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TITLE· OF THE INVENTION 

Connection. Structure between. Components .. £or 

Semiconductor Appa:r;:atus 

BACKGROUND.OF-THE INVEHTION 

5 Field of the Invention 

The-present inventiorr relates to· a connection 

',··t.. 
·~ 

structure between components for. a-- semiconductor appa-ratus 

and particularly to a connection·· structure· where a high 

thermal conductivity is-required· for mounting· of a 

10 semiconductor. device, involving,. -considerable-- heat 

generation· such· as a high-power transistor or a laser 

diode. 

Description of the Prior Art 

A connection structure between-components of· a 

15 semiconductor· apparatus generally comprises·- an insulating 

base member and connection members·· joined.- thereto. For 

_example, the- connection structurecornprises'-an·insu-lating 

base plate on which a--semiconductor· device· is ... mount·ed, and 

lead frames. connected. by soldering .. using. silver solder in 

20 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 

25 the semiconductor device, so as to maintain insulation 
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from the semiconductor- device·. The· lead· frames· need· to 

have a low electric resistance and, -a -high· mechanica·l 

strength. For example., concrete. characteristics -required 

for the lead frames are indicated· in MIL STD 883B·. This 

5 standard specifies·· such· characteristics· as·· a, tensile 

strength, a-bending strength and fatigue required. for the 

lead frames. Alumina (Al2o3 ) 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 connection- structure· between· components .of· a 

semiconductor apparatus.. For the lead frames; iron.-nickel 

alloys· such as -·Kovar· (trade'· narne·1 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· se-lected·· as. the materials 

15 satisfying the· requi.remen.ts···of· the···abo,1e···mentioned 

standard. The·· technical paper· "Ceramic· Substrate and· IC 

Package'·' pp-. 59-67 in the special. issue: of Electroceramics 

of .,Kagakukogyo" of March·l984 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 appa:ratus- is mounted·. 

Fig. lA is a· plan view-. showing· an example· of a 

25 conventional connection structure-between.components of a 
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semiconductor apparatus as.· described·· above; Fig. lB is· a 

sectional view- thereof·; and Fig. lC is· a sect.iona:.l. view 

showing details of a junction: portion· between a- lead. frame 

3 and a base plate· 1 of alumina. Referring·· to· those 

5 figures, in· this, connection· -structure; rne·tal.lized layer- 2 

is formed on specified regions of· a major surfac~-of a 

base plate· 1 of alumina·. and lead frames 3 are· joined· to 

the metallized-layer 2 by·a·metal solder or the· like. A 

semiconductor device. 4 .. such: as.· a. field effect transistor 

10 involving· consi_derable· .. heat· generation: is mounted· on· a 

predetermined· position· of the·base-plate·l and it is 

connected· with the.· metal.lized -layer 2 or the. lead-.-frame.s 3 

by bonding wires· 5·. Further, a heat sink 6 .. of a tungsten 

alloy, e. g·. , a coppe:r-tungsten alloy· is· fixed on- another 

15 surface of the. base. plate ... 1, opposite. to the. above 

mentioned major·surface· on· which· the· semiconductor.- device 

4 is mounted. In additi.on·, as shown in· Fig. lC, a· thin 

plated layer 7 is-formed. on· a metallized: layer 2 in the 

junction portion· between the- base' pl~te·· 1 and' ·the··· lead 

20 frame 3, and a plated layer 8 is· formed·; as required:, on 
c=- -~ 

the surfaces- of the· lead· .frame. 3 to ensure a stable 

wettability of a metal solder 9. 

Although·alumina·is excellent in·elect.ric insulation 

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

25 because its thermal conductivity·is: as- low--as· 17 wm-lK-1 . 
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Accordingly, alumina.is- not suited· for a·base· material, 

for example, on which a field effect" transistor-involving 

considerable heat generation is to be·· mounted.. It is. also 

known that· an· insulating base-~ plate· using· beryllia (BeO) 

5 having a thermal. conductivity- as, high as. 260 wm-:-1K-l is 

10 

used for· mounting· a· semiconductor·device· involving 

considerable·· heat· gene:rati.on. Howeveri beryllia -·is toxic 

and measures to be· taken for ensuring. safety·. in use are 

complicated'. 

Further, Japanese- Patent Laying•Open· Np-. 21032/198-4 

disclose-s 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· (AlN) as an insulating 

20 base metal for. mounting .a: semiconductor .. device involving 

considerable heat· generation .. since~· aluminum· nitride'" has 

substantially as· good· a- the,rmal. conduc.ti vi ty as tha.t of 

. . -1 -1 beryllia, 1. e·. , 200 wm K and it has no. toxicity· and· bas 

as.good electric· insulation and mechanical strength· as 

25 those of alu1nina. 
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However, if· lead· frames·are sol~ered· 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 

5 a- silver soldering temperature·· ( 780°c) is as small as· 4. 3 

x 10-6 K-1 , while an average~the:rmal expansion .. coefficient 

of iron-nickel ·alloy of the- lead.· frames-- is· ve:r}'-· high·, 

e.g., 10 x 10-G· K-l in the case·· of Kovar ·and''·ll x·· 10-6 K-1 

in the case of 42 alloy. Consequently, the difference 

10 between· the· thermal .. expansion-. coefficient of. the .. al.um.i.num 

nitride·· base plate .. and that of the lead frames· causes··a 

strain due to a· large- therma-1.. 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 

15 nitride· base .. plate. Accordingly; if the· lead· frames··· are 

drawn in a direction·of detachment- from·the. base.plate, 

20 

the connection· structure· is easily ·broken·· and·· a sufficient 

strength of junction· of the .. lead· frames-.can·not be 

assur.ed·. 

In· addition; it has been· proposed··· to .. use·· lead· frames 

of molybdenum having· substantial1y-an· e~uai thermal 

expansion coefficient as. that of. aluminum ni.tride. so as·· to 

relieve a strain· due· to a- therma,l stress·~ However; since 

molybdenum. is· expensive- and does ... not have·· a good 

25 formability, it does· not serve to provide. a conne.ction 
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structure· easy· to· use and· having·· a low· cos ti to· be·· applied 

between components· for a semi.conductor appara·tus·. 

On the-·other hand, Japanese- Patent Layi.ng)"!'Open No .. 

167833/1987-discloses'that the· thermal expans"ion 

5 coefficient- of the·· lead frames· is· suitabl.y -changed· ·hy 

adjustment of composition:. of· an. iron:"'!nickel-coba.1.t .. 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 

10 ceramics having· a low thermal expansion· coe·fficient·, such 

as aluminum· nitride·. However, according· to· this 

technique, it· is necessa-ry. to finely--adjust·. the 

composition· of· the .. iron-nicke·l-cobalt alloy as 

conventional.l.y-used- as the-·material. of the:.'lead- fraznes .. ·and 

15 consequently. the manufacturing. ··process-- is. -complicated. 

Another·example·of·a·connection·structure·between 

components· for·- semi~onductor: appa:ratus-. is· a-- cap for 

airtightly enclosing. a-- semiconductor: device.·mounted\ on; an 

insu·lating base·· plate·~ The·· material· of·· the· cap·· for 

20 enclosing- of· the- semi.conductor device-, f o:r 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 mul.lite. 

The structure of the. cap. is .as- shown in Figs,. 2A and 2B. 

25 The semiconductor· device· 4 · is mounted'· on .. a · ceramic- base 
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plate 101 and is· covered with·acoverjng.member 11. If 

the covering membe:r· 11 ·is formed- of·· insulating· ceramics·, 

that is, in· the-· case· shown· in Fig. 2A1 a ·skirt-shaped 

metal frame, 111 is provided· to·. surround the cove·ring 

s membe:r 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 memb.er 11 and the 

semiconductor device· 4. Thus, the cap provided with the 

10 insulator as .. described' above• has- a structure. preventing 

leak current from the semiconductordevice·4· In both of 

15 

Figs. 2A and 2B, metal.lized· layers· 2 are.· formed· in 

junction portions and, a- beat sink 6 .. for· enhancing: ·heat 

dissipation· is·· provided· on- the;··covering"membe:r:· 11. 

Since· semi.conductor devices-. have,··a· tendency·to 

considerably· increase .. beat generated, therefrom·, it is .. of 

urgent· necessity· ·to develop caps· having· excellent .. heat 

dissipation·. For· example·, if a cap· of a metal. material 

having a·bigh thermal conductivity 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· therma.1 conductivity. 

