi
in Table 4, which indicates ranges of difference of the neasur RCLMEQZQQK%T

can be seen from Table 4, in the cases of using |lead frames}{h vinz vy 'Q
t hree-l ayer conposite netal portions and | ead frames having|t A y%%%39;7
conposite netal. portions, the-juncticwagtrengths were remafk |

conpar ed

soft metal material, the-soft;metal.material selrves to

relieve the thermal stress app&ied to the 3unchion surface
and accordingly the junction.strength between the
respective members of the cap is sufficiently high, which
also.enhances:reliability. .

For- example, let: us assu¢e~a éasePin-which-copper is
selected as the soft metal material, Kovar (trade names} -is
selected as the main material of the frame member and a
three-layer composite metal plate formed by combination
thereof is soldefed.by'silver soldexr to the covering
rmember. of aluminum nitride. 1In this case, the copper is

plastically deformed in a temperature range f£rom the

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

lead- frames and the base-pléte of aluminum nitride-.

Further preferred embodiments of the invention are claimed in

the remaining subclaims.

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

BRIEF DESCRIPTION' OF' THE DRAWINGS



with the
further

conventional |ead frames formed of only Kovar or 42 alloy. It is

understood that in the cases of using the lead f -n
t hree-1 ayer conposite netal portions, the ranges of differe13§$iﬁaﬁng? éﬁg%r

junction
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Figs. 1A, 1B and 1C are plan and sectiocnal
views showing a- cohnection étructure 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 aluminum
nitride.

Figs. 2A, 2B and 2C are plan and sectional
views showing a connection structure between
components for semiconductof'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. 3A, 3B, 3CI and 3CII are plan and
sectional views showing a connection structure
between components for semiconductor apparatus in
accordaﬁce 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.



strength were small. Table 4 No. Stress. Centr al Stress
Junction Br eakage Rel i evi ng Met al Layer Rel i evi ng aferhayaEepn
([err]m "~ Layer on (kg) Sol dered ﬁtﬁgg%@??gazﬂ“tP
Surface Surface

7 17 NOY 1997

Fig. 4 is a sectional view showing a still
further embodiment of the invention in which a
connection structure between ~components for
semiconductor apparatus is applied to a cap.

Fig. 5 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. 6 is a side view for explaining a test
method for measuring a junction strength of a lead
frame joined to a base plate of aluminum nitride.

Fig. 7 is an illustration showing a pbrtion
where a wérping in a frame member of an example of
a cap is measured.

Fig. 8 is an illustration for explaining a test
method for measuring airtightness oﬁ.fhe cap of Fig.
11.

The base member formed of a sintered body of.
aluminum nitride includes preferably aluminum
nitride as a maﬁor component and contains 0.01 to
1.0 wt.% of an element of the group IIIa in the
perigdic table and 0;001 to 0.5 wt.% of oxygen, with

a thermal conductivity thereof being higher than 180



([err]m ([err]M 1  Cu (30) Kovar__(40)

Cu (30) 9.4-10.8 1In Lead Franme 2 Cu (40) Kovar (60) cLmn
1.9-10.1 ditto 3 Cu (20) 42 Alloy (60) Cu (20) R Pgﬁagﬁgsi“ﬁhh
ditto 4 Cu (40) 42 Al oy (60) none -8.0 djtio

Fe (20) Kovar (60) Fe (20) 185-11.0 dittd 6 1I3etf@4‘0 597
42 Al oy (60) none 2.4-7.6 ' ditto

-

WmK!. In forming the base member, first at least
a compound containing a rare earth element is mixed
with powder of aluminum nitride so that the compound
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'
polymér 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
préferred in view of not only the function as the
shaping additive but also the property of being
mixed with aluminum nitride powder,'the quantity of
resi&ual carbon, and the like. The aluminum nitride

powder needs to be in fine and uniform grains. The



7 N
(40)
Kovar (6
(60)

Al (20)

(20)
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9.

8.8-11.0 .

In AN

Kovar (60) N (20) 6.6-8.1 Sitt-6-8 i

Al l oy (60) none 1.0-7.1 di t § oOREPLACBRIECZOYHEET
Al (20) 10.1-11.4 ditto 10 A} (#4& Kevar
none 11.2-12.2 ditto 11 A (20) g N 50
2-10.8° ditto 12 A (40) 42 Al il oy (E ) *nbﬁ
ditto 13 . Ke¥ar (100)
l

average grain.diameter of the aIuminum-ﬁitride powder - is
preferably 1 um or less.and_the;con;ent of oxygen in the
powder is-preferably 2.0 'wt.% or less. Such aluminum
nitride powder: cannot be easily cbtained by a direct
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 1is 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 condﬁctivity, sintering is pérformed preferably at
a temperature from 1000 to 2100°C for more ﬁhan:fivenhou:s
to cause an average grain diameter to be more tham 5 um.
Cooling after the.sintezing is preferably. performed
rapidly. 1If the cooling is performed.gradually, sintering
additives are deposited and the sintered surfaces:are
considerébly deteriorated. For this reasom, the-cooling
is -effected preferably down to 150°%¢ at a--rate--of
200°c/hour. . '
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in ()

42 Alloy (100) - 1.8 ditto Val ues

represent thickness of the respective |ayers. 4q ﬁﬁ?ﬂﬁ&éﬁéﬁ? SHEET
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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 ﬁetallized layer, metal
paste is prepared by mixing calcium compound powder,
aluminuﬁ compound powder and metal powder of tungsten or
molybdenuﬁ, and adding-an-organic-bindef'sudh-as vehicle
thereto. Compositions of the metal paste are metal powder
of 40 to 98 wt.%, aluminum compound of 1 to 25 yt.% and
"calcium oxide of 1 to 35 wt:%:; In order to apply a
sintering process as aftertreatment at a low temperature,
copper or- nickel may be added aslcatalyzer for. lowering
the sintering temperature. The metal paste thus prepared
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-lBOOOC; 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 aluminumr compound and caicinﬁ-oxide of 1
to 20 wt.%-usihg tungsten powder as the metal powder, or

if the metallized layer: is.formed to contain aluminum



A metal lized layer including nolybdenumas a nmajor conpo

the same manner as in the Exanple A on a surroundi ng portlgﬂppﬁCEMEﬁWEHEdb

menber formed of a sintered body of alum numnitride havijng
3 mmand an area of 10 mnmx 10 mm After nickel plating S
netallized | ayer, a frame nenber of O.%lnn1in t hi ckness S
thereon by silver solder. at a

Atk

T br\IICDD
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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-connecticn.
structure with a. desired adhesion ;trength.betweep-the
base plate of the aluminum nitride sintered body and the
metallized layer and having a-good:thgrmaluconductiviﬁy.

