SEM CONDUCTOR DEVI CE AND METHOD OF MANUFACTURING THE SAME, CIRCUT
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Background of Art

With the recent increasingly compact nature of electronic
instruments, there is a demand for semiconductor device
packages appropriate for high-density mounting. In response to
this, surface-mounted packages have been developed, such as
Ball Grid Array (BGA) and Chip Scale/Size Package (CSP). With
such sﬁrface—mounted packages, a substrate is often used on
which a wiring pattern for connection to the semiconductor chip
is formed. Penetrating holes are formed in the substrate, and
external electrodes are often formed so as to project through
these penetrating holes from the surface opposite to that of
the wiring pattern.

With a semiconductor device to which a package of this
construction is applied, after mounting on the circuit board,
because of the difference in coefficient of thermal expansion
between the circuit board and semiconductor device, a stress
may be applied to the external electrodes, and cracks may form
in the external electrodes.

The present invention solves these problems, and has as
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its object .the provision of a sem conductor device and nethod of

manuf acture thereof, a circuit board, and an electronic instrument such
that cracks in the external electrodes can be prevented. 5 Disclosure of
the Invention (1) According to a first aspect of the present invention,
there is provided a sem conductor device conprising: a substrate in mhich
penetrating holes are forned; 10 a sem conductor chip having el ectrodes; a
conductive nmenber adhered on one side of the substrate by an adhesive

materi Al Queled BT LREWL AL, [ 20b o, £y LG AR RIcdS : HBGLU fathecnos

penetratlng hole trically connecte e el ec the
sem condygt qfa B Ak Qi d heh st ir op;@oga&@ulﬁbuartdhe S fa?rpeePéctpféﬁ'ﬂ adher ed

by the adhesive; and external electrodes which are provided through the

penetr at i;ng it euest Ehedl yacranectiand ke tlh@qovduetirs@esnBIRse and
extending as far as outside of the other side of the substrate; 20 wherein

a part ofppdhemdwesi ve material is interposed between internal wall
surfaces form ng the penetrating holes and the external electrodes within
the pénetrating holes. According to the present invention, external

el ectrodes are forned within penetrating holes, and between the external
25 eIectﬂlkﬁﬂiqgﬂ?epéﬁbﬂ$ﬂﬁ|ﬁﬁyQRﬂ¥9?.part of an adhesive material is

I nterposed. Therghof &, SfEE LN 3908l 48 MRLEN AL TR A nvention,

there is provided a semiconductor device comprising:
a substrate in which penetrating holes are formed;
10 . a semiconductor chip having electrodes;

a conductive member adhered on one side of the substrate
by an adhesive material over a particular region of the one side
including the penetrating holes, and electrically connected to
the electrodes of the semiconductor chip on the side opposite

15 to the surface of being adhered by the adhesive; and
external electrodes which are provided through the
penetrating holes, electrically connected to the conductive
member, and extending as far as outside of the other side of

the substrate;

20 wherein a part of the adhesive material is interposed
between internal wall surfaces forming the_penetrating holes
and the external electrodes within the penetrating holes.

According to the present invention, external electrodes
are formed within penetrating holes, and betweén the external

25 electrodes and penetrating holes part of an adhesive material
is interposed. Therefore, since the adhesive material forms a

stress absorption material, stress caused by differences in the
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stress absorption material, stress caused by differences in the 2
coefficient of thermal expansion with the circuit board (thermal stress)
and nmechani cal stress applied to the circuit board fromthe outside can be
absorbed. In this way, the occurrence of cracks in the external electrodes
can be 5 prevented. It should be noted that in the present invention, the
adhesi ve material may be continuous from between the substrate and
conductive nmenber to the internal wall surfaces of the penetrating holes,

or may exXodr SRt | BEoushyritd1 hiekphR@iohO REBRt rid Ngikehes. ®¥8drdn this
sem conductor device, a part of the adhesive material may enter and exi st

wi t hi n t hegreanellr atireg shohad. meéBan ACED Il rs 4 Qipb 1SieaDRS 8Epesirefithe
present invention, there is provided a sen conductor device conprising: 15
a substr aomidd fdwmehthenetutatiidyy dwh ebeaaddfoaetl;, Ia satiscorguct ohechi p
havi ng el ectrodes; a conductive nmenber directly formed over a particul ar
regi on i nodawdimepdeneofenetaeks ngrhokks extoemenal deelofctitmlesubshr abe, and
el ectrically connected to the el ectrodes of the 20 sem conductor chip; and
ext er fal refestsmtegfes which are provided through the penetrating hol es,

el ectrically connected to the conductive nmenber, and extending as far as

out si de of t he Iét Feoudifepmotatke distitattdre Brefriei Fryert &kobst Fhge i s

formed of a naterial of a higher )
adhesive material may be continuous from between the substrate

and conductive member to the internal wall surfaces of the
penetrating holes, or may exist discontinuously within the

10 penetrating holes.
(2) In this semiconductor device, a part of the adhesive

material may enter and exist within the penetrating holes.

(3) According to a second aspect of the present invention,
there is provided a semiconductor device comprising:

15 a substrate in which penetrating holes are formed;

a semiconductor chip having electrodes;

a conductive member directly formed over a particular
region including the penetrating holes on one side of the
substrate, and electrically connected to the electrodes of the

20 semiconductor chip; and
external electrodes which are provided through the
penetrating holes, elecﬁrically connected to the conductive
member, and extending as far as outside of the other side of
the substrate;
25 wherein the substrate is formed of a material of a higher
elasticity than the external electrodes; and

wherein protrusions are formed in the internal wall




elasticity .than the external electrodes; and wherein protrusions are forned
in the internal wall 3 surfaces of the penetrating holes by the naterial
constituting the substrate. According to the present invention, since
protrusions are fornmed in the internal wall surfaces of the penetrating
holes, 5 deformation is easier than with flat internal wall surfaces.
Therefore, stress caused by differences in the coefficient of thernal
expansion with the circuit board (thermal stress) and mechanical stress
appl i ed tsmrtflaees p€uitie pearet Hartdmat heleutlsy dde nahebéadbsordedtut inghi s
way, the occurrence of cracks in the 10 external electrodes can be
prevent edhe gubBdatatef. t he external el ectrodes may include a base portion
positioned within each of the penetrating holes and a projecting portion

proj ecting fromceasdioly tdenpeneisait iavehelion, ¢hecdpabrirasidnefatée base
portion being related to the 15 dianeter O of the projecting portion by O
< d. By tfhirme@ansthé Hetdirarat ealof stheaexs eshahecpettodeihg hdDés squeezed
by the penetrating hole, and no necking occurs. Therefore, stress caused
by di $f ederfoemaiti drhé sceeffiieei éhthnovithhétatl imkpansl omal tdutfecesrcuit
board (thermal stress) and 20 nechanical stress applied fromoutside the
circuit Bdsr¢ficgenostreshceansaddey dHrfd arrRNerR iy heecoefEiatrptialt he
external electrodes can be prevented. (5) According to a third aspect of

t he preséMermMpleRKPEASiophEl BhjShervcied Rogad d5RauRRSr SHEGFEL and

conpri si ng: . . . . .
al m%chanlcal stress applied to the circuit board from the outside

can be absorbed. In this way, the occurrence of cracks in the
10 external electrodes can be prevented.

(4) Each of the external electrodes may include a base
portion positioned within each of the penetrating holes and a
projecting portion projecting from each of the penetrating
holes, the diameter 4 of the base portion being related to the

15 diameter ¢ of the projecting portion by ¢ = 4.

By this means, the diameter of the external electrode is
not squeezed by the penetrating hole, and no necking occurs.
Therefore, stress caused by differences in the coefficient of
thermal expansion with the circuit board (thermal stress) and

20 mechanical stress applied fromoutside the circuit board is not

concentrated, and the occurrence of cracks in the external

electrodes can be prevented.

