SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTI ON The present in?bp&gﬁggl,fs
relates | airesin seal ed type semi conductor device and its nmount 1 n
structure ‘and in particular to a sem conductor device in 5 which ItROS
external “size of its package is very approxi--nmate to that of the

sem conductor chip and its nounting structure. Wth an advance in high
integration of the sem conductor devices, a technology to provide sem- 10
conduct or devices in which the's@ﬁﬁnﬁimb%ﬁxpﬁ for the sem conductor
device is close to that of the chip has been devel oping.” There are two
approaches in this technology. One of the approaches is referred to as bare
chip nounting in which a sem conductor chip is 15 directly nounted on a

printed circuit g (] i@mﬁﬁﬁtﬁﬁ%mﬁth a resin. The other approach
is generally r e%lg?}?éégm‘ﬁ% 2‘@&:( | packageI or chip scale pggkage)
I n which the package whi ' . seal Sim|lar t rior_ art I's
reduced to the size of tﬁ%h%%%ee%%dgn’éﬁe%%sl%s’%%ﬁ%gs %‘grﬂ FEHM structure
of the CSP in Widled dyiRe diribdithindl dRHBd AU | AN @ cirouit
form ng surface of a sem conductor chip so that a

structure and in particular to a semiconductor device in

5 which the external size of its package is very approxi-
mate to that of the semiconductor chip and its mounting
structure.

With an advance in hiéh integration of the
semiconductor devices, a technology to provide semi-

10 conductor de&ices in which the size of the package for
the semiconductor device is close to that of the chip
has been developing. There are two approaches in this
technology. One of the approaches is referred to as
bare chip mounting in which a semiconductor chip is

15 directly mounted on a printed circuit board (PCB) and is
sealed with a resin.

The other approach is generally referred to as
CSP (chip size package or chip scale package) in which
the package which is resin sealed similarly to prior art

20 is reduced to the size of the chip as small as possible.

| A prior art structure of the CSP in which a
tape with external terminals is provided on a circuit
forming surfaoe of a semiconductor chip so that a
flexible material (elastomer resin) is interposed

25 therebetween and the external terminals are electrically
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xible material (elastoner resin) is interposed 25 therebetween and the
LLSernal terninals(are electrically -2- connected to the el ectrodes of
the semiconductor chip is disclosed in JP-A-6-504408 (PCT Application)
which was filed by Tessera Co., Ltd. Anothe2 prior art structure in which a
sem conductor chip is npunted on a ceram c 5 substrate having through-hol es

therein, whi ch SEMRKAEEP dhe Rlegtrodsm f tthe Eanicaidyc ot hcleigcis odes

and is mounted on a PCB is disclo ﬁ? | N JP-A- 6-224259. A further prior art

structure of th %ﬁ%ﬂ viHt ‘e@‘sé" Q:‘{)‘{hﬂjc@ﬁ'r &H@l#h%atfmmbdﬂplacl;t@i:hr cuit

10 formng surf ' |_w ting_pajterns, which are provided w
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It is object of; ; [ : ' Q provi de a .

. seni COI’ldJUCt or dler%/!‘?lelrl{}ﬁ%evwrﬁec er(:/l Rl g(ﬁ"rbr];eﬁ}gtﬁ % qugltpﬁdo\ﬂrﬂé% WW(HJC: ng
the thermal sfatduitsafed Hay ) dHrRUIGRRAUL Mo £20R: NG Xt e na

termnals of the CSP include
provided on the side opposite to the chip with

electrodes and is mounted on a PCB is disclosed in JP-A-
6-224259. A further prior art structure of the CPS in
which a semiconductor chip is formed on its circuit

10 forming surface with metal wiring patterns, which are
provided with external terminalé is disclosed in JP-A-6-

302604.

SUMMARY OF THE INVENTIOﬁ
It is object of the present invention to
15 provide a CSP type semiconductor device in which a high
reliability is provided by reducing the thermal fatigue
of both solder bumps and inner leads. |
The external terminals of the CSP include
metal bumps which are arrayed in the form of grating and
20 are connected tp a PCB. The bumps are most commonly
formed of solder. The greatest problem which occurs in
the CSP having such a structure is the reliability of
connection of solder bumps. If the linear expansion
coefficient of a semiconductor chip is largely different
25 from that of a PCB, stress occurs in the bumps with
changes in temperature. Repetition 6f this stress may

"damage the device due to thermal fatigue.



nmetal bunps which are arrayed in the formof grating and 20 are connected
to a PCB. The bunps are nost commonly fornmed of solder. The greatest
probl em whi ch occurs in the CSP having such a structure is the reliability
of connection of solder bunps. If the |inea& -expansion coefficient of a
sem conductor chip is largely different 25 fromthat of a PCB, stress
occurs in the bunps with Bhameledned diatr dthe eserlapmidudtor adevites stress
may damage the device due to thermal fatigue. ~ -3- It is deenmed that the
sem conduct or ESHOIRS ditb sRHATH 44 QB Sou Jgghesthiighemliabildtwbility
anong the prior art structures since it nost takes the fatigue damage of
the sol der int ARUMEIThE BTIAE anF St usss SRR tidr nesk dakes iR i s

Phat a1l oxi of &4 il dmadi 9F s sl ATtet vt SRt wectp and 8
e 2o 80" R Sigc bR Ml S % SN Bl " o
el ectrodes of tdie-GANY FUNHGHP 'sil¥ e al SR HHADr chip in such a
manner that a flexible elastomer resin portion is
interposed therebetween and a wiring pattern formed of a
metal foil which are continuous to leads are adhered to
10 the tape. The terminals of the leads are bonded to the
electrodes of the semiconductor chips. These bonding
portions are sealed with a seal resin. Metal bumps are
bonded to the wiring patterns and are bonded on the -
opposite side to wiring patterns formed on a PCB. A
15 mounting structure is thus formed. Since the tape
having metal bumps is provided on the circuit forming
surface of the semiconductor chip so that the'flexible
elastomer resin is dispoéed therebetween in this type of
semiconductor device, the difference between the linear
20 expansion coefficient of the semiconductor chip and that
of the PCB is absorbed by the shear deformation of the
flexible elastomer resin. As a result, no stress is
applied to the metal bumps.
However, another problem occurs in this type
25 of semiconductor device due to the fact that the
elastomer resin is flexible. The leads which electri-
cally connect the electrodes of the semiconductor chips

to the metal bumps'extend through the elastomer resin in



portions are sealed with a seal resin. Metal bunps are bonded to the wiring
patterns and are bonded on the opposite side to wiring patterns forned on a
PCB. A 15 nounting structure is thus formed. Since the tape having netal
bunps is provided on the circuit form ng suwtface of the sem conductor chip
so that the flexible elastoner resin is disposed therebetween in this type
of seni conduct & depthelitdwtibnf erdoeerdimglen the fackarh®0 thepansi on
coefficient of the sem conductor chip and that of the PCB is_ absorbed by
the shear def ordff@rense ihrtyeenithe kinganmyrpansion geeffiekent ofo
stress is applied to the netal bunps. However, another_problem occurs in
this type 25 ofth@FepirRRAVFLRfeFREP ARD (thathoF fhet iheaksaheter
resin is flexihle. The |eads ich electrj- cally connect the el ectrodes of
the sem conduct®¥ Ui Ahear (Jrteerakion %&#?W%F?We‘?‘é&?%ner
resinin -4-._.a depth fir ction._Accordi ngl ng fact . th t.he
di fference l?et v@’é%ttﬁéel ?1%‘% %&%aéhj:ﬁ%nsfﬁlgf?’%lye ?f%?n?ché Jrﬁ‘l&%‘h%ctor
chip and that ofpd Nt P binPS4PE%h high reliability, the leads may
be broken due to fatigue. Ultimately, this may cause a
failure of the semiconductor device.
The bonding portions between the electrodes of
10 the semiconductor device and the leads are sealed with a
resin which is flexible as similarly to the elastomer
resin. A resin which are flexible, that is, has a low
modulus of elasticity generally has a high linear
expansion coefficient. The difference between the
15 thermal expansion coefficient of the resin and that of
the leads themselves is large. This may cause the leads
to be damaged due to thermal fatigue.
The above-mentioned prior art structure type
CSP has a problem in either of the reliability of the
20 solder bumps or the reliability of the inner leads and
does not have enough reliability as a whole. 1In
accordance with the present invention, a CSP type
semiconductor device which overcomes the drawbacks of
the prior art CSP and has a high reliability in both
25 solder bumps and inner leads is implemented.
The object of the present invention is

achieved by a semiconductor device, comprising semi-

conductor chips, elastomer resin portion which are



. [ [ hat the | eads are
by the shear deformation of the elastonmer resin nmeans 5 th: | eads
aYso simlarly deformed. Although the nmetal bunps have a high reliability,
the | eads may be broken due to fatigue. Utimtely, this may cause a
failure of the sem conductor device. The bdndt ng portions between the