The -steps.of.-forming a  metallized .layer.on the
surface of a2 base plate formed by the-aluminuwn nitride
sintered body may -be performed as follows, by sintering an
aluminum nitride formed -body coated 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 cohfiguration such a é green
sheet. A material for-the:metallized layer is prepazred by
kneading powder of tungsten and at least one 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 the surface-of
the base ‘plate formed by the aluminum nitride formed body,
by printing -or coating. The base plate formed.by;the
aluminum #itride 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 base plate



tenperature of 830[erf]C. This franme nenber was formed by a three-I|ayer
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conposi te netal

| ayer portion of the frane nmenber, a nickel plating prog¢
before the soldering.. Warping and. airtightness of each ¢f the caps th
obt ai ned were neasured. The warping. was2neasured as th

in Fig. 7 inj

shown in Table 5. In the case of using

unction between a

elval Bek %ﬂ"éﬁ%h
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formed by the aluminum nitride sintered body. Thus,
the aluminum nitride sintered body with the
metallized having high thermal conductivity can be
obtained.

An embodiment of a connection structure between
components of a semiconductor apparatus for example,

a junction structure of a lead frames, stress

.relieving members and a base plate' of aluminum

nitride will be described with reference to the
drawings. Fig. 1A is a. plan view showing the
embodiment of the invention used for the base piate
for mounting the semiconductor apparatus; Fig. 1B is
a ;ectional view thereof; and Fig. 1C 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 screen
printing and sintering of a metal paste 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



covering nmenber 11 and a frame nmenber 30. Airtightness was neasured by

pl acing each cap in a helium gas atnosphere and evacuati ng %@ﬁ ;

in Fig.8 The junction portion between a covering nenber of ﬁ H Mﬁ?xﬁ i
nitride sintered body and a frame nenber was exam ned by a|sdanni nmgy%g

el ectronic mcroscope of a magnificati op$000 or a stereosdopi clm

of a

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 on a predetermiﬂed position of the aluminum
nitride base plate 1. The semiconductor device 4 is
connected with the metallized layer 2 or the 1lead
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. In addition, as shown in Fig. 1C,
the junction portion between the aluminum nitride
base plate 1 and each lead frame 3 further comprises
a thin plated layer 7 formed on the metallized layer
2, and a piated layer 8 formed, as required; on
outer surfaces of a metal layer 23 .0f Kovar or the
like, to ensure wettability of metal solder 9.

An embodiment of a connection structure between
components of a semiconductor apparatus, e.g.; a
connection structure between lead frames having a
stress relieving layer of a soft metal material and
a me£al layer of iron-nickel alloy and an aluminum

nitride base plate will be described with reference



magni fi cation 40 to examine cracks or defects. Sanples each. having-a—f+aneq
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to the drawings. As shown in Figs. 2A and 2B, 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 layer are joined
to the metallized layer 2 by soldering of metal
gsolder or the like. Each of the lead frames has a
stress 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 connected with the metallized
layer 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_ iayer 2 may .be the one
conventionally used for soldering lead frames to an
insulating base plate. 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 base plate and

firing it together with the base plate, or it may be




al so prepared for conparison and warping and airtightness_thereof were
measured. The results of the neasurenments are shown in TaDHﬁrﬁﬁAwh Y ;ng
~of warping indicated in Table 5 are average val ues each obt ined fro
measured values. As can be clearly seen from Table 5, thge ¢aps hgxu ga:}h
connection structures in accordance with2%he present invepti on'| halyds 199

D

formed by a postmetallizing process, or may be a thin film
of titanium, chromium or nickel formed by vacuum
evaporation or sputtering. The metal soldering material
is preferably silver solder; however, 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 preferred,
for example as shown in Fig. 2C, to form, as required, a
thin ni¢kel plated layer 7 on the metallized layer 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 pléte in advance thefeby to ensure a stable
wettability of the metal solder 9.

Another embodiment of a connection structure between
components of a semiconductor apparatus, 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. 3A to 3CII, in this connection structure,

a metallized layer 2 is formed on specified regions of a



excel l ent characteristics in resistance to warping and airtightness. _1n

addi ti on,

accordance with the present invention. Table 5 No. Thrje€*
Metal Warping Airtightness bservation Quter Centjr Qut er
- {7 KOV 1897
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no cracks were found in the junction portiond f.fhgﬁqagsé'af
P BB tErT

(atncc/sec) of 26

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 ﬁhe
metallized layer 2. Only.:he-threehlayer'cbmposite metal
portions 3a of the lead frames 3 are joined to the
metallized layer 2 5y soldering of metal solder. 8. 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
connected with the metallized layer 2.or the lead frames-3
by.bonding wires 5. Further, a heat sink 6 .may-be
‘attached to anather  major surface of the.aluminum nitride
base plate 1 as iequired. |

In-addition; if each-lead frame: 3 includes-a
three-layer composite.metal portion 3a ﬁnd a single-layer
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. 3CI. The
three-layer composite metal portion 3a can 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



Layer on Layer Layer on Structure Sol dered
Qpposite Surface Surface 1 Cu (20) Kovar ({6Q)-o v "
1x10[ err] No Cracks 2 Cu (20) 42 Al oy Cu (20) %éf%&&EMEﬁ? SH%t?