(5) According to a third aspect of the present invention,
there is provided a semiconductor device comprising:
25 a substrate in which penetrating holes are formed;
a semiconductor chip having electrodes;

a conductive member adhered on one side of the substrate




25 a substrate in which penetrating holes are forned; a sem conductor chip
havi ng el ectrodes; a conductive nmenber adhered on one side of the substrate
4 by an adhesive nmaterial over a particular region of the one side
including the penetrating holes, and electrically connected to the

el ectrodes of the sem conductor chip on the side opposite to the surface
of being adhered by the adhesive; and 5 external electrodes which are

provi ded through the penetrating holes, electrically connected to the
conduct i \y ap@dhesivvhnaseréadi oeng part hsubdbargiatd of of Hhorherssdee of
the substrate; wherein each of the external electrodes includes a base 10
portion pasiliiddmedtiptrene eegthing hode spenld redts Hor 19 sy apangctgdofect i ng
portion projecting fromeach of the penetrating holes, the dianeter d of

t he base {6+ €16AtREARS PEI BReF I TG AeterP @RoffNENeL 3R FRR2F hES por ti on
by 0 < d.. According to the present_invention, external electrodes 15 are

f or med V\,ittonitﬁ‘epé;r‘l’é%ra&tel r‘f’l& I'Fgellé’sg AL IR L R TPy h‘?"’rfev%"asaélé portion of the

exterpal electrodes is related to the diianeter O of_. the projecti ortion
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stress 2(5) cause erences 1 n e ‘coe cl en ermal expansi on

W th the deidicu ! igard (charimb ostbess) a1dsmmehani eal sthesssiggplied from

out si de Phe circuit boa 'S not concentrate e occurrence
cracks inHdegdignal. el ectrodes can be

wherein each of the external electrodes includes a base
10 portion positioned within each of the penetrating holes and a
projecting portion projecting from each of the penetrating
holes, the diameter 4 of the base portion being related to the
diameter ¢ of the projecting portion by ¢ = 4.
According to the present invention, external electrodes
15 are formed within penetrating holes. The diameter d of the base
portion of the external electrodes is related to the diameter
¢ of the projecting portion by ¢ = 4. In other words, the
diameter of the external electrodes is not squeezed by the
penetrating holes, and no necking occurs. Therefore, stress
20 caused by differences in the coefficient of thermal expansion
with the circuit board (thermal stress) and mechanical stress
applied from outside the circuit board is not concentrated, and
the occurrence of cracks in the external electrodes can be
prevented.
25 (6) The substrate may be an insulating substrate.

(7) The substrate may be a printed substrate.

(8) The external electrodes may be formed of solder.




prevented. .25 (6) The substrate may be an insulating substrate. (7) The
substrate nmay be a printed substrate. (8) The external el ectrodes may be
formed of solder. 5 (9) The outline formof the substrate may be | arger
than the sem conductor chip outline form (10) The el ectrodes of the

sem conductor chip may be electrically connected to the conductive nenber
through an 5 anisotropic conductive material having conductive particles
di spersed in an adhesive. (11) The el ectrodes of the sem conductor chip may

be el ectrical lpy)coppestefi 40 ftdl‘?n CENEHEL & Y6 RIDE M JJ‘%%UQQE%Eeéhan( 12)

According to a fourth aspect of the present Invention, 10 théere I's provided

a Circul te o dh i bl &b A & 4 (3@%1¥ﬁgxfg¥ﬁ[ sem conductor device is
nmount ed. (13) According to a fifth aspect of the present invention, there

is provided an (@lggctmani &1 ddstddsené £ haneng emie oabiaee o rdesary ety checui t
board. 15 (14) According to a sixth aspect of the present invention, there
i S provi dad e neididd, afornrpstdfatt tis | e acpaduean e imembedewiloyudlondii Si ng

a step of providing a substrate with an adhesive nmaterial provided on one
surfate tameirssdfro® & gtdeye tafvec arartyd mige oUtapire heorgildeoive past dele$ t he
substrate on which the adhesive material is provided, and in the direction
of the osdcFamsesd da taveragddies ieer eby penetrating

(11) The electrodes of the semiconductor chip may be

electrically connected to the conductive member through wires.

(12) According toa fourth aspect of the present invention,

10 there is provided a circuit board on which the above described
semiconductor device is mounted.

(13) According toa fifth aspect of the present invention,

there is provided an electronic instrument having the above

described circuit board.

15 (14) According to a sixth aspect of the present invention,
there is provided a method of manufacturing a semiconductor
device, comprising:

a step of providing a substrate with an adhesive material
provided on one surface thereof;

20 a step of carrying out punching from the side of the
substrate on which the adhesive material is provided, and in
thedirecthm1oftheoppositesidethereof,wherébypenetrating
holes are formed and a part of the adhesive material is drawn
into the penetrating holes;

25 a step of adhering a conductive member over a particular
region on the one surface including the penetrating holes on

the substrate through the adhesive material;



hol es are forned and a part of the adhesive material is drawn into the
penetrating holes; 25 a step of adhering a conductive nenber over a
particular region on the one surface including the penetrating holes on
t he substrate through the adhesive material; 6 a step of providing a
material for formng external electrodes on the conductive nenber, and
formng external electrodes through the penetrating holes and the inner
side of the part of adhesive material drawn into the penetrating holes 5
to project from tdweersusf apeoopddagt & twatéeisur tace fafrntihgy sxibstnale on
whi ch the conductive nmenber is formed; and a step of electrically
connect i rd esdtecidesdesn otha emuwecdridiectenlodr p todt Hemdnducex vernahber .
According to the present invention, when the substrate 10 is punched and
t he penetalstdtnpdes sébranghf bhempeneatrathiang dued est and Pae tingfent kédedhesi ve
material can be drawn into the penetrating holes. Wen the external

el ect r odéheapartop freafihasirtsu gia tefd agedsayvat imee fdleepenehratpasthoieshe
adhesive materjial is interposed between the external electrodes and 15
penet Pat ity HHEHiact WWxomt Heet husfepeaPRRASIER] EOndh& crufafe et the
adhesive material acts _as a stress absorption material, an t herefore
stress cAYSEFHFIFF eferides e thfﬂéi‘bco'ialf‘% dEhe oS thrhed: eXBAnsi on with
the circuit board (thernmal stress) d nechanjcal stress applied from
outsi de the ci rach’EeBoacf Fieﬁgréb‘?gﬁb’ed?o%ﬂﬁc h%gocec]Lﬁcrtechg&bf Ogr aks in
the ext ersrzaal'rlico%deucc:tgoordec icpaq:obg:lpg ecvoennéuecqiive member.

According to the present invention, when the substrate

10 is punched and the penetrating holes are formed, at the same
time part of the adhesive material can be drawn into the
penetrating holeé. When the external electrodes are formed
through the penetrating holes, this part of the adhesive
material is interposed between the external electrodes and

15 penetrating holes. With the thus obtained semiconductor device,
the adhesive material acts as a stress absorption material, and
therefore stress caused by differences in the coefficient of
thermal expansion with the circuit board (thermal stress) and
mechanical stress applied from outside the circuit board is

20 absorbed, and the occurrence of cracks in the external

electrodes can be prevented.

(15) According to a seventh aspect of the present
invention, there is provided a method of manufacturing a
semiconductor device, comprising:

25 a step of providing a substrate of a material of a higher
elasticity than external electrodes, having penetrating holes

in which the internal wall surfaces have protrusions, and having



(15) According to a seventh aspect of the present invention, there is
provi ded a nethod of manufacturing a sem conductor device, conprising: 25
a step of providing a substrate of a material of a higher elasticity than
external el ectrodes, having penetrating holes in which the internal wall
surfaces have protrusions, and having 7 a conductive nenber directly
formed over a region including the penetrating holes; a step of providing
a material for formng external electrodes on the conductive nenber, and
form ng extenaattibealeadidawdesekchnoupbrihde opeich maddigh hakeadtiagptwé ect
fromthe surface opposite to the surface of the substrate on which the
conduct i wenrsmagrings Hodresed; and a step of electrically connecting

el ectrodes of a sem conductor chip to the conductive nenber. 10 According
to the present a ratsn | oh, pspPEG¢dipgota usa basial efotorfiethiing tdvet ¢ nbh&l nal

wal | surfaces of the penetrating holes, deformation is easier than with
flat int@legtngslds i f Bees confinartdfver enenbess asadsddrinyingi féxerermas in t he
coefficient of thermal expansion with the circuit board (thermal stress)
and 18 mediegtireslesstthasyghipsheesenetrpéinor baleshbareréienatt frromuté de can
be absorbed. In this way, the occurrence of cracks in the external

el ect r odETERTHEPPPEYERL BE. A uTiRCttthddof uRahGR ALt ORI Wyl ¢hethe

sem conductor device may further conprise a step of punching the substrate

before SEIWE EIFITEMOSE denf&rmed 't @fed, wherein a part of the substrate

a step of electrically connecting electrodes of a

semiconductor chip to the conductive member.