' ' ' led with a
lectrodes of 10  the sem conductor device and the |eads are seal e« _
(raesi n which i s]'?‘?’b‘iﬁcﬁf@ f1G fAemi9gndurtor chimtenreptiag mt Aeast n whi ch

[ [ icit erally has a high
et oxpansi diote e 4 B e Bl o 4 h e candaaher
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: : : I ce overcones the
(O awbacks of 1 s oo buas’ G2 can ot bendekital hiaRidi s B 29,501 der
burps and inner |eads-is inplemented. The opjept of the pr sentllnven I on
i s achi eved bysglgemp@gmdaapa'L@yemgesaﬂdﬁﬁﬁkih@gp&%ﬁbrns of said
resin tape layer being connected to the plurality of
electrodes of said semiconductor chip, connection

10 portions between the wiring patterns of said resin tape
layer and the electrodes of said semiconductor chips
being sealed with a seal resin, in which the modulus of
the elastomer resin portions and the linear expansion
coefficient of the lead sealing resin is optimized.

15 The éemiconductor device of the present
invention is characterized in that (1) said elastomer
resin portion has a modulus of transverse elasticity of
not less than 50 MPa and not more than 750 MPa, (2) said
elastomer resin portion has a modulus of longitudinal

20 elasticity of not less than 150 MPa and not more than
2250 MPa, or (3) said seal resin has a linear expansion
coefficient of not more than 100 x 10°%/°Cc. The mounting
structure of the present invention is characterized in
that the semiconductor device as defined in any of (1)

25 to (3) is mounted on a PCB of glass cloth epoxy resin.

As mentioned above, ih accordance with the

pPresent invention, the deformation due to the difference

between the linear expansion coefficient of the



hi ps, el astonmer resin portion which are -5- bonded to said
ggﬂ?ggachforpchip excepting at |east some of a plurality of electrode of
sai d sem conductor chips, a resin tape layer which is connected to said
el astomer resin portion and is provided wttéh wiring 5 patterns on the
surface thereof_and a plurality of solder bunps which are bonded to the
wiring patter nss%‘i‘ﬂ-"s%ﬂ‘g’qw Fhipandyihat off dthe RCR) imttlersd By Sthdl

. : = d
in tape | ayer, being connected to the plurality of elecprppes of sai
;g?n! Qonggct or g %%setod%ﬁeﬁﬁ’dh BRFtingt tanshthaetselden hunps iy patekr ns of.
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aid resin ta the electrodes of said sem conductor c
:eial ed with apg’eéa reescﬁ%l}'ﬂa i ?W??Féff Jrﬂf& . Hvssﬁﬁetiﬁell‘bll?j%‘%she)arﬁl *ei ngr;%?eiﬁirn .

' ‘and t iyl ' cjent_of the |ea _
bpti m zed. 15 Pompd ¥ VAL ARdS SR el ictetaes ne FRERARAS R on
i s charact ebi zeshr Ibd E@ddc@d%%ﬁ@%%;r-%- RS td.on has. g, modul u
!transverse el asticity of not less than 50 oy anlg'ln t ongrJ’% féﬁ’q\/Pa,

(2) said el ast ewntidorRiue R devl dAtah Baluligaly |hdddag nal

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view showing the section of a
semiconductor device of a first embodiment of the

10 present invention;

Figs. 2A and 2B are views for explaining the
thermal deformation which occurs in a general CSP type
semiconductor device;

Fig. 3 is a view showing the section of a

15 semiconductor device of a second embodiment of the
present invention;

Fig. 4 is a view showing the section of a
semiconductor device of a third embodiment of the
present invention;

20 Fig. 5 is a view showing the section of a
semiconductor device of a fourth embodiment of the
present invention; and

Fig. 6 is a view showing the section of a
semiconductor device of a fifth embodiment of the

25 present invention.



20 elasticity of not less than 150 MPa and not nore than 2250 MPa, or (3)
said seal resin has a |inear expansion coefficient of not nore than 100 x
10[err]/[err]C. The nounting structure of the present invention is
characterized in that the sem conductor devi ce as defined in any of (1) 25
to (3) is nounted on a PCB of glass cloth epoxy resin. As nentioned above,

i n accor dance WESCRIRT IONe OFh{THEN\RREFIERRED EMBOIIMENT i on due to the
difference between the |linear expansion coefficient of the - 6- _

seni conductor chip and t AW oftheh@red@nreds iembad imentise off ddteoner resin
portion and the saql der bqgﬁé in a well balanced manner. Accordingly, stress

in both the solSFER-AQRGRE %Yé—ﬁ%l?é' Wheadrefant dromatden willedserature
ey e be " educed SR (e il L e SoF Lype pert sonductor
of ‘the 10 pPesent i nvent oRenibsR UL d Al BRAR, dn Fids ) afthely the

is the first embodiment of the present invention

comprises a semiconductor chip 1 which is provided'on

its circuit forming surface with a tape 3 so that a

flexible elastomer resin 2 is interposed therebetween.

10 The tape 3 is formed of a metal foil and a wiring
patterns 5 which are continuous to leads 4 are adhered
to the tape 3. The leads 4 are bonded at its one end to
electrodes 10 of the éemiconductor chips 1. The bonds
between the leads 4 and the electrodes 10 are sealed

15 with a seal resin 4. Metal bumps 7 are bonded to the
wiring patterns 7. The metal bumps 7 are bonded on the
side opposite to the wiring patterns 5 to wiring
patterns 9 formed on a PCB 8. A mounting structure is
formed in such a manner.

20. Since the tape 3 with the metal bumps 7 is
provided on the circuit forming surface.of the
semiconductor chips 1 in such a manner that the flexible
elastomer resin 2 is interposed therebetween in this
type of semiconductor, the difference between the linear

25 ekpansion coefficient between the semiconductor chip 1
and the PCB 8 is absorbed by the shear deformation of
the flexible elastomer resin 2 and no stress is result-

ingly applied to the metal bumps 7.



: i on which occurs in a general CSP type semni conductor
525{22! g?g?rga}s a view show ng the sgction.of a 15 sem conductor device
of a second enbodi nent of the present invention; Fig. 4 is a view show ng
the section of a seniconductor device of -a&hird enbodi ment of the present
I nvention; 20 Fig. 5 is a view show ng the section ofua
seni conduct or devi ce of &Fh& ste fraama tgfont lnef [(ISEs esowrn\agntriqn, and

' ' ' howi ng .the section of a sem conductor device of a fifth
gln‘gbdiGrr:a?lt ao:‘” %e%ewgg@ﬁ%yn@éﬂﬂmated in FHESGRI2ATIaD @B .THEF iRREFERRED

: : : ;
EVMBODI MENT  NOW, pt referred embadi ments of the sem conductor device o
the present i nvzg‘n!t}'%o% \% GEieR et YhSW &d Whstiratdng: dhee thexmadwi ngs. 5

A sem conduct Ozt iwH0OWE I03r il tehpleTaliS e ./ Stond P S pent of the
present 1 nvention
5 half of the CSP is shown in view of symmetry of the
structure.. The thickness of the elastomer resin layer 2
and the height of the metal bumps 7 are represented by
te and ts. The shape of the CSP which is cooled with
reference to that at high temperature.is shown in Fig.
10 2B. Since the linear expansion coefficient of the PCB 8
is larger than that of the semiconductor chips 1, the
PCB 8 is thermally contracted larger than the semi-
conductor chips 1 and relative displacements §e and §s
occur between the upper and lower surfaces of the
15 elastomer resin layer 2 and between the upper and lower
surfaces of the metal bumps 7 respectively so that
respective members shear-deform.
If the deformation of the tape 3 is neglected
since the tape 3 is thin, the relatiQe displacement §
20 between the upper surface of the PCB 8 and the lower
surface of the semiconductor chip 1 is represented by

the sum of Se and S§s.