Therefore, caps·using materials having high· thexmal 

conductivity and excellent insul.ation·have .. become-of much 

25 interest. Beryllia (BeO), silicon carbide· (Sic) and 
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aluminum nitride~ ( AlN) may be considered· as mat:e·ri als 

satisfying such ... requirements·• However, beryllia and 

silicon· carbide··. are· disadvantageous in view- of toxicity 

and. electric charaGteristics·:.thereof·. and. also because .. of 

5 irregularity .. of supply the·reof. Ac.cording1y, aluminlll'n 

nitride is most suitable. However, in order to 

manufacture caps ... using·.· al~inum- nitride· as = the· covering 

material., it is,.necessaa:y .. to apply .metallization. to 

portions· to be· joined· to· the· frame- member on .. ·the· surfac-e 

10 of the covering' material of· aluminum·nitride·· and, then·· to 

solder the. the. covering member. to.the· fr~emember: by 

metal solder. 

In such a·case-1 if metal. soldering; e.g., silver 

solc)ering: (Ag .... cu) is .. applied.., there. is. a .. consi.derable 

15 difference"· between- the· average:- the·rmal expansion 

coefficient of aluminum .. nitride. and· that-of iron~nickel 

alloy, as. descr.ibed. previously. More specifically, the 

average· thermal expansion coe£fieientof aluminum nitride 
-6· -1 is· low., i.e. , 4. 3 x 10 K . in the. range· from .. the·· room 

20 temperature to the· tempe:rature· ·for sil veT· s0'1dering 

(780°C), while the. average-. thermal .. expansion: coefficient 

of iron-nickel alloy of low thermal. expansion·· used 

generally for the-. frame•· member· is- extre:me1y .. high·, i.e., 10 

x 10-6 K..:.1 (in ·the· case·· of Kovar) to 11 x 10-6 K'.'" 1 (in the 

25 case of 42 alloy·) . As. a resul.t, a residual strain occurs 
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due· to· strong- thermal stres·s·.caused in· the· cove-ring· member 

of aluminum·- nitride':. The· residual.· strain- ca.uses· cracks· in 

the cove-ring: member. of· aluminum nitride and· wa-r.ping or 

deformation~ in the frame member·. Thus··, the· ·above 

5 described, prior art does· not make' it possible-- to. provide···a 

cap- with. high" dimensional. prec-i.sion:, good·. air-tightness 

and high' ·reliability. 

SUMMARY OF· THE- INVENTION 

It is· an object.· of the. present inventj on. to .. provide a 

10 connection- stru_cture···between···compon·ents-- of· a"·semiconductor 

apparatus~ which' uses· a· base--··member ·of. al.uminum· nitride 

having. good: heat .dissipation..suitable. for:- mounting ... of. a 

semiconductor· device·, involving: -considex-abie-- ·heat 

· generation'" and: -makes ·it possible.- to join a-· connect-ion 

15 member to.- the: base .. member. with· an appr.opriate.·junction 

strength. 

The· present- invention· has- been'··accomp1ishee: based· on 

the findings by the.· inventors .of· the· present· inventi.on 

that the residual.· strain due· to thermal 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· alumi.nwn··nitride 

and a· connection· membe:r··including··as· a·- main material any 

of iron-nickel alloys' and iron.-:-nickel:-cobaJ.t. alloys. 
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According. to an-aspect of the. present invent.ion, a 

connection structure·between·compo11ents·of· a· semiconductor 

appaJ:atus 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-nicke·l 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 caused. 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· itse-lf. 

Pref·erably, the· stress· relieving" member· may be formed 

of any material selected· among copper, copper·· alloys, 

nickel, nickel.alloys, iron.and aluminum. The- connection 

20 member may be lead· frames· having· 0 .1 mm· in thickness·· and· 8 

mm in width for example., whi.ch· values· allow, the: stress 

relieving member. to have. a. thickness. of 0.01 to 1 mm. The 

base· member· of aluminwn· nitride· preferably· includes·a 

sintered body. Further, the connection· structure between 

25 components for semiconductor apparatus .preferabl.y 
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comprises a metallized, laye·r formed on- a.- junction· sur.face 

of the base membe:r. Preferably, the metallized- layer 

contains at least a metal. selected·· out of· tungsten· and 

molybdenum, at least an aluminum compound, s~leeted. from 

5 the .. group of aluminum· nitride, aluminum oxide and aluminum 

oxynitride, and calcium oxide·./ A plated layer· is -6 
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 

1 o connection: member. to be joined: with the- solde:r ma-terial .• 

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. become-s-.further- softened· near 

15 a temperature·· for soldering and·· it becomes- readily 

plastically-deformative .. As a result, most of· the- the~mal 

stress caused by the: differ.ence in the-. the-rmaJ.. expansion 

coefficients of the· aluminum nitride' base··membe~· and· the 

connection· member is-absorbed by the· plastic· deformation 

20 of the stress relieving. member., whereby res-idual. stress .. in 

the· base· member· of aluminum· nitride can· be made··disappear. 

Consequently, a desired- strength· of soldering. can be 

attained·. 

If a lead frame- as the· connection·membe:r·has· a·size 

25 of 0 .1 mm in thickness and· 8 nun in width, the· thickness0 of 
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the stress relievlng·· membex is· preferably in the, range 

from 0.01 to 1 mm. If it is less-than 0.01 nun, the stress 

relieving .. member is· .. too. thin to allow. a. suf£icient amount 

of plastic deformation:· and· cannot-· absorb the· the:rmal 

5 stress· in a· satisfactory manner.. If the· thickness·· of the 

stress relieving. member: is-more· than·l mm, a thermal 

stress caused· by the:rmal. expansion· of the·· stress· relieving 

member itself at the time· of soldering cannot be 

disregarded. More- specifical.ly, even if. the. thermal 

10 stress· caused by· the· difference· between· the···therrnal 

expansion coefficients- of the· lead. frames-· and· the· aluminum 

nitride base member. can be-. absorbed by plastic deforma·t.ion 

of the·· stress relieving·· member, the·· cons"iderahly· large 

thermal stress· of the-· stress· relieving membe·r:- itself 

15 adversely. affects the.· lead .. frames: and. the. base-.. member of 

aluminum nitride·; resulting· ·in··a ·therma-1. ·strain: in those 

members. 

In addition, a-. metallized.layer. is' pre.ferably formed 

on the·· junction· surface of the· base--member of· aluminum 

20 nitride and if the· rnetal.lized. layer· contains·· at least a 

metal se·lected out of tungsten· and- molybdenum, at least an 

alwninum compound· se·lected' out- of· aluminum nitride·, 

aluminum oxide and· ·aluminum oxynitride·, and calcium oxide-, 

it has desired junction. streng.th and. the;rmal. conductivity. 

- 12 -
THIS SHEET HAS BEEN 

REPLACED 



111111iiiur 
If a plated· layer is formed· on a·· surf ace-· of· the 

metallized layer to- be. joined,. with solder ma.ter.ial., 

uniform and stable·. soldering· can· be· applied- ·thereto. This 

is because we-ttability·of the· solder material. and· the 

5 metallized' layer can be, improved· by the. plated- -layer 

provided· therebe-tween-. The·· plated' layer formed' on··· the 

surface· of the· connection· member·· to be1 joined: with· the 

10 

15 

solder member has.' also the. same··· effect. Those· ·plated 

layers are formed·· preferably· by· nickel plating. 

Particularly·, if treatment- such, as.· go1d plating·: is to be \\ 

applied:. in. an. aftertreatment, it is .. preferred: to·. apply 

nickel plating for· the- purposes··· of· improving·· adhesion· and: 

deposition· of the, gold· plating· and· forminga"uniform gold 

plated. layer on .. the· nickel. plating .. 

According to another aspect· of· the···present"· invention·, 

a connection· structure· between· components~of· a 

semiconductor apparatus··· comprises: a· base-- member of 

aluminum nitride; a connection- member inc·luding·, as a main 

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

20 alloys; and a solder rnate·rial for. joining the. base- member 

and· the· connection rnembe~, 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 
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connection·member·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'i 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. In·. that case·, the. other po-rtions. of the 

connection· member ex-c-J.uding the· portion· joined to· the· base 

member arepreferably-formed- of any·mate:i:ial. se~ected· out 

of iron-nickel alloys and iron-nickel-cobal.t 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· therrnail 

expansi.on coefficient. of the base member of aluminum 

25 nitride and that of· the· connection· member. Accordingly, 
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if the base member of aluminum nitride and the connection 

member are· soldered', the· conl)ection· structure· can provide 

a sufficiently high· junction: strength· since; the·· thermal 

stress caused·.therebetween. ·has. been· relieved. Thus; the 

5 connection. structure,.has a· high· re'.1.iability and· a high 

resistance·· to the:rmail... stres·s·. 