10 According to the present invention, since protrusions are
formed in the internal wall surfaces of the penetrating holes,
deformation is easier than with flat internal wall surfaces.
Therefore stress caused by differences in the coefficient of
thermal expansion with the circuit board (thermal stress) and

15 mechanical stress applied to the circuit board from the outside
can be absorbed. In this way, the occurrence of cracks in the
external electrodes can be prevented.

(16) The method of manufacturing the semiconductor device
may further comprise a step of punching the substrate before

20 the conductive member is formed, wherein a part of the substrate
is dfawn into the penetrating holes and the protrusions are
formed.

By this means, in the step of punching, the protrusions
can be formed simply.

25 (17) In this method of manufacture, the penetrating holes
may be formed by a laser.

When a laser is used, the protrusions occur naturally.



is drawn into the penetrating holes and the protrusions are

fornmed. By

this neans, in the step of punching, the protrusions can be fornmed sinply.

25 (17) In this nethod of manufacture, the penetrating hol es

may be forned

by a | aser. Wen a |l aser is used, the protrusions occur naturally. 8 (18)
In this nmethod of manufacture, the penetrating holes may be forned by wet

et ching. When wet etching is applied, the protrusions occur

naturally. 5

(19) In this method of manufacture, wherein each of the external

el ectrodes inclygesr HasenPORLAYE RISLELORGW (UL Ben@RG tQh gt

penetrating holes and a projecting portion projecting from eac o?sthe
penetrat g, MY eSruddie ¥ 8t e thi®y. the base portion being related to the
diameter O of the 10 projecting portion by O < d. By this nmeans, the

di ameter of thenhext efédal eelk®Gngodes abpiaeld,saueezedyulshenpenstsati ng

hol es, and no necking occurs. Therefore, stress caused by differences in

t he coef a1 19f. thermal expansion with the circuit board (thernal
stress) and 15 nmechanical stress applied fromoutside the circuit board is
not @8oncentrat(@éd,) andthhe nechwd ent marfu farcaoks: | whidhre iextechabf ehectrodes
can be prevented. (20) According to an eighth aspect of the present

i nvent i orextelrared pdeproodgedinchedhdch dfa seapafrddom pagisioned within

each of the penetrating holes and a projecting portion

projecting from each of the penetrating holes, the diameter 4

10

15

20

of the base portion being related to the diameter ¢ of the
projecting portion by ¢ = 4.

By this means, the diameter of the external electrodes
is not sgqueezed by the penetrating holes, and no necking occurs.
Therefore, stress caused by différences in the coefficient of
thermal expansion with the circuit board (thermal stress) and
mechanical stress applied from outside the circuit board is not

concentrated, and the occurrence of cracks in the external

electrodes can be prevented.

(20) According to an eighth aspect of the present
invention, there is provided a method of manufacturing a
semiconductor device, comprising:

a step of providing a substrate in which penetrating ho.les
are formed and a conductive member is formed over a region
including the penetrating holes;

| a step of providing a material for forming external
electrodes on the conductive member, and forming external
electrodes through the penetrating holes to project from the

surface opposite to the surface of the substrate on which the



20 sem conduct or device, conprising: a step of providing a substrate in

whi ch penetrating holes are formed and a conductive nenber is forned over
a region including the penetrating holes; a step of providing a materi al
for formng external 25 electrodes on the conductive nenber, and form ng
external el ectrodes through the penetrating holes to project fromthe
surface opposite to the surface of the substrate on which the 9 conductive
menber is forned; and a step of electrically connecting el ectrodes of a

sem condaohducthivie trenilee dendueiede rmider; wherein each of the external

el ectrodes includes a base 5 portion positioned within each of the
penetrating hobhessttew &f pedbpectringlpertcamerioirgt ielgdtredesachfofat he
penetrating holes, the dianeter d of the base portion being related to the
di anet er semgfondacpiog] edtipndgopdhiei conidpcl ide Wetntbear ;seni conduct or devi ce
fabricated according to the 10 present invention, the diameter d of the

base portion ofmbheinextEhned @leekiades i 81eekabadst ontheadiagaigse O of
the projecting portion by O < d. In other words, the dianeter of the

ext erhal pelreé¢bhodesiktsonet’ ﬁﬂﬂ@ﬁﬂeﬂuhycﬁheh@eﬁehéa&am@nbOhGSes and £€10
necki ng occurs. Therefore, stress caused by differences 15 in the

coeffi ci pmpjeftingr malr teomarnsiareati ittty t freogi egaht offodmhe Hdrtermetisd r ess)
and nmechani cal stress applied fromoutside the circuit board is not
concent r pdés. ahtie adiame eau|d ofhehe dease mortd wf berdagksel ateletexthes nal

el ectrodes can be <
diameter ¢ of the projecting portion by ¢ = 4.

With a semiconductor device fabricated according to the
10 present invention, the diameter d of the base portion of the
external electrodes is related to the diameter ¢ of the
projecting portion by $ = d. In other words, the diameter of
the external electrodes is not squeezed by the penetrating holes,
and no necking occurs. Therefore, stress caused by differences
15 in the coefficient of thermal expansion with the circuit board
({thermal stress) and mechanical stress applied fromoutside the
circuit board is not concentrated, and as a result the
occurrence of cracks in the external electrodes can be
prevented.
20 (21) The substrate may be either of an insulating film
and a printed substrate.
(22) The material for forming external electrodes may be
solder.
(23) The method of manufacturing a semiconductor device
25 may further comprise a step of punching the substrate around
the semiconductor chip, after the step of electrically

connecting electrodes of the semiconductor chip to the

10



prevented. .20 (21) The substrate may be either of an insulating film and a
printed substrate. (22) The material for form ng external electrodes may be
sol der. (23) The nethod of nmanufacturing a sem conductor device 25 may
further conprise a step of punching the substrate around the sem conductor
chip, after the step of electrically connecting electrodes of the

sem conductor chip to the 10 conductive nenber. (24) In the step of

el ectrically connecting the electrodes of the sem conductor chip to the
conduct i @ iR 8re mdips ectrodes may be connected to the conductive
menber through 5 an ani sotropic conductive material having conductive

particles dispeusedrnn @ReadbespVeot (28)edtrib£1 By PcinSEELAS] CahdY
connecting the electrodes of the sem conductor chip to the conductive

menber, efike telodels 6deshaayenie chd@ureeiredhip tdeheosdhattyevaaidmset hrough
10 wires. Brief Description of Drawings Fig. 1 is a cross-sectional view of
a first emeoellaentodes nalyebsevnaerdedt o5 ttewtasiudt Oge m2Abamck 2B wdiow t he
met hod 15 of manufacturing the first enbodi nent of the sem conductor

devi cé; RinganBsshoesia amdivdicats natefiaheradviiret cenodicaertpaftiches

sem conductor device; Fig. 4 is a cross-sectional view of a second

enbodi neldt serTERE déniadorrdli@divedevi ce; Fig. 5 shows

(25) In the step of electrically connecting the
electrodes of the semiconductor chip to the conductive member,
the electrodes may be connected to the conductive member through

10 Wires.

Brief Description of Drawings
Fig. 1 is a cross-sectional view of a first embodiment
of the semiconductor device; Figs. 2A and 2B show the method
15 of manufacturing the first embodiment of the semiconductor
device; Fig. 3 shows a modification of the first embodiment of
the semiconductor deyice; Fig. 4 is a cross-sectional view of
a second embodiment of the semiconductor device; Fig. 5 shows
a third embodiment of the semiconductor device; Fig. 6 shows
20 a fourth embodiment of the semiconductor device; Fig. 7 is a
cross-sectional view of a fifth embodiment of the semiconductor
device; Figs. 8A and 8B show the method of manufacturing the
fifth embodiment of the semiconductor device; Fig. 9 shows the
method of manufacturing the fifth embodiment of the
25 semiconductor device; Fig. 10 shows the method of manufacturing
the fifth embodiment of the semiconductor device; Fig. 11 shows

a circuit board on which is mounted the present embodiment of

11



a third enbodi nent of the sem conductor device; Fig. 6 shows 20 a fourth
enbodi nent of the sem conductor device; Fig. 7 is a cross-sectional view
of a fifth enbodi ment of the sem conductor device; Figs. 8A and 8B show
the nethod of manufacturing the fifth enbodi nent of the sem conduct or
device; Fig. 9 shows the nethod of manufacturing the fifth enbodi nent of
the 25 sem conductor device; Fig. 10 shows the nethod of manufacturing the
fifth enbodi nrent of the sem conductor device; Fig. 11 shows a circuit

board on a"‘%%&é%?ﬁﬁgﬁggk?d 4\ U esenly es“Pfdi BNt s O ws 1312 éf@lEPﬁHi‘St or

devi ce; and ows an el ectronic nstrunent provided wth a circuit

board on i Ghidch M EGied RE i @S8R RTROGLARAL off wRiSRM SORGYSEOE
device. 5 Best Mdde for Carrying Qut the Invention The present invention is

now descriRedidbditf MmpYa BhedWB¥era of erf &880 €L £TdOF dents, with
reference to the drawings. 10 First Enbodinment Fig. 1 shows a first

enbodi nent of the sem conductor device. A sem conductor device 10
conprises a senm conductor chip 12, being an exanple of a sem conductor

chi p, 5an®emt Modulfain rariyimdgl Qutbeihy Bnvexaigh e of a substrate, to which
15 the CSP type of package is applied. On the insulating film214 are

f ormed ext er nalThel axtesies 6y empdon hes sapivc dedgatidedcHinp termshast aa
plurality of electrodes 13. In Fig. 1, the electrodes 13 are fornmed on
only two o t ©fsi Besferrefe eehedbremesor Yith p reZerisiceas tPs el

known, ngy equal ly be formed on four
rawlings.