1.5x10[err]
1. 6x10[err]
1.2x10[ err]

ditto 3'Fe (20) Kovar (60) Fe (20) 12. 1
ditto 4 Fe (20) ,42 Alloy  Fe (j20) 1 n#0y 15997
ditto

frame 3 are formed as clad materials by a clad tape
forming .method. As shown in .Fig. 3CI, both surfaces of
the portion to be soldered in the lead frame -3 may be made
thin and the- stress relieving layers 13 may be formed on
those surfaces-to.cause the three-layer  composite metal
portion 3a to have almost the same -thickness as that of
the siﬁgle-layer=metal.portion—3b.

Fig. 3CIX.shows, in an-enlarged view, another example
of a lead frame 3 only formed of a three—layer composite
metal poftion=3a. _

The method for forming.-the metallized layer. 2 on the
aluminum nitride baée 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 £ilm of
titanium, chromium or the like by vacuum evaporation or
sﬁuttering. |

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 ccmposite metal portiomr 3a of the lead frame 3

and -the- metallized layer 2 formed on the- aluminum nitride



(60) 5 Ni (20) Kovar (60) Ni (20) 6.2  2.0x10[err] ditto 6

Ni (20) 42 Aloy Ni (20) . 7.8 2. 1x10[ err] |k Qb Q00T lor @ty
(20) Kovar (80) 52.1  Incapabl e ai | SESHAEERENT i
Measur ed N .

base plate 1 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 layer
2 includes tungsten as a major component, it is
preferred to form, as required, a thin plated
layer 7 of nickel or the like on the metallized
layer 2 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 6f gold plating
or.the like applied in an aftertreatment can be
-improved and thus a uniform plated layer of gold
or the like can'be formed. |
Fig. 4 is a sectional view of an embodiment '.
in which a <connection structure between
components for semiconductor apparatus is applied
to a-cap. According to Fig. 4, a metallized

layer 2 is formed on peripheral side surfaces



2 Fe (40)

of the respective |ayers.
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of a covering member 11.formed of a sintered .body of
aluminum nitride. A-framéamember 30 of a three-layer
composite metal plate -is joined to the ﬁetailizeé layer 2
by metal. solder 9. The frame-member 30 has a composite

structure including a 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. 2 semiconductor
device 4. is-mounted: on the. ceramic base:. plate 101.
Further, a heat sink 6 is provided on an upper surface of
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 thé.cooling~effect is enhanced. &he metallized
layers 2 and.the metal solder 9 are the same -as-.described
above. In 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- inventiornr.
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Example- A
' .A metallizing process was'appiie&.to a' base plate of
an -aluminum- nitride sintered body .obtained by the- above
described method. The metallizing prbcess was-applieé by
the steps of coating metal paste having a predetermined
composition on a surface.of'each,sample-df-an:aluminum
nitride sintered base-piate;'appiyiné*debindezingzthexeto
and then firing the base plate coated with the-metal 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-nitridé sintered
base plate. The-metal paste used in this case was"
prepared by adding  calcium:oxide powder and alumina powder
to tungsten powder and mixing the-powders:with-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 uym in thickness
was formed on the- surface of the: metallized layer:. Then,
as- shown in Fig. 1cC, a stress..relieving -member was
interposé@ between- each lead frame and the aluminum
nitride sintered base platé-and-silver soldering was
applied thereto at a temperature of 830%. A dimension#i
relation.in the junction-between:-the-r aluminum. nitride base

pPlate. and the -lead frame:is. shown in-Fig.5 . A lead frame



- a base nmenber (1) formed of alumnumnitride having a major surface on

whi ch a semi conductor device ist to be nounted, - a netallized,_ |ayer. (2}
formed of a sintered netal pa- ste on a bondlng surface pf the baser mphér
(1) - alead frane (3) to be joined to the base menber (i) V|a~the“~mmwm

netallized |ayer (2), the lead frane |gclud|ng,

3 having s width of 8 mm-and-a length of 10 'mm was joinéd
to the aluminum nitride base flate 1 having a length of 20
mm by silver soldexr 9. The area of junction -between the
lead frame 3 and the aluminum nitride base. -plate 1 was

2 mmXxX 8 mm. In order to evaiuate.a junction strength
between the lead frame and the aluminum nitride base
plate, tensile- tests were ca:ried-out by pulling the -lead
frames 3 in the direction shown by the arrow, so as- to
measurelthe~soldering strength. The results are shown in
Table ‘1. More specifically, the solderisg strength for
each sample-in Table l1l.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-tﬁe sample. No. 10).

According to Taﬁle 1, the soldering strengths of the
samples not using any- stress' relieving member were
extremely low, i. e, 0.5 tc 2. kg- In the case: of the
samples not using the stress relieving members, the start
roint of breaking existing in each aluminum nitride base
Plate  and cracks due to thermal stress were exhibikted
apparently. In- the case of the samples using stress
relieving members for junction between the lead frames and
the aluminum nitride base plate in .accordance with the
pPresent invention, it was found that a desired soldering

strength can 'be obkained if the thickness of the stress



as a main material, any of iron-nickel alloys and iron- nickel-cobalt

alloys, - a stress relieving nenber (13) interposed bet prdihecietgl shzed
| ayer (2) of the base nenber (1) and the lead frane (3)\,/\{9;@%;5 CEMEN

’tI” siress
relieving nmenber being for- nmed of copper based or nickell HQased Eé%%e@{ﬁl 3$

which ma- terials cause the stress rel i33vi ng nmenber to bdcdnel 7

relieving member is in the range from 0.0l -to 1 mm with
the lead frames having a j:hickness:- of 0.1 mr 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 pm-in
thickness and a .gold plated layer of 2 to 3 pm-in
thickness were formed thereorn. Af.ter'_ that, a -high power
FET was soldered to the -surface of the plated layer by
solder material of gold-silicon.. Then, .by using 2 method

of- AVBE' a change amount AVB caused by application .of.a

E
forward drop voltage VBE between: the emitter and the 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 samples were  less than 1.9%/w.
Consequently, it is understood. that the aluminum. nitride
base plate is suited as a base plate onm which a |

semiconductor device is- to be mounted, from a view- point

of thermal conductivity.