If the shear stress occurred in the elastomer
resin portions 2 and the metal bumps 7 are represented

25 by ye and ys, respectively, they are represented as



conprises a sem conductor chip 1 which is provided on its circuit formng
surface with a tape 3 so that a flexible elastoner resin 2 is interposed

t her ebetween. 10 The tape 3 is fornmed of a netal foil and a wiring patterns
5 which are continuous to leads 4 are adher®ed-to the tape 3. The | eads 4
are bonded at its one end to el ectrodes 10 of the sem conductor chips 1.
The bonds bet ka3 eads 4 and the el ectrodes 10 are sealed 15 with a
seal resin 4. Metal bunps 7 ar%%ponded to the wiring patterns 7. The netal
bunps 7 are bonded on th&SideYPSosite to the i -ri -ng patter(®) 5 to wiring
patterns 9 forned on a PCB 8. unting structure is fornmed in such a
manner. 20 siffce t ape 3 with the nmetal- buwpd3ﬁ is provided
on the circuit formng surface of the sem conductor chips 1 in such a
manner that the flexible elastonmer resin 2 is interposed therebetween in

this type of senlconductq@,t%gggweager%ﬁ%gnb t%%ggﬁ%pgeg%ggﬁélgg expan5|on
an

coefficient between the sem conductor

the shear def omamtinopodit ibhs blqglgggr%ggakgﬁp% gain;2.a stress |s
result- ingly applieg to the netal Y &1 its Adaidud o
transverse elast1c1ty by Ge, the shear stress occurred
5 in the metal bumps 7 by ts, its modulus of transverse

elasticity by Gs, following equations are established.

ye = te/Ge = L.i.i..ieiee.. e.o(4)

¥ys = ts/Gs N &)

If the area on the surface of the elastomer
resin portions 2, which is parallel with the semi-
conductor chip surface is represented by As and the

10 total area of the metal bumps 7 is represented by Ae,
the following equations is established due to balance
between the shearing forces occurred in the elastomer

resin portions 2 and the metal bumps 7.

From the equations (1) to (Gj, the following

15 equation is obtained.

= (Asete/Ae) ¢ [1/(8/ts-ts/Gs)] ..... (7)



-8- The thermal deformation of CSP shown in Fig. 1 is schematically
~illustrated in Figs. 2A and 2B. Fig. 2Ais a sectional view illustrating
the thermal deformation of CSP at high tenperatures. Only right 5 half of
the CSP is shown in view of symetry of thdOst+ucture. The thickness of the
el astonmer resin |ayer 2 and the_height of the nmetal bunps 7 are represented
by te and ts. The shape ofh®hEetmbivpidhsplacenert §ibétweéer eheeupperhat
at high tenperatur |s sho n F| . 10 2B. Since the |inear expansion
coefficient of éﬁl‘i’a?%%r 3 Fh?tl@wirmusmemgug?g; EE: Bz i
the PCB 8 is thg tra t ed ar er than the sem -_condu
and rel ative dlsdﬁaéenéﬁ? CUHRY B O CXRTERIGRAS tFRLIPPRt and | ower
surfaces of the 15 elastoner resin Iayer 2 and between the upper and | ower
surfaces of the netal bunps 7 respectively soBthat refpefthve_ngngLZ { ape
r-deform If the defognmtjpn ofpthe tape _I's negl ect e

:s),h:ag thin, the relative glfspléic%:)erreint SGI?O bet Weeh the Upbe'reéﬂrface of the
PCB 8 and the | ower surface of the sem conductor chip 1 is represented by
the sum of Se and Ss.

wherein Aa denotes the difference between the linear

-5 expansion coefficients of the PCB 8 and the semi-
conductor chips 1, AT denotes a change in temperature
and L denotes the distance from the deformation center
of the semiconductor device.

The metal bumps 7 are most commonly formed of

10 solder and.its height ts is about 0.5 mm. The elastomer
resin portion 2 is formed of silicone rubber and its
thickness is about 0.2 mm due to application character-
istics. The metal bumps are disposed in the form of
grating and its pitch is, for example, 1 mm. Accord-

15 ingly, the ratio of the area of the_elastomer_resin
portions 2 to that of the metal bumps 7 (Ae/As) is 4.
The present invention is applicable even if the pitch is
not larger than 1 mm or about 0.5 mm.

The éemiconductor chips 1 are formed of

20 monocrystal silicon and has a linear expanSLOn
coefficient of 3 x 10%/°C. The PCB is formed of glass
epoxy resin and has a linear expansion coefficient of 15
x 10-%/°C. Therefore, the difference in coefficient
therebetween Aa = 12 x 105/°C.

25 The semiconductor devices are required to have



' in the el astoner
err] = [err]e + [err] s If the shear stress occurred in
EesiL poEtions 2 and the netal bunps 7 are represented 25 by ye and ys,
respectively, they are represented as -9- follows: ye = [err]elte .
........... covo. (2) [err]s =[Jerr]s/ts - 11 - :......:........(3) If the
shear strain occurred in the elastomer resin portions 2 is represented by
[err]e, its nodBPGR &freliabidite agatnstithebyeliperaterehehangéseshat
occurred 5 in the net&l bupps 7 by %err&s, i ts nodul us of transverse e
elasticity by G5t #8 Bﬁ?hggea@%}n% ?1@ e é%P%bitsheﬂ.1@eth¢etempefg%elf
............... errls = err%s o oo (D)
the area on theagéééa%%c%in?hﬁéﬁFa Fp%§9°?$§?n1§%?€;0p§2§i§2@¢%§shghzzg he
arallel with t&%& e, - r gg urface Is r . _
20 total area o §h§5%%§§€g§3%%sp %gnfeb?%%%ﬁ?ﬁﬁ A%e?ﬁ?“eiﬁfitﬁﬁﬂﬂg
equations i esiaidésNoehdugndr DAL ADCE DROVES WL NG SDEELLEY {97 SE&S
occurred in the el astoner
more than 2 % in order to endure against 1000 repeti-
tions. This is described in an article of Transactions
of the Japan Society of Mechanical Engineers (JSME),
volume 50, No. 505, chapter A, page 1709. The shear

10 strain ts at a low temperature of -50°C, which is
relevant to this stress is 30 MpPa (refer to the above-
mentioned article). Accordingly, the modulus of
transverse elasticity of the solder in this limit Gs =
30 / 0.02 = 1500 MPa.

15 The distance L between the centers of the
déformation of the metal bumps 7 and the semiconductor
device is a half of thé maximum size of the semicon-
ductor chips. Since excessively small semiconductor
chips used in CSP can provide no effect inherent in Csp,

20 the'chips having a size of 10 mm or more is used. Thus,
it is assumed that L = 5mm, 6§ = Ao » AT ¢ I, = 12 x 10-6
x 200 x 5 = 0.0012 mm from the equation (8). By putting

these values into equation (7), we obtain

Ge

(As * te/Ae) ¢ [1/(8/ts~ts/Gs)]
(0.2/4) x [1/(0.012/30-0.5/1500)]

750 [MPa] N E )



resin portions 2 and the nmetal bunps 7. Ae [err]e = As [err]s
...... P........ (6) Fromthe equations (1) to (6), the followi ng 15

: : . . “ts/Gs)]
uation is obtained. Ge = (As[err] te/Ae)[err] [I/([err]/[err]s-ts
?g... (7) --10 - The relative displacemaat -[err] between the upper
surface of the PCB 8 and the | ower surface of the sen1conduptpr chip 1is
expressed as fol | ows: [er}f theymedylus\pf [transverse .elasticity ¢8)the

wherein Alerr notes the djfference between the linear 5 expansion
coef fici eLt s Lfe LR TP (PREGEN -eXcRRAR 1 TI0 MRps the Atreswiet a

[ ' he deformation
change in tenp ﬁg? L. denot he distance fromt
cent gr of the g%}%é (L:gooﬁl uc o?x%ﬁ%? %I'h%o el LHt tﬁ’rpgeo : VAGSH ézTakﬁe)sT!ecrfgsmt omarq
formed of 10 | t ' S ou : ]
resin portion géﬁégﬁ#sot?%cﬁ o‘?e"ﬁ%un%ér&%%@ganﬁa% sorgntﬁ(t%ﬂe%%??tsl'abou_t 0.2
nm due to appl iwaddgpn character- istics. The netal bunps are disposed in
the formof grating and its pitch is, for exanple, 1 mm Accord-

