T CARRI ER, SEM CONDUCTOR DEVI CE, AND THEI R MOUNTI NG mm”ﬁ,gtns
METHOD 5 Thls Sheet Has BeetFlk laEEdG: THE | NVENTI ON The

present invention rel Id of seni conduct or devi eces’ for
nount i ng seniconducto circuit boards. 10 . '
BACKGROUND OF THE | NV A sen1cdnducRgPLﬂemmeHEET%ne D@tpf
art is explained 15 wth reference to draw NI Descriptio

...... to a d 3
sem COI’]dUCtO vice. 1l consists of : sem Cdg léﬁ lﬁéreﬁgﬁfj ....... Sp5;§ 3"6

on a carrlér dqc 1997%§9V§ﬂ|ng mat eri al J|-AR 8t
sol.dered or - bonded with a gold bunp 51to el %& aed G'gd
seni conductor el ement 2 are di sposed on the tof t hB3& ""Ca‘r"rﬂaé? Qirreses
and external electrode ternminals 8 are allgnediQ¢ OF, REGEIPT - 0R--t-0@ - rsvcserrecns
bottomface oECARRIBR;riSEMICONRUCTOR rDE¥ICE, AND cTHEIR MOUNTINGIDI ed
- to-external electrode terninals 8. lﬂ&mﬂonace bet ween t he sem conduct or
el enent 2 and carrier 3, * 25 and around the sem conductor elenent 2 are
filled and covered " with epoxy resin sealant 7. -Solder bunps 9 may in
Sone cases be fornmed on-the surface of the external electrode
termnals _ o :

5 _ - FIELD OF THE INVENTION

The present invention relates to the field of
semiconductor devicespfor MOunting'semicondnctor elements on
‘circuit boards. |

10
~ BACKGROUND OF THE INVENTION

" A semiconductor'deVice of the prior art is explained
15 with reference to drawings.

In Fig. 8, a semiconductor device 1 consists of a
semlconductor element 2 disposed on a carrier 3 made of
insulating material A plurality of electrodes 6 soldered or
bonded with a gold bump 5 to electrodes 4 of the

20 semiconductor element'z are’ disposed on the top face of the
carrier 3, and external electrode terminals 8 are aligned in
.a matrix on the bottom face of the carrier 3. The electrodes
6 are electrically coupled to external electrode terminals 8.
The space between'the'seﬁiconductor element.z and carrier 3,
25 and around the-semiconductor element 2 are filled and covered
with epoxy resinlsealant.7; Solder bumps 9 may in some cases

‘be formed on.the'surface of_the external electrode terminals




13599E2A. doc 1998/ 1/ 13 o 2 . 8 1In Fig.

8, the seni conduct or device is nDunted on a circu!t.bpard 12. . |
El ectrodes 11 are disposed in the matrix on the citeui-t—beard-12 in an
area where the sem conduct or device 1 will be nount pondi ng to

. _ s Sh ; .
the external 5 electrode termnals 8. Solder paste 13 i = lacgde
matrix el ectrodes 11. As shown in Fig. 9, the sen1conduc{ ' lis

| aced on t a SO as to allow the - ex _ e
Perninals 8E858%hixs ﬂchﬁHﬁéf Bvice 1 to make contact with the

el ectrodes 11 of the circuit board 10 12.2 The external €l ectrode terninals
8 and el ectrodes 11 are bonded with solder 10 by heating and nelting-
‘the sol der paste 13. The design of the sem conductor device 1

as configurgd aboye mpkes it difficult to adjust the height H betmeen
the 15 gar r efP3FLHq rgEFtsEB$F8n§E°t8§ dryhAe AsFmgunyed,pana

h d - d 1 gnto_the circuit board 12. If t he
" | LR B raE o2 LG dafRboa i iem BhBposadaiy thengatrix on
th | e siQ ficient of the carrier 3 and circuit board 12 is
coﬁggﬁtraﬁggﬁﬁn ?ﬁ gg h@?ﬁﬂ béripoRn aveacwherngtheasrwirandyrgered

| ses - DI SCLOSURE OF THE
F&LEN?PEAFr QGECAn w¥ﬁi geeé%“?t?ﬂveﬁ?FBﬁsBPP€F§9at§eﬁh@oﬁﬁﬁ@?ﬁﬂldev|ce

: 13599E2%'d éggro&e %erminals 8. Solder paste 13 is printed on, the

matrix electrodes-ll. As shown in Fig. 9, the semiconductor
device 1 is placed on the circuit boerd'lz so'as to allow the
external eleetrode terminals 8 of the semiconductor device 1
‘to make contact with the eleetrodes'll of the circuit board
10 12.:The external electrode terminals 8 and eleetrodee 11 ere :'
| bonded with solder 10 by_heating and melting the solder paste
13. -
The design of the semiconductor device l.eefCOhfigured.
above makes it diffieult to adjust the.height_H between the
15 carrier 3 and circuit board 12, as shown in Fig. 9, when
| mounting the semiconductor device 1l onto the circuit board 12.
If the height H is short, thermal stress-generated by the
difference in thermai,expansion coefficient of the earrier 3
and circuit board 12 is concentrated on the soldered portion,

20 causing cracks in soldered_portions br peeling in some eeees.

' DISCLOSURE OF THE INVENTION

25 The preseht invention offers a semiconductor device .

which can be mounted on a printed cirguit board with high



3 whi ch can be mounted on a prlnted circuit board with hlgh
reliability, and.a mounting method for such sem conductor

In the sem conductor device.of the present invention, TM5mﬁu¥Hy§%§k t rodes
formed on the surface of sem conductor el ements’ whl °“’
integrated circuit is connected to a conductive ci ww
carrierforsem conduct or for enabling electrical  coup

external material using “éxt ernal el ect rodes formed on the
carrierforséﬂﬁeﬂﬁébeﬂcp._1&%7ﬁhQ/%iternal el ectrodes are disposed on a
bott.om surface of ‘cavity areas providedi'in the carrierforsem conductor.
The carrierforsem conductor has a nmulti-layer structure fromthe upper
part to the lower part protruding to the bottom face, in the thickness
direction of the seniconductor 15 device, for formng the concave portion
with the uppediphifity. apd ghmounid ngo methodh fer sug semicondust@g t he
mul ti-Iayer structure has different thernal expanS|on coeff|C|ents
whi ch gevdgest.he ther mal expansi on coefficient of the

carrierforsem conductor of the semi conductor device to the 20 circuit_
board.on whi ch t h&ns&hec semdcopdugderc devd.ceooft die present inyepddiedd for

nDuntlng t he sem conduct or device ‘conprises the dispensin of solder
paste to t houtpudaedectrodes: fioamesi onhdhey sanfaces afcisefic
‘'sem conductor device, flipping of the sem conductor deV|ce nDuntlng

of the 25 edemestsuwhich)forns &t dnitegTatedhil nssE iSamPrmﬁ P 1y

13599E2A doc 1998/1/13
conductive circuit formed on a carrier for semiconductor for

. enabling electrical coupling with an externai material using
external electrodes formed on the carrier for semiconductor.'
The ekternal electrodes are disposed'on'the bottom_of a

10 concave portion provided on.the.carrier for semiconductor._
The carrier for semiconductor has a muiti-layer'
structure from the upper part to the lower part-protruding to
the bottom face, in the thickness direction of the |
semiconductor device, for forming the concave portion with
15 the upper part of the flat board. Materials used for forming
the multi- 1ayer structure has different thermal expansion
coefficients which bridge_the_thermal expansion coefficient
of the carrier for semiconductor of the semiconductor deuice
to. the circuit board on which the semiconductor device is -
20 .mounted. |
) A method for mounting'the'semiconductor device
comprises the dispensing of solder paste to the concave