softened near a tenperature of soldering and to becone re

iy plastically

def ormabl e thereby such that a thermal stress caused by a
bet ween a thernmal expansion coefficient of the base nenbej
t he connecting nenber (3) at the tinme of soldering is rel
sol dering material (9) for joining the BRase nenber
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Table 1

No.| Lead Frame Stress Relieving Member Soldering Strength
- ’ (kg)
1l | 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) 4pm Ni-plated Cu (t = 0.1 mm) i3
S ditto ditto (t = 0.05 mm) 12
6 ditto ditto (t = 0.02 mm) 9
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 | Kovar (t =.0.2 mm) 4pm Ni-plated Cu (t = 0.2 mm) 10
12 ditto ditto {t = 0.1 mm) 8.5
13 ditto not provided 1.2
14 | Kovar (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) 1l
19 ditto cu (t = 0.05 mm) '8
20 | Kovar (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 4um Ni-plated Cu (t = 0.lmm) 10.5
(t = 0.1mm) '
25 ditto ditto {t = 0.05 mm) 9
26 ditto not. provided o 1
27 | Fe-Ni 42 alloy 4pum Ni-plated Cu (t = 0.2 nm) 8.3
(t = 0.2 mm)
28 ditto ditteo {(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




(1) with the stress relieving nenber (13) and the stress relieving nenber

(13) with the lead frane (3). 2. A connection structure [ ?#LUlﬁanCC
with claim1 wher- ein the stress relieving nenber (13) hap EPLACCMENE SHERT

the range of 0.01 to 1 mm whereas the lead frane (3) has p R TIMTTkness—ef
0,1 mmand a width of 8 nm | 34 17 NGY 1997
Example B

A metallized layer was formed on specified regions..of
a surface of a base platé of an aluminuw nitride sintered
body by the fOIIOWing metallization processing. The
metallization processing of samples was performed by
applying tungsten paste of prescribed composition to the
éurfaces-of respective samples of the aluminum formed basé
plafes.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 plating layers: of 2
um in thickness were formed on the metallized layers, and
sintered in a hydrogen atmosﬁhere at a temperature of
750°C for 20 minutes. Lead frames were joined on the
metallized layer in the same mannef as in the: example A,
whereby samples. were prepared. The junction strength
beﬁween the lead frames and the base pléte of.eabh sample
was evaluated in the same manner as in the example A. The
results are shown- in Table 2.

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

member-were-aS'lqw as- 0.5 to 2 kg. The start point of
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claim 1 mherein
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breaking of sach 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. | Lead Frame Stress Relieving Member Soldering~Strength
' (kg)

1 | Xovar-(t-= 0.1 mm) | 4um-Ni-plated:Cu (t-= 0.1 mm) 13.5

2 ditto ditto {(t = 0.05 mm) 10:5

3 ditto Ca (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 = 0.05mm) 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)

] 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

Examnlefc

Lead frames were soldered without interposition of a

stress relieving member by silver solder at a temperature

of about- 830°% to 'be joined onto a metallized layer

including tungsten as a major compoment formed on a

surface of an aluminum nitride. base plate.. In this case,

the lead frames used had the shape shown in Fig:5 with

the thickness thereof being 0.1 mm.

As: shown in Fig. 2C



numnitride, alum num oxide and al um num oxynitride, and cal cium oxi de, as

starting materials of a paste which is cofired with the p gT( o o)
ccorggg ﬁﬂi

formthe netallized |ayer. 4. A connection structure ih'a
claim1l1, fur- ther conprising a plated, thin N -layer (7}, ! 55
surface of the metallized layer (2), tg be joined to 17 ﬁﬂé £8

or-3C, the junction portion of each lead frame was formed

of a three-layer composite-metal.portion or a two-layer

composité.metalfporﬁion, 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
£rames and. the: aluminum nitride base plate of each of ten
samples prepared -was measured'inlﬁhe same-mannér as in the
Exémple A. -The results of the measurement of the junction
strength afe~shdwn_in_Table:3-Which indicatres ranges of
the-different measured values of the ten sampiles.

As-is evident from Table. 3, in the case of using lead
frames having three-layer composite metal. portions .and -two
layer composite metal portions for ‘junction with -the
respective aluminum nitride base plates, the junction
strengths were remarkably improved compared with the cases
of  using conventiomal lead frames formed of only Kovar: or
42 alloy. It is further understood that in the cases-of
using lead frames having three-layer compasite metral
portions, the ranges of difference in junctiom strength
were- smaller than those: in the cases of using lead frames
having two-layer composite metal. portions.

Further, bending stremgth tests were :onducted:with_a
reriod required for‘a frée 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



the soldering material (9) and/or on a surface of the lead frame (3) to be
joined to the soldering material (9) and/or on the surfage—ef-t-he-stress——
relieving mem ber (13) for inproving wettability of the jr EEPRETHMNET SHEFT |
surface(s) with respect to the soldering material. 5. A cenreet++-on
structure between conponents of a sem %gn- duct or packags comerd $idiPiay

. frames hiving three~layer composite metal portions .and -th_e
conventional lead@ frames formed of only Kovar or 42 alioy-,
more than 24 cycles were regquired: until. they. were broken.
On the other nand, 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 & cycles.

Table 3
No.| Stress Central " | Stress Junction | Breakage
: Relieving | Metal .Layer Relieving.{ Strength
Layer on {pm) Layer-on | (kg)
Soldered Opposite
Surface Surface
(um) (1m)
1l | Cu {20)- Kovar -{60) Cu (20) -] 9.4-10.8-|In Lead - Frame
2 |.tu {40) Kovar. {60) none- 2.4-10.1 - ditto
3 | cu {(30)° 42 Alloy (40) ] Cu (30) | 7.6~9.9 ditte
4 | Cu (40) 42 Alloy.(60) | none T ~T.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) 42.3lloy (60) | none- ' 5.2+6.1 ditto
9 ' Kovar (100) 0.9-1.4- In RIN
10 42 Axloy (100) 0.8-1.1 ditto

Values in- () represent thickness.of the respective layers.