10 First Embodiment
Fig. 1 shows a first embodiment of the semiconductor
device. A semiconductor device 10 comprises a semiconductor
chip 12, being an example of a semiconductor chip, and an
insulating film 14, being an example of a substrate, to which
15 the CSP type of package is applied. On the insulating film 14
are formed external electrodes 16, and the semiconductor chip
12 has a plurality of electrodes 13. In Fig. 1, the electrodes
13 are formed on only two opposite sides of the semiconductor
chip 12, but as is well known, may equally be formed on-four
20 sides.
The insulating film 14 is formed of a polyimide resin or
the like, and has a plurality of penetrating holes 14a. As the
substrate formed of polyimide resin may be used one such that

for example:

Coefficient of thermal expansion = 12 ppm/Tj

Modulus of elasticity = 900 kg/mm’

12



20 sides. The insulating film14 is fornmed of a polyimde resin or the

i ke, dnd has a plurality of penetrating holes 14a. As the substrate
formed of polyimde resin may be used one such that for exanple: 25
Coefficient of.thermal expansion = 12 ppmiC Mdulus of elasticity = 900
kg/mR2 12 O one such that: Coefficient of thermal expansion = 20 ppmiC 5
Modul us of elasticity = 302 kg/mMm®2 To one surface of the insulating film 14
is adhered a wiring pattern 18, being an exanple of a conductive el enent.
In nore detail, the wiring pattern 18 is adhered to the insulating film 10
14 by an adhesive 17. As the adhesive 17, being an exanple of an adhesive
mat eri al grwee disad g -such that: Coefficient of thermal. expansion (50
to 150C) = 70 to 165 ppm C 15 Modul us of elasticity (150 - C =0.11t0 0.9
x 108 Pa Elongation after fracture = 13 to 29% And may be used one such
that for exanple: 20 Coefficient of thermal expansion (50 to 150 C) = 70
ppm C  Mbdul us ofe fefliasiteinti iof (cheGmad) explnls bonlG8 2Ra pdnphgati on after
fracture = 21% A part of the adhesive 17 enters the penetrating holes 25
14a. Bt shoul d Modluletsed ft led@sitd qiltace 02 bk /adfiesi ve 17 nay

To one surface of the insulating film 14 is adhered a wiring
pattern 18, being an example of a conductive element. In more
detail, the wiring pattern 18 is adhered to the insulating film
10 14 by an adhesive 17. As the adhesive 17, being an example of

an adhesive material may be used one such that:

Coefficient of thermal expansion (50 to 150 C) = 70 to

165 ppm/t:
15 Modulus of elasticity (150 C) = 0.1 to 0.9 x 10° pPa
Elongation after fracture = 13 to 29%

And may be used one such that for example:

20 Coefficient of thermal expansion (50 to 150 OC) =170 ppm/QC
Modulus of elasticity (150 C) = 0.1 x 10° Pa

Elongation after fracture = 21%

A part of the adhesive 17 enters the penetrating holes
25 l4a. It should be noted that in place of the adhesive 17 may
be used an adhesive tape or the like. The wiring pattern 18 is

formed so as to pass over the penetrating holes 14a, and although

13



be used an .adhesive tape or the like. The wiring pattern 18 is forned so
as to pass over the penetrating holes 14a, and although 13 not shown in
Fig. 1, the portions including the position over the penetrating holes 1l4a
are lands of greater width than other portions. Further, in the insulating
film14 external electrodes 5 16 are forned, through the penetrating hol es
1l4a, on the wiring pattern 18 (belowin the figure) . The external

el ectrodes 16 include base portions 16a bonded to the wiring pattern 18 at

posi ti ong oW LRiAnt . pEge 1rateh%gp'zsq't%nﬂs‘l@ncaﬂqéﬁgomg_t%5‘91tP&Htw 16D

projecting fromthe insulating film14 on pposite srde to

Wi ring p%thteefgnégralzinét}ﬁﬂéjs fi@anﬁ@qatda%t ofedq;@i@é‘f wRH FRIRS é}@eflf e

formed of solder, copper, nickel or the like. In this enbodlnent as
shown i npertagement in Fig. 1, ‘a part of the adhesive 17 is |nterposed
bet ween the base portions 15 16a of the external electrodes 16 and the
penetrating holFasthéa., By oRansnefilabisgpaiimofs tderathesianedirodds €SS
(thermal stress or nechanical stress) applied to the external el ectrodes
16 is5 ahsoabedorfiesd, sthessgbf tiea pereunrs tienhbheat i4a appl thd,wianihg
therefore the adhesive 17 is required to have a degree of 20 flexibility
and el asPRgiteynaf 8| éastowhén Reatfigunmpbl iBee strcternsl tol¢ameeden 1® absorb

the stress. On each part of the mnrlng pattern 18 is formed a projection
18a. Thelprdjdet Pass PoataPEst P ArHORBeBokP ekhontiring Pt eErt¥drs 13 of

t he sem conduct or cmé% 12. As a result, i .
positions within the penetrating holes 14a, and projecting

portions 16b projecting from the insulating film 14 on the

10 opposite side to the wiring pattern 18. It should be noted that
external electrodes 16 are formed of solder, copper, nickel,
or the like.

In this embodiment, as shown in enlargement in Fig. 1,
a'part of the adhesive 17 is interposed between the base portions

15 16a of the external electrodes 16 and the penetrating holes 14a.
By means of this part of the adhesive 17, stress (thermal stress
or mechanical stress) applied to the external electrodes 16 is
absorbed. The stress often occurs when heat is applied, and
therefore the adhesive 17 is required to have a degree of

20 flexibility and elasticity at least when heat is applied such
as to function to absorb the stress.

On each paft of the wiring pattern 18 is formed a
projection 18a. The projections 18a are formed to correspond
to the electrodes 13 of the semiconductor chip 12. As a result,

25 if the electrodes 13 are arranged on the four sides of the
periphery of the semiconductor chip 12, the projections 18awill

also be arranged along the four sides. The electrodes 13 are

14



25 if the electrodes 13 are arranged on the four sides of the periphery of
the sem conductor chip 12, the projections 18awi |l also be arranged al ong
the four sides. The electrodes 13 are 14 electrically connected to the
projections 18a, and through the wring pattern 18 are conductively
connected to the external electrodes 16. By the formation of the
projections 18a, a wide gap can be fornmed between the insulating film 14
and the 5 sem conductor chip 12 or between the wiring pattern 18 and the

Se”‘Condgﬁﬁéytﬁigbﬁ1¥2coghgcgkﬁcﬁé'ﬂﬁg pEB?Q@EEbHE Pfa t 65£ﬁ9558ﬂ??&§ and

projection | 8ai sachieved by meansof an ani sotropic conductive

bei ng an.@xamy galkean 28I 8oL OBhGuELNYUEY ¥8nHBI:€éBa£o tllQeTé}&éﬂéPtrOpl c
conductive film20 conprises conductive particles such as netal fine

particl es1@dickperdesedisn By asd @olrha tiaeb f f o dnp NY5est diltth ANisS0t & OPi &e
conductive film20 is conpressed between the el ectrodes 13 and projections
18a, thegapontitctb&e fpatmidc|astvwsen akke dorpnesied, formi pg eectthsal 15
connection between the two. Wen the ani sotropic conductive film20 is
used, 5t he epdrdncuicre rpahipcl 29w bedwetenetbetwixing padriern n8t Aeddilect i on
in mhlch they are conpressed, and do not conduct electricity in other
d|rectloﬁ§mlﬂ§néuﬂé§ﬁlph1@véﬂ -when the sheet-form ani sotropic conductive
film20 is adhered on the 20 plurality of electrodes 13, there is no

el ectrical con’n"@@tlﬁﬂec‘b%’f% kN CRIRREHOTof Of het? e@liesdd® 3. 1Bn an above

descri bed exampl.e, e, pro ectio 18a are_ forned on the wiring pattern
18, but 8&8&@F§1°B ey%él (peanscﬁfananlsotroplcconductlve

film 20 being an example of an anisotropic conductive material.