Now, deformation of the leads 4 will be
considered. From equations (2) to (5), the ratio of se

to &s is expressed as follows:
8e/6s = (te o As Gs) / (ts s Ae ¢ Ge) .ﬁ....(10)
From equations (1) and (10), Ge is expressed as follows:
Ge = (S/Se-l).- (te ¢« As ¢ Gs) / (ts ¢ Re) ...(11)

10 If the lead 4 in Fig. 4 is assumed as columns
having opposite eﬁds which are secured to the semi-
conductor chips 1 and the tape 3, the relative
displacement of the leads, that is, the relative
displacement between the upper and lower surfaces of the

15 elastomer resin portions 2 is expressed as follows:
Be = (2+Ps 1% /(3¢ ELeI)........(12)

wherein P denotes a load applied to the root of the
leads 4 due to occurrence of relative displacement Se; 1
is a half of the length of the leads 4; El denotes the

modulus of longitudinal elasticity of the lead 4 and I



15 ingly, the ratio of the area of the elastoner resin portions 2 to that
of the nmetal bunps 7 (Ae/As) is 4. The present invention is applicable even
if the pitch is not larger than 1 mmor about 0.5 mm The sem conduct or
chips 1 are fornmed of 20 nonocrystal sili<c@B and has a |inear expansion
coefficient of 3 x 10[err]/[err]C The PCB is forned of glass epoxy resin
and has a |ineafeBRpasstha Bowentcofninertis af 18feardf[ehe] Ceadbesef ore;
the difference in coefficient therebetween Alerr] = 12 x 10[err]/[err]C. 25
The seni conduct or devi cesTAPeSEERLR el eechuved insthé beadsiabisity

agai nst the tquerature changei that it is durable against 1000 repetitions
in the tenper- 2XRFEE§LI*RgTPELPWSE -50[err]C to 150[err]C. Experi ments
whi ch were conducted by present inventors show that in case of 5 solder

t he shear stress should be suppressed to not nore than 2 %in order to
endure agai nst 1000 repetis Li .4 Thig Ls,descrihbed in, an ticle of
Transactions of the Japan&%ocilg'?f/ beﬁl\gc_hzl?ﬂ caf E i/neg% s’ (f]l I\/E):'(/B:the
50, No. 505, chapter A, page 1709. The shear 10 strain [err]S at a | ow
tenperature of -50[err]C, which is

wherein Z denotes the modulus of section and h denotes

5 the thickness of the lead 4.

From equations (12) and (13),

§e = (4 ¢ 12+ 51) / (3 « E1 » h)
= (4212 ¢ el) / (3¢ h) .ueerrrn...(ld)

wherein 1 denotes a stress occurred in the lead 4. By

replacing (11) with (14), we obtain

Ge = (8/8e-1) ¢ (te s As » Gs) / (ts « Ae)

{(3+he58)/ (4 12+ gl) -1} ¢ (te » As + Gs)

/ (ts + RAe) e eetireee e R ¢ 1)

The leads are generally formed of copper foil.
10 The thickﬁess h of the copper foil adhered to the tape
is about 0.03 mm. Since the length of the leads 4 is
substantially equal to the thickness té of the elaétbmer
resin 2, 1 =te / 2 = 0.1 mm.
Fatigue of the copper foil which forms the
15  leads 4 is disclosed in an article "Preprints of JSME,

No. 830-10, page 243. It is found that the stress



relevant to this stress is 30 MPa (refer to the above- nentioned_artLpIe).
Accordingly, the nodulus of transverse elasticity of the solder in this ]

limit G =30/ 0.02 = 1500 MPa. 15 The distance L between t Q
centers of the deformation of the netal buids -/ and the sem conduct or

- hi ps. Since
s a hal f, of e maxi nrum si ze of the sem con- ductor c
gigggglbely snaf¢°§ﬁépg%nﬂﬁit%ﬁr%ht%%nu%eﬂ im oBfecafoproiédeopd ebfect

d.
CSP t he ghi ving a size of 10 mmor nore is use
%EngrePt :2 assdﬁéﬁr?kﬁﬁaiﬁs'51$ﬁh f%P??lEi¢Q%fr]AC¢Qxd4ﬂgly,:bﬁQuslng

. tting these
rr] x 200 g fromthe equatlon (8). By pu
\%gl l[.lgs }nto equat | on’ é’%)aor}d? tqg%t%"’f’ﬁec%a lues\of paggmeters in equation

= 750 [MP
e ITLer T erd 5t inoug a1l SIRAREGRE oL EelR Bl bt oty bf

he stress of the sol der
he el astongr féstgédlamﬁffdﬁﬁé 750 MPa, t
gxgeeds 2 &?so?ﬁ%ﬂ t he device can not endure agai nst the tenperature

cycling test of 1000 repeti-
= {(3 ¢ 0.03 ¢« 0.012) / (4 » 0.1 ¢ 0.1 o 0.02) - 13 o«
(0.2 « 1500) / (0.5 « 4) |
% 50 [MPa] et eiecitecceenaenan. (16)

If the modulus of transverse elasticity of the
elastomer resin portions 2 is less than 50 MPa, the
stress of the lead 4 exceeds 2 %, so that the device can
not endure against temperature cycling test of 1000

10 repetitions.

It is found from the result of the analysis
that the reliability of CSP for both of the lead 4 and
the metal bumps 7 can be assured by making the modulus
of the transverse elasticity not less than 50 MPa and

15 not more than 75 Mpa.

The Poisson’s ratio of the elastomer resin
portions is approximately 0.5. Since there is a
relation that the modulus of longitudinal élasticity = 2
X (1 + Poisson’s ratio) x the modulus of transverse

20 elasticity, the abo&e-mentioned condition is equivalent
to a condition in which the modulus of longitudinal
elasticity is not less than 150 MPa and not more than

2250 MPa.

Finally, the material of the seal resin 6 will



5 tions. Now, deformation of the leads 4 will be considered. From equations
(2) to (5), the ratio of Se to [err]s is expressed as foll ows:

: 1)
errle/[err]s = (te As Gs) / (ts Ae Ce) ...... (10) From equations (

gnd 110%, GL is expressed as follows: Ge=1Ferr]/[err]e-1) (te As Gs) /
(ts Ae) ...(11 10 I'f the lead 4 in Fig. 4 is assuned as

col ums havi ng 2P peenstdered. whl £ hthe eseat uresiin of twiei clensurcomidst €he Chi ps

' [ hat is, the
1 and the tape he,rel ative displacenent of the |eads, t ,
rel ative displ aﬁ%?r‘i%t‘* RASAPPEPRLIBERLY JHhe | Porve sten biesed model S

- tj ' follows: Jerr]Je = (2[err]
Plorr]  1perr] =R MRS 48 $35% jSxsent and nagie) Lipersi oxpaneion s o
: ' ' ce of relative
i epl agerent st ECRng v ith 58 oo fdfer i ftanr than Uirbcrs ¢ he
' 5P : : i Ci . 13 - denotes

nmodul us of Isongiged! el | Gl e OF | ead nd .
the monent of %erﬂéﬁs]" aﬁ% %"lf the Ve{m]%é ng,sl"i%a&ﬁ'}ta’ﬁua‘( T3 dER the
|l eads 4 is thermal expansion of the resin occurs in the leads since

the volume of the resin is sufficiently larger than that

of the leads. Therefore, the following equation is

established.

10 wherein ap denotes the linear expansion coefficient of
the seal resin.

As mentioned above, it is necessary to
suppress the stress occurred in the leads in the
temperature cycle test of temperature difference of

15 200°C to not more than 2 %. Accofdingly, the following

equation is established.

ap = el / AT = 0.02/200

100 x 10 [1/°¢) cereeeee..(18)

Therefore, damage to the lead due to thermal fatigue can
be prevented in a given temperature cycle test by making
the linear expansion coefficient of the seal resin 6 not

20 more than 100 x 10°%/°C.