" portion of the external electrode of the'semiconductor device,

flipping_of the_semiconductor device,smounting.of the

25 semiconductor device onto the circuit board, and soldering by - u



heating the circuit board. Another nethod conprises appllcatlon of

-adhesive flux to the concave portion of the ext efnat——etectroede—of t he
sem conduct or device, supplying of sol der balls omh; SHaet ﬁhe adhe5|ve
flux applied, flipping of 5 the seni conductor deV|ce
sem conduct or device onto the circuit board, and s l 73? ng
.the . circuit board. Still another met hod conprises
- adhesive to_a ere ric coupling is not reqU|red but the
sen1conduct&?g3®@ﬁ@b%@ agkiyﬁﬂéz ircuit board when t he el ectrode
provi ded on the .concave portion of the 4 sen1conductor device and the
el ectrode of the circuit board are electrically coupled, nounting of
t he semi conduct or : device onto the circuit board, and sol dering by
heating the circuit board. 15 BRI EF DESCRI PTI ON OF

THE DRAW NGBeating the cigcuit) hoard, Anathexn methad CAmpRISARiuct or devi ce
‘with 20 a carrier in accordance with a first exenpl ary enbodi nent _of

the present @PR}dgatdon of adhesiqulf&.uxlg:q dhe wﬂqw \H‘E\'/Vjs‘ﬁérf’fatﬂﬁ A of
Fig. 1A 1Cis bottom vi ew of Fig : 2A
is a perspe@?ﬁt\?é'“@fl &J%é’rﬂr@é’ﬁdﬁ’d‘-t %éﬁ“b‘é’%dt"r?t% d&"c’é?em e?“mh“é’d&br ance
wth a second y epbadi ne 13599E2A.doc 1998/ 1/13
5 | 7 SO RoIgs el vk O dion [ the.aiesive SAUE FPRAIEA A LLDPIng Of

Ela?n ng ct %Pbogﬁ%?é:w aw q‘]c Izld%vice mounting ofg t113eA s!esmiac n?({ cg)tegrtl ve of a _

o . device onto the circuit board, and soldering by heating the |
circuit board; Still another method comprises application of
adhesive to an area Where electrical coupling is not required
.but the semiconductor device contacts the circuit board when

10 the electrode provided on the concave portion of the

semiconductor device and the electrode of the circuit board
are electrically coupled, mounting of the semiconductor ‘
device onto the circuit board, and soldering by_heating the -

circuit board.

15

'BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a perspective of a semiconductor device with
20 a carrier in accordance with a first exemplary embodiment of
the present invention.'
Fig. 1B is a section view seen at A-A of Fig. 1A..
Fig. 1C is a bottom view of Fig. 1A. |
Fig. 2A is a perspective of a semiconductor device with
25 a carrier in accordance with a second exemplary embodiment_of

the present invention. -



a carrier in-accordance with a third exenplary enbodi nent of 5 the presenf

I nvention. Fig. 3Bis a section view S€€ﬁﬁﬁ—4¥#&9¥4ﬁ4}—iﬂL_
Fig. 3Cis a bottomview of Fig. 3A S F|gs [ ocess
thart of a nounting nethod for a sem conduct or dels ' %k

with the first 10 exenplary enbodi nent of the present '
Figs. 5Ato 5D are a process chart- of a nounting neth

sem conduct or. device in accordance with the second- exenplary

enbodi nment mBssaslprdsentlgﬁvkhmimm. Figs. 6A to 6E are a process
chart of a mounting method " 15 for a sem &®nductor device in accordance
with the'third exenpl ary enbodi nent of the present invention.

Fig. 7 is a table of t hermal expansi on coefficients of - a material used
in a seniconductor device of the exenplary - enbodi ments of the present
invention. 20 Fig. Fzg i8 assactida view skea amnthUDtthg.oﬁAa

sem conductor device of the prior art. : Fig. 9 is.a side view of
~a configuration ofig. 2C isoavbbttonabiSQWDtongctQm devi ce nounted onto a
circuit board. 13599E2A. doc 1998/ 1/13.

6 BEBCRBRTlGNaCEefHﬁeBREEERBEDaEHBﬁEbHENﬁBtor device with

First exenplary enbodi nent - 5 Figs. TAto 1C show the configuration

of a . sancarrdect dn decordahcenplidhi ag thicsd exemplary femmdiment of
5 the present 1nvention. _

'Fig. 3B is a'section.view seen at A-A of Fig. 3A.

F;g. 3C is a bottom view df Fig. 3A. o o

Figs. 4A to.4D_are a'procéss-chart of a_mountiﬁg méthod'
‘for a semiconductor device in accordancé with the fifst

10 exemplary embodiment of the'preseht invention.

Figs. 5A to 5D are a process'chart of a mounting method
for a semiconductor device in accordance with the second
exemplary.embodiment qf-the presenf invenfion,l.

Figs..6A to- 6E are a proéess chart of'a'mounting méthbdl

15 for a semiconductor.device in acéordance with the third
.eXemplary embodiment of the_presen#_invéntibns

Fig. 7'is a table of thermal expansion'coeffi¢ients of
a material used in'a'semiqondﬁctbr device of the exemplqry
embodiments. of the pfesent invention. |

20 .Fig;"s is a:side view of a configuration éf a
semiconductor device of the pfior.art. |

Fig. 9 1s.a side view of a éonfiguratioh Qf a
cpnventional'éémiconductor device mounted onto a circuit
board. |

25



exenpl ary enbodi ment of the present invention. A specified circuit is
formed in a sem conductor elenment 2 itself, and an ———electrode 4 is
frormed on a part of the sem conductor: el enent 10 2.7 |s nade of
an insulating substrate 17, and the senlconducto

di sposed on-the carrier 3. A - second el ectrode 6 ,ﬂﬂ the top
surface (other face) of the carrier 3 which is e upled to
t he el ectrode 4 on the senmiconductor el enment 2. An external 15 -

el ectrode t 335998128 doghi EA9V£10AR71irst el ectrode, is di sposed in the
matrix on the bottom surface (one face) of6 . the carrier 3.as shown in

- Filg. 1C. The external el ectrode terminal 8 is electrically coupled to .
t he second el ectrode 6. A filling area 18 is forned on the bottom
surface of the 20 carrier (or insulating material 17) ih concave fashion.
The filling area 18 will be filled with a bonding material such

as solder in a | at cDESCREPTION cOFXFTHEAPREFERRED EMBODIMENTS 8 is

di sposed at the bottomof the filling area 18. A seal ant: 7 fills and
covers the space between the sem-conductor -25 elenent 2 and carrier 3, and
around the sem conductor el enent 13599E2A doc 1998/1/13

7 2. Here, the depth of th@isit exempla ‘ snted based on

t he desirabl e height for bonding the sen1conductor deV|ce 1 - or carrier
3 to a ward wi t hFdgspediltf ited 1€ shomt t(hleelcmlfﬁiﬁguratiqtefoeﬂ red to as-the
[err] circuit board[err]) in a later process. 5 There is a range of

net hods f or seovcongludteor devlce fli lemplpying a enri@erdn exdfilptst, a cavi ty
~area may be forned by exposure - and devel opnent using a photosensitive
‘epoxy resi nexiemplakye embodiment of tthe fpddsent dmseentigions. gy epaciiied. 2 mm