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· the- therma:l stress·. caused 

between the' base member. of aluminum.nitride. and· the 

connection· member. In· such··a case1 if· the~· entire. 

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 membe:r .. ma;y 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 
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iron-nickel-cobalt: alloy· ·to maintain a· high- bending 

strength. Further, if. a· two-layer. comp.os.ite structure-· is 

adopted· in· which·· a single· stress.:· re"iieving·· layer ·of' a soft 

metal or a soft- alloy. is· formed, on·· a· portion of the 

5 connection member such, as· a lead:.-frame·.·to be·· so·ldered·, 

this two-layer· composite· structure-· has- also- an· ·effect-- of 

relieving the-rma·l. stress,~ However; in this- two-layer 

composite: struc.ture, warping·or.defoi:;mation,may- occur.in 

the lead frames- due· to a. bimetal ef f·ect- at the'· time·· of 

10 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- uni.form. and. the: reliabili.ty of the 

15 connection· structure· itself is lowered--. 

For example,. let us. assume- ·a··case•· in which; coppe-r: is 

selected as. the so.f.t _metal .. material of the~ surf ace,--of. the 

connection. member joined- to the· base·· member; Kovar· {trade 

name., i.e., Fe-29-wt-.%-Ni-17 wt.% .. ·Co-) is se-1.ected· as-·a 

20 main material. of the- conne.ction- member and. a. compos·ite 

metal plate· formed' by combination-- of· those· materials· is 

soldered· to the· base- member· of aluminum·· nitride- by silver 

solder. In· this case·, copper is plastically de.formed. in a 

temperature .. range· from- the silver soldering·-t.emperature of 

25 780°c or a higher temperature· to about- 200°c, whereby the 
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thermal stress caused· betwee·n· the .. Kovar ·and- the-- base-• pla-te 

of aluminum· nitride can be· relieved. Although· the thermal 

expansion· coefficient of· copper. is-as· high as 18-x 10-6 
---·· ----·· .. 

K-1 , which ~alue· is· considerably larger. than· that· of 

5 aluminum nitride·; it hardly·· causes.,residua1 strain ·due- to 

thermal. stress: generated: in the. cooling. process;:. of the 

soldering, because- coppe:r has· a· high· plastic· de£ormativity 

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 the-rmaIL stres.s. The· Kovar.· as' one 

of iron-nickel-cobal.t alloys is selected.- -as. the• main 

material of· the· .. connection· member: not· only because·- it is 

industrially· suited· as the:· material. of·. the, lead. frames-. and 

15 the like but also. because- it has· a .. thermai expansion 

coefficient clos.e·· to· that of· aluminum nitride··amon-g· the 

metal materials. The ·reason for f ormin.g. the·· connection 

member. such as the. lead f rarne:- by a composite .. metal. plate 

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

20 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- des-ired 
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effect can be obtained· only in the case· of· soldering· it· by 

a low melting solder: material. 

According to a further. aspect of. the prese-nt 

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-cobal.t· 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 coverinQ member, the, stress· relieving member 

15 and the frame• member:. The stress re·lieving. member is 

interposed· between· the'" covering· member· and· the··· frame 

member and it is formed of a soft metal or a- soft al.lay 

having a high plastic deforma:tivi ty· 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 preferahlyformed· of· any· of 

copper, copper alloys, nickel, nickel alloys·, iron· and 

aluminum. 
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The· cap in accordance· with the·· present invention 

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· itse·lf to· relieve·~ the 

therma,l stress caused. by the. difference;· between; the 

thermal expansion· coefficient· 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·; nickel, 

nickel alloys·, iron: and -aluminum-. At least a. portion· of 

the frame. member to be•. joined; to. the. covering .. member 

15 comprises an inner layer portion· formed' of any· of 

iron-nickel alloys and: iron ..... nicke·l.-cobal.t 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., membeor interposed· between. the 

covering member· and the· frame· member-, or the,· soft metal 

material of the portion· of the· frame:membe:r· to be· joined 

to the covering. member is plastically deformed·, so as .to 

relieve a thermal stress· caused. by the·difference·between 

25 the thermal expansion coef£icient of the· covering rnembe.r 
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and ·that of the· frame· member in· the·· cooling· process· at the 

time of soldering. Further, since· the· portion of the 

frame- member to be·. joined to the cove-ring. member comprises 
. 

the· inner layer· portion of· iron-nickel alloy- and· the·· outer 

5 layer portion· of· the· soft me·tal. 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 reliabi1ity, ensuring good 

airtightness. Since. the- surf ace. layer .. port.ion· of the 

junction· surface· to be· soldered· is at least· formed· of a 

soft metal.' material, the· soft metal material. se:rves- 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 reliability-. 

For example, let us assume' a· case· in which· copper is 

20 selected as.· the· soft- metal. material., Kovar (trade· narne1) ·is 

selected. as. the main. material. of. the- frame;. member and a 

three-layer composite metal. plate forrned··by combination 

thereof is soldered.by silver solder to the· covering 

member. of aluminum. nitride.. In this case., the copper is 

25 plastically def armed in a temperature··· range- from the 
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silver soldering. temperature, i.e., 7B0°c or a h:\ghe-r 

temperature· to about 200°c, so as-to· relieve· the thermal 

stress applied. between the.· Kovar. and: -the· aluminum. nitride .. 

In this example; the··materials.· of the· respective· members 

5 have the same· functi.on:. as described· above:· in·· connection 

with the example of the. cormec:tion: structur.e- betwe:en· the 

lead frames and· the .. base· plate· of aluminum· nitride~. 

These objects and. other. objects·; fea·tures-, aspects 

and. advantages. of· the. present. invention. will. become .. ·mo.re 

10 apparent from· the following· detailed description· of· the 

present invention· when·. taken· in con.junction: with· the 

accompanying. drawings .• 

BRIEF DESCRIPTION· OF' THE DRAWINGS 

Figs.· lA, lB and: lC are· plan and. sectional.·views 

15 showing .. a· con:ventional. struc.ture.· betwee·n: components for 

semiconductor apparatus, such· as· a ·connection-·structure 

between an alumina base- plate and: lead· frames·. 

Figs... 2A and. 2B ar.e·· sectiona1. views..-. show.i.ng . .-a 

conventional. connection structure··· be.twe.en·· components·· for 

20 semiconductor apparatus such· as .. a.connection· structure· to 

be used for a cap. for. airtightly. enclosing:. a . semic.onduc:tor 

device mounted on an insulating base.· plate. 

Figs. 3A and 3B are process· .. charts'· schematical.l.y 

showing. two methods.for fabricating. a connection· st:tuc.tur.e 
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between. components·. for semiconductor. appa;r.atus in 

accordance·· with· the· present invention·. 

Figs·. 4A; 4B and 4C are plan and sectional views 

showing·. a connection· structure·.- betwe.en: 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 -membe·r.· and. a· base 

plate· of aluminum nitride-. 

Figs~ SA, SB and· SC are· plan-and· sectionaL views 

10 showing a conne_ction structure-between· components,.for 

semiconductor apparatus·· in· accordance-· ·with-· another 

embodiment of the present invention-, e·.g~, a connection 

15 

structure- between· lead. frames .. of. a· composite· metal. plate 

and a ·base·= plate- of· aluminum- nitride·. 

Figs·. 6A,- 6B·; 6CI and· ·6CII are -·plan -and sectional 

views showing. a connection° struc:ture•be:tween· components 

for semiconductor· apparatus- in accordanc·e, w:i. th· a· furthe·r 

embodiment- of the·- present· invent-ion, 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· furthe-r 

embodiment of the· invention in which a connection 

structure between-- components· for· semiconductor apparatus 

is- applied· to a-cap-. 
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Fig·. 8 is· a· sectional view· showing· a still furt.he:r 

embodiment of the· invention~ in which a connection 

structure between. components· for. semiconduc.tor. apparatus 

is applied to a cap. 

