;e3e3'""#T%&r)6)T)| O3 o0cT?2002 16b 1 bb"" Title of the Invention Tape
Carrier for Sem conductor Device and Method of Producing Sane Background of
the Invention Technical Field of the Invention The present in D(E(rg- 02
relates to a sem conductor device, and particularly to a BGA I %0
Array) package tape carrier, or a CSP (Chip Scall Package) tape-egrrier
used for the sem conductor device. Description of the Prior Art Recently
with the high performance and snmall size of electronic equi ﬂmwulmw "I
represented for exanple by personal conputers, there is the for
densification and m niaturization of the sem conductor package al so.

Cor r edritleddinther Invienbiosiensi fi cati on and nini aturization of a sem conduct or
package, there is the advent of sem conductor packages of area array type

such as B aka es CSPs i ¢h e .able [ e Ddmore to
i Ui pi e O GATeer (ot O8n el el M RHEIRAEHRE SERI 1 o
packages represent ed by QFP (Quad Fl at Package). w03 0c T zooz
Presently, with BGA packages and CSPs, plastic BGAs using a printed

Background of the Invention

Technical Field of the Invention
The present invention relates to a semiconductor device, and particularly to
a BGA (Ball Grid Array) package tape carrier, or a CSP (Chip Scall Package)

tape carrier used for the semiconductor device.

Description of the Prior Art

Recently, with the high performance and small size of electronic equipment
represented for example by personal computers, there is the requirement for
densification and miniaturization of the semiconductor package also.
Corresponding to the densification and miniaturization of a semiconductor
package, there is the advent of semiconductor packages of area array type such
as BGA packages or CSPs which are able to correspond even more to multiple
terminals, than the conventional peripheral type semiconductor packages

represented by QFP (Quad Flat Package).
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Wi riﬁg board for the base material is predom nant. However, as a BGA
package and CSP having virtues for exanple that narrow pitch p[gug]Cl-lezﬁO
bonding to the connection with the sem conductor chip is poss , ~t'h 2
Reel to Reel process can be used in the manufacture, and that |ow cost is
possi bl e, tape BGA and tape CSP which uses a resin film being non

conductive and having flexibility for the base material, is continuing to
increase. In the tape carrier material for the tape BGA or tape CSP, an
i nsul ation tape such as a polyamde filmlamnated with a copper foil is

used. Here, mainly used is one which is constructed with a netal wring
| ayer conrfesertlyowitheBE&vipackages andiGPBspplastic BGAnusing a printedpe
carrier, and a nmounting portion for solder balls for substrate connection

on th n ch consiructi on, for conduction between the netal
Wi ri @"‘?Q{EW&‘F‘EZ"%@& lﬁ#@ ‘%’%F%‘é?‘s‘éamed??‘aé’a&ﬁd for solder ball mounting,
via holes are necessary in the insulation tape. As a nethod of formng via

hol es, t h#ewevekndm BG AR dtkhodwid OSP faviieviieRfometamplelthatpr ocess
| aser method, or where wet process etching is used. In ordefr to formthe

desired via holes, a desired netal mask is forned by photoetching, after
whi ch nafriow\pitch inner lead hendipg o dhe gongertionavithdbe semicondnctorchipder f or
good wetting of the solder on the netal surface of the 0 30CT 2002

o a1 RS Y ETRESBTRe DSBS EABSE kb i P hfitattugt b ity ¢
portions, so that the—sem conductor device is produced. By neans of the
sol decobeid possibke, tape BGA and tape CSP which uses a resin film being non
conductive and having flexibility for the base material, is continuing to increase.
In the tape carrier material for the tape BGA or tape CSP, an insulation tape
such as a polyamide film laminated with a copper foil is used. Here, mainly used
is one which is constructed with a metal wiring layer connected to the
semiconductor tape on one surface of the tape carrier, and a mounting portion for
solder balls for substrate connection on the other face.
In such a construction, for conduction between the metal wiring layer side
and the solder ball side and for solder ball mounting, via holes are necessary in
the insulation tape. As a method of forming via holes, there is known a method
where holes are formed with a dry process laser method, or where wet process
etching is used. In order to form the desired via holes, a desired metal mask is

formed by photoetching, after which dry type laser or wet type etching is carried