Referring now to Fig. 1, there is shown a



: =P 1/ z=PJlerr] 1 [err][hy YA A
expr((aig)edmﬂzrgiolnl ;W;éng!t es tLng)dul us of seE:tion and h d Mse%iﬁﬂék BEEN
thickness of the |ead 4. From equations (12) and (13), Sebk=.(4 PUHEDaJ) /
(3 * El *h) [err]e = (4 [err] 12 [err] [ed6] ) / (3 [err] h) ... T ™=
(14) wherein -1 denptes_a stress occurred in the lead 4. By replacing (11)
with (14), we ARSFIPRREL View showing |2-Q5P [of rthe t £ifst rémbed{ment &) /

t rr]’Ae) = 3 ferr hILerr err] J[err]) / (4 [err] 1[err] [err]
(efr][i) - 1} [etf-}H R{%ST"LF ri Vﬁ%n%}é?rf‘i (i’) this cembogdment, the
[ , ) chigpd 1) e leads are generally formed of
copper foil. | PR EONHOR P T o Rpetdedign a‘HTfér‘é’dfT‘lbl‘t he tape is
. | A £ the leads 4 is spbstantially equal to
?Egut h?cg:rglegsn t? of tgLregilelll ast o%’{r)éhr eés?}en HipS layer /fzts":n’f?di AHm {:at : gue of
[ b ; | hsclosed in an article
Preprints of SV Re odp.Sih B AFIE Y If SRheRbT R e
14 - layer 2 is interposed therebetween. Wiring patterns 5

formed of copper foil which are continuous to the leads
4 are adhered to the tape layer 3. The leads 4 are
~bonded at its oné end to the electrodes 10 of the
10 semiconductor chips 1. The bonding portions are sealed
with the seal resin 6. 1In the present invention, the
electrodes 10 of the semiconductor'chips 1l are disposed
along the periphery‘thereof.. Metal bumps 7 are bonded
to the wiring patterns 5. The metal bumps are formed of
15 tin-lead eutectic solder. The metal bumps are bonded on
its side opposite to the leads 4 to the wiring patterns
9 formed on the PCB 8 formed of glass epoxy resin. A
mounting structure is thus formed.
The elastomer resin 2 of the present embodi-
20 ment is formed of a resin having a modulus of transverse
elasticity which is not less than 50 MPa and not more
than 750 MPa. The resin having such é modulus includes
a resin composition in which 180 parts by weight of
molten silica filler is added to 100 parts by weight of
25 silicone resin, a resin'composition in which 4.4 parts
| by weight of curing agent, phenol nomolac and 1 part by
weight of curing promotor, triphenyl phosphate is added

to 100 parts by weight of epdxy modified polybuthadiene
—_—
This Sheet Has
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shoul d be not nore than 2 %in order for the foil to endure against 1000
repetitions. Accordingly, by using E = 0.02 and the same val ues of . .
paranmeters in equation (15) as those used in equations (1) to (9), G is 5
expressed as follows: Ge = {(3 [err]0.03{anr]-0.012) / (4 [err] 0.1 [err]
0.1 [err] 0.02) - 1} (0.2 * 1500) / (0.5 * 4) 50 [MPa] .

........ (16) |¥eshe apdupumaterialnusingear| epokp-tynthihbrgehanbanpe .
resin portions 2.is less than 50 MPa, the stress of the |ead 4 exceeds 2 %
so that the devfttmcanTh%ts%ﬂHuF%Sh@aﬁnb? fermed acfire rysinnbaviay thel000
10 repetitions. nd f£0n1the result_of the analysis that the

reliability of %EPH i"i‘?‘gﬁg‘ﬂﬁ oF trRnfegmEse %@M%@lihﬁ:aﬁ.mt sctafl'gkgg ?ﬁan i,
[ | Ci no
Vo and 15 ot iarilndl Fediacy a8 LEIRLEE Spars bon  contliriente:
[ ti ' [ €l Y4 R-690-~S N there is a relatjon that the
nghrugogflFﬂﬁg%?%%?ﬁ%%%epggt+c+€}§:c2 xﬁﬁf $aPBG; LeBNsaF atN8) ekagkemer

i - Cj. - ' condition is
caui val ent 10 o o it onFh Nh Y il E PR T M ey et feet
on that the properties of the elastomer resin are
optimized is eliminated by using a material having a
very low modulus, for example, silicone rubber as the
10 seal resin 6. Therefore, the CSP of the present embodi-
ment has a high reliability for both the leads and metal
(solder).
The modulus of transverse elasticity of the
elastomer resin 2 may be not less than MPa and not more
15 than 750 MPa, preferably around 200 MPa which is a
geometric mean of two values. It is a matter of course
that the linear expansion coefficient of the seal resin
6 is close to that of the copper, which is 17 x 106/°cC.
It islpreferable to appropriately apply a
20 metal coating of nickel, gold and the like on the
surface of. the leads 4 in order to easily conduct
bonding between the electrodés 10 and the bumps 7. It
is preferable to make the physical properties of the
elastomer resin 2 and the seal resin 6 as close as
25 possibie to prevent respective resins from cracking.
Referring now to fig. 3, there is shown a
sectional view of a CSP of a second embodiment of the

present invention. The structure of the present



ticity is not less than 150 MPa and not nore than 2250 MPa. Finally,
SLgsnateryal of the seal resin 6 wll - 15 - be considered. If the sea
resin 6 which surrounds the |eads 4 has approxi mately the above-mentioned
nmodul us and is hard to some extent and has ¥8 |4 near expansion coefficient
which is sufficiently larger than that of 5 the leads, the stress which is
substantial |y s§MRodimeRs digeppbstarpandilynidenthealewithothuals oifnthee

| cads. “Theref or ELZEhoeRBPASHAG S¥GRPEoRhAS theanlbchaodos] 10 af that
....... 7).,10 erein [err]p dengtes the |inear expansion
coei 11 ¢ ent of PRELEEHAMESF,ChLD aeakﬁoaeapaasqe+nipnesfﬁfggisgfgt?gst .
omper ature di 1 FERLRBBSbtEs LBaB0E. o ot more than 2 % Accordingly, the
follow ng equation is estghlLshgdhaying a modulus of transverse
elasticity not less than 50 MPa and more than 750 MPa is
also used for the elastomer resin 2 in the present
embodiment. A resin having a modulus of transverse
elasticity similar to that of the elastomer resin 2 and
10 a linear expansion coefficient of not more than 100 x
10%/°C is used for the seal resin 6. Accordingly, the
CSP has a high reliability for both the leads and metal
(solder). lThe CSP shown in Fig. 3 is generally used as
DRM. |
15 , - Referring now to Fig. 4, there is shown a
sectional view of a third embodiment of a semiconductor
device of the present invention. In this embodiment, in
order to increase the number of metal bumps than those
of the CSP of the first embodiment, the semiconductor
20 chip is bonded to a metallié base 11 and an elastomer
resin 2b and a tape 3b are connected to the base 11 on
the side facing the circuit board 8 and wiring patterns
5b are further provided which are continuous to the
leads 4b which are connected to the electrodes 10b. The
25. wiring patterns 5b are connected to the wiring patterns
9b of the PCB 8 through metal (solder) bumps 7b. If the

base 11 is formed of a metal such as Cu, Al and the

like, the heat resistance of the package could be
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i D e, damge b e a0 o e Tt e o
el T "of CheReet Tect e nl 25 ' rans Lo 109 X ol bre Tl (G1 T
Referring nowto Fig. 1, there is shown a  -16- sectional view showing a
CSP of the firs¥edwerdi#imee othe heeat cgemeratedby othe $emibosdesbedi ment
t he sem conductor. chips 1 are provided on the circuit formng surface with
16 Lape Lt BT 0RA S e it Tols o
Comonr 1501 o AR SOl WAl Sl onmer b 5 (oo
llgye;eﬁil c-(l)_ggulct or C?A;rl gt'gsﬁir?oﬁ'?%g %%n%ﬁigg%&%]%g%ége%}%;%ﬂ{% teﬁ t hﬁdﬁgfﬂor
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damaged in some cases. In order to prevent this,

materials having a low linear expansion coefficient such

as Fe-Ni alloy, Mo, W may be used. Use of resin

substrate such as glass cloth epoxy resin substrate for

10 the base 11 can achieve reduction in weight of package.