~to 1.0 mm

_circuit is formed iu a semiconductor element 2 itself, and an
electrodeli is formed on a part of the semiconductor element'.
io 2.°A carrier 3 is made of an insulating substrate 17 and .the
semiconductor element 2 is disposed on the carrier 3. A
second electrode 6 is disposed on the top face (other face)
" of the carrier 3 which is electrically coupled to the
'electrode 4 on the'semiconductor element 2. An external
15 electrode terminal 8, which is the first electrode, is
~ disposed in.the matrik oh_the bottou_face (one face) of_the
carrier 3 as shown in Fig.'lc. The.external electrode
terminal 8 is electrically coupled to the second electrode 6.
A filling area 18 1s formed on the bottom face of the carrier
20 (or insulating material 17) ih concave fashion. The £illing
area 18 will be filled with a bonding material such as solder
in a laterfprocess..The external-electrOde'terminal ézise
disposed at the bottom'of the filling area.ls. A sealant 7
fills and covers the space'hetﬁeen the semiconductOr:element_

25 2 and carrier 3, and_around the semicohductor element 2. Here,



if the alignment pitch of the ext er nal el ectrode term nal 10 (i.e., the

di stance between the center of -adjacent external el ectrode termnals 8)
is'l mand its dianeter (i.e., the .. dianeter of the external electrode-
termnal 8) is'0.5 nm The carrier 31is generalIy—ﬂﬁde—o%—akuﬁkna—and
ceram c such as glass ceramc, but it may also beTﬂg m

L. een
material such 15 as epoxy .resin. When a se e as
configured above is - electrlcally bonded to a C|rc an
such as 13599RYA nipc t hegilgr27H of the bonded port usted

as required by changing the depth of the fi7lling area 18. 20 ThIS al |l ows

- the securing of a greater height H between the circuit board and the
external electrode termnal 8, conpared to the case of -nounting a
sem conduct or device w thout the filling area onto the circuit board,

. thereby redutie\giépih of tisé reEEELbpp| axreh tDs tdetdnmniicel fbasedf ot hEhexternaI
el ectrode 25 termnal 8 and inproving reliability and thermal heat cycle
13599E2A. doaidsi¥dild height for bonding the semiconductosB device 1 or
resi stance. " The thermal heat cycle resistance here is checked by
appl yi ng t hezanatiest rsto ta Woammptlecze skpea:iaﬁaadecﬂ.:ycuit theéreafteng t he
~anbient tenperature surrounding the test 5 piece.between high and low No
cracks have ieferred i tedas nthe "¢iwowbt desardDprinca bitéhepsecessndTitére
devi ce of the present invention after repeating a cycle of +80[err]C.
for 30 5 nisiudesange of Ghethidds ffor orming ethé ocoicdP® £ilking area 18.
I n. additi on, when the sem conductor device 1 without 10 the filling area
18 is nDunteEbrnexﬁmpheromlmomﬁmvd pormion may be formed by exposure and
development using a photosensitive epoxy resin film. The |
depth of the filling area 18 is preferably 0.2 mm_to 1.0 mm
if the alignment pitch of the external electrode terminal
10 (the distance between the center'of adjacent external
electrode terminals 8) is 1 mmnand its diameter (the diameter
of the external electrode terminal 8) is 0.5 mm. The carrier
3 is generally made of alumina and ceramic such as glass
ceramic, but it may also be made of :esin material such as
15 epoxy resin. .
| When a semiconduqtor device as configured above is
electrically bonded to a circuit board by means such as,
soldering, the height H of the bonded portion can be adjusted
as required by changing the depth of the‘filling area 18.
20 This allows the seoufing of a greater height H-between'the
circuit board and the external electrode terminal 8;.compared
to the case of mounting a semiconductor device without the

£illing area onto the circuit board, thereby reducing the

stress applied to the bonded face of the external electrode



sol der used for electrical coupllng forns a convex drum shape as shown
in Fig. 9. Wth the carrier 3 or the seni conduct or ————de#Lceml_oL_ng_
present invention, soldering takes pl ace after aste or sol der

. balls are provided tothe 15 filling area 18, thus’ en ldmd to
forman. - hour gl ass shape with the concave central

hei ght direction of bonding. This transfers the stress

focused on the bonded surface to the center part of the bonded
portion, al|b3PHYELNples eRRR7/H0Ahdi ng 20 strength and prevention of
destruction of the -bonded surface. - Second

exenpl ary enbodi nent Figs. 2A to 2C show a configuration of the
seni conductor device 1-with a carrier in a second exenplary 25 enbodi nent -
of the present invention. Parts configured 13599E2A. doc
1998/ 1/ 13 terminal 8 and improving reliabidity and.ﬂbermg&|h9atocyq@e
first exenplary enbodi nent are given the sanme nuneral codes, and thus
their explan§9$bat$80©n1tted : The carrier 3 conprises a contro
material 52 fromthe bottom face (an insulating material 51 which is a
substrate) 5 of The %%ermohdoe@brcneheceeqiaheneethereui$|ﬁ§eokea by
(control material 52) is provided (one face) to the bottom - surface in
t he t hi cknesaPRlyteyg theppalhetresscbadactest PieCGePYCEGEeaEQGIH fl at

i nsul ating material 51 without any concave portion. The external

el ectrod® te?%?ﬂﬁPaBinghEhﬁlP@PieEE EP@EPFQEErel§uHF§BB§éﬂgoﬁhPh§eSt

I nsulating material 51 at the si de where the control material 52 .is
prOV|ded Theiege hgtween high and low. No cracks have been noticed in

nally

the soldered portion of the semiconductor device of the
present invention after repeating a cycle of +80°C for 30
minutes and -40°C_for 30_minntes for 1,000 times. |
10 - In addition, when the semiconductor device 1-Without
the fiiling area 18 is mounted on the circuit boerd;ithe
solder used for electrical coupling forms a convex drum shape
as shown in Fig. 9. With the carrier 3 or the semiconductor
~ device 1 of the present invention, soldering tekes place
15 after solder paste or solder balls are provided to the
filling area 18, thue enabling the solder to form an
hourglass shape with the concave central section in the
height direction of bonding. This transfers the stress
:conventionally focused on the bonded surface to the center
20 part of the bonded-portion, allowing improvement of_bonding

‘strength and preventing'destruction of the bonded surface.

.Second_exemplary embodiment
Figs.'ZA to 2C show a configuration'of the

25 semiconductor device 1 with a carrier in a second exemplary



el ectrode 6 is di sposed on the insulating material 51 at the si de where
the control material 52 is not provided (other fac The external
el ectrode ternminal 8 and electrode 6 are 15 electrlcally coupl ed:

control material 52 is disposed around the extern iheéhsmagRg cg{na
8, and conprises the external electrode term nal hus
formng the filling area 18. The filling area 18c ym% di ng
mat eri al when applying a bonding material such as solder to -
external el et3599BlAedocnal9sl/10/27 - The insulating material 51 and
“the control material 52 in this exenploary enbodi nent are nade of
different materials. A material of thernmal expansion coefficient

closer to that of  the sem conductor elenent 2 than that of the resin

is used 25 for the insulating material 51 of the carrier 3. For exanple,
13599E2A. docert99@1mén8 of the present invention. Parts cdfifiguredif the
sem conductor elenment 2 enploys a silicone substrate, - the insulating
mat eri al 51 h@dgnbicablly b6 theafiirstuekemplary gmbedimentinareogiweni xher e
of alum na and gl ass. Al um na nay be used for the insulating material
51 and contr@ameanumeaal,dodes, and thus_ﬁheﬁreekplanatibnrmalomipﬂedLon
coefficient mdway between that of the circuit board on which the
.sem conduct or Pee i cartieés 3ocomprises a haonbttol heatesiabt 52agfrehethal
51 is used for the control material 52 of the carrier 3. This will 10
ease t he 5t hebottomt face benmbeaulhtiagnmabenmaioﬁleWhﬁehtis,a substrate)
insulating material 51, control material 52, and the circuit . boar d,
and i nprove QﬁethelSem1¢¢n§u9t0rh§esicecluwheaétEhe fill&pglgreg a8bond|ng
material such as solder to the externa