10 The anisotropic conductive film 20 comprises conductive
particles such as metal fine particles dispersed in a resin in
sheet form. When the anisotropic conductive film 20 1is
compressed between the electrodes 13 and projections 18a, the
conductive particles are also compressed, forming electrical

15 connection between the two. When the anisotropic conductive
film 20 is used, the conductive particles conduct electricity
only in the direction in which they are compressed, and do not
conduct.electricity'in other directions. As a result, even when
the sheet-form anisotropic conductive £ilm 20 is adhered on the

20 plurality of electrodes 13, there is no electrical connection
between adjacent of the electrodes 13.

In the above described example, the projections 18a are
formed on the wiring pattern 18, but equally, bumps may be formed
on the electrodes 13 of the semiconductor chip 12, and in this

25 case, the projections 18a do not need to be formed on the wiring
pattern 18.

In this embodiment, the anisotropic conductive film 20



on the electrodes 13 of the sem conductor chip 12, and in this 25 case, the
proj ections 18a do not need to be forned on the wiring pattern 18. In this
enbodi ment, the anisotropic conductive film20 15 is formed only between
the el ectrodes 13 and projections 18a and in the vicinity thereof, but it
may equally be fornmed only between the electrodes 13 and projections 18a,
or may be fornmed over the whole surface of the sem conductor chip 12,

including 5 the region in which a resin 22 described belowis injected. In
the gap fiQf g et weeh HReweRaukal! BYetLLBLLE. @@dahﬁe%ré?&&EPMHCi@é chip
12, aresin 22 1s injécted froma gel injection aperture 24. It should be

noted thgindhienthbe, i &N SO} AR ONBUEL i ¥endy | 8@ 18 bleOEBBHc@VER1F he
whol e surface 10 of the sem conductor chip 12 the injection aperture 24 is

not necesSaidbn 8RE dMEECOVSded N8 shem ) ddy Bsid N at, heér MRSt Be2fotBed NOL
required. If as the resin 22 is used a material with a | ow Young' s

nodul us anckmrmnhabiholy durfasopll shé esamiddedud toBaddiitd 0P, tincIhbdihe Stress
absorption function of the adhesive 17, further stress absorption can be
achi eved.tHeorrempizmpliay wWhialsiangre ol V¥ ridks greidied séloworne ymeseqtedi| i cone
denatured polyimde resin, epoxy resin, silicone denatured epoxy resin,
acrylic resinInahbesea® drqumed petwesinnthe brovlabesng Siledd apdokheion 20
function. Next, the princjpal steps in the nethod of manufacturing _the
present EfFHAIREINCEAT tFiRedfcofdute DI dévi de 1bnjpeted from a gel

injection aperture 24. It should be noted that when the
anisotropic conductive film 20 is formed over the whole surface

10 of the semiconductor chip 12 the injection aperture 24 is not
necessary, and moreover the step of injecting the resin 22 is
not required.

If as the resin 22 is used a material with a low Young's
modulus and an ability tb absorb stress, then in addition to

15 the stress absorption function of the adhesive 17, further
stress absorption can be achieved. For example, by using
polyimide resin, silicone resin, silicone denatured polyimide
resin, epoxy resin, silicone denatured epoxy resin, acrylic
resin, and so forth, the resin 22 provides a stress absorption

20 function.

Next, the principal steps in the method of manufacturing
the present embodiment of the semiconductor device 10 are
described.

First, the insulating film 14 with the adhesive 17

25 provided on one surface is taken, and penetrating holes 14a are
formed in the insulating film 14. This step is shown in Figs.

2A and 2B. More specifically, as shown in Fig. 2A, first, a punch

16



described. [First, the insulating film14 wth the adhesive 17 25 provided
on one Surface is taken, and penetrating holes 14a are forned in the
insulating film214. This step is shown in Figs. 2A and 2B. Mre
specifically, as shown in Fig. 2A, first, a punch 16 1 and a die 2 are

di sposed on the side on which the adhesive 17. In this figure, the
insulating film21l4 is positioned with the surface having the adhesive 17
uppernost, and the punch 1 is positioned above. It should be noted that

the insulating of igi 3 44el §19BHBEGI-ANReSYPRAT bn "Phi SOV | duhbgs F&gure.
Then as shown in Fig. 2B, the insulating film14 is penetrated by the

punch .1 ard pgRet FagLpg, holes nda Alied aried.14The pyschidnks Wutded by
the die 2, and drags in the adhesive 17 as it penetrates the insulating

film1l4. Ae aurgsilet hapahly ohetddhashesi ve ubbdrnaltawant0thet puhbre interi or
of the penetrating holes 14a. The adhesive 17 drawn into the penetrating
hol es 144 sd0pésinbbnedtabaverhen sHe phaaivtled shaitt tide dwsu bt ngefril ns
within the penetrating holes 14a. It should be noted that in order for the
adhesbve 141 7stmpuret aif awr ismppotritenpesdiowat ingHwfégut4a, Then s phever abl e
15 for there to be a clearance of the order of 10 to 50 ,u m between the
punch 1 dmdFdigde 2B.Pebeeiadilating thelmdfe its peneiaetedebpgenberadnely hol es
14a are forned, a gel injection aperture 24 is also forned in the

i nsul atidg fPAnPeretIptFRENN L dddiFc el PFMRAsuthe Rt dpparatbiedi s

adhered Lo fhest 0o Al NG LEEM A 4n A 0dn2Y: SLODh g YRS UL NG B ERLN

insulating film 14. As a result, part of the adhesive 17 is drawn
10 into the interior of the penetrating holes 14a. The adhesive
17 drawn into the penetrating holes 14a does not return when
the punch 1 is withdrawn, but remains within the penetrating
héles 14a. It should be noted that in order for the adhesive
17 to be drawn into the penetrating holes 14a, it is preferable
15 for there to be a clearance of the order of 10 to 50 4 m between
the punch 1 and die 2.
Preferably, at the same time that the penetrating hoies
l4a are formed, a gel injection aperture 24 is also formed in
the insulating film 14.
20 Then a conductive f£film such as a copper foil is adhered
to the insulating film 14, and by etching the wiring pattern
18 is formed. By masking the region of formation of the
projections 18a and etching so that other portions are made thin,
when the mask is removed, the projections 18a can be formed.
25 Next, the anisotropic conductive film 20 is adhered on
the insulating film 14 over the projections 18a. In more detail,

when the plurality of projections 18a are arranged along two

17



18 is forned. By masking the region of formation of the projections 18a
and etching so that other portions are nmade thin, when the mask is
renoved, the projections 18a can be formed. 25 Next, the anisotropic
conductive film20 is adhered on the insulating film 14 over the
projections 18a. In nore detail, when the plurality of projections 18a are
arranged along two 17 opposing sides, the anisotropic conductive film 20
is adhered in tw parallel strips, and when the projections 18a are

arr anged o?gmr%ggg&d%isqe§het§rg}%%ga;%{g%@e Uct ipeg f %nlzo%%ﬁé aghered

so as to describe a correspont . 5 In thi's way, t above
descri bed 4 nsyd aphrg1hikh M-y, PLEESEH ANt Ghd hSré?QEE?QHECtl%radc%tg 12

such that the projections 18a and el ectrodes 13 correspond, an

ani sot r opirGangadegbnyerbiul i 2ded S HHMAMASIRG Y d BBnALLKLEGE PRSm1Be and
el ectrodes 13. In this way, electrical connection of the 10 projections

18a and dlsecighedesi kD ean tee aofurerd.a .cdNexdspdebiny iredtymsied fromthe
gel injection aperture 24, and the resin 22 is forned between the
insulating fil Mnl4hiandavhetbemabondudésecrithed i2suTheinghf blghl4 hes
penetrating holes 14a, solder is 15 disposed on the wiring pattern 18, and
bal | - shapaeseedermbd thel eemi oeedudboncd ol rsdchvbrat speafapad tions or
exanple, a solder paste is used to print the solder, or solder balls are
di sposed 18@ t BBAwni PLARGEpACLEr n118 SOTTRGPORAe eXB@rndle ARkIQERRiA6 are

formed. 20 By neans qof these processes, the sem conductor device 10
conductive film 20 is compressed by the projections 18a and

electrodes 13. In this way, electrical connection of the

10 projections 18a and electrodes 13 can be achieved.