A resin having a modulus of transverse
elasticity not less than 50 MPa and not more than 750
MPa is also used for the elastomer resin éa, 2b in the
present embodiment. A resin having a modulus of

15 transverse elasticity similar to that of the elastomer
resin 2a, 2b and a linear expansion coefficient'pf not
more than 100 x 10%/°C is used for the seal resin 6.
Accordingly, the CSP has a high reliability for both the
lead and metal (solder). The CSP shown in Fig. 3 is

20 generally used as DRM.

Although the metal bumps (7a) and (fb) are
provided both inside and outside of the face corre-
sponding to the semiconductor chips, respectively, they
may be provided only on either side. Although the

25 electrodes 4a ad 4b are shifted in a horizontal
direction for easy understanding, they may bé aligned

~along one line in a direction perpendicular to the paper

of the drawing. The structure shown in Fig. 4 is



I I I n-1ead
to the wirin atterns 5. The metal bunps are formed of 15 tin
eutectic solgef. The nmetal bunps are bonded on its side opposite to the
leads 4 to the wiring patterns 9 formed on the PCB 8 fornmed of glass epoxy
resin. A nounting structure is thus fornmed.20The el astoner resin 2 of the

. ; ; : .
resent enbodi- 20 ~nent is formed of a resin having a nodulus o
Pransverse el asT¥cPL{enhi aksPsinckeptsdisnipastonPatfedtnot nore than 750
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and are connected to the metal bumps 7. 1In practice,

the metal bumps_7 are formed of solder. A given area of

the tape 3 and the wiring patterns 5 are covered with a

solder resist in order to prevent unwanted flowing-out

10 of the fused solder on bonding.

The fourth embodiment of the present invention
is shown in Fig. 5. 1In the fourth embodiment, wiring
patterns 5 are disposed between the tape 3 and the
elastomer resin portion 2. The tape 3 is formed with

15 through-holes, within which the metal bumps 7 are
connected to the wiring patterns 5. Although the metal
bumps 7 are formed of solder, it is not necessary to
cover the tape 3 and the wiring patterns 5 with solder
resist since flowing-out of the fused solder on bonding

20 can be prevented by the through-holes formed in the tape
3. Precision of positioning of the metal bumps can be
enhanced by provision of the fhrough-holes. |

The fifth embodiment of the present invention
is shown in Fig. 6. 1In the fifth embodiment, connection

25 between the leads 4 continuous to the wiring patterns 5
and the electrodes 10 of the semiconductor chip 1 is
made via metal balls 12. Such a connection method is

generally referred to as tape automated bonding method.



el astonmer resin 2 and a |linear expansion coefficient 5 |ess than 100 x
10[err]6/[err]C. The sane resin as the elastoner resin is used for the
seal resin 6. An adverse effect on that the properties of the el astoner
resin are optinmzed is elimnated by using2d material having a very | ow

nodul us, for e | e 'SLIni'Bcgfe rubber as the 10 seal resin 6. Therefore,
the CSP of thex'gﬂgs‘&%’ﬁa dtte heneraaformed gof s efombekamylé ogobat anlhe

| eads and net al . .The podul us_of transverse elasticity of the
el ast oner resi nséﬁ%aﬁ% %%fgﬂe%s%%%lm imde ettt rbe ecanduchini #H) Mra,

preferably aro -ﬁgp i IS eomefric nean of two values. It is a
matter of cour glgﬁjf ate'It\%;gdY?jh%%re’éﬁ%aﬂ?%n’-’&o‘é‘?‘?‘i‘b‘?‘brﬂbb*lt]ﬁe seal resin 6
is close to thatoedtiorr WPE - i i S. 17 X err]/ferr]C It is
preferable to appropriately Zafoprr%%élrga?f c];g%ﬂé%gcéﬂ b a@hrieyed d and
the |ike on5t hesimuXtaatodiis Iy Gaend 1Ky O easi |y copduct bondi ng
bet ween the el ectrodes 10 anlg t%]e bur%sﬂ{i]lgl%ﬁ‘l[nsé%leqlérjﬁ%véo‘?c? ke the
physi cal propertteliabifl ity of asdBiErt 16 dhm e Sl desin 6 as close
as 25 possible to prevent respective resins ronlcracklﬁb. ef erring now

to Fig. 3, there is shown a sectional view of a CSP of a second enbodi nent
of the




esent in tructure of the present - 18 - enbodi ment is
ngstan i -“ Fgumwith that of the first enbodi ment except that the
el ectro i'conductor chip 1 are disposed in the center of the

i cCO [ ’ [ [ f transverse
sem conductor chip 1. 5 A resi@2having a nodulus o
elasticity not | ess than 50 MPa and nore than 750 MPa is also used for the
el ast oner resi MEAY 1§ M‘@%‘%rﬁs’enbodi ment. A resin having a nodul us of

c . : 10 a
transverse elasticity simlar to that of the elastoner resin 2 and
| i near expansi on' coeffi cirgerﬁe“l'}fcqmu"rﬁﬂ% QWemo:hgm%;U[seTr;qg[ Ie_r{] Cf Iof gzteﬂ
for the seal resin 6. Accordi ngl t he P has g high reliability
the leads and netal (sol d&PJ=c Reo:d ﬁ?ﬁ‘xﬂ? 3’(?‘131’5! 8 Rlurekidialf, used as

viow of a thir&Saaeh Y SR SRR ce of the pr ftﬁmt:
szggt{ﬁgh Lﬂogglzfepﬁgdgg%ﬂ%¥mFﬁé |rg%&gﬁ%%§#ﬁ§§$¥&9%%Qég%§£ogductor

elastomer resin, which are bonded to said semiconductor
chips excepting at least some of said plurality of
electrodes;

a tape layer of resin including tape wiring
patterns on the surface thereof: :

a plurality of solder bumps for bonding said
printed wiring patterns to said tape wiring patterns;

leads for connecting said plurality of
electrodes of said semiconductor chips to said tape
wiring patterns; and

seal resin for covering said leads and said
élurality of eiectrodes which are connected by said
leads,

wherein said elastomer resin has a modulus of
transverse elasticity not less than 50 MPa and not more
than 750 MPa.
2. A semiconductor device as defined in Claim 1
wherein said device is mounted on a printed circuit
board made of a glass epoxy resin.
3. A semiconductor device as defined in Claim 1
wherein connection between said plurality of electrodes

of said semiconductor chips and said tape wiring

patterns is conducted by a tape automated bonding method.



20 ? R é nmetal lic base 11 and an el astomer resin 2b and a
tapé E to the base 11 on the side facing the circuit board 8
and are further provided which are continuous to the

| eads 4b which are connected to the el ect+ @Bs-10b. The 25 wring patterns
Sg are connected to the wiring patterns 9b of t he PCB § Ehrough met al

(sol der) -bunps 4b. 1f theAbaeBiconductornddvitea gemprisifnig as Cu, Al and
the like, the heat resistance of the package could be - 19 - reduced
since the heat generated B§mifendugtesnaghépsrhanipg 4 pleraiptgl gpfdef used.

However, these s_have_a |inear expansion coefficient which is
renar kabl y high%?éegﬁﬂg?ﬁafoﬁf¢¥F%r§§ﬁ1EB&HE%Fb?néhlps 1. 5 Accordingly,

[ [ ' ' [ der to
there is the risk that th s may be damaged i n_sone cases. In or
prevent this, materials h%%%%%ggefoéﬁ?fﬂeg?r +PR5sFoRmedePfi@Rent such as

. i h
oo a0y, Ml iieberyged, Rroflak SRR TS JUstn e A a5 T O
of package. A remips hewtagt tngOa! 18adf LEAOSYE'SEid plurality of
| | electrodes;
a tape layer of resin including tape wiring
patterns on the surface thereof:
a plurality of solder bumps for bonding said
printed wiring patterns to said tape wiring patterns;
leads for connecting said plurality of
electrodes of said semiconductor chips to said tape
wiring patterns; and
seal resin fof covering said leads.and said
plurality of elect;odes which are connected by said
leads,
wherein said elasfomer resin has a modulﬁs of
longitudinal elasticity.not less than 150 MPa and not
more than 2250 MPa.
5. . A semiconductor device, comprising
semiconductor chips having a plurality of
electrodes for external connection;
elastomer resin portions formed of an
elastomer resin, which are bonded to said semiconductor
chips excepting at least some of said plurality of

electrodes;

a tape layer of resin including tape wiring



elasticity not |ess thﬁBESO MPa and not nore than 750 MPa is al so used for
2

Fnr;gufluﬁmmm‘“mlmut& b in the present enbodinent. A resin having a

elasticity simlar to that of the ggastoner‘resin
. S . 7. han 1 X
2a, 2b arfd 4 | near expansion coefficient- &f4 not nore t
18[err]/[err]C is _used for the seal resin 6. Accordingly, the CSP has a
hi gh reliabilith2FberBRst ant khe| suufand theaeofsol der). The CSP shown in )
Fig. 3 is 20 generally used_as DRM AIthough the netal bunps (7a) ?nd (7b)
are'provided both insi de anBlBERsiHE of sabdencbunpsrforshonding saidéhe