(control material 52) is provided (one face) to the bottom

surface in the thickness direction of the semiconductor

device 1, and a flat insulating material 51 withoutfany

10 concave portion._The external electrode terminal 8, the first
electrode, is disposed on the insulating material 51 at the
side where the control material 52 is provided. The second
electrode 6 is disposed on the insulating material 51 at the
'side where the control material 52 is not provided (other'

15 face).'The'externallelectrode terminal 8 and electrode 6 are
electrically coupled.'The control material 52 is disposed.
around the externol electrode terminal 8, and comprises'the
external electrode terminal 8 as its bottom, thus forming the
filling area 18. The filling area 18 controls the bonding

20 material when applying a bonding material such as solder.to'
the external electrode terminal 8.

The insulting material 51 and the control material 52
in this exemplary embodiment are made -of different materials
A material of thermal expansion coefficient closer to that of

25 - the semiconductor element 2 than that of the resin is used



el ectrode ternminal 8 in a later process. If, for exanple, the 15
insulating material 51 is nmade of glass ceramc, a heat- resi st ant
engi neering plastic such as pol yphenyl ene sul fide may be used for the
tontrol material 52. The above confi gur agji9shed: wad BRh REpRRSCES t he

stress applied to the bonded portion in additi o] uquMJmumLt s of -
d
[ of a

20 the first exenplary enbodi-nment.
exenpl ary enbodi nent : ' Flgs 3Ato 3C show

sem conduct Ar3599E1Kalocce 199%i/o/27carrier in a third exenpl ary enbodi nment
of 25 the present invention. Parts configured the sane as the first

13599E2A. doc 1998/1/13 ' 11 - exenplary
enbodi ment are given the sane nunmeral codes, and - thus their explanation
is omtted. . The carrier 3 conprises the control material 52 and

i nsul ati ng BueEriled fmsulating maemigl &l iof tthe Ssmonikr 3. Banesanple,
‘enbodi nent. - The control material 52 consists of - - several |layers 53 to 55
in the thickiftsthelisemidonmjuctsie efement sm\mmloymtaersﬂmoﬂaﬂmasten
the control material 52 are configured so that their thernma

expansi on- cadid iimsaliat imy materitaktEpwae beparde \ff Yoeranix agwch gasmdi ent
between the 10 thernmal expansion coefficient of the insulating nmaterial 51
and that of dlwssicexranida ca anixtird ¢habmirordhdtglass. Albwniea may| |
be. nounted in a | ater process. . - Materials conprising the control -
mat eri al 552 s euswdlefor thefimshlebhbmny Inmamcesidl i3k an&ecbonttdl fmateridk. g.
glass 15 fiber),. and their thermal expansion coefficient is adjusted
A material of thermal expansion cOefficient,midwayl-'
between that of the dircuit boardlpn which the semiconductor
device 1 is mounted and that of the insulating material 51 is
10 used for the control material 52 of the'qafrier 3. This will
ease the thermal stress between the semiconductbr element 2,
insulating material 51, control material 52, and circuit
board, and improve the reliability of the portion involved
after applying a bonding material such as solder to the
15_ external electrode terminal 8 in a later process. If, fbr
examplé, the insulating material 51 is made of_glass ceramic,
a heat-resistant engineering plastic such as polyphenylene
sulfide may be used for the control material 52.
The above configuration further reduces the stress

20 applied to the bonded portion in addition to the effect of

the first exemplary embodiment.

Third ex ry embodiment
Figs. 3A to 3C show a configuration of a semiconductor

25 device 1 w1th a carrier in a third exemplary_embodiment of



by changing the type and vol une of'the.filler. In this exenpl ary

enbodi nent, the filler consists of about 60% of the "entire material in
the first layer 53 of the control nmateri al ?ﬂﬁﬂﬂ*ﬁﬂ%%rknthe_ggpond
| ayer 54, and about 40 %in the 20 third |ayer 55 - T ¢ ﬁ% expansi on
coefficient increases as -the percentage of the f| #ﬁre
volune is reduced. The layers 53, 54, and 55 are hespve.

The above configuration enables further reduction of

applied to tilzs9eElRdiper tiog7f10/dition to the 25 beneflts achi eved by
the first exenplary enbodi nent. The i1 . 13599E2A.dop 1998/1/13
12 . t hermal expansion coefficients of the naterials used in this
exenpl ary enbodi rent are shown in Fig. 7, - The thernmal expansion
coefficient in this exenplary enbodi ment vari es stepwi se in the

thi ckness ditisetpodsén ©ninvehtoh NSPAREtS "GonPigiréd EHe SBMEVES. thECrSAEE
ef fect can be . achieved by linearly varying the thermal -expansion

coef fici ent.exemplary embodiment are givéRUthé §aﬁéphﬁmdr8ﬂb89d€§ntanéo
A nmet hod for nounting the sem conductor device 1 of the - present -

invention ontlous heheir cekplimmat ton S1€Xehibteed. Wi th reference to Figs.
4A to 4D. First, the sem conductor device 1-is flipped to

posi tion the openiThe léarrid¢he3 fcompriiséds cthd ScOitEdE matér£al 92 andpwvar ds
for injecting solder paste 13 (i.e., a pasty m xture of sol der powder
and fluxp | Mmsybeting Imateniab 88 in the same way as in the second '
-exemplary embodiment.;The control material 52 consists of
several layers 53 to 55 in the.thickness direction,;made of
severallmaterials, The'layers=in the control material 52 are
oonfigured so that their thermal expansion coefficients_form

16 .agstepWiSe, bositively'oorrelated'gradient between,the.
'thermal.expansion coefficient of the insulating'material 51
and that of the circuit:board on which the semiconductor
device 1 will be mounted in a later process.

| Materials comprising the control material 52 are made

15 of polyphenylene sulfide mixed with filler (glass fiber), and '
their thermal expansion coefficient is adjusted by changing
the type and volume of the filler. In this exemplary
embodiment, the filler consists'about'60% of the entire
material in'the first layer 53 of the control material 52,

20 about 50% in the second layer 54, and about 40 % in the third
layer 55. The thermal-expansion.ooefficient increases_as the
percentage of the filler to the entire volume'is reduced..The

: layers 53, 54} and 55 are bonded With adhesiue.
The above configuration enables further reduotion of

25 the stress applied to the bonded portion in addition to the



as shown in Fig. 4A. The solder paste 13 is supplied by using a mask
wi th openings corresponding to the opening 19 of the filling area 18.
The mask is placed on the sem conductor 20 device 1 with its openings
posi tioned onto the opening 19, ~and sol der paste 13 is supplied by

printing it using a squeegee (i.e., a rubber sﬁhewharussémk P! der
printing). -~ The sem conductor device 1 filled vmt ﬂmﬂl ﬁﬁaste 13

is’ then flipped again to position the filling ar '
carrier 3 filBBAIRAALhdObe mmomte 13 downwar ds.