Fig. 9 is a side view· showing a dimensiona-1. 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 

10 to a base plate of aluminum nitride·. 

Fig. 11 is an illustration· showing a portion·whe:re a 

warping in a. frame• member. of an exampJ.e·. of. a. cap. is 

measured. 

Fig. 12 is an illustration° for explaining· a test 

15 method· for measuJring .. airtightness- of the. cap. of Fig.. 11. 

DESCRJ:PTION·· OF THE; PREFERRED EMBODIMENTS 

As described· in the· foregoing,, the· present invention 

relates to an improvement of a technique. for f orrning .. a 

connection structure·between .. components·of· a semiconductor 

20 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· be-low 

described method·. 

The base member formed. of a· sintered .. body of alum"i.num 

25 nitride·used· in· the present· invention includes· preferably 
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aluminum nitride as. a major component and·contains 0.01 to 

1.0 wt.%· of an element of the group· IIIa·in the·period-ic 

table and 0. 001 to 0. 5 wt.%·· of oxygen·, with a the·rmal 

conductivity thereof being· higher than· 180 Wm-lK~1 . In 

5 forming the· base· member, first at least a compound 

containing a rare earth e·lement is mixed· with powder· of 

aluminum nitride·· so· that the; .. compound· containing· the·· rare 

earth element is· contained· in 0.01to1.0 wt.% evaluated 

by conversion· of the- rare· earth element. Paraffin., PVB·., 

10 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 

15 for example stear.ic 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 possihle to decrease-the 

content· of· the rare· earth and to· prepare mixture·· with 

20 aluminum nitride· powder in good- condition·. Particularly, 

stearic acid. is the most pref erred 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 

residual carbon, and the like.. The- aluminum- nitride 

25 powder needs·· to be· in- fine·- and· uniform·· grains·. The 

- 24 -
THIS SHEET HAS BEEN 

REPLACED 



average· grain. diameter of the· aluminum nitride· powdex is 

preferably 1 µm or less.and the· content of oxygen in-the 

powder is. pref er ably · 2. 0 wt.% or less'. Such· aluminum 

nitride powder cannot be .. -easily obtained· by a direct 

s nitriding .. method .. {i.e·., a method. using .. nitrization: of 

metal aluminum)-. It can be·· ob.tained- 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 ne·cessary to pay· particular 

10 attention- to control of the reaction·, classilication·- of 

the·· grain diarne-ter. and the. like. 

After the·- mixture·- powder:- is-· shaped-- in a desired· form, 

it is sintered in a· non-oxidizing atrnospher.ei-·containing 

nitrogen .. · In. order. to make the-sintered· body .. bave--a-high 

15 thermal. conductivity, sintering· is· pe:rf ormed· preferably ··at 

a temperature from 1000-to. 2100°c for. more. than. five hou:x:~ 

to cause· an· average grain· diameter- to· be· ·moxe" than- 5 · µm. 

Cooling after the- sinter.ing is preferably performed 

rapidly. If tbe .. cooling .. is-performed.graduaJ..ly, sintering 

20 additives are-deposited and: the· sintered surfaces.are 

considerably deteriorated... For this reason:, the .. cooling 

is effected- preferably down to· 1so0 c at a- rate of 

200°c/hour. 
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A process for forming a metal.lized, laye-:r on- a surface 

of the-base.member.of the- sintered· body of aluminum 

nitride thus-obtained· is applied· in· the· following manne-r. 

·First, the· base· plate of· the· sintered· body of 

s aluminum. nitride is prepared~ by the .. above. described 

method. As the· material. of the· metallized- layer, metal 

paste is prepared by- mixing ca-lcium ·compound- powder, 

aluminum-compound..powde.r. and. metal. powder of tungsten.or 

molybdenum;- and· adding· an organic·. binder such·- as vehicle 

10 thereto. Compositi.ons·· 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· app-ly·· a 

sintering process·. as aftertreatment· at a low~. temperature·, 

copper or nickel -may be- added· ... as~ catalyzer for. lowering 

15 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 

inacti Ve'·· atmo-sphe:re·· of· nitrogen· or the· like·· at a 

20 temperature· from· 1500 to· 1800°c, whe·reby·· a metallized 

layer is formed· on· the·- surf ace· of the·- base. ·plate. If the 

metalli.zed 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 

25 if the· metal.lized.layer is·.formed .. to contain aluminum 
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oxide of 1 to 10· wt.% as .. the· aluminum. compotmd .. 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 base plate of the· aluminum nitride·· sintered'· body ·and the 

metallized· layer and· having' a good· thermal. conductivity. 

The steps .. of forming· a metalliz.ed, ·layer 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 coated.with· the·metai paste 

at one · time·. 

First., a base·· plate,. of the- aluminwn . nitride· formed 

body isprepar.ed=by shaping. the.aforementioned: mixed 

powder· intb a· prescribed· configuration·· such· a·)(· green 

15 sheet. A material. for the: metalliz.ed· layer- is· prepared··by 

kneading powder .. of tungsten, and; ·at· least .. one· addi.tives 

selected· from·· a group· of aluminum· oxide·, aluminum nitride·, 

calcium oxide; yttrium···oxide···and'· stearic· acid yttrium· and 

the like, to provide. metal pas.te; sim.ilarly .. to the· above. 

20 The me·tal 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 farmed by. the 

aluminum nitride· formed body is sintered: with· the·metal 

paste- similarly to the above· ·cond·itions, to be provided 

25 with a rnetal.lized· layer on the· surface· of a base, plate 

- 27 -
THIS SHEET HAS BEEN 

REPLACED 



il1ii1iur 
formed· by the- aluminum· nitride-·sinte·red ·body.- Thus,, the 

aluminum nitride 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 connection· structure· be.tween 

components-of· a semiconductor apparatus·inaccordance--with 

the· present· invention·~ Figs;~. 3A ·and- 3B- are·· process;.: .char.ts 

showing=. two methods: for:· f ormin.g: a .. , connection:.· st:r::uctur.e 

between· components~· of·· a·· semiconductor:· appa:ratus·· in 

10 accordance·· with··the•"present: ·invent-ion:~· Referring .. ·to Fig. 

3A., first, an. aluminum· nitride:· sintered: base,, plate .. is 

prepared-. Then.; metal. paste obta·ined' by·· the"· above 

described· method· is· coated·. on: a sur.fac·e:- of· the-·· aluminum 

nitride· sintered base. plate•-· A· screen· printing .. process 

15 may be·· applied-- to· the· coated· metal paste· in· accordance 

with a-predetermined· pattern-, e.g., a-predetermined 

circuit pattern. After· that, the.· screen-· printed' metal 

paste is dried. The· aluminum· nitride- sintered'· base-·-pla:te 

is fired· in an· inactive· gas· atmosphere·· heated· at a 

20 predetermined· temperatur.e. 

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· af orernentioned·· method" is · app-lied-·· to·· the·~ surface 

25 of the· aluminum- nitride.- formed··base~-plate:~ Thereaf.ter~ the 
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metal paste· thus applied:·is· dried·. Then· the··aluminum 

nitride· formed, ba-se· plate is sintered·· with the- meta1 paste 

in an ine·rt 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 · app-lied 

to· a surface: of a metallized·. layer. formed .. on: the' aluminum 

nitride· sintered- base-· plate. Hea-t trea-tment is applied· at 

a temperature· of· about aoo0 c to· improve-··· strength and 

10 airtightness' of the· ni.ckel 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· ·connectiorr 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 lead.·frames·, stress 

relieving members· and·: a·· base•· plate· of·· aluminum- ·nitride 

will be described· with reference .. to the·· drawings-~· Fig. 4A 

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· the~eof·; and Fig. 
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4C· is a.detailed sectional view of a junction portion of 