' | L vel t hey - be provided only on either
St de. At hough PRETYR8 IFEERY cheteatna aptaia gﬁP‘Pt‘éﬁrmgaphbte,lzpat A
irecti | ' long one line in a
direction for easy unders ng...t hey may, be algned al or _
di rection perpendicul ar t%€€ % %%5e$°%?e?%%n%r%$} Plerality @fure shown in

' ' | | SSi ' ffect. Now, a

Fig. 4is - fectRydél!sptsdl gl O, ALsS! BaLlon, .

fogrth and fifth enmbodi ments %?ithe p%eseh?.#§€e§h+ﬂﬁ R 1$a1 BRRRri bed.
wiring patterns; and

seal resin for covering said leads and said
plurality of electrodes which are connected by said
leads,

wherein said elastomer resin has a modulus of
transverse elasticity not less than (12 x L - 150) MPa
and not more than (12 x L - 100) MPa, wherein I denotes
the longitudinal dimension of said semiconductor chips.
6. A semiconductor device, compriéing

semiconductor chips having a plurality of
electrodes for external connection;

elastomer resin portions formed of an
elastomer resin, which are bonded to said semiconductor
chip excepting at least some of said plurality of
electrodes;

a tape layer of resin including tape wiring
patterns on the surface thereof:

a plurality of solder bumps for bonding said
printed wiring patterns to said tape wiring patterns;

leads for connecting said plurality of
electrodes of said semiconductor chips to said tape
wiring patterns; and

seal resin for covering said leads and said



| . ' ' [ irin di sposed on
odinent of Fig. 1, the wiring 5 patterns 5 are

Lﬂetn mw ’ , tape 3 and are connected to the netal bunps 7. In

pract £ nps 7 are forned of solder. A given area of the tape

i T tterns 5 are covered w t3b & sol der resist in order to
grgcgnihﬁn&gaigg P?o Lng-out 10 of the fused sol der on bonding. Thehfourth
enbodi nent of tﬁéuﬁ?ﬁiﬁgt° n9eREEERdes whieh apeFcgnnéctéd byeségdrh
enbodi nment , mﬁriggd atterns 5 are disposed between the tape 3 aﬂ htle
el astonmer resin por?fon 2. The tape 3 is forned with 15 through-holes,

[ [ iri tterns 5.
ith which the netal b .are connected to the wiring pa £ |
X:Ehgzgh t he net al bunpsugR%¥gl$b§$% a5 oreRin hasja hbreavcexpangion

cover the tape goapgd gﬁéfqgogﬂ&%gégﬁméng%ﬁgdgo ﬁﬁp.resist si nce

[+
fl ow ng-out of the fuse ol der on p?evented by the

[ | 8 1 t]oni f the netal
through-holes fprmed in thesdmiCortiudt&f $oPIedf L9t oni ng of
bu:rpsgcan be enhanced by provision %‘LFD ﬁe %‘ﬂrpu’gﬁrmﬁss;?fhfel Hpt )

[ t of the presentsénvEdidiitds KAV 16+ & th
ggggg:gggt, connecfion 25 between the |eads iﬂﬁoﬁgrhuous tC)QFﬁFVMFIng

patterns 5 and theredfd rpdes Itwiof (el SRS WS Oreitlihay | S made via
netal balls 12. -Such a connection nethod is
connection;

elastomer resin portions formed of an
elastomer resin, which are bonded to said semicénductor
chips excepting at least some of said plurality of
electrodes;

a tape layer of resin including tape wiring
patterns on the surface thereof:

a plurality of solder bumps for bonding said
printed wiring patterns to said tape wiring patterns;

leads for connecting said plurality of
electrodes of said semiconductor chips to said tape
wiring patterns; and .

seal resin for covering said leads and said
plurality of electrodes which aré.connected by said
leads.
8. A semiconductor device, comprising}

semiconductor chips having a plurality of
electrodes for external connection;

a first elastomer resin portion formed of an
elastomer resin, which is bonded to said semiconductor

chip excepting at least some of said plurality of



to as tape automated bondi ng net hod. - 21 - The netal
E:Perall PRt of , forpexanple gold (Au) since the gold is excellent
in um ﬂumummﬂmw ty, pliable and also excellent in bonding ability.
Connecti oni of' a*muftiplicity of |eads cam 126 achi eved 5 simultaneously by
using this connection nethod and reliability of connection can also be
enhanced. FredeFMED IS 1. A sem conduct or devi ce,

il : , : . for
onprising sem conductor chips having a plurality of el ectrodes _
gxggrnal gonnection; el as? St LEFLDFAPR NLAYRF nkav g asecondt bape I esin,

Sar o pfural |1y 5 SERAED LR DaSd et een ape ape i i
patterns on thesidAGE S G d First elastomer resin portion;

a base into which said semiconductor chip is
édapted for securing the same;

a second elastomer resin portion formed of an
elastomer resin, which is bonded to said base;

a second resin tape layer having second tape
wiring patterns on the surface thereof, which is bonded
to said second elastomer resin portion;

a plurality of solder bumps for bonding said
printed wiring patterns to said first tape wiring
patterns and for bonding said printed wiring patterns to
said second wiring patterns;

first leads for connecting said plurality of
electrodes of said semiconductor chips to said first
tape wiring pattern;

second leads for connecting said plurality of
said semiconductor chips to said second tape wiring
pattern; and

a seal resin for covering said first and
second leads and said plurality of electrodes which are
connected by said first and second lead.

9. A semiconductor device, comprising
semiconductor chips having a plurality of
eleétrodes for external connection;

elastomer resin portions formed of an



a pl bunps for bonding said printed wiring patterns to
sai d i%ﬂﬂ“@ﬂ mﬁ grns; leads for connecting said plurality of

elec S™sd seni conduct or chips to said tape wiring patterns; and
seal resin for covering said | eads and sat®%Ppl-urality of el ectrodes which
are connected by said | eads, wherein said el astoner resin has a nodul us of
transverse eIas?léﬁt?mﬁﬁtreésartHthBOaNPabandeﬁotonﬁﬂedtHaml¢§0dNP&0r2

A semi conductor device as defined_in Claim1l wherein said_device is nounted
on a printed ciFEtheﬁﬁﬁPHlﬂﬁdétoieﬂsﬁl§§§ee68x§a%€sPﬁPrSlltY of A |
sem conduct or ice ag defined in Claim1 wherein connection between said
plurality of elﬁi Bﬁgéeﬁf sai d seni conductor chips and said tape wiring

A sem conduct or - devi ce, * cOBRPST ngB8ntBSRALEEGE SERRBe CRED KETARF1 urai ity
of patterns on the surface facing said elastomer resin
portions and having therein through-holes exténdihg
into at least part of said tapé wiring patterns; |

a plurality of soldér bumps formed in said
through-holes for bonding said printed wiring pattern to
said tape wiring pattern;

leads for connecting said plurality of
electrodes of said_semiconductor chip to said tape
wiring patterns; and

seal resin for covering said leads and said
plurality of electrodes which are connected by said
leads.
10. | A semiconductor device, comprising

semiconductor chips having a plurality of
electrodes for external connection;

elastomer resin portions formed of an
elastomer resin, which are bonded to said semiconductor
chip excepting at least some of said plurality of
electrodes;.