- a base nmenber (1) formed of alumnumnitride having a major surface on

which a semi conductor device is to be nounted, - a netal [TZed-tayer-—{2)———u-
formed of a sintered netal pa- ste on a bonding surface of Rl ratd InBhba i
(1), - alead frane (3) to be joined to the base menmber (1) Viathe———z |
netallized | ayer (2), 38 17 NOY 397 i i'?
l '

Example D

In the same manner as in the Example C, lead frames
ﬁaving.the same shape -and the same thickness of 0;1-mﬁ
were joined to an-aluminum nitride base plate by soldering
as shown in Fig: 5 . Each lead frame was prepared tc have
a ‘-portion to be soldered including a three-layer composite

- metal portion or a two-layer compcsiie metal portion .as
shown in Table 4. 'Each-lead frame ‘was joined to.a
metallized layer including  tungsten .as-a major comporment

" formed on specified regions .of a surface:of -the aluminum
nitride base plate as in the Exampile- A, by a'soidefing
Process at a temperature from 450 to Goopcxusing“a low
melting metal soldering material having a composition-of
gold-silicon,; gold-silver-germanium or the like: The
junction strength was measured in..-the. same mannexr as .in
-the Example A with regard to ten samples of each kind thus
obtained. The-resuits 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 compasite 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-understoodfthat in the cases of



- the Tead frane including a lead frane | ayer (23) of any of
I ron-ni ckel -all oys and iron-nickel -cobalt-alloys and at

addi ti onal

sel ected fromthe group conprising copper,
I ron and al um num whi ch stress relieving |ayer (

al | oy,

def or ned when sol ded so that thermnal

sl3r9ess

| ayer as a stress relieving layer (13) out o
copper all oy

| east one

f gr?mﬁpﬁﬁk@+

I cKeren]
13

Is plastically
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using the lead frames having the three-layer composite

metal portions, the ranges of difference 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)
1 | 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) | B.56~10.2 ditto
4 | Cu-(40) 42 Alloy (60) | none ~8.0 ditto
5 | Fe (20) Kovar (60) Fe (20) | 8.8~11.0 ditto
6 | Fe (40) 42 Alloy (60) | none 2.4~7.6 ditto
7 Ni (20) Kovar (60) Ni (20) 6.6~8.1 ditto
8 | Ni (40) 42 Alloy (60) | none 1.0~7.1 ditto
9 | Al (20) Xovar {60) Al {20) 10.1~11.4 ditto
10 |°Rl (40) Kovar (60) none- 11.2~12.2 ditto
11 | Al (20) 42 AXloy (60) | Al (20) | 9.2-10.8 ditto
12 | Al (40) 42 Alloy' (60) | none- 8.8~11.0 ditto
13 Rovar {100) 1.6 In AN
14 42 Alloy (100) 1.8 ditto

Values in () répresant thickness of the- respective -layers.




caused by a difference between a thernal expansion coefficient of the base
menber (1) and that of the lead 44 frame menber (3) at the tine of
soldering is relieved, [T

40 BEMmL2 e/
- _ , 17 K8y 1597

* Example E -

'A metallized layer including.molybdenum-as a major
component was formed in the same manner  as in the Example
A on a surrounding portiomr of a covering member formed of
a sintered body of aluminum nitridé.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 solderéd.thereon'by silver solder. at a
temperature of 830°C. This frame member was formed by a
three-layer composite metal shown in Table 5. In the case
of using copper as an oute;-layer-portion of the frame
member, a nickel plating process was. applied before the
soldering. Warping and. airtightness of each of the caps
thus obtained were measured. The warping. was measured as
the value a as shown in Fig. 7 in junction between a
covering member. 11 and.a_frame.member730. Airtightness
was measured by placing each cap in a helium gas

~ atmosphere and evacuating. the cap as shown in Fig.8 .

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-layerxr

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



and a soldering material (9) for joining the base nenber to the stress

relieving layer (13) of the l'ead frame (3). 6. A connection structure
in accordance with claim 5, wherein a portion (3a) o ,Lpgak_‘qwir "W
(3) which is to be soldered to the base nember (1) conpr ééé“ﬁﬁgﬁfé éﬁgf' 5
nanely the stress relieving | ayer (13) ag be

17 Moy 1897

also prepared for comparison-and;warping.and ai:tightness
thereof.were measured.

The results of the ‘measurements are shown in Tabie 5.
The values- of warping'in&icate&'in Tab}e 5 are-average
values each obtained from fivé measured values. As can.be
clearly seen from Table 5, the'caps-having*thewconnectién
structures in accordance with the present invention have
excellent.dﬁaracteristics.in resistance to warping and
airtightness. In addition, no cracks were foumnd: in the
junction'portioné of the caps in-accordance-with the

present invention.