13599E2A. doc 1998/ 1/ 13 12

showmn'in Fig. 4B, the sol der paste 13 is also prlnted on a circuit

. board 12 .on which the sem conduct or . device 1 will be nmounted, using a
mask. _ . Next, the semiconductor device 1 is nounted on the 5
circuit boarelfﬂec-_hf ofrthei fjjrgbsekemprdrasembodmment Fi Yhe4€hermalDuri ng the
refl ow process (i.e., a soldering nethod carried out by nelting the

sol der usi ngekpansionocoéffiyienbe ofrthétmaterhadsdusddi snhenigd above the
melting point of the sol der paste for soldering the external electrode
term nal 8 aexemplarycembodimédrntoaréhshowncintFhbgarw.12 by nelting the
solder = paste. In general, for eutectic solder, the tenperature is

i ncreased to 220[eTh¢Cthébmahoexpmnsdonobdeffpeiéﬁtdimpﬁhis eXempLaryat el y
“by half due to evaporation of the flux in the sol der paste during -
nel ting. SWheembodiment cvadies ostepwise in theabthicknesstdhpectidr €f6m

" cooled to roomtenperature after : sol dering, the soldered portion shows
an hour gl assthéabeswlahing materbalabk. cHowewersetheosana - éfifebtndangbe

hei ght direction as shown in Fig. 4D. Metals also | ose about 10% of

~ their vol unegachleved by linearly varying the thermal expansion

coefficient.

10 . - - Fourth exemplary embodiment

A method for mounting the semiconductor device 1 of the
present 1nvention onto_the circuit board is explained with
referenoe to Figs. 4A to 4D. | |

First, the semioonductor device 1 is flipped'to'face

15_ the opening 19 in the £illing area 18_or the carrier 3
upwarde for injecting solder.paste 13 (a paSty mi#ture of
solder powder and_flux) into the filling area 18 as shown in
Fig. 4A. The solder paste 13 15 supplied bf using a mask with
openings corresponding to'the_opening 19 of the filling aree

20 18. The mask is.placed on the semiconductor device.i wifh its
openings positioned onto the opening 19, and solder paste 13
is supplied by printing it using a squeegee (a rubber spatula
used for solder printing). The semiconductor device’ lﬁfilled

with the solder paste 13 is then flipped again to face the



durihg sol i di fication. .20 The'solder paste 13 can be supplied into

the filling area 18 without using a-mask as epraLHEQlLﬂpLﬂ%i_supﬁF+
exenpl ary - enbodi ment. For exanpl e, ‘the sol der paste 13 can

- by applying the sol der paste 13 directly to the carri efhi $uﬂdhsBamR

t he sgqueegee to renove the excess. 25 Thi s exenpl also
enpl oys a mask for 13599E2A. doc 1998/1/1
14 printing the solder paste 13 on the circuit. board 1
el ectroni c cboBpeaBRAsdocher99 a0 L2 sem conduct or device 1 of t he
present invention, such as resistors and capacitors, - are general ly
mount ed together with the semiconductor device 5 1. However, since.the

" sol der paste 13 is already supplied to the filling area 18 of the
carrier 3, printing of the solder . paste 13 onto the circuit board 12
may not al wagtlhb#ng arsact8sefyther capiibing Ehelsanwg@Rd¥AROLoIAMICPaste
Whet her to print the solder paste 13 on the.circuit board 12 for the
10 seni condutBodownwardsl depends on whether an opening is - provided on
the mask or not, and therefore the .nmounting- process itself is always:
the same. - AsTshownubhi RgguesBodthé sblaeexpaptar yzegbodigsnt can be

enpl oyed for nounting the sem conductor device with carrier 15 in any of
the first, sprintiedaon ahcidcaienpbary eabofi whith. the semiconditiRoirhe use

of this nDuntlng met hod, the effect described in the flrst to third
exenplaryienﬂewicenlswmhm be mountedhi agtrdg a mask.
Fi fth exerrpl ary enbodi nent
: Next, the semiconductor ‘device 1 is mounted on the
circuit board 12 after being positioned as shown-in_Flgf 4C,
d.During the reflow process {a SOldering method carried out by
melting the solder using hot air or heat), the circuit board
100 12 after-mounting is heated above the melting polut of the
solder pasterof'eolderinQ the'external electrode terminal 8
.Aﬁd electrode 11 of the circuit board 12 by melting thed_ |
solder paste. ln general, for eutectic soldem, the - |
temperature is incfeased to 220°C. The volume of solder paSte
15' drops epproximately by half due to evaporation of the_fluk in
the solder paste during melting. When the semlcbnductor
~device 1 and circuit board 12 after soldering-afedcboled to
room temperature, the.soldered portion.shows an houtglass
- shape with a eoncave central.section in the bonding height ;
20 direction as shown in Fig. 4D Metals also lose about 10% of
.their volume during solidiflcation. .
The solder paste 13 can ‘be supplied into the filling

area 18 withbut using a mask as explained in this exemplary

embodiment; For example,. the solder paste 13 can be supplied



Anot her method for nounting a semiconductor device of - .the present

invention is explained with reference to Fig. 5. ——— First, the
sem conductor device is flipped to position ' the |n 19 on t he
filling area 18 di sposed on the carrier 25 3 face up bﬁﬁlux
15 is applied to the external : 13599E2A d

15 electrode termnal 8, and solder balls 16 ar
t he adhesive flux 15. In this exenplary enbodlnent |sopropyl

al cohol is US3EPIEIA ado@dHOSNAGA2TX and sol vent,  abietic acid as rosin,
and 5 ethyl ami ne hydrochloride as an acti&ator. O her suitable

subst ances, however, may al so be utilized. The -adhesi ve flux 15
is dispensed, and the solder balls 16 are supplied by a nmounter placing
el ectroni c conponents. . However, other suitable nethods nmay al.so be

utilized. They a@rl_ymnma\gsm pastdecl3 fadirecthyl to the sapplerod and
adhesi ve flux. 15 to a syringe-like contai ner, wherein adhesive flux 15

from a needlesing tise esqueesigele t o cremevel ctlby emoessng pressure to the
adhesive flux 15 fromthe other side. ~ .The sem conduct or device 1
~ supplied with the Huolslcsxenipldey | amtiddimenticnlss | gmelopgan mask perti on t he
filling area of the carrier 3 supplied with the solder balls 16
downwar.ds. printing thensdlder pasteoldeonptieeciBoutt ppoarddl2sbegavsensk
on the circuit board 12 on which the sem conductor device 1 wll be
nount ed. 5 20electronkstcompenernhs cotibert thanevhe esemicopductonndevieet he
circuit board 12, and nounted. In the reflow process, the
of the present invention, such as resistors and capacitors,
are generally mounted together with the semiconductor deviee
1. However, since the solder paste 13 is already supplied to
the f£illing area 18 of the carrier 3, printing of the solder
10 paste 13 onto the oirouit board 12 may not alWaYs be
necessary for mounting the semiconductor device 1. Whether to
'print the solder paste 13 on the circuit board 12 for the
semiconductor devioe 1 depends on whether an opening is
provided on the mask or not, and therefore the mounting
15 process itself is always the same.
| : The:mounting method of this exemplary embodiment can be
employed for mounting the'semiconductor device with carrier
in.any of the first, second and third exemplary embodiments.
With the use of this mounting method, the effect
20 described in the first to third exemplary embodiments can be

achieved.

Fifth exemplary embodiment
Another method for mounting a semicondnctor device of

25 the present invention is explained with reference to Fig. 5.