Next, resin is injected from the gel injection aperture
24, and the resin 22 is formed between the insulating film 14
and the semiconductor chip 12.

Then through the penetrating holes 14a, solder is

15 disposed on the wiring pattern 18, and ball-shaped external
electrodes 16 are formed. More specifically, for example, a
solder paste is used to print the solder, or solder balls are
disposed on the wiring pattern 18 so that the external
electrodes 16 are formed.

20 By means of these processes, the semiconductor device 10
can be obtained. It should be noted that in this embodiment,
the anisotropic conductive film 20 is used, but in place of this
an anisotropic conductive adhesive may be used. Except for the
fact that the anisotropic conductive adhesive is not in sheet

25 form, it has the same construction as the anisotropic conductive
film 20.

According to this embodiment, since the adhesive 17 1is

18



can be obtained. It should be noted that in this enbodi nent, the

ani sotrbpi ¢ conductive film20 is used, but in place of this an

ani sotropi ¢ conductive adhesive may be used. Except for the fact that the
ani sotropi c conductive adhesive is not in sheet 25 form it has the sane
construction as the anisotropic conductive film20. According to this
enbodi nent, since the adhesive 17 is 18 present between the external

el ectrodes 16 and penetrating holes 14a formed in the insulating film 14,

t I £ L ice t I
ZIggffoggqggggtcéﬁﬂﬁgﬁgbsong%P@Q%ﬁgid%?ggg§é8?gﬁn sucdpé;consxéﬁgggon
5 descrihed @bqu% ffo%e@d%s't\ﬁ% 10 i 484 npafor ehandd on

insulating film 14, and a step is carried out of punching the penetratlng

hol es 143 tire@® éhaethd® iRk 1t fer88besip ikh t&fcﬂe%ﬁteﬂﬁamselééma@@eous
wi th the punching of the penetrating holes 14a, part of the adhesive 17

can be dnawBahb® dUw fyEt tat bhger 16o sy ©Fi nl4@dchFh Ocods SPO¥WBidn, as
nodi fication of this enbodinent. In this nodification, the adhesive 17

does Mot dentelibeldeapenet rtdteé aghelzdlves 114as iprdvididdnbelfatriehgntd bm tile and
the external electrodes 26 have a particular form Since it is not
necessar ynkglathagl§idghesi vend & tsdeantier celieipdneut oo f mpuhoh bsg It a
printed circuit board not having the adhesive 17 can be used in place of
t he i nsuPgbppigating hales d4anifsomatee gite gifabke @dhpsgfva A .bBBeClpF ti on

26a of the external electrode 26 and the diameter O of the projecting
means, simultaneous with the punching of the penetrating holes

l4a, part of the adhesive 17 can be drawn into the penetrating
10 holes 14a.

Fig. 3 shows a modification of this embodiment. In this
modification, the adhesive 17 does not enter the penetrating
holes 14a in the insulating film 14, and the external electrodes
26 have a particular form. Since it is not necessary fof the

15 adhesive 17 to enter the penetrating holes 14a, a printed
circuit board not having the adhesive 17 can be used in place
of the insulating film 14.

In this case, the diameter d of the base portion 26a of

the external electrode 26 and the diameter ¢ of the projecting
20 portion 26b are such that the relation

¢ =4
holds. In other words, the base portion 26a positioned in the
extremity of the openings of the penetrating holes 1l4a is
approximately equal to the projecting portion 26b projecting

25 from the insulating film 14 on the periphery of the penetrating
hole 14a, or alternatively the base portion 26a is larger than

the projecting portion 26b. Inparticular, it is preferable that

19



20 portion.26b are such that the relation O < d holds. In other words, the
base portion 26a positioned in the extremty of the openings of the
penetrating holes 14a is approxinmately equal to the projecting portion 26b
projecting 25 fromthe insulating film 14 on the periphery of the
penetrating hole 14a, or alternatively the base portion 26a is |arger than
the projecting portion 26b. In particular, it is preferable that 19 the
two are approximately equal. In this way, going fromthe projecting

portion 28R kQo! B2ePa56, B haPH1 ¢8R NECKATILALL Mial S 5 BYSNLES, TLpIM bel ng

formed. According to IS constructron, sincet ctrodes 26

do not havejachecledoieiBh 56688 aRB! bedet fotPEonexterNale Sl &ELFOHRS 26 is
not concentrated. Mreover, the stress is distributed, and cracks can be

prevent eds pirevikouled fRemNdketgt Falrmda.t he construction in which the
adhesive 17 enters the penetrating holes 14a is adopted, the stress

absorpti on 10Aeapalihit yto s thikt heonevhadeedn, Tha ded heHeofestamfact ure i s
the sane as in the above described enbodi nent. However, since a step of
causing ehectaddesi 6 dY nax datver atieclpedeiamat.i sy rfeglseaphdaedstaathe
necessarily required, the direction of punching the penetrating 15 holes
1l4a i s néxtesspldi qlaftimsiesexafpie, 0ot f opntegtraceds r Mogeoyairt erthel8 on
the insulating film 14 by sputtering, the adhesive 17 may be omtted in
t hi s nodifiressi 6. dipweeitedt and wiaakfe cagabe phaverhedadhesihaullyy is
revented from bejn esent

P ge noted t a% ipg the construction in which the adhesive 17 enters

the penetrating holes 14a is adopted, the stress absorption

10 capability is further enhanced.

The method of manufacture is the same as in the above
described embodiment. However, since a step of causing the
adhesive 17 to enter the penetrating holes 14a is not
necessarily required, the direction of punching the penetrating

15 holes 14a is not restricted. For example, by forming the wiring
pattern 18 on the insulating £film 14 by sputtering, the adhesive
17 may be omitted in this modification. However, it is not the
case that the adhesive 17 is prevented from being present

between the penetrating holes 14a and the external electrodes

20 26.

Second Embodiment
Fig. 4 shows a second embodiment of the semiconductor
device. This semiconductor device 110 includes a semiconductor
25 chip 112, an insulating film 14 being an example of a substrate
(the same construction as the first embodiment), and a plurality

of external electrodes 16 (the same construction as the first

20



bet ween the penetrating holes 14a and the external electrodes 20 26.
Second Enbodi nent Fig. 4 shows a second enbodi nent of the sem conductor
device. This sem conductor device 110 includes a senm conductor 25 chip
112, an insulating film 14 being an exanple of a substrate (the sane
construction as the first enbodinent), and a plurality of external

el ectrodes 16 (the sane construction as the first 20 enbodinent) . Bunps
113 are provided on a plurality of electrodes (not shown in the draw ng)

o L1, SPREINEL S 13,50 s 413 a1 gormpl o gal), b

or gold platin ual ( e insu i ng
film 14 i$fo5aBEn ﬁ%@%ﬂﬁﬁ%} Ufarﬁhtehgeﬁ?%ﬁ@ﬁgHBEoﬁhgﬁhg}T%érzrh@ one

surface of the insulating film1I4 is adhered a conductive 118. The

conduct i yampanhes 118 iSmiSMIRGA Haha WukhipRJoPagh 88 Np il SHOWLhgs Fi 9. 1
with the projections 18a omtted, and is attached to the insulating film

14 with ant fddy adhasilyebd do1dbe 1wl erd r irbal i camecinomioh 1hesbtvmsed 13 and
conductive nenber 118 is achieved by an ani sotropic conductive nateri al
120 p?ovitdedbeolamrgere tiaml &hsusfeade cafdudw@rsickd pofl it2he insulating film 14
on which is fornmed the conductive nenber 118. As the 15 ani sotropic
conducti ve nat €ni ahel20réasebefusde timsudarrd ngndtidm dl4 diss tahemad ot r opi
conductive film20 shown in Fig. 1. By this neans, the anisotropic
conduct i ¢enfEcéivg mepbersllgnt®e Usdritee mempe rs éABcbadbermed s p 112

and t he
the wiring pattern 18 shown in Fig. 1 with the projections 18a

omitted, and is attached to the insulating film 14 with an
10 adhesive 17.
The electrical connection of the bumps 113 and conductive
member 118 is achieved by an anisotropic conductive material
120 brovided over the whole surface of the side of the insulating
film 14 on which is formed the conductive member 118. As the
15 anisotropic conductive material 120 can be used the same
material as the anisotropic conductive film 20 shown in Fig.
1. By this means, the anisotropic conductive material 120 is
interposed between the semiconductor <chip 112 and the
insulating film 14, and the surface of the semiconductor chip
20 112 on which electrodes are formed, and the surface of the
insulating film 14 on which the conductive member 118 are formed
are covered and protected. Other construction is the same as
in the first embodiment.
For the method of manufacturing the present embodiment
25 of the semiconductor device 110, the same method as described
for the first embodiment can be applied, except for the

provision of the anisotropic conductive material 120 over the
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insulating.film214, and the surface of the sem conductor chip 20 112 on

whi ch el ectrodes are forned, and the surface of the insulating film214 on
whi ch the conductive nmenber 118 are fornmed are covered and protected.