- -Table 5
No. | Three layer Composite Metal |Warping |Airtightness | Obsexrvation
Cuter Central Outer {m) (atmecc/sec) | of
Layer on | Layer Layer on T ’ ’ | Structure
Soldered Opposite
Surface Surface
o |1]|cu (20) | Kovar (60)| cu (20)| 4.8 1x10_71 | Mo Cracks
g {2 ]| (20) |42 Alloy Cu (20)} 5.8 .| 1.5x10 ditto
Og 3 | Fe (20) Kovar (60)| Fe-(20) 12.1 1.6x10_.‘1 ditto
3-;&,« 4 | Fe (20) | 42 Alloy Fe (20)| 13.6 1.2x10 © ditto
— (60) : _ .
ESls |v1 (20) |xovar (60)| wi (20)| 6.2 z.Oxm:’ii ditto
GFl|e |Ni (20) |42 Alloy | ni (20)] 7.8 | 2.1x10 ‘dirto
(60) .
1 |Cu (20) | Kovar (80) - 52.1 Incapable ditto
' of Being
" Measured
8§ 2 |Fe (40) 42 Alloy - 41.6 ditto ditto
ol (60) |
QU HI3 | Kovar - - 100.6 ditto Cracks
gg (100)
a 4 |42 Alloy - - 121.8 ditto ~ditto
(100)

Values in () represent thickness of the respective-layers.



sol dered to the base nenber (1) and the lead frane |ayer (23) prepared of
any of iron-nickel alloys and iron-nickel-cobalt alloys. 7. A connection
structure in accordance with claim 5, wherein a portion-£3a)._of the
| ead frame (3) which is to be solded to the base nenber (1) cpgng_r;fgmg;{..;‘:ﬁ”ﬁ”éje:;'
| ayers, nanely the stress relieving layer (13) to be e O E
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sol ded to the base menber, the lead frane | ayer (23) and anot her stress
relieving layer (13) in this order. 8. A connection structure in
accordance with claim 5, wherein portion (3b) of the |eag-f+rane. (3) not

to be connected with the base menber (1) are formed conpl e{ &Yook IERRYSIQt
i ron-ni ckel alloys and iron-nickel-co- balt alloys. =
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9. A connection structure in accordance ~with claim 5, wherein the
stress reli-eving nenber (13) has a thick- ness in the range fromO0,01 to 1
nm whereas the lead frame (3) has a thickness of 0,01 mm and—a-wi.dth_of 8

mm 10. A connection structure in accordance wth claﬁﬂm,ﬁ;&_“mg ghgmﬁ- + 1
the netallized |layer (2) contains at |east a

3
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metal sel ect ed fromtungsten and nol ybdenum at |east an al um num conpound
sel ected anong the group of alum - numnitride, alum num oxide and al um num
oxynitride, 45
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and cal cium oxide as starting materials for a paste which is cofired with
the base nenber (1) to formthe netallized layer (2). 11. A connection
structure in accordance with claim5 to 10, wherein a thin _plated N -I|ayer

is fornmed on a sur- face of the netallized layer (2) to bejjpt N ey —
sol dering material and/or on a surface of the |ead Q“@“%‘%Eh’ﬁm' §HtET
5

17 WOV 1397
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frane to be joined to the soldering material for inpro- ving wettability of
the metallized |layer and/or the lead frame with respect to the sol dering
material. 12. A cap for airtightly enclosing a sem conductor device
nmounted on an insul ating base plate conprising: - a covering nenber (11)
formed of alum numnitride provided over the sem conductor IR G e S O
pr ot ect 6 REPLACEMENT SHEET

17 KOV 1897

FIG. 7




1t he sané,

- a net aI_LLJ_ed—J—ayaL—fiT“T‘c‘)r med of a sintered netal?%38t%°bn" &£

bondi ng”surface, of t (11), - to be
joined to the coveri ::m m“lmmm 0 surroundgkﬁgﬁwstaﬁ‘ctor devi ce
| ocated under the coverirrg renBer® the frame member (30) being fornmed by a
t hree-1 ayer conposite netal - |nclud|ng, as a
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WHAT IS CLAIMED IS:

1. A connection #;ructure.between components. of a
semiconductor apparatuélcomprising: |

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

a connection. member to be joined'tc said.basé»member;
said connection member including, as~a-main.material;’any
of iron-nickel zlloys:and iron-nickel-cobzlt alloys,

a2 stress relieving member: interpaseé'between-said
base member and said connection memﬁen, and

a soldering'material.for'jéining 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 '
deformgtivity- to be plastically deformed, thereby to
religvé a thermal stress caused by a difference- between a
thermal expansion: cocefficient of said base member- 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

This Sheet Has Been Replac
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-main material, iron-nickel iITon-ni ckel -co- balt allo i and, as
I-Eé ec

stress relieving layers, out u ﬂlmm‘zf anyesiareMeal € ted
anong the group of copper, Cgm m\mm}\ ‘s kel rﬁnﬁ@%&lﬁ al l oys, iron and
al umi num wherein the stress relivitng | ayer (130) is to relieve by plastic

deformation of itself, a ther- mal stress caused by a-—dr—-f-‘f—e-r-en'_ce—berv?'erp n a
t hermal ex- 4 _ REPLAGEMENT SHEE

13 ARR 1990

material selected among the group of coprer, copper

alloys, nickel alloys, iron and aluminum.

3. A.connection structure in -accordance. with claim

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

4. A connection structure in accordance with claim
3, wherein said stress relieving. member has a thickness.-in
. /-'
the range from 0.01 to 1 mm when said lead frame-has a
thickness-of 0.1 mm - and a width: of- 8. mm.
S. A connection -structure. in accordance: with.claim
1, wherein said base member includes-a-sintered body.
s 6 A connection structure in accordance-with claim

1, wherein said connection structure further. comprisas a
metal_.li'zed- layer formed on 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' tungsten and molybdenum, at least an
aluminum compound selected among. the: group. of. aluminum

nitride, aluminum oxide and aluminum oxynitride, and

calcium oxide.
This Sheet Has Been Replaced
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pansi on coefficient of the covering menber—and—of the frame nmenber at the

tinme of soldering, and - a soIHHllmgﬂmuﬁm MmQ) for joining the covering
menber (11) and the stress rel \EAARHGEY / ﬂ ) of REpRgEMENT Sitiiiier (30) .
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8. A connection structure in accordance with claim
6, further comprising a plated laver formed on a surface
of said metallized laver to be joined with said soldering

material.

9. A connection structure in accordance with claim
8, further comprising. a plated laver f£ormed on a- suriace
of said connection member to be' joined with- said soldering

material.