"sol der paste 13 is then nmelted to .solder the exterhal : el ectrode

termnal 8 and the electrode 11 of the circuit board 12 by heating it
to a tenperature above the neltlng 25 point of t*megﬂnikﬂ___ste 13. In
general, for .eutectic - ' 13599E2A. doc 1 98/1/13

16 solder, t he tenperature is increased to BegSOl der :
paste | oses vol une when fused, the soldered portion %ourglass
shape with a concave central section in the height when’ |t'

i s cool ed da8bs99EYDAIOE eP7LO/@7after 5 sol dering as s n Fig

Thi's exenpl ary enbodinent is applicable fasnounting the carrler and

sem conduct or device described in the first, second, and third

exenpl ary. enbodi nent s. ' Inthis exenplary enbodi ment, the sol der

paste 13 is 10 printed on the circuit board 12 using the nask, but the

~process for pr|rnlrmrstmeEhéckﬁminoﬁdudfbrwdévmoelIsnmlippedcto fade tlse not .
al ways necessary for nounting the sem conductor device 1 as in the:

fourth exenpdpernyimgbbali oeenthe filling aMé4hls heispesed 6mi sheocatrdgr 3
nmet hod, the advantage 15 described in the first to third exenplary

enbodlnents f£ace bgpwards acddisestive £flux 15 is applied to the ékkéimnal

exenpl ary enbodi nent - Still another nmethod for nounting the
sem conduct csle@traite i terniimdl t&e amessoldenVBallsnlﬁsaﬂessuppbﬂedﬁoher
reference to Fig. 6. First, the sem conductor device.l is

flipped S50 the ¢ﬂhe$ivenfluxom&n|ng 19 on the filling ar ea 18 of the
carrler In this exemplary embodiment isopropyl alcohol is used"
as adhesive flux and solvent, abietic acid as rosin;~and
ethyl amine hydrochloride as aotivator; Other'substances,
however, are applicable.
10 ) The adhesive flux 15 is dispensed and the solder balls
16 are supplied by a mounter placing electronic.components.
_ However,.other.methods are also epplicable. Here; dispensing
means the supply of adhesive flux 15 to a syringe-like u
container after which adhesive flux 15 fron e needle tip is
15: extruded to one side by applying pressure to the adhesive
| flux 15 from ‘the other side.

The semiconductor device 1 supplied with the solder
balls 16 is then flipped again to face the filling area of
the carrier 3 supplied with the solder.balls 16 downwards.

20 | Meanwhile; the solder.paste.13 is printed using’a mesk
on the circuit board 12 on which the semiconductor device 1
will ‘be mounted. |

-'Next, the semiConductor devicellris positioned on the
circuit_bbard 12, and mounted. In the_reflow process, the-

25 solder paste 13 is then melted to solder the external



‘3 upwards, and the filling area 18 is filled with the solder 25 paste 13
as shown in Fig. 6A 13599E2A. doc 1998/ 1/ 13

17 Adhesive 14 is applied.to a contactingarea—26-en—the-
Circuit board 12 where el ectri cal coupling i's not &ﬂggﬁg mhen t he

sem conductor 1 contacts the circuit board 12. The 1 nay be
pplied by
the

applied to the carrier 3 side. 5 The sol der

using a mask with openi ngs correspondlng to the

filling ared3599EIA.ddw 18A9KR/i1®/@I7aced on the sen1conductor device 1 with
its openi ngs positioned onto the openik&y 19, and sol der paste 13 S
supplied by printing it using a squeegee. The 10 sem conductor device 1
filled with the solder paste 13 is then flipped again to position the
filling area 18 of the carrier 3 filled with the sol der paste 13
downwar ds. TEkectrodes!tamiresl 8 ldhd sthps i electoomde hEl cof ctihe dGiecwiti2 on -
whi ch - t he 'sem conductor device 1 will be nounted using a mask as 15
shown i n Fi podil 12 by heatixtit tte &ctemperative alkovectleimepbbingi oned
on the ~circuit board 12, and nounted. In the reflow process (i.e., a
: solderlngInpdmntcwfrthsisnndén'psstermptrmnsgénbrahsungrhautecticasoider.
heat), the solder paste 13 is nelted to solder the 20 external electrode
termnal 8 amkttumpsrnxurmkiéjiméréésed to 220vCi tSimes dsdPdéy pesteng it

to a tenperature above the melting point of the saolder paste 13. In
gener al , 5f orloses wolumé iwhew! fitgsed; hthe cepbdetred cpostionr Eosws an
220[err]C Si nce sol der paste | oses vol une when fused, the sol dered

portion :ESHmurgiass#shnpﬁantthhapaonbaheacembraﬂeseehioaliaetheoheight
direction when it is cooled down to room temperature after
soldering as shown in Fig. 5D. _ _ ,
| This exemplary embodiment is applicable.for mounting
_io. the carrier and semiconductor devide described in the first,
second, and third exemplary embodiments. |
" In this exemplary embodiment the solder paste 13 is
- printed on the circuit board 12 using the mask, but a process
for printinp the solder.paste 13 on the_cirouit,bOard 12 is
15 not always necessary for'mounting the semiconductor device_l
as 15 the fourth exemplary embodiment.

With the use of this mounting method, the effect
described in the first to ‘third exemplary embodiments can be
_achieved.

20 o o
wm'

Stilil another method for mounting the semiconductor
.device 1 of the present ‘invention is_explained with reference

to Fig. 6.



* 13599E2A. doc 1998/ 1/ 13 | S | 18 the hei ght

direction when it is cooled down to room tenperature after soldering as
shown in Fig. 6E Accordingly, the sem conductor
contacts the circuit board 12, and the area not m&é&H&%e‘éﬂl?% fahelgC !

coupling i's bonded to the circuit board 12 with adhes ered

area absorbs the stress at heating for sol dering, and ﬂ*“ ces the
stress applied to the electrically bonded portion. e sol der
paste 13 canlB&8998ppl.dee¢ i h997f/he/2711ing 10 area 18 wi thout using a nmask

as explained in this exenplary - enbodi meéfAt. For exanple, the sol der
paste 13 can be supplied by applying the solder paste 13 directly to
the carrier 3, and using the squeegee to renove the excess.

This exenplary enbodi nent al'so enploys a mask for 15 printing the sol der
paste 13 on the ciFtust,bbhedsédiconducktoredertibe [r dse£dipbedr itot ifaget he
sol der paste 13 on the circuit board 12 may not al ways be necessary
- for mounti ngthgeopeningeiPcondtheofidddinge ateasdse ofs the idagrfienr 3h
exenpl ary enbodi nent. 20 Wth the use of this mounting method,
t he advant agapwardsdeandi bbe £ililagf aren 16 tsi fdldedwithy theh edildert s
can be ‘achi eved. 25 | NDUSTRI AL APPLI CABI LI TY

: paste 13 as shown in Fig. 6A. '

5 Adhesive 14 is applied to a contacting area 20 on the
circuit board 12 where electrical coupling is not required
when the semiconductor 1 contacts the circuit board 12. The
adhesive 14 may be applied to the carrier 3 side.

The solder paste 13 is supplied by using a mask with

10 openings corresponding to the opening 19 of the filling area
18. The mask is placed on the semiconductor device 1-with its
openings.positioned-onto the opening 19, and solder paste 13
is supplied by'printing-it using a squeegee. The
semiconductor device 1 filled with the solder paste 13 is

15 then flipped again to face the filling area-18 of the carrier
3 filled with the solder paste 13 downwards. The solder paste
13 is printed on the circuit board 12 on which the

- semiconductor device 1 will be mounted using a mask as shown
_in Fig. 6B.