out. Then, in order for good wetting of the solder on the metal surface of the
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seni conduct or device is connected to the printed wiring board and ot her
parts. However, in the case where a sem conductor device of thq]%fznf
construction is installed on a printed wiring board or the |iKke; J'ZQQZ
the follow ng problens. In the sem conductor device, since the coefficient
of thermal expansion of the printed wiring board and the sem conductor chip
connected to the tape carrier are different, then due to repetitive changes
in the anmbi ent tenperature, stresses concentrate at the connection portions
betmeen the nmetal wiring layer of the sem conductor device and t he sol der

bal | s artlclar in th hol es, cracks ocgur ;i the a t he
sol demefa P YBF sxpBred Bron bl aneture mertiomso mafing g AT plating  ng
therein are appl ied to the conducting portion on the netal wiring | ayer

si de, i§ﬁFgH@H fTREEE Ehigl sé’lﬂerWa‘ll@ dréaﬁéﬁhtécpohflhé a?%?t‘%'r@ rﬁBnE’aé&tﬁat

Publ i cation Toku Kai Hei 251471 discloses a tethnology to forma

ri ng- shaped rei nforcing pattern | ocated at the position of the sol der ball

on théhe semicomdugter devicreis prasuned. i Byooeans of ¥he Roldes badisathe bal 1. 0 3
0 ¢ T zooz The problem of cracking is substantially solved by the invention

cases SkRBFRndyer dedice I fetideciil sithe Hridiy ¥ ine VRNEY Blo deBeF Baflsr oo™

is thought that this cracks are caused by gases concentrated in the via
hal | . SumBdweoéd, ihBe lcayewhere alSemiddriductbl desicdoptliecesbowé the present

invention to provide a tape carrier
construction is installed on a printed wiring board or the like, there are the
following problems.

In the semiconductor device, since the coefficient of thermal expansion of
the printed wiring board and the semiconductor chip connected to the tape carrier
are different, then due to repetitive changes in the ambient temperature, stresses
concentrate at the connection portions between the metal wiring layer of the
semiconductor device and the solder balls. In particular, in the via holes, cracks
occur in the area to the solder ball parts from the part where the Ni under-plating
and Au plating therein are applied to the conducting portion on the metal wiring
layer side, so that faults arise.

With respect to this problem, JP Patent Publication Toku Kai Hei 11-
251471 discloses a technology to form a ring-shaped reinforcing pattern located

at the position of the solder ball on the rear surface of the tape and in contact

with the solder ball.



and nanuf act uri ng nmet hod thereof, where the aforenentioned cr §s d ot
occur, and a sem conductor device and manufacturing nethod th% &6%2882
uses this tape carrier. Another object of the present invention is to
provide a tape carrier and a manufacturing nmethod therefor for solving the
above nentioned problens, and a sem conductor device and manufacturing

nmet hod therefor which uses this tape carrier. Brief Description of the
Drawings Fig. 1 is a cross sectional view of one exanple of the tape
carrier for sem conductor device according to the present invention. 03

0OC ~r | CL,OSS .sec of, on exa | e of the
sem condugfl& g‘éwpgéoggmpgdslsb‘tbls%éﬁfﬂléééﬁ\ﬁv‘?dﬂ@%ﬁh SRVEHQL 1 JPS an
enl arged cross sectional view of part of the senmi conduct or devi ce of Fig.

2. Fi gratént Publih@8On F Kalq{ IELQSiM’f‘P%aHdW@W%%?l'% &reHrAbicaséd 9- 5 is

a plan view of a circular rreta brace w two pat gas renoval . Fig.
6 is a ﬁl an view of a circular netal brace with three paths for gas

r enovavher® ¢racks iage atifll causedeandfany improvementst ate deqadredwi it s thoughtat hs
for gas renoval.

that this cracks are caused by gases concentrated in the via hall.

Summary of the Invention

Therefore, it is an object of the present invention to provide a tape carrier
and manufacturing method thereof, where the aforementioned cracks do not
occur, and a semiconductor device and manufacturing method therefor which
uses this tape carrier.

Another object of the present invention is to provide a tape carrier and a
manufacturing method therefor for solving the above mentioned problems, and a
semiconductor device and manufacturing method therefor which uses this tape

carrier.