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

a baseumember.formed of aluminum nitride having a
major surface on which a semiconductor. device: is. to be

S . mounted,

a connection member to be joined to said base member,
said_c?nnection.member,including, as a main material., any
of ixoﬁ~nickel alloys and iron-nickel-cobalt alloys, and

a soldering material for'joining?said base ‘member- and
said connection member,

at least a surface of said connection member: to be
joined to said base member being-forﬁed 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

This Shect Has Boen Replaced THIS SHEET HAS BIEN
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. A cap according to cl a ’u (wmuyﬂllj
(130) has a thickness in the r

wherein the netallized

1!!'3 stress relie- ving | ayer

mm whereas the frane

menber (30) has a thickness of 0, 1 mm -14. A cap M&Mfﬁi%al m 12,

45

coefficient of said base member and that of sai

connection member in a-cooling process at the time of

soldering.

11. A connection structure in
10, wherein at least the  surface of
to. be joined to said base member is
selected among the group of copper,

nickel alloys, iron and aluminum.

accordance-with claim

said connection member

formed .of any material

coprer alloys, nickel,

12. A connection structure: in acco

nee. with clzaim

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

13. A connection structure-in accordance with claim

12, wherein at least a portion of said. connection member

to be joined to said base member comprises-an inner layer

portloq formed of any or iron-nickel alloys and

iron- nickel -cobalt alloys, and. an. outer layer portion

formed of any of soft metals 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 ta said base member, formed of

any of iron-nickel alloys and iron-nickel-cobalt alloys.
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layer (2) contains at |least a netal seleeted—f+omtungsten and nol ybdenum
at | east an al um num conpound “e group of aluninun1nitride,
al um num oxi de and al um num ox \ ‘m mu Ci umEPKNSIRIEST ShBet | ng

Eedu

materials of a paste which is W% hsthé covering ne er 1) to form
the netallized |ayer. 15. A cap according to claim12, wherein the stress.

relie 46 REPLAGEMENT SHEET

15. A cap for airtightly enclosing a semiconductor
device mounted. omr an insulating base plate, comprising:

a covering member formed of aluminum nitride provided
over said semiconductor device-to protect 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 ironénickel alloy5"and:iron-nickel—qpbalt
alloys, ‘

a stress relieving'memberﬂinterpoéed~between-said

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

a2 soldering member for: joining said.covering member,
said 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
reliqvé a thermal stress: caused by a diiference'betweenna
therméi 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 éirtightly 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: member to be joined to said covering. member
to surround said semiconductor device- located undexr- said
covering member, sald. frame- member- including, as a-main
material, any of iron-nickel alloys:and irom-nickelrcgbalt
alloys, and ’

a scldering 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- 2-thermal stress
caused by a difference between: a thermal expansion
coef?iéient 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 claim 17, wherein at
least the surface of said frame member. to. be- joined to
said covering member is formed of any material selected
among the group of copper, coppér alloys, nickel, nickel

alloys, iron and aluminum.

This Sheet Has Been Replaced
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19. A cap in accordance with clam 17, wherein at
least a portion of said frame member to. be joined to said
éovering'member'comprises-an inner laver  portiom formed of.

N any of iron-nickel alloys: and i:on—nickel—cobait alloys,
and an outer layver portion formed.of.any'of soft metals

and soft- alloys.
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CONNECTION ST?UCTURE BETWEEN COMPONENTS
FOR SEMICONDUCTOR APPARATUS

ABSTRACT OF THE DISCLOSURE

A connection structure- between lead frames and a base
plate of aluminum nitride, to be applied as a  connection
structure between comporents. of a semiconductor apparatus,
comprises the-base plate formed of a sintered body of
aluminum. nitride- on- which a-semiconducto:ﬂdevicg-is to be
mounted, the 1ead.frames-including, as..a.main ‘material,
iromr alloy containing nickel iﬁ 29 wt.% and cobalt in-17
wt.%, and silver solder for joining: the. base plate ané the
lead framés. A surface. of the lead frame to be joined to
the base plate is formed of oxygen-free copper 0£f-a high
plastic deformativity to relieve, by plastic deformation
of itself, a thermal. stress. caused by a difference between
a thermal expansion coefficient of the base: plate and that
of the lead: frame-in a cooling. process at the time of
soldering. Preferably, only a portion of each lead frame
to be joined to the base plate comprises an inner layer
portion of iron  alloy containing nickel in 29 wt.% and
cobalt in 17 wt.%, and an. outer layer portibm of

oxygen-free coppef.

FIGURE 4C.
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A connection structure between components of a semicon-
ductor package comprising:

-~ a base member (1) formed of aluminum nitride having a
major surface on which a semiconductor device ist to be
mounted,

- & metallized layer (2) formed of a sintered metal pa-
ste on a bonding surface of the base member (1)

~ a lead frame (3) to be joined to the base member (1)
via the metallized layer (2), the lead frame including,
as a main material, any of iron-nickel alloys and iron-
nickel-cobalt alloys,

- @ stress relieving member (13) interposed between the
metallized layer (2) of the base member (1) and the
lead frame (3), the stress relieving member being for-
med of copper based or nickel based materials which ma-
terials cause the stress relieving member to become
softened near a temperature of soldering and to become
readily plastically deformable thereby such that a
thermal stress caused by a difference between a thermal
expansion coefficient of the base member (1) and that
of the connecting member (3) at the time of soldering
is relieved and |

~ a soldering material (9) for joinihg the base member
(1) with the stress relieving member (13) and the

stress relieving member (13) with the lead frame (3).

A connection structure ‘in accordance with claim 1 wher-
ein the stress relieving member (13) has a thickness in
the range of 0.0l to 1 mm, whereas the lead frame (3)
has a a thickness of 0,1 mm and a width of 8 mm.
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A connection structure in accordance with claim 1,
wherein the metallized layer (2) contains at least a
metal selected from tungsten and molybdenum, at least
an aluminum compound selected among the group of alumi-
num nitride, aluminum oxide and aluminum oxynitride,
and calcium oxide, as starting materials of a paste

which is cofired with the base member (1) to form the
metallized layer.