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

Referring to the figures, this ·connection·· structure 

includes· a metallized layer 2 formed by the above 

5 described process on specified· regions of a major- surf ace 

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 reiieving··member 13 ·of· a 

soft metal such as copper coated'· with ·a· nickel plated 

10 layer is interposed be.tween- ·the·· metallized• ·layer 2. and 

each lead frame· 3. A semiconductor-: device· 4 ·such~· as·· an 

FET involving considerabl.e heat· generati.on· is- mounted· on,. a 

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· anothe-rsurface·of 

the aluminum- nitride·· base-· plate· 1, opposite·· to ·the 

aforementioned major surface'.. In ·add:i.tion~, as, shown. in 

20 Fig. 4C, the· junction portion~· between~ the: aluminum· nitride 

base· plate· 1 and· each lead frame: ·3 furthe:t" comprise·s .. a 

thin plated layer- 7 formed. on the-· metallized. layer. 2, and 

a plated laye·r 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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Another embodiment of a connection· structure bet.ween 

components of a-semiconductor. apparatus .. in accordancewith 

another ·aspect· of· the· invention·, e ·· g. , a connection 

structure between· lead f rame·s · having. a ·stress. relieving 

5 layer of . a soft. metal ma.teria1. and, a ·metal... laye·r. of 

iron-nickel alloy and an aluminum nitride'· base· plate·· will 

be·· described, with reference, .. to. the· drawings•• As· shown ·in 

Figs .• SA and SB, a metallized layer. 2 is .. formed .. on 

specified· regions· of· a. surface··of the- aluminum· nitride 

10 base· plate 1 and· lead frames.· 3 of· a. compos·i:te- met-al layer 

are joined to. the· .metal.li.zed layer 2. by soldering. of· metal 

solder or the·· like'. E·ach·· of the· lead' frames:.- has·-·· a stres·s 

relieving· layer· 13 · of copper or the· like·· and a me:tal layer 

23 of Kovar or the. like. A·· semiconductor .. device- 4·-such. as 

15 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 

20 another surface. of.the· aluminum. nitride base.plate. 1. 

The· metallized· layer· 2 may be, the· one· conventiona·lJ.y 

used for soldering .. lead frame·s to an insulating· base 

plate. For exampJ..e,.it may be, formed.by the-abo:ve 

described· steps· of· coating: metal paste· i·ncluding tungsten 

25 or molybdenum as a major component· on' the aluminum· nitride 
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base plate· and firing it together with the·· bas.e· plat.e, or 

it may be· formed by a postmetallizing process.; or may- be· a 

thin film of titanium, chromium or. nickel formed: by vacuum 

evaporation· or sputtering. The· metal solde:ring·ma-terial 

5 is preferably silve:r· solder.; howeve:r, it may- be· other 

solder material .. insofar as .. it can. ~nsure a-.. good .. junction 

between· a metal. material. of· a composi.te·· metal. plate· and- a 

metallized· layer by forming. a-thin· metal. coated-- layers 

having. good wettabili:ty·. with the- solder. ma,terial. thereon. 

10 Even· in the· cas_e'·of·using· silver solder:, it is·preferred', 

for example· as, shown· in· Fig. SC, to form-; as.- required·, a 

thin _nickel plated layer. 7 on. the:- metal.lized -layer 2 if 

the· metallized layer 2. includes·· tungsten~ as .. ·a· major 

component and··to· form; as- regui.red·; a··nickel plated· laye:r 

15 8 .on the surfaces .of. each lead. -frame..- 3 -of· a. composite 

metal plate·· in advance· ·the:reby··to· ·ensure~a-·stable 

wettability of the· metal. so·lder 9. 

Another embodiment of a connection.structure between 

components· of· a semiconductor apparatus· in accordance· with 

20 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 

25 metallized· layer 2 is formed· on-- specified· regions· of a 
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major surface of the. aluminum nitride.base.plate. 1 and 

lead frames· 3 each· including· a three-layer composite'· metal 

portion 3a and a sing·le-layer metal. portion· 3b, or only· a 

three-layer composite po.rtion 3a are joined to the 

5 metallized layer 2. · On-ly the' three-layer cOinposite·· metal 

portions 3a of the- lead· frames•3 are joined to· the 

metallized· layer 2 by so-lde-ring .. 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-1 and it is 

15 

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

by bonding wires-- 5. Further-1 a- heat sink,- 6- may be 

attached- to another major surface-of.the aluminum nitride 

base plate·-1 as required. 

In addition·;: if each -lead: frame=- 3 includes-- a 

three-layer composi.te met-al-portion- 3a and.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 me:tal 

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 .. 6CI. The 

three-layer ·composite· metal portion· 3a· can- be-· formed-- in a 

manner in which· the· stress. relieving··. layers' 13 on· both 

25 sides of the metal layer 23 to be,. s0ldered. out of the lead 
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frame- 3 are formed as clad m&terial.s,by·a· clad tape 

forming method. As. shown in Fig. 6Cl, both. surfaees 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 

5 those.· surfaces. to cause-· the thr·ee-layer composite- metal 

portion· 3a· to have almost· the· same·· thickne·ss-~ as that of 

the single-layer· metal. portion 3b. 

Fig. 6CII shows, in an enlarged· view-, another. exampJ..e 

of a lead frame:· 3 only formed· of a· three'-1aye:r· composite 

10 me-tal po:r::tion~ 3a. 

The met.hod. for. forming. the metal.lized, ·layer. 2 on. the 

aluminum nitride· base- plate· 1 may be-·a method 

conventi.onally used· for solde:ring·. lead frame-sr. 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. togethe-r with the 

base plate· or the·· method· for forming· a thin film of 

titanium, chromium-or· the .. like. by· vacuum evapo:r.ation· or 

20 sputtering .. 

The metal soldering material is· preferably silver 

solder. However, it may be· other metal. soldering· material 

ins.afar. 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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base plate· 1 by forming a thin. coated· layer-· of· a metal 

having good, wettabili.ty with· the· soldering··ma.terial 

thereon. In addition, even in the case' of using. silver 

solder·, if the' metallized layer 2 includes-· tungsten- as· a 

5 major component, it is· pref e:rreet= to form,. as· required·, a 

thin plated·· layer. 7 of. nickel or the. like, on.· the 

me·tallized·· layer··· 2 and a· plated·· layer· 8·· of·· nicke:l or· the 

like on the.- surfaces·· of· the. three-layer·' composite metal 

portion· 3a. of each lead frame:· 3 in advance; ther.eby. to 

10 ensure· a· stable· wettability of· metal. solder 9-.· The- plated 

layer may be formed on· all the·· surfa.ces.·· of each lead frame 

3. In such· a manner, adhesi.on'. and deposition· of gold 

plating or the·· like· applied·· in an:· aftertreatment can be 

improved and· thus· a uni.£ orrn ·plated layer·· of· go:ld: or the 

15 like can be· f orrned .. 

A description· is now made· of· a·. cap to· which ·a 

connection· structure··· between·· components· of· a· semi conduct-or 

apparatus· in. accordance: with tha prese.nt invention·. is 

applied, with reference· to the ·drawings·. Fig·.. 7 shows'· an 

20 embodiment of the cap structure. A· meta1.lized- laye:r 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 layer. 230 of an iron-nickel. alloy by metal 

25 solder 9 through· a stress: relieving: rnembe:r·130 of copper 
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or the like. The lower end. of the·frame .. rnemb.er. 30 is 

joined to a· ceramic base· ·plate·· 101 through· ano-the·r 

me·tallized· layer 2. A· semiconductor- device~ 4 · is mounted 

on the-· ceramic base- plate 101. A heat sink 6 is provided 

s on ·an upper· surface· of· the· covering· member 11, so that 

heat generated· from· the' semiconductor:- device··· 4 · is 

dissipated bY··the· heat sink, 6- through the:. covering· member 

11, and thus the,· cooling effect is· enhanced'. The 

metalli.zed layers-_ 2. are' the· same: -as those·· described' above 

1 O 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 between··· the'·related· surfaces· of the 

15 frame, member· 30 and, the· metallized·· layers.-. 2 by forming 

thin coated, films- of a. metal.. having: a·, good •. wettability 

with the soldering· material thereon:-. Those·· thin layers 

have· the·· same•· function· as· described: above• with· regard· to 

the embodiment of the: connection structure. between· ·the 

20 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 

invention is-applied to a cap. According to Fig. 8, a 

25 metallized layer 2 is formed on peripheral. side surf aces 
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of a covering member 11 formed of a· sintered· body of 

aluminum nitride. A frame·. member 30 of a three"."layer 

composite metal. plate· is· joined· to the·· metallized layer 2 

by metal solder 9. The frame, member 30 has a compos-ite 

s structure including .. a. metal. layer. 2 3 0 . 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. metalllz.ed layer- 2. A semi.conductor 

device. 4. is· mounted on. the' ceramic base. plate·. 101. 