Brief Description of the Drawings

Fig. 1 is a cross sectional view of one example of the tape carrier for

semiconductor device according to the present invention.



Fig. 8 is a plan view of a triangular nmetal brace with a cut out, Fig. 9 is
a plan view of a rectangular nmetal brace with a cutout. Fig. 10 03 @g(bﬁaﬁgoz
view of a pentagonal with a cutout. Fig. 11 is a plan view of a triangular
metal brace with a gas renoval path in a straight portion. Fig. 12 is a

pl an view of a rectangular netal brace with a gas renoval path in a
straight portion. s aooc'r 2002 Fig. 13 is a plan view of a

triangul ar nmetal brace with a gas renoval path in a straight portion. Fig.
14 is a plan view of a triangular netal brace with a gas renoval path in a
cor ner po?io . Fig. 15 is a pl.an view of a rectangular, nmetal brace with a
gas renmpvaliBphihaicross septirnaligew ehoneiexample; ef thesemicpndycter device

pent agonal netal brace with a gas renoval path in a corner portion. Fig. 17

is a %Eeéﬁgggpgﬁg reé’é.rﬂ"Yn%nH%ht. of an insulation tape on which a netal

foil and sist are arranged thereon. Fig. 18 is a cross sectional
view of part of a tape nember on which a meta wiring layer is arranged .
Fig. 19 i ¥ig. 3ivan esdargednerossisentiohapwiew off part ef therseimécomductbr ch vi a

device of Fig. 2.

Fig. 4 is a plan view of a circular metal brace with a cutout.

Fig. 5 is a plan view of a circular metal brace with two paths for gas
removal.

Fig. 6 is a plan view of a circular metal brace with three paths for gas
removal.

Fig. 7 is a plan view of a circular metal brace with four paths for gas

removal.

Fig. 8 is a plan view of a triangular metal brace with a cut out.

Fig. 9 is a plan view of a rectangular metal brace with a cutout.

Fig. 10 is a plan view of a pentagonal with a cutout.

Fig. 11 is a plan view of a triangular metal brace with a gas removal path in
a straight portion.

Fig. 12 is a plan view of a rectangular metal brace with a gas removal path

in a straight portion.



hol es are arranged. Fig. 20 is a cross sectional view of part of a tape
menber on which photoresist is coated. Fig. 21 is a cross sectUd}deVlQ@Ogg
part of a tape menber on which netal braces are arranged. 030CT 20
Fig. 22 is a cross sectional view of part of the tape carrier for

sem conductor device. Detailed Description of the Preferred Enbodi nents
Wth the sem conductor device tape carrier of the present invention, a
nmetal wiring layer is formed on one face of an insulation tape having
flexibility, and netal braces are forned on part of the periphery of the

| der bal L. via hol es whi ch .to the ot face.. The netal b b
ade i ng. Bl Kot WsS ol e Binen)a moayene s &8 oS ThaR ave

of the circunferential |ength provided, or the netal brace may be made in

two oraggrag%lﬁroﬁéﬁf(ﬁl_shape portions, so that gaps are sinetorically provided
and positioned, and the total width of the gaps is equal to or |less than

40% of the circunferential length. N plati ng}is applied to the surface of
the netal bigadesisamplaauvigvaofragtriangadar imdtal drabe with gl gasi regnoal pathyinAu
plating is applied to the surface of the netal braces. The manufacturing
met hod_ f.or em conduct or device tape carrier of the present invention
i nvol v%§8{#ép§?rzl&1'of ; formng a netal foil on both surfaces of

Fig. 15 is a plan view of a rectangular metal brace with a gas removal path
in a corner portion. h

Fig. 16 is a plan view of a pentagonal metal brace with a gas removal path
in a corner portion.

Fig. 17 is a cross sectional view of part of an insulation tape on which a
metal foil and photoresist are arranged thereon.

Fig. 18 is a cross sectional view of part of a tape member on which a meta
wiring layer is arranged .

Fig. 19 is a cross sectional view of part of a tape member on which via
holes are arranged.

Fig. 20 is a cross sectional view of part of a tape member on which
photoresist is coated.