A connection structure in accordance with claim 1,  fur-
ther comprising a plated, thin Ni-layer (7), formed on
a surface of the metallized layer (2), to be joined to
the soldering material (9) and/or on a surface of the
lead frame (3) to be joined to the soldering material
(9) and/or on the surface of the stress relieving mem-
ber (13) for improving wettability of the respective
surface(s) with respect to the soldering material.

A connection structure between components of a semicon-
ductor package comprising:

- a base member (1) formed of aluminum nitride having a
major surface on which a semiconductor device is to be
mounted,

- a metallized layer (2) formed of a sintered metal pa-
ste on a bonding surface of the base member (1),

- a lead frame (3) to be jéined to the base member (1)
via the metallized layer (2), |

~ the lead frame including a lead frame layer (23) of
any of iron—ﬁickel-alloys and iron-nickel-cobalt-alloys
and at least one additional layer as a stress relieving
layer (13) out of a material selected from the group
comprising copper, coéper alloy, nickel, nickel alloy,
iron and aluminum which stress relieving layer (13) is
plastically deformed when solded so that thermal stress
caused by a difference between a thermal expansion
coefficient of the base member (1) and that of the lead
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fraame member (3) at the time of soldering is relieved,
and ' '

a soldering material (9) for joining the base member to
the stress relieving layer (13) of the lead frame (3).
A connection structure in' accordance with claim 3§,
where:.n a portion (3a) of the lead frame (3) which is
to be soldered to the base member (1) comprises two
layers, namely the stress relieving layer (13) to be
soldered to the base member (1) and the lead frame

layer (23) prepared of any of iron-nickel alloys and
iron-nickel-cobalt alloys.

A connection structure in accordance with claim 5,

wherein a portion (3a) of the lead frame (3) which is
to be- solded to the base member (1) comprises three
layers, namely the stress relieving layer (13) to be

solded to the base member, the lead frame layer (23)

- and another stress relieving  layer (13) in this order.

A connection structure in accordance with claim 35,
wherein portion (3b) of the lead frame (3) not to be
connected with the base member (1) are formed comple-

tely of any of iron-nickel alloys and iron-nickel-co-
balt alloys.

A connection structure in accordance with claim 5,

wherein the stress relieving member (13) has a thick-
ness in the range from 0,01 to 1 mm whereas the lead

frame (3) has a thickness of 0,01 mm and a width of 8§
mm.

A connection structure in accordance with c¢laim 5,

wherein the metallized layer (2) contains at least a

metal selected from tungsten and molybdenum, at least

an aluminum compound selected among the group of alumi-

num nitride, aluminum oxide and aluminum oxynitride,
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and calcium oxide as starting materials for a paste

which is cofired with the base member (1) to form the
metallized layer (2).

‘A connection structure in accordance with claim 3 to

10, wherein a thin plated Ni-layer is formed on a sur-
face of the metallized layer (2) to be joined ta the
soldering material and/or on a suxrface of the lead
frame to be joined to the soldering material for impro-
ving wettability of the metallized layer and/or the
lead frame with respect to the soldering material.

A cap for airtightly enclosing a semiconductor device
mounted on an insulating base plate comprising:

- a covering member (1ll1) formed of aluminum nitride
provided over the semiconductor device (4) to protect
the same,

- a metallized layer (2), formed of a sintered metal

paste on a bonding surface of the covering member (11),

- a frame member (30) to be joined to the covering mem-

ber (l1) to surround the semiconductor device located
under the covering member, the frame member (30) being
formed by a three-layer composite metal including, as a
main material, iron-nickel alloys and iron-nickel-co-

balt alloys, and, as stress relieving layers, outer

layers formed of any materials selected among the group '

of copper, copper alloys, nickel, nickel alloys, iron
and aluminum, wherein the stress relieving layer (130)
is to relieve by plastic deformation of itself, a ther-
mal stress caused by a difference between a thermal ex-
pansion coefficient of the covering member and of the
frame member at the time of soldering, and

- a soldering material (9) for joining the covering

member (1l1l) and the stress relieving layer (130) of the
frame member (30).
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A cap according to claim 12, wherein the stress relie-
ving layer (130) has a thickness in the range of 0,01

to 1 mm, whereas the frame member (30) has a thickness
of 0,1 mm. '

A cap according to claim 12, wherein the metallized

layer (2) contains at least a metal selected from

tungsten and molybdenum, at least an aluminum compound

selected among the group of aluminum nitride, aluminum

oxide and aluminum oxynitride, and calcium oxyde as

starting materials of a paste which is cofired with the
covering member (11) to form the metallized layer.

A cap according to claim 12, wherein the stress relie-

ving layer of the frame member (30) a nickel plating
process is applied thereto before soldering.
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TOR SEMICCHDUCTOR ASPA3ATIS

A3STRACT OF THE DISCLCSURS

A connection structure- hetween lead frames and a base

Plate of aluminum nitride, to be applied as a connection

stiucturs between camponents.- of a semiconduciar apsazatus,

camprisas the- base plats formed of a sinte=sd bedr of

aluminum. nitride- on which a- samicgonductzar davicer is ta ke
mounted, the lead frames including, as..a.main material,

iron alloy caoantaining nickal in 29 wt.% aaéd cobalt iz-1i7

wt.%, and silver solder for joizing: the base sSlats anéd the

l2ad frames. A susface of the lsad frame to be joinad 4o

the base plate is formed of oxvgen-irse copper of a high

Plastic deformativity to relieve, by plastic deformation

of itself, a thermal. stress. caused by. a difference between

a thermal expansion coefficient: of the base plate and that

of the lead frame in a cooling. process at the time of

soldering. TPreferably, only a portion of each lead frame

to be joined to the base plate comprises am inner layer

portion of iron alloy containing nickel in 2% wt.% and
cobalt in 17 wt.%, and an qutsr layer partiam of
axygen-free copper.

FIGURE 4C.