Further, a heat·· sink 6· is provided· on· an·- uppe:r· surface· .. ··of 

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 .. me-tal.lized 

layers 2 and the. metal.. solder. 9 are.· the. same. as--.descrihed 

above·. ·In 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· de-scribed 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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Example·· A 

A metallizing process was applied to· a bas~ plate· of . 

an aluminum nitride sintered· body ob.tained.. by· the above 

described method. The·· metalli.zing process·' was·· appiied· -by 

5 the steps· of coating· metal. paste .. ha·ving· a·· predetermined 

compos·i ti on on· a surf ace. of each. sample · of. an al.\µninum ·. 

nitride sintered.· base· ·plate, app-lying-·debinder.ing: thereto 

and then firing the· base· plate. coated: with:· the metal paste 

in a nitrogen· atmosp}lere···at a· temperature· of· 1600°c for· 60 

10 minutes. As a· result, a me·tallized· layer was- formed· on 

predetermined regions.' of the al.uminum · nitride. sintered 

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

prepared· by· adding·· calcium· oxide'· powde:r·· and: alumina .. powder. 

to tungsten· powder.-. and:· mixing·. the• powders:.·with· an organic 

15 binder such· as a· vehicle. The· amount" of· calcium-oxide 

powder· added· wa-s 14 wt.%= and, that of. alumina.· powde:r was:- 4 

wt.%. 

Further, a nickel.·plated· layer of· 2 µm· in thickness · 

was formed· on· the· surface of· the' metallized layer. Then·, 

20 as shown in Fig. 4C, a stress .. relieving: membe:r· was 

interposed' between· each· lead· frarne··and· the··aluminum 

nitride .. sintered:· base·· plate and silver· soldering:· was 

applied thereto· at· a temperature·· of 830°c. A· dimensional 

rel a ti on:· in the·. junction·· between; the·· aluminum. nitride· base 

25 plate. and the ·lead. frame:- is. shown ·in Fig. 9·. A lead: frame 
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3 having a width· of 8 mm- and a length of 10· mm was;. joined 

to the· aluminum nitride base plate. 1 having .. a- length of· 20 

nun by· silver solder: 9. The··area· of. junction: between· the 

lead frame·· 3 and the· aluminum nitride· base, plate- 1 was 

5 2 mm. x. 8 mm. In order to evaluate. a junction. streng~h 

between· the-.·lead· frame··· and=· the-· aluminum nitride-- base 

plate; tensile·.- tests· we-re·· car.ried out by· pul.l.ing· the-·lead 

frames· 3 in the direction shown by the arrow., so. as· to 

measure· the· soldering' strength·• The· results· are:· shown· in 

10 Table 1. More·· speci.fical.ly ,· the: soldering'. strength for 

each sample· in Table-1 is· an averag.e. value. obtained, based 

on five measured values~ For comparison·, an· examp-1.e,,of 

junction· of. lead· frames·· to a becyllia·. base= ·plate'- is·- shown 

in Table 1 · (as the sample. No .. 10) . 

15 According to Table·l, the soldering strengths· of· the 

samples. not using any. stress· reli.eving. member: we~.e 

extreme,ly . 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 

20 plate. and cracks due. to thermaJ.... stress ... we-re-. exhibited 

apparently·. In the··· case· of· the·· samples-· using. stress 

relieving members· for juncti.orr between· ·the• lead· ·frames- and 

the alurninum-nitride.-base-plate. in accordance: with the 

present invention; it was· found· that a··desirecl solde:ring 

25 strength can· be·· obtained· if the·· thickness· of· the· stress 
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relieving member· is in the· range- from- 0. 01 to· 1 nun-· with 

the lead frames-having a thickness· of 0.1 mm and· a width 

of 8 mm. 

In addition·, after a· metallized· layer· having· the 

5 above described· composition was- formed· on sp:eci.fied 

regions-of the- surface: of. each sample. of the· aluminum 

nitride .. base= plate·, a· nickel plated' layer· of· 2 to 3 µm· in 

thickness and a .gold. plated·. laye:r. of· 2 to 3 µm-in 

thickness· were formed. thereon. After that, a high .. powe-r 

10 FET was· soldered· to" the,.· surface.- of· the- plated·· layex·· by 

solder material. of· gold:--silicon. Then·, by using-. a method 

of AVBE' a change. amount AvBE caused. by ·applicati.on .of a 

forward drop. vol tage:VBE between- the· emi.tter .. and~ the- base 

of the· transistor was measured:· and· a· the:rmal resistance·· of 

15 the unit including·· the·· trans·istor and: the·'·aluminum- nitride 

base plate was. evaluated. The·· measured. thermal. resistance 

values·· of all the· samples .. were·· less-· than- 1. g'?c;w-. 

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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No. Lead Frame 

1 Kovar (t·= 0.05 mm) 
2 ditto 
3 ditto 
4 Kovar (t·= 0.1 mm) 
5 ditto 
6 ditto 
7 ditto 
8 ditto 
9 ditto 

10* ditto 
11 Kovar (t = 0.2 mm) 
12 ditto 
13 ditto 
14 Kovar (t = 0.07 mm) 
15 ditto 
16 ditto 
17 ditto 
18 Kovar (t = 0.1 mm) 
19 ditto 
20 Kovar (t = 1.4' mm) 
21 ditto 
22 Kovar · ( t = 0 . 1 mm) 
23 ditto 
24 Fe-Ni· 42 alloy 

(t = O.lmm) 
25 ditto 
26 ditto 
27 Fe-Ni 42 alloy 

(t = 0.2 mm) 
28 ditto 
29 ditto 
30 Fe-Ni- 42 alloy 

(t = 0.07 mm) 
31 ditto 
32 Fe-Ni 42 alloy 

{t = 0.1 mm) 
33 ditto 
.. 

*: Beo base plate 

Tab1e 1 

Stress Re·l.ieving, Member 

4µm Ni-plated· Cu (t = O ~ 1 mm) 
ditto (t = 0.05 :mm) 

not provided 
4µm Ni-plated Cu (t = 0.1 mm) 

ditto (t = o •. os mm) 
ditto (t = 0.02 mm) 
ditto · (t = 0.005 mm) 
ditto (t = 1.5 mm) 

not provided 
not provided 

4µm·Ni-plated Cu {t = 0.2 mm) 
ditto (t = 0.1 mm) 

not provided 
cu (t = 0.1 mm) 
cu (t ·= 0.05 mm) 
Cu (t = 0.03 mm) 

not provided 
cu (t = O~l mm) 
cu (t = 0.05 mm) 
Cu (t = 0.01 - 1.0 mm) 

not provided 
Ni (t = 0.1 mm) 
Ni (t = O.OSmm) 

4µm Ni·-plated Cu (t = O. l:mm) 

ditto {t = 0.05 mm) 
not·provided 

4µm· Ni-plated-CU (t = 0.2 mm) 

ditto (t = 0.1 mm) 
not provided 

Cu (t = 0.03 mm) 

not provided 
Ni (t = 0.1 mm) 

Ni (t = -o~os nun) 
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SolderingcStreft9th 
(kg} 

13 
11 
1.3 

13 
12 

9 
4.5 
0.8 
1.5 
5.5 

10 
8.5 
1.2 

14 
12.5 
11 

2 
11 

8 
1.5 
1.5 
7 
s 

10.5 

9 
1 
8.3 

7.3 
1 
9.5 

2 
8.5 

7 
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Example·B 

A metallized layer was formed on· specified regions,. of 

a surface·· of a base ·plate· of· an aluminum- nitride· sintered 

body by the·· fallowing metallization: processing.. The 

5 metallization processing. of samples was . per.farmed: by 

applying tungsten: paste' of· prescribed· compos:i.tioff 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 

10 prescribed· patterns·, drying, performing- debindering· and 

then sintering. the,. same~ in . a nitrogen. atm0sphere. at. a 

temperature· of 1850~C for 5 hours;. Thus·, meta-llized 

layers· ·were formed on: prescribed:. porti.ons:- of. aluminum 

nitride· sintered, base·:·plates··.- Nickel··plating··layers··of· 2 

15 µm in thickness we:re~ formed: on: the me:tal.li.zed layers·, and 

sintered in. a- hydrogen· atmosphe.r.e<· at a· tempe:r.ature.,, of 

750°c for· 20 minutes-. Lead: frames· weT"e.-· joined· on ·the 

metallized layer. in. the. same: ma-nner- as. in the; example .. A, 

whereby samples:--were· prepared'• The· junctiorr strength 

20 between the· lead: frames.· and. the· base'· plate~ of: each 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· soldering 

strengths of the. samples· not using. any stress· relieving 

2 5 member were· as· low as· 0. 5 to · 2 kg. The- start· point· of 

- 42 -

THIS SEEET HAS BEEN 
REPLACED 



. -

No. 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 

5 

breaking. of each of. such samples·. existing .. in the· aluminum 

nitride'· base plate· and· cracks due· to therrna:l stress·· wei:e 

found for ·each of such: samples:. 