20 Next, the semiconductor device 1 is positioned on the
-circuit board 12 "and mounted. In the reflow process (a
soldering method carried out by melting the solder using hot
air or heat), the solder paste 13 is melted to solder the

- external electrode terminal 8 and the electrodelll of the

25 circuit board 12 by heating-it to a temperature above the



13599E2A. doc 1998/ 1/ 13 | : 19 | The
carrier or sem conductor device of the present I nvention allows the

control of the height H of a bonded portion by—adfﬂs%+ng~%he—deﬁ%h of

the cavity area when electrlcally coupl i ng, incl dl r to a

circuit- 5 board. The height Hof the bonded porti ater

as conpared to nounting a seni conduct or devi ce MAthou ty area,
np

t hereby reducing the stress applied to the bonded rovi ng
reliability éﬁ§9ﬁﬁéﬁn§DCheh997/10t?3Ie resi st ance. In addi ti on,
the present invention enables the = form®Bi on of an hourglass shape with
a concave central section in the thickness direction at the sol dered
portion by filling the filling area with solder paste or solder balls
before soldering. In the prior art, -a sem conductor device 15 without the
filling areame&tﬁngapoentenfdthslsbdﬂerapaBMB 13. Isolgémexdlpofioron. The -
sol dered portion in the present i nvention fornms an hourgl ass shape
because the ¢uteeticf soldersotier tempemraturiecd st Hncyeladed tas220Me.t Sintee
“hour gl ass shape transfers the stress concentrated on the bonded
surface 20 selfier pasteaflosest vodumermhen fyseds [ivedisod deiredn giortion
preventing destruction of the bonded surface. - In the case of

el ectri cal | yEesus| Ppghonrgdasst ghapeawith apconicaye weniredr seetion Hn
sem conduct or and the el ectrode on the circuit board, an adhered
“portion dbsothe hadabtr ddzections wheni if tlise coolesis dawpl ited room he

electrlcally ‘coupl ed
temperature after soldering as shown in Fig. 6E.

Accordingly, the semiconductor device 1 contacts the
‘circuit board 12, and the area not-requiring electrical_' |
cbupling is bonded to the_circuit_board_lz_with adhesive. .
10l Adhered area absorbs the stress at heating for.soldering, and
thus reduceS'the stress applied to the electrically bonded
_portiont | - | | |
The solder paste 13 can be supplied into the filling
area 18 without using a mask which is used as explained in
15 this exemplary embodiment For example “the solder paste 13
| can be supplied by applying the solder paste 13 directly,to
the carrier 3, and using the squeegee to remove the ekcess.
This exemplary'embodiment also'employs a mask for
printing the solder paste 13 on the circuit board-lé, but a
29 - process of printing thefsolder paste 13 on the'circuit board
. 12 may not always be necessary for mounting the semiconductor
.device 1, same as in the fourth exemplary embodiment.
| With the use of this mounting method, the effect -
described in the first to third exemplary embodiments can be
25 achieved. | | |



13599E2A. doc 1998/1/13 : ' ' 20 portion,
by attachi ng an area where the sen1conductor deV|ce“_;__gggrthe circuit
board contact but electrical coupllng i's not- reqU|red\MtTT‘dﬁesrve
and heating and soldering the sem conduct or - deVIEbSﬁmﬁGhimﬁmR

board. 5 The present invention also enabl es t

stress applied to the adhered portion and thus reduce "%
‘applied to the electrically coupled portion by formn ng

el ectrode at13h89BdAtdocofl99E fZAve portion provided on the
carrierforsem conductor of the 10 sem condiictor device to the surface of
the side where there is no senm conductor elenent using |ayers
conprising materials with different thermal expansion coefficients

whi ch bri dge, in-a stepw se fashion, the thermal expansion coefficient
of = - the carrierforsem conductor of the semi conductor device to 15 the
circuit board on which-the sen1conductor device is nount ed.

13599E2A. doc 1998/1/ 13 21 _ :

What is Clained is: : INDUSTR&KE”AP@LIGKBIEITY _ : a
substrate provided with a cavity area forned on one face; 5 '

"a first el ectrode Areartteradrt sembodbhdacebrsdedice ofi thengraseatof said
substrate; and a second el ectrode provided on the other face
of sd& d $nbehtmbn allows. the control of the height H of a bonded

the

on1the'

portion by adjusting the depth of the concave portion when
electrically coupling, including soldering, to a circuit
board. The height H of the bonded portion_can-be made greaten '
than that when mounting a semlconductor device without'the

10 concave portion, thereby reducing the stress applied to the
bonded surface and’ improving reliability and thermal heat
'cycle resistance.

In_addition. tne.present invention enables the

fo:mation of anihourglass shape witn'a concave central

15. section in the thickness direction at the soldered poftion by
filling the filling area with solder paste or solder balls
before soldering In the prior art, a semiconductor device'g
witnout the filling area fonms a convex drum shape at the
soldered portion. The solde:ed portion_in the'present-

20 invention forms anjhoutglass snape because-tne'volume of

| solder shrinks When tne solder paste melts. The hourglass

shape transfers thedstress concentrated'on_tne bdnded_surface
to its central section,_inproving the bonding strength and

preventing destruction of the bonded surface.



said first electrode and sai d second electrode 10 being - electrically .
coupl ed. 2. A carrier conprising: _a first
el ectrode prOV|ded at one face of a substrat e; a second'
el ectrode provided on the other face of said s a<=ed :
electrically coupled to said first el ectrode pr

a filling area provided around said first el ect f|rst

el ectrode as _the bottom and said 20 filling area being nmade of a contro
materi al for 138APESALARg 199741Q@62Tact material which is bonded onto said
first el ectrode. + 3. AcakPier as defined in daim2,
wherein said- substrate and said filling area are nade of naterlals
having 25 different thernal expan5|on coeff|C|ents

13599E2A. doc 1998/1/13 22

4. A carrier as deInntuelanBaoﬁtaleGMEieamlx coupflisgnihecxpacaiven
coefficient of said control material of said filling area at the side
of said subspoatéonsprbuidedoonSatbarrﬂernaforxpsmmimnndunﬁdrcanﬂnthé sai d
substrate and is gradated, in the thickness direction, toward close to
t he thernibcexpaﬁspuntheebﬁrcuemtboarﬂalancaﬂhemedb@@maiom dbisolrbs  to

be nount ed. 10 - 5. A sem conductor- devi ce having el ectrical
the stress,'reducing the stress applied to the electrically

5 coupled portion, by attaching an area. where the semiconductor
device and the circuit board contact but electrical_coupling
is not required with”adhesive,:and heatiné and soldering the
'semiconductor device onto  the circuit board.