O her construction is the sane as 1in the first enbodi nent. For the nethod
of manufacturing the present enbodi nrent 25 of the sem conductor device
110, the sanme nethod as described for the first enbodi nent can be applied,
except for the provision of the anisotropic conductive nmaterial 120 over

the 21 yhohe 3'&&«&%%%1% Eﬁﬁeir{skzir#%%ir% dill™d. 5 i{ﬁ%g”dﬁ?%&&@ihﬁ%ﬁ@e

senlconductor evi ce ctor chip ed on a

subst r at e ARG HRENR dhige SHstraf e aﬁ;@%ﬁt%a%&of héh f;S”ﬁi?f

insulating film14. In this enbodi nent al so or the orn1o#nt%e ext er nal

el ectrodgsubfed B8 4 YuUBSNAWL | BAndFtHen3t KA R AR 1 £&+ akielddoERDPgI ment

Fig. 5 shows a third enbodi nent of the seniconductor 10 device of the
present ivheedbiranofThaeseALGOREEEHOEiUAVILE B tBhovembodihést fAss e has a
wiring pattern 38 and el ectrodes 33 of a sem conductor chip 32 connected
by wi Bes f40. theeformi of tipatdarerB8l ied ok by 6adidei 6arinoskoBnbsh rat e 34
with an adhesive 37 interposed. The substrate 34 may be an insulating 15
filmin g .sdmeamapeasopiitdde first enbodiment, or a printed circuit
board. On the surface of the substrate 34 on which the wiring pattern 38
is formed, a stress relieving layer 42 is provided.

Third Embodiment
Fig. 5 shows a third embodiment of the semiconductor
10 device of.the present invention. The semiconductor device 30
shown in this figure has a wiring pattern 38 and electrodes 33
of a semiconductor chip 32 connected by wires 40. The wiring
pattern 38 is formed by adhesion to a substrate 34 with an
adhesive 37 interposed. The substrate 34 may be an insulating
15 film in the same way as in the first embodiment, or a printed
circuit board.
On the surface of the substrate 34 on which the wiring
pattern 38 is formed, a stress relieving layer 42 is provided.
The stress relieving layer 42 is formed of a material such as
20 may be selected as the resin 22 in the first embodiment. The
stress relieving layer 42 is affixed by means of an adhesive
46 to the surface opposite to the surface having the electrodes
33 of the semiconductor chip 32.
In the substrate 34 are formed penetrating holes 34a.
25 Through these penetrating holes 34a, external electrodes 36 are

formed on the wiring pattern 38. In more detail, the external

electrodes 36 are formed on thewiring pattern 38 so as toproject



The stress.relieving layer 42 is formed of a material such as 20 may be
selected as the resin 22 in the first enbodinent. The stress relieving

| ayer 42 is affixed by nmeans of an adhesive 46 to the surface opposite to
the surface having the electrodes 33 of the sem conductor chip 32. In the
substrate 34 are formed penetrating holes 34a. 25 Through these
penetrating holes 34a, external electrodes 36 are formed on the wiring
pattern 38. In nore detail, the external electrodes 36 are forned on the

W ring qutr%%r?_hg@ oé§t&05\9£f’£cgcc§f e st t%eceol’s‘ﬁof% §1’1‘éfvfﬁe:hx?$ the

substrate ron1 e wring pattern 38. Then the periphery o
sem condyGlQle  GNE B %élﬂ@het&?r é?&%@%h@@e:ﬁi’@éﬂé@é@oé‘%hﬁ@hanﬂch"e

wWiring pattern 38 are sealed w resin 44. 5 The external el ectrodes 36

have the tsaMBucgasler 4gt LaB aﬁbstbat:esﬁl@\/\ﬂa{/ﬂnb’_' ghe lwDFiddata ©f eiMes @xt er nal
el ectrodes 26 shown in Fig. 3, and the same effect can be achieved.

Al t er nat ia¢el ¥ealied Wienhsameresdyn ad .t he enbodi ment shown in Fig. 1, the
adhesive 37 may be interposed between the penetrating holes 34a and the.
10 exbernal el eberexlesrd3sl ellvctmnimalidtehavdi fHessner cons heuftieh as
enbodi nent in that the wres 40 are used to connect the electrodes 33 of
the senithbatdsiieoen ichFpg32l axdthae ofi thegepbererh 3@ ctandesn2oghown he
sem conductor chip 32 and so forth is sealed with the resin 15 44, but in
rel ationifoFifie 3t raaxk thgssrpe | of $ehcEroRe 2ghipeed s A G Hv g1 ¥ ot

enbodi nent. Fourth Enmbodi nent .
in the same way as the embodiment shown in Fig. 1, the adhesive

37 may be interposed between the penetrating holes 34a and the
100 external electrodes 36.

This embodiment differs from the first embodiment in that
the wires 40 are used to connect the electrodes 33 of the
semiéonductor chip 32 and the wiring pattern 38, and in that
the semiconductor chip 32 and so forth is sealed with the resin

15 44, but in relation to the stress absorption function, is the

same as the first embodiment.

Fourth Embodiment
Fig. 6 shows a fourth embodiment of the semiconductor
20 device of the present invention. A semiconductor device 130
shown in this figure differs from the semiconductor device 30
shown in Fig. 5 in that the adhesive 37 is present between the

penetrating holes 34a and external electrodes 136.

25 Fifth Embodiment
Fig. 7 shows a fifth embodiment of the semiconductor

device of the present invention. A semiconductor device 210

23



Fig. 6 shows a fourth enbodi nent of the sem conductor 20 device of the
present invention. A sem conductor device 130 shown in this figure differs
fromthe sem conductor device 30 shown in Fig. 5 in that the adhesive 37
is present between the penetrating holes 34a and external el ectrodes 136.
25 Fifth Enbodinment Fig. 7 shows a fifth enbodi mrent of the sem conduct or
device of the present invention. A sem conductor device 210 23 shown in
this figure differs fromthe sem conductor device 110 shown in Fig. 4 in

h h oy VAR [ [ I . 4
that the GNeuGh! E’ﬁlgeﬂ”f%ﬁ{raﬁl_?ﬁfﬁﬁﬁ%ff%ﬁ},é‘%e %ﬁﬂ%%n%&o%“ﬁ%%%%&%& .

f
. S
wi t hout an adhesive mat onponents same

sem condugiQn 4avireg 140; $hawt ithed cBinGuct iR ﬁg&nﬁ%rsi‘% fgf@fle@g@%%ct or

v
nunmerals. |t should be noted that in this enbodi nent, the sem con

chip 112 fios medbBCE @ehbl® raftace: 4t HRUNhinNgah &8 vE R deacigrup TaoEY | ng
shown in Fig. 6 may equally be applied. The substrate 214 is forned of a

materi al 7w tbmpohiegher sadd £ ast tEelyehodndber X l@vidle @1@CEhOWRSIAGE. On
the internal walls of penetrating holes 214a of the substrate 214 are
formed prigt.rddiconstB2kamecierkodeaiuhoral g tthehpudlrhesnoned22at S
shown in Figs. 8A and 8B. The substrate 214 differs fromthe insul ating
film 14 instBhevembedinent 2 tihve shat cpodadhihesi 9kibsl 1?2 dwi dedjedsedhomn- i n
Fig. 8A, the substrate 214 nmounted on the die 2 has the penetrating holes
214a fOrﬁé@ebﬁommemﬁﬂﬁéﬁnﬂra§u§héhﬁ fﬁcﬁigp mgRnt Bpgt Ahgwpednsiig heb
mat erial constituting the substrate 214
may equally be applied.
The substrate 214 is formed of a material with a higher
10 elasticity than the external electrodes 16. On the internal
walls of penetrating holes 214a of the substrate 214 are formed
protrusions 220. The method of forming the protrusions 220 is
shown in Figs. 8A and 8B.
The substrate 214 differs from the insulating film 14
15 shown in Fig. 2 in that no adhesive is provided. As shown in
Fig. 8A, the substrate 214 mounted on the die 2 has the
penetrating holes 214a formed by the punch 1 as shown in Fig.
8B. By this means, the material constituting the substrate 214
is formed into protrusions 220 protruding within the
20 penetrating holes 214a. For example, on one surface of the
substrate 214 a part of the portion forming the extremities of
the penetrating holes 214a may be drawn into the penetrating
holes 214a to form the protrusions 220, or at an intermediate
position in the thickness of the substrate 214 the protrusions
25 220 may be formed on the internal walls of the penetrating holes