Table 2 

Lead Frame Stress Relievlng·Member Sold&ring Strength 
(kg) 

Kovar (t = 0.1 mm) 4µm-Ni-plated. Cu (t = 0.1 mm) 13.5 
ditto ditto (t = o.os·:mm) 10.5 
ditto cu (t = 0.1 mm) 13 
ditto ditto (t = o.os :mm) 10.S 
ditto Ni (t = 0.1 nun) 9.5 
ditto cit to (t = 0.05 mm} 7 
ditto not provided 1.5 

Fe-Ni 42 alloy· 4µm Ni-plated··cu· (t = 0.1 mm) 14 
(t =-0.1 mm) 

ditto ditto (t = 0.05 mm} 10.S 
ditto cu (t = 0.1 mm) 12 
ditto ditto (t = 0.05 mm) 10.5 
ditto Ni (t = 0.1 mm) 8.5 
ditto ditto (t = 0.05 mm) 7 
ditto not provided 1.5 

Example: c 

Lead· frames··. were soldered· without' interposition· of" a 

st:r;ess.relieving member by· silver solder at a.temperature 

of· about· 830°c to be· joined onto a meta·llized· layex 

including tungsten· as a major component formed, on" a 

surface· of an aluminum ni.tride. base. plate. In this case., 

10 the lead frames used- had· the- shape· shown in Fig. 9· with 

the thickness thereof· being, 0.1 nun. As shown in· Fig. SC 
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or 6C, the· junction portion· of each lead frame~ wa-s· 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· wa-s me-as.ured-- in· the,,· same~· manne:r·· as· in· the 

Examp.le ·A. The· results· of the- measurement· of· the" junction 

strength are shown in Table·3 which indica:tes•ranges of 

10 the· different measur.ed'· values·: of· the··ten-· sampl.es.-. 

As is evident from· Table 3, in- the- case· of-using· lead 

frames .having .. three-laye-r. compos·i:te; metal. po;rtions and. two 

layer· composite· meta1 · portion·s·· for junction· with· the 

respective'· aluminum nitride· base' plates; the~ j unc~i.on 

15 strengths-were remarkably improved· compared with the; cases 

of using conventional lead frames·formed or on1y Kovar or 

42 alloy. It is further understood, that· in· the· cases·· of 

using lead frames· having .. three-layer compos.d...te. metal 

portions, the· ranges of· difference in junction· strength 

20 were· smaller than those, in· the· cases· of· using:· lead; frames 

having two-layer cornposi. te me.tal portions .. 

Further, bending· strength·· tests· 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 

25 regarded as one· cycle; As a result, as for the- lead 
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frames ha:ving. three-layer composite. metal. po,rtions,and. the 

conventional lead frames· formed··of· on·ly Kovar or 42 alloy, 

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

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

5 two-layer composi.te··rnetal port-ion· were· broken· by- .s to· 10 

cycles and the-·lead: frames.-.formed ·of onl.y a· soft metal 

material w.ere.broken.by.2 to 6· cycles. 

Table 3 

No. Stress Central Stress Junction Breakage 
Relieving. Metal Layer Relieving Strength 
Layer on (µm) Layer on (kg) 
Soldered Opposite 
Surface Sur-face 

(µm) (µm) 

1 Cu (20) Kovar (60) Cu (20) 9~4-10.8· In Lead Frame 
2 Cu (40) Kova·r.. ( 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 ... S.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() represent thickness.of the respective-layers. 
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Example·D 

In the· same~ manner- as in the-' Example·· c, lead frames 

having the same: shapehand 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· solde:red· inc.luding. a ·three--:J..ayer· compos:ite 

metal portion or·- a, two-layer. composi.te:. metal.. portion as 

shown in·Table· 4. Each···lead; frame· was·: joined' to· a 

metallized· layer· including, tungsten· as-a-major: component 

10 formed· on specified· regions .. of a· surface: ·of· the- aluminum 

nitride base· plate··as· in the' Exampil..e· A, by·· a' soide.ring 

process at. a temperature· from-450 to 600°c using.a-low 

melting metal. solde:ring·· material. having· a ·composition:· of 

gold-silicon:, gold-silver.-gennani.um· or- the-· like'• The 

15 junction; strength was ·measured·. in, the.. same:· manner: as. in 

20 

the· Example·A· with·· regard to··ten' samples·· of~ each··kind- thus 

obtained·. The-- resul.ts ··of the-- measurement·· of· the:- junction 

streng.th .are- shown .in .Table· 4 1 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-composi±e metai portions 

and· lead frames· having· two-layer cornpos±te metal portions', 

the junction· strengths-·· were'· rema:rkabl.y 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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using the lead frames having. the· three:-layer composite 

metal portions··; the·· ranges· of· difference· in the· junction 

strength were· sma·ll. 

Table 4 

No. Stress. Central Stress Junction· Breakage 
Relieving· Metal Laye:r Relieving Strength 
Layer on (µm) Layer on. (kg) 
Soldered Opposite 
Surface Surface 

{µm) {µm) 

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) 8.6--10.2 ditto 
4 Cu· {40) 42 Alloy (60) none -8.0 ditto 
5 Fe (20) Kova:r (60) Fe (20) 8.S-11.0 d:itt.o 
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. ?.-12. 2 ditto 
11 Al (20) 42 Alloy· ( 60) Al (20) · 9.2-10.8 . ditto 
12 Al (40) 42 ·Alloy· (60) none- a~a ... 11.0 ditto 
13 Kovar· ( 100) 1.6 In Al.N 
14 42 Alloy {100) 1.8 ditto 

Values in ( )" represent thickness of the· respective ·laye·rs. 
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5 

10 

15 

20 

25 

liiiiiiiUr 
Examp-le·E 

A metallized .. layer including .. molybdenum· as-. a· major 

component·was·formed' inthesame·manne:r·as in· the-· Example 

A on a surrounding· portion of· a covering., member formed of 

a sintered body of aluminum. nitride. having·, a thickness: ... of 

3 mm·and an area of 10 mm x·lO mm. After nicke:l plating 

was applied to the·· metallized layer, a frame' member· of· 0 .1 

mm· in thickness.:.was. solde-red thereon by silver soJ.de;r. at a 

temperature· of 830°c. This frarne···me:mber was·· formed- by·· a 

three-layer composite metal. shoWt:l . in·. Table. 5 • In the· case 

of using· copper· as an· outer layer- portion·- of~· the·- frame 

member., a nickel. plating, proces-s; .. was .. applied. before· the 

soldering .. Warping.and. airtightness. of. each of the· caps 

thus· obtained· were measured·. The warping, ·was.' measured;· as 

the value·~ as shown in- Fig .• 11 in: junction· between a 

covering. memb.er. 11. and. a. frame.·. member. 30. Airtightnes-s 

was measured. by- placin.g. each· cap· in· a he-lium· gas 

atmosphe:re and evacuating-. -the cap. as shown. in. Fig. 12. 

The junction portion between. a covering: .membe;r. of an 

aluminum-· nitride·· sintered· body· and·· a f rame··member· was 

examined· by -a· scanning, type- electron:i.c micros:c.ope·· of a 

magnificat.ion: 5000. or_ a. stereoscopic. microscope .. of. a 

magnification· 40 to examine~ cracks' or de·fects·~ 

Samples-each-having a fram-e•membe:r of· a· two-laye:r 

composite. metal. or a single,...layer. composi.te. metal. we.re 
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also· prepared· for comparison' ·and· warping and airtightness 

·thereof were· measured. 

The results· of· the· measurements· are shown in·Table·S. 