The present invention also enables the reduction of the

'10' stress applied to the adhered_portion and thus reduces the
'etress applied to the electrically coﬁpled'pertion by.formihg
-a part from the eleetrode_at the bottom of the concave
portion provided on'the carrier for semiqenduetor of the
semiconductor device te the sﬁrfaCe_of the side;where there

15 1is no semiconductor element.using_layers comprising materials
with different thermal expansion coefficiente w_hich_ -bridge.
in a stepwise fashien, the thermal expansipn coefficient of
~the carrier for_'éemicenductor of the;semieenductor-device to
the circuit board on whieh_the semiconducter_device is

20 mounted.



edupling anong a semi conductor el enent having a specified circuit and

an el ectrode therein, said el ectrode.of the - sem conductor el enent, and
a first electrode of a carrier as defined in one of Clainms 1 to 4. 15

6. A nethod for mounting a sem conductor device as.  defined in daimb5
conprising steps of: ' supplying a bonding nmaterial to the -
filling area formed on the carrier of sai d semi conductor device; 20
flipping said sem conductor device; " npunt-ing said
seni conduct ol3529ELR.doco X487 /10/2%ircuit board; and
heati ng said sem conductor device and saldzterU| R.lmxd
13599E2A. doc 1998/1/13 ‘ _ '

7. A nmethod for nounting a sem conductor device as m5
conpri sing steps of: suppl yi hg a sol der baII to t e f| l'ing
area formed - on the Whatits Claimed e conductor device,;
f1ipping said sem conductor devi ce; mount i ng sald _
sem conduct or devi ce oﬁtoAtcarrierocomptisbmgfd and - - heating
sai d sem conductor device and said circuit board. 10 - - - 8.

A method for nounting aassubstratetprovibdedewith a cdnéamedfihlfhglaseane
~of dains 1 and 2 conprising steps of:
on one face,
5 | Toa first electrode provided at the bottom of said
filling area of said substrate, and -
a second electrode provided on the other face of .
said substrate;

'said.first.electrode and said second electrode '

10 being electrically coupled.

2. A carrier comprising:
a first electrode providedfat one face-of a
substrate-' | | :

15 ' | a second electrode provided on the other face of
said substrate and. electrically coupled to said first
electrode provided-

a filling area provided ‘around said first
electrode using said first_electrode as the bottom, and said

20 £illing area being made of a control material for controlling

a contact material which is bonded onto said first electrode.

3. A carrier as defined in Claim 2, wherein said

substrate and said'fillingfarea'are made of materials having

25 different thermal expansion coefficients.



appl yi ng adhesive to an area whi ch does not - require electrical
coupling but the sem conductor device and - 15 circuit board contact at
electrically coupling of the el ectrode provided in the cavity area of
the carrierforsem conductor ‘and the el ectrode of -the circuit

boar d; mounting the sem conductor device onto the circuit —
20 board; and ~ . heatlng for soldering t heT %ﬁﬁﬂﬁhﬂm&ﬁﬂwlmmd
devi ce and circuit boa 9. Ane

by forming alB8R8EAY-dog nia?%?lh@/”\hl ch bonds an el ectr ﬂm’”'mmmﬂm}'
‘circuit 13599E2A. doc 1998/ 1/ 23

24 board having a specified circuit and an el ectrode of the
circuit board on which a conponent is nmounted, into an hour gl ass shape
with a concave central section for bonding t he el ectrode provi ded on
sai'd circuit board and the 5'electrode of the conponent to be nounted on
said circuit board. 10. A nounted package nmde by
form ng a bonding nht ehj garrigrcashdefidnad the€ladwe2prwhedednoa a
.circuit 10 board having a specified circuit and an el ectrode of the -
circuit boar thermahi expansiaposestfilcisptinofdsaild: control maserdiadssefshape
with a concave central section for bonding the el ectrode provided-on

sai d circuit S8ddr §1ihingharea a§I§b§r§déeopftBeidoﬁpbsemateoibecﬁosnt¢¢ on
sald C|r%¥|t

the thermal expansion coefficient of said substrate, and is
gradated, in the thickness direction, toward close to the

thermal expansion coefficient of said circuit board on which

to be mounted.

- 10, _' '5. A semiconductor device having electrical
ccupling-among a semiconductor element having a'specified_
cilrcuit and an electrode therein, said electrode of the |
semiconductor element; and a_fifst electrode-of a carrier es

defined in one of Claims 1 to 4.

15
" 6. A method for mounting a semiconducto:_device-as'
defined in Ciaim 5 cqmprising'steps of:
| supplying a bcncing,material to the filling area
fcrmed on the carrier of said semiconductor device{
20 flipping said semiconductor device-' |
mounting said semiconductor device onto tne
circuit board: and
heating sald semiconductor device-and'said circuit
boarq.' o
25
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25 ' - Amendnent Cl ains according to rule 19

What is Cained is: -1 (anended) A carrier conprising: 5

a substrate provided with a cavity area on one face;

first electrode provided at the bottom of said fil |THT@had’tﬁasB'bfen labkd
substrate; and : ' - a second el ectrode prOV|de face
of 10 said substrate; .. said first el ectro u@ ﬂ‘ ond
el ectrode .. 135&9E@Aeﬂ@@trL&ﬁMAhDA@dUpIed t hrough an openi

said bottom 15 . 2. (anended)23 carrier conprising:

a first electrode provided at one face of a substrat e; .

a second el ectrode provided on the other face of sai d substrate and

‘electrically coupled to said first 20 electrode provided on one face of
sai d substrate through &n A methopkrfory mount iyl atsemicomductonr device as. -
~a filling area provi-ded around said first el ectrode using said first
el ectrode addefinédtinnClain Sacomprising|stepsaofa bei ng nade of a control
material for controlling 25 a contact’ material which is bonded onto said
first el ectrode. - supplying a solder ball to the filling area formed
on the carrier of éaid'semiconductbr device; |
5. f;ipping sald semiconductor dévice;
mounting.said semiconductor device onto the
circuit board; and
heating_said semicthUGtor device and said circuit
‘board. | ' .- | .
10
8. A method.fo: mounting a semiconductor device.as_
definedlin Ciaims one of Claims 1 and 2-comprising Steps 6f:_
applying-adhesive to an, area which does not
require electrical coupling but the sémiconductor device and
15 circuit board contact at electrically coupling:of'thé
electfode-provided in the c§ncave portion gf_the darrigr for
semiconductor and the electrode of the circuit bdard;
mounfing the.semiconductor device dhto the circﬁit
‘board; and | |
20 _ l' heating fqr'501dering fhe semiconductqr dévice'and

ci;cuit board;

9. A metﬁod for mounting by forming a bonding
material, which bonds an electrode provided on a circuit

25 board héving a spécifiéd circuit and an electrode ¢f the

L
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3. (anended) A carrier as defined i-n Cla|n12 wherein said substrate
and said control material are nade of . naterlals havi ng different

f her mal expansion coefficient 5 rates. T d—anended) - A
carrier as defined in Caim 2, wherein a thermal exgang, &gﬂ oeff|C|ent
of said control material at the side of said substra cedhe
10 thermal expansi on coefficient of said substrate, and I
-expansi on cob339Ehidet JAAT/AMM2%| material is W

. thickness direction, toward close to the 24 thernal expan5|on coeff|C|ent
of said board on mhich to be - mount ed. 15 _ o _
sen conduct or devi ce having el ectri cal coupl i ng anong a,sen1conductor
el ement having a specified circuit and an el ectrode therein, said
el ectrode ofcimeuit boaxdiewrwichractemponentindisameuintede| dnteodn of a
“carrier -as 20 defined in one of ains 1 to 4. 6. (del eted)
7. (de|eted)hourglass shape withga| coregve central sectign §g§|bpg§;ngz5
(del et ed
%he electrode provided on said circuit board and the
electrode.of the component to be mounted on said circuit

5 board.

10. A mounted package made by forming a bonding
material which bonds an electrode provided on a circuit
‘board having a specified circuit and an electrode of the

10 '.circuit board on which_a-oomponent is mounfed, into an
hourglass shepe with a-coﬂcave central section for'oonding
the electrode provided on said circuit boerd and the
electfode of the component to be mounted on said circuit
board.

15
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