| a tape layer of resin including tape wiring

patterns on the surface thereof;

a plurality of solder bumps for bonding said
printed wiring patterns to said tape wiring patterns;

metal balls formed of gold on said plurality



el ectrodes for external connection; elastonmer resin portions forned of an

el astlm ’I BI [ h;are bonded to said sem conductor chips excepting at
| eastl % rality of electrodes; a tape |layer of resin including

tape wring patterns on the surface thereof28 & plurality of sol der bunps
for bonding said_ printed wiring patterns to said tape wiring patterns;

| eads for connelt ifPLEredes whisaid Bemiconductesr ofhips g sem conduct or
chips to said tape wiri nglcé)a%erns; and seal resin for covering said |eads
and said plurality of el 3R oTFANeFeing Frid apllusakikyl ofads, wherein

sai d el astoner ' s.a godul us of, | ongi tudi nal elasticity not |ess than
150 MPa and notélre}%ér%‘{]%%% 5t7 as.e“Sl.c°n‘9uCt°% chipe drrika it thne ce,

conpri sing sem %bct i 'Hﬁy' ng a plurality of electrodes for

ext er nal connec“tﬁi on; e‘%t’s orrrgsf res‘%“’f’q’bosfef’i‘%ﬁ%effac#r%ucﬁ7 APl ast oner resin,

whi ch are bonded to said s qndyet | RS- excentd ng at, | east. sone of

said plurality of fUr %Béésrl% sDaJ.cp%.eads, salf _
plurality of electrodes which are connected by said

leads and said metal balls.



el ectrodes; a tape layer of resin including tape wiring - 24 - patterns
on the surface thereof: a plurality of solder bunps for bonding said
printed wiring patterns to said tape wiring patterns; |eads for connecting
said plurality of electrodes of said sem conductor chips to said tape

W ring patterns; and seal resin for cogﬁanng said leads and said plurality
of el ectrodes which are connected by s | eads, wherein said el astoner
resin has a nodul us of transverse elasticity not less than (12 x L - 150)
MPa and not nore than (12 x L - 100) MPa, wherein L denotes the

| ongi t udi nal di mension of said sem conductor chips. 6. A

sem conductor device, conprising sem conductor chips having a plurality of |
el ectrodes for external connection; elastonmer resin portions forned of an
el astoner resin, which are bonded to sai d sem conduct or




chip excepting at |east sonme of said plurality of electrodes; a tape |ayer
of. resin including tape wiring patterns on the surface thereof: a plurality
of sol der bunps for bonding said printed wiring patterns to said tape
wiring patterns; leads for connecting said plurality of electrodes of said
sem conductor chips to said tape mnrlng atterns and seal resin for
covering said | eads and said - ﬁp rality of el ectrodes which are
connected by said | eads, wherein said seal resin has a |linear expansion
‘coefficient of not nore than 100 x 10[err]/[err]C. 7. A

sem conduct or device, conprising sem conductor chips having in the center
thereof a plurality of electrodes for external connection; elastomer resin
portions formed of an el astoner ﬁ?&\?h are bonded to said

sem conduct or FP‘SG] :
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chi ps excepting at least sone of said plurality of electrodes; a tape |ayer
of resin including tape wring patterns on the surface thereof: a plurality
of 'sol der. bunps for bonding said printed wiring patterns to said tape

Wi ring patterns; |eads for connecting said plurality of electrodes of said
sem conductor chips to said tape wri 6p tterns; and seal resin for
covering said |leads and said pluralit f™el ectrodes which are connected by

said |l eads. 8. A sem conduct or devi ce, conprising; sem conductor
chips having a plurality of electrodes for external connection; a first
el astoner resin portion forned of an elastoner resin, which is bonded to
sai d sem conductor chip excepting at |east sonme of said plurality of -
26 - electrodes; a first resin tape | ayer having second tape

FIG. 3
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wiring pattern on the surface thereof, which are connected to said first

el astoner resin portion; a base into which said sem conductor chip is
adapted for securing the sanme; a second el astoner resin portion forned of
an el astomer resin, which is bonded to said base; a second resin tape |ayer
havi ng second tape wiring patterns on an¢4§urface t hereof, which is bonded
to said second elastoner resin portionf*/a“plurality of solder bunps for
bonding said printed wiring patterns to said first tape wiring patterns and
for bonding said printed wiring patterns to said second wiring patterns;
first leads for connecting said plurality of electrodes of said

sem conductor chips to said first taE? Cari pattern; second | eads for
connecting said plurality of said se l d or chips to said second tape
witing pattern; and a seal resin for covering said first and second | eads
and said plurality of electrodes which are connected by said first and
second | ead. 9. A sem conduct or devi.ce, conprising seni conduct or
chips having a pluralfity of 2 3 '

M / /
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el ectrodes for external connection; elastonmer resin portions forned of an

- 27 - elastoner resin, which are bonded to said sem conductor chip

excepting at |l east sone of said plurality of electrodes; a resin tape |ayer

~including tape wiring patterns on the surface facing said el astoner resin
portions and having therein through-holes extending into at |east part of

said tape wiring patterns; a plurality of solder bunps formed in said

t hrough- hol es for bonding said printed wiring pattern to said tape wiring

pattern; leads for connecting said plurality of electrodes of said
sem conductor chip to said tape mﬁringﬂﬁﬂﬁﬂéins; and seal resin for
covering said |l eads and said plurality of el ectrodes which are connected by

said | eads. 10. A sem conduct or device, conprising sem conduct or
hi havi n | urali f
chips having a plurality o SEMICONDUCTOR DEVICE

A semiconductor device, is provided will
semiconductor chips having a plurality of electrodes for
external connection, elastomer resin portions formed of
an elastomer resin, which are bonded to the semicon-
ductor chip excepting at least some of the plurality of
electrodes, a tape layer of resin including tape wiring
patterns on the surface thereof, a Plurality of solder
bumps for bonding the printed wiring pattern.to the tape
wiring patterns, leads for connecting the Plurality of
electrodes of the semiconductor chips to the tape wiring
patterns, and seal resin for covering the leads and the
plurality of electrodes which are connected by the
leads. The elastomer resin has a modulus of transverse

~elasticity not less than 50 MPa and not more than 750
MPa.

(Figure 1)



el ectf ~connection; elastoner resin portions forned_of_an
el ast ——c are bonded to said sem conductor chip excepting at
| east|. slore ‘of -sai d pljufal ity of electrodes; a tape | ayer of resin including

ast}. some, Pliun _ ( "
t ape h 10 t he surface thereOf1SumﬂnﬂhMEEEQLXJQLAﬁ§h§81aQ§”p
de o-ding giLd prifted wiring patterns to said tape wiring patterns;
met.alf balls forned of ¢old on said plurality@é - - 28- of electrodes of said
sem denductorchips: | dads for connecting said plurality of electrodes of

. - 3 3 . > i ° . |
- sai d seni conduct ¥ 1 tolew shewing v resR phit the nEitsit oemibod fiven ted £
Egils? and seal [r.esin ?%r covering, said | eads, said plurality of electrodes

whi ch are connect™d BFEISRY 1RYRRTION: saf® Helwl emeediment, the

semiconductor chips 1 are provided on the circuit
forming surface with the tape layer 3 formed of
5 polyimide in such a manner that the elastomer resin
layer 2 is interposed therebetween. Wiring patterns 5
formed of coppér foil which are continuous to the leads
4 are adhered to the tape layef 3. The leads 4 are
, b?pded_at its one end to the electrodes 10 of the
ld .séﬁiconductor chips 1.: The bonding portions are sealed
. with the seal resin 6. 1In the present invention, the
electrodes 10 of the semiconductor éhips 1 are disposed
along the periphery thereof. Metal bumps 7 are bonded
to the wiring patterns 5. The metal bumps are formed of
15 tin-lead eutectic solder. The metal bumps are bonded on
its side opposite to the leads 4 to ﬁhe wiring patterns
9 formed on the PCB 8 formed of glass epoxy resin. A
mounting structure is'thus forméd.

N/ _ The elastomer resin 2 of the present embodi-
20 ment is formed of a resin having a modulus.of transverse
‘elasticity which is not less than 50 MPa and not more

than 750 Mpa. The resin having such a modulus includes
| a resin composition in which 180 parts by weight of
- molten silicé filler is added to 100 parts by weight of
25 silicone resin, a resin composition in which 4.4 parts
by weight of curing agent, phendlAaeme;ae and 1 part by

weight of curing promotor, triphenyl phosp?ate is added
- polybutadiene

to 100 parts by weight of epoxy modifiedhgeéybuthaééene