The· values· of ·warping· indica.ted· in Table· 5 are· average 

5 values each ·obtained. from five· measured. value.a. As· can be 

clearly seen-- from' Table 5-, the· capsr having" the·· connection 

structures in accordanc.e with the· present' invention: have 

excellent characteristics: in . resistance: to. warping and. 

airtightness·; In· addition:, no cracks' were· found· in· the 

10 junction· ·portions· of· the caps·· in accordance:· w-ith'.·the 

present invention·. 
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Table 5 

No. 'l'hree ·layer Compos-1.te Metal Warping, Airtightness Obser\Tat.ion 
Outer Central Outer (µm) (atmcc/sec) of 
Layer on Laye:r· Layer on Structure 
Soldered Opposite 
Surface Surface 

1 Cu. (20) Kovar (60) Cu {20) 4.8 
-11 No Cracks 

~ 
lxl0_

11 2 Cu (20) 42 Alloy Cu· (20) 5.6 1.SxlO ditto 

'fj i:: 
(60) -11 

3 Fe· (20) Kovar {60) Fe· {20) 12.1 1.6xl0_
11 ditto 

(J)·~ 4 Fe (20) 42 Alloy Fe {20) 13.6 1.2x10 ditto 
~~ {60) 

-11 

I~ 5 Ni (20) Kovar (60) Ni (20) 6.2 2. Oxl0 _
11 

ditto 
6 Ni (20) 42 Alloy Ni· (20) 7.8 ·2.1x10 ditto 

(60) 
1 Cu (20) Kovar (80) - 52.1 Incapable· ditto 

of Belng 

M~ 
Measured 

2 Fe (40) 42 Alloy -· 41.6 ditto ditto 
I.I-I~ (60) 

ii 3 Kovar - - 100.6 ditto Cracks 
(100) 

4 42 Alloy - - 121.8 ditto ditto 
(100) 

Values in () represent thickness-"of the· respective ·layers. 
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Although the present invention·· has--been.· described· and 

illustrated· in-detail, it is clear.ly·undexstoodthat·the 

same· is, by· way of illustration: and, example.··on:ly 0 and,. is.- no.t 

to· be·· taken·· by way of· limitation-, the~· spirit· and· seope- ~f 

s the prese·nt invention being. limited· only ·by the" terms.·. of 

the appended: claims·• 
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WHAT IS CLAIMED IS: 

1. A-connection· structure.between.components. of· a 

semiconductor apparatus· comprising: 

a, base· member formed of aluminum.· nitride having. a 

ma,jor surface:· on. which a. semiconductor. devicec is· to be 

5 mounted, 

a connection.: member to be·· joined: to said. base·- member·, 

said connection member· including., as-. a- mai.n.- material., any 

of iron-nickel alloys" and· iron-nicke1-coba1.t alloys·, 

a stres·s· relieving. member: interpos·ed~ between said 

10 base member and said. connection member:, and 

a soldering· material for- joining said-base··member, 

said stress relieving·, member: and:· said connecti.orr membe:r·-, 

said.stress .relieving.member. being.formed· of: any-of 

soft metals and soft alloys.-baving·a·high plastic 

15 deformativity·to·be·plastical.ly deformed, thereby·to 

relieve a thermal. stress .. caused· by . a dif fer.en-c.e>:-- between, a 

thermal expansion .. coefficient· of·· said· base, member· and that 

of said connection member in a coo-ling· proces·s~, at the· time 

of soldering. 

2. A connection· structure .. in accordance· ·with claim 

1, wherein said. stress· relieving··. member- is• formed· of any 
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material selected· among· the· group of· copper, copper 

alloys, nickel alloys, iron· and aluminwn. 

3. A·- connection structure. in -accor.dance.with claim 

1, wherein· said connection· member inc·ludes··. 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·· fra.Jlle'·has a 

thickness- of 0 .1 mm•.and a. width· ·of· a. mm-. 

5. A connection:· struc.ture. 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 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 moly~~~um, at lea-st' an 

aluminum compound. selected. among:. the' group. of. aluminum 

5 nitride, aluminwn·oxide and· aluminum oxynitride', and 

calcium oxide-. 
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B. A connection· structure· in accordance with claim 

6, further comprising- a plated· layer. formed on: a· surface 

of said metallized. layer to.be· joined. with said solde.ring 

material. 

9. A connection· structure· in accordance:· ·with claim 

8, further· cornprisi.ng. a plated layer formed on' a·. surfac.e 

of said connection:- member- to·be"joined· with· said ·soldering 

materia·l .. 

10. A connection. structure between: components of. a 

semiconductor- apparatus, comprising·: 

a base-· member. formed of aluminum nitride having a 

major surface· on. whi.ch a semiconductor. device: is,. to be 

s mounted·, 

a connection: member to be'· joined- to: sad.d base- membe·r., 

said connecti.on. member. including., as .. a. main mate·rial., any 

of iron··nickel alloys··and: iron:':""nickel-cobailt alloys·, and 

a soldering·. material for joining: said· base ··member-. and 

10 said connection: member., 

at least a surface·· of· said· conneetion··membeit."· to· be 

joined· to said base member being· farmed" of· any· of·. soft 

metals and soft alloys· havin.g. a-high plasti.c deforma:ti:vity 

to be-. plastically deformed·, thereby to· relieve-- a· the:rmaJ.. 

15 stress· caused· by··a difference· between" a thermal expansi.on 
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coefficient of said· base:rnembe~ and that· of said 

conneetion member in a-cooling.process at the• time· of 

soldering.t 

1:1:.. . A connection· structure in· accordance-·wi th· claim 

10., wherein at least the·- surface·· of sai.d connect1..ow member 

to. be joined. to said. bas.e .. member. is.- formed:.of· any material 

selected among· the· group of copper:, coppe:r alloys·; nickel, 

5 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 porti.on. of. said .. connection: rnembe;r 

to· be joined 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 metal.s- and, soft alloys·. 

14. A· connection: structure. in accordance·with claim 

13, wherein said connecti.on member has. other:. por:tions .. than 

the portion·· to be·· joined· to said· base .. member.., formed' of 

any of iron-nickel alloys and iron-nickel-cobal.t a,lloys·. 
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15. A cap· for airtightly·enclosing· a-semiconductor 

device· mounted: on- an in.sulating. base· plate, comprising: 

a covering. member formed -of aluminum· nit.ride. provided 

over said semiconductor- device····to protect the· same·, 

a- frame-member to· be- joined· to said· covering. member 

to surround. said semiconductor device. loca.ted under said. 

covering ·member:,; said· frame·· member including, as a main 

material, any of iron-nickel alloys·· and: iron-·nickel..-cobalt 

alloys, 

a stres~- relieving· member interposed·· between· said 

· covering member. and=· said frame .. member.; and 

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

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

said· stres·s· relieving member: being• .formed· of· any of 

15 soft metal.s,and soft alloys: having.a, high.plastic 

deformati vi ty to ·be• plastically .. deformed·, thereb~ .. to 

relieve a thermal. stress·.- caused· by· a difference'· between~ a 

thermaJ.. expansi.on. coe,fficient 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- all.oys, nickel., nickel 

alloys, iron and. aluminum. 
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17. A cap for airtightly enclosing, a-semiconductor 

device mounted. on. an insul.ating,. 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. membe·r 

to surround· said semiconductor de-vice·- located' ·under- said 

covering member, said. frame:- member-- including., as- a --ma-in 

material, any of iron!""nickel alloys, and: ir.ow-nickeJ..-cobal.t 

alloys=; and 

a soldering= material. for· joining• sa:i..d. covering- member 

and. said. frame= member'., 

at least a-surface~of said· frame· member: to be--joined 

to said covering-- member:· being: formed· of· an:y-.of· soft metals 

and soft alloys, having. high .. plaatic deformativity to be 

15 plastically deformed·, thereby· to· relieve~ a·. thermal. stress 

caused by a difference: be-tween- a therrna·l. expansion 

coefficient of sa.i.d. covering: .. memb·er: and .. that. of. said frame 

member in a cooling· process at the· time· of· so:ldering. 

18. A cap in accor.dance.-·with ·claim-17, whe:rein 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 coppe·r, copper alloys, nickel., nickel 

5 alloys:, iron and. al.uminum. 
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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 sa.i.d 

covering· member comprises·· an inner layer- portion· farmed· of 

any of iron-nickel alloys: and· iron-nickel-cobail..t alloys-, 

s and. an outer layer porti.on formed. of. any of. soft rnetal.s 

and soft- alloys·. 
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