214a. The protrusions 220 may have the entire periphery of the

penetrating holes 214a formed to be protruding in a ring form



is formed into protrusions 220 protruding within the 20 penetrating hol es
214a. For exanple, on one surface of the substrate 214 a part of the
portion formng the extrenmities of the penetrating holes 214a nmay be drawn
into the penetrating holes 214a to formthe protrusions 220, or at an
intermediate position in the thickness of the substrate 214 the
protrusions 25 220 nmay be fornmed on the internal walls of the penetrating
hol es 214a. The protrusions 220 nay have the entire periphery of the

penet 1 at LaGphal efe2ddfief PLERHG b RS, AL U Habod. A { O ELa 2y Lhi

t he penetrating holes 214a, or y be constituted wt a part only of the

periphery @fs icthMeneif alh N bpl FRc2348r RRB! ARG Wihly Mg pengirating
hol es 214a. By the formation of the protrusions 220, the sane effect can

be achi epedtanddhgdwi bRiAdas peaectFakendghpresentsav B phé e Aeneismat i ng
hol es 14a, as shown in Fig. 4. In other words, conpared with the case in
whi ch thefi herpabtnatisnsf22he freneatanat et deal ean2bdaadheetbatas &f nce the
protrusions 220 are easily defornmed, stress applied to the external

el ect? odébel®dnani e 1dbbeihgd reernwiithd nwalye pantegrattimgpbotesatdag hol es
214a are formed, the conductive nmenber 118 is fornmed on the substrate 214,
to cons@ist ahevpwbn| Bi@r Suldst cadher Pordsxampmparefl vhehstbstease iR14 s
of a thernpplastic substance, it can be softened by heating, and a
conduct i V81ifsi thedrécadal Yhblt ofhehedenstres iaghhal ¢ 2 14rdaby fetahi ng

t hereof a.conductive nenber 218 can be forned, Alternatively, sputtering

may equaPftPChetBppRTRUTUS kPR 4fdt AFE §253dYsRBMATIRAFi TS FRRt el i ng

hol es 3390 the external electrodes 16 can be absorbed.

10 In this way, after the penetrating holes 214a are formed,
the conductive member 118 is formed on the substrate 214, to
constitute two-layer substrate. For example, if the substrate
214 is of a thermoplastic substance, it can be softened by
heating, and a conductive foil adhered without the use of

15 adhesive, and by etching thereof a conductive member 218 can
be formed. Alternatively, sputtering may equally be applied.

Alternatively, as shown in Fig. 9, penetrating holes 330
may be formed in a substrate 300 on which a conductive member
310 is formed, using a laser 320. In this case also, in the

20 penetrating holes 330 are formed protrusions 332. If a CO, laser
is used as the laser 320 the protrusions 332 are easily formed,
but an excimer laser may also be used.

As shown in Fig. 10, a resist layer 420 having openings
422 corresponding to the penetrating holes may be formed on a

25 substrate 400 on which a conductive member 410 is formed, and

by carrying out wet etching penetrating holes 430 may be formed.

In this case also, since the internal walls of the penetrating

25



may be fornmed in a substrate 300 on which a conductive nenber 310 is
formed, "using a laser 320. In this case also, in the 20 penetrating hol es
330 are formed protrusions 332. If a CO2 laser is used as the laser 320 the
protrusions 332 are easily fornmed, but an exciner |aser may al so be used.
As shown in Fig. 10, a resist |layer 420 having openings 422 corresponding
to the penetrating holes may be forned on a 25 substrate 400 on which a
conductive menber 410 is formed, and by carrying out wet etching

penetrat iydg J10148% 430 NBYLRG fq{rrgetq sidhd S case Al Spsg Since the internal
25 'h

wal I s of the penetrating es 430 are uneven, protru5|ons 432 are

formed. It shouldsheunat 8d hBatat bRagbeNe Q@é&él@@&ﬁm@&“mdménﬁ
sem conductor device to which CSP type packaging is applied, but e

present iiRVeRkmakotdm ctbyadei dPRbiweh 41w carBedd ¥Rk AgPAgKa0epHNi ¥RI ch a
substrate larger than the sem conductor chip is used in order to achieve a

hi gher pibutcawa prdesenty.inbents csh®eh aaldd @ tagyairel 10O aseahtghe i S
nounted a seni conductor device 1100 fabricated by the nethod of the above
descr p bedaeikagei ienthickhe mibsurd tddang ek00Paygarier abhycdfdusesrach 0 gani c
substrate such as for exanple a glass epoxy substrate. On the circuit
board 1006, ugefi rinn@ngert dion asthifeyre aewirgdler adpperounst f orned as a desired
circuit, and on the circuit board 1000 are provided sol der balls. Then by
mechani cal | y  donhedt Lhgi s RBOYBladet rpal F agfrd heo fiomi iyl phiisarennied t he 15
external el ectrodes of the sem conductqr device 1100, an electrical

connect i Gn SEBLGERTHI O T WEVIE & di ) fpbricated by the method of the

above described embodiment. The circuit board 1000 generally
10 uses an organic substrate such as for example a glass epoxy
substrate. On the circuit board 1000, a wiring pattern of for
example copper is formed as a desired circuit, and on the circuit
board 1000 are provided solder balls. Then by mechanically
connecting the solder balls of the wiring pattern and the
15 external electrodes of the semiconductor device 1100, an
electrical connection between the two is achieved.

In this case, since the construction is such that strain
caused in the semiconductor device 1100 by differences in
thermal expansion with the surroundings and mechanical stress

20 can be absorbed, even when this semiconductor device 1100 is
mounted on the circuit board 1000, both at the time of connection
and thereafter, the reliability can be improved.

It should be noted that the mounting area can be reduced
to the mounting area for bare chip mounting. For this reason,

25 when this circuit board 1000 is used in an electronic instrument,
the electronic instrument itself can be made more compact.

Within the same area, a larger mounting area is available, and



In this case, since the construction is such that strain caused in the

sem conduct.or. device 1100 by differences in thermal expansion with the
surroundi ngs and nechani cal stress 20 can be absorbed, even when this

sem conductor device 1100 is nounted on the circuit board 1000, both at
the time of connection and thereafter, the reliability can be inproved. It
shoul d be noted that the nounting area can be reduced to the nounting area
for bare chip nmounting. For this reason, 25 when this circuit board 1000

is used iy AR LRI VG 1iNSE TN Lsd N el aptd i ¢ instrunent itself can

be made nore conpact. Wthin the sane area, a |larger nounting area is

avail abl e, andags2@nhigbetrbynet i pRakhh¥ncapral$@elewdehi €¥Ld. c ASc @i
el ectronic instrunment provided with this circuit board 1000, Fig. 12 shows

a not ebogo3er 3008, eagpuUter shdN8. a hbt&POUk dpbesHnh Bdcdhigltet NE2 PO eSENt
invention can be 5 applied to various surface-nmounted el ectronic

conponents, wiet kdwuddt bee nmtgiastate. tHeeqireyvct conpaneindrs ¢awel bide, for

exanpl e, resistors, capacitors, coils, oscillators, filters, tenperature

sensobs, appdrimdst oo s vavapust o5y face i Bdphet ed esilecaroniandecdnpasentld, 27
whether active or passive. Electronic components include, for
example, resistors, capacitors, coils, oscillators, filters,
temperature sensors, thermistors, varistors, variable

resistors, and fuses.
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