Fig. 21 is a cross sectional view of part of a tape member on which metal

braces are arranged.



the insul ation tape having flexibility, formng a protective filmand then
etching and renoving the protective film so that a netal mﬁrlnﬁlBa.é}T}ZBUZ
nount i ng 0 3 QCT 2002 sem conductor chips is formed on one of the
surfaces, and that the insulation tape is exposed at desired positions on
the other surface, protecting the surface including the netal wiring |ayer
with a protective filmof resin, performng etching on the exposed portion
of the insulation tape to formvia holes at the desired portions, formng a
resin protective filmon the via holes and part of the periphery of the via
hol es, and renoving said nmetal foil at the portion exposed fromthe

prot ect i vE&igi 2Znivg ceoshsenfionalwicweof pati of the tapetdarrienfor semigandudtor |
forms a netal brace, and then renoving the protective filmformed on both
surfagﬁi of the insulation tape. The netal brace can be nade in a

ring- haV|ng a cutout with a wwdth up to 4 %of the circunferentia

| ength of the periphery, or the nmetal brace may conprise a plurality of
arcuat e shape portions, such that gaps are sinetorically provided and
positioned between the arcuate shape portions, and that the total w dth of
the gaps is up to 40 % of the C|rcunferent|al | engt h of the periphery.

Fur t hPretaled [ésopiptidmef M) ¢ coo@mentSace of the nmetal brace and
then Au plating is applled or onIy Au plating is applled to the surface of

sem conauPtBR Bk ssriGphdeRRRCARE LI hathl: G pehnP LA Rloe) Ryeb”
sem conduct or device s
wiring layer is formed on one face of an insulation tape having flexibility, and

metal braces are formed on part of the periphery of the solder ball via holes
which open to the other face. The metal brace may be made ring shape, and a
cutout opening of a width equal to or less than 4% of the circumferential length
provided, or the metal brace may be made in two or more arcuate shape portions,
so that gaps are simetorically provided and positioned, and the total width of the
gaps is equal to or less than 40% of the circumferential length.

Ni plating is applied to the surface of the metal braces and Au plating is
applied to the Ni plating, or only Au plating is applied to the surface of the metal
braces.

The manufacturing method for the semiconductor device tape carrier of the
present invention involves the steps of ; forming a metal foil on both surfaces of
the insulation tape having flexibility, forming a protective film and then etching

and removing the protective film, so that a metal wiring layer for mounting
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O 3 0cTzooz tape carrier, and the solder balls are nounted Tf aaigf
cover the via holes and the netal brace. Part of the sol der bal 3e SZQM%
via hall through fusion to forma colum portion for electrically
connecting the solder ball to the netal wiring layer. Wth the

manuf acturing nethod for a sem conductor device of the present invention,
In addition to the manufacturing nethod for the sem conductor device tape
carrier, this involves connecting a sem conductor chip to the nmetal wring
| ayer, and nmounting solder balls so as to cover the via holes and the netal

foil portjon adjacent to the via holes. Hereunder is a detailed description
of enb%?dﬂl&@ﬁﬂslp{qretflupﬁilﬁéomedm anewiithe susfaces; apd thatr the insiation
manuf acturi ng nmet hod therefor of the present invention, and a sem conduct or

devic Is G s | ri or.
o 1R S expRsed alBeAR8 ATANES o WeRBRi Sy, st SRR .
tape carrier of the present invention. An insulation tape 1 is used and
made, ihcludingrtheenefal swirtngtdyerwith 4 protebtive filni béxedin| 'Re;fforiiﬁngt hi ckness
of the insulation tape 1 is around several ten mcrons. metal wring

| ayer 2 js forned on one surface (front, surface f the insul ation tape 1.
On’ t heteing o8 dhe §¥BOged POTHQRS insukadiontans @ Hermvis hoJes gt the

desired portions, forming a resin protective film on the via holes and part of the
periphery of the via holes, and removing said metal foil at the p?rtion exposed
from the protective film by etching, and the remaining portion of the metal foil
forms a metal brace, and then removing the protective film formed on both
surfaces of the insulation tape.

The metal brace can be made in a ring-shape having a cutout with a width
up to 4 % of the circumferential length of the periphery, or the metal brace may
comprise a plurality of arcuate shape portions, such that gaps are simetorically
provided and positioned between the arcuate shape portions, and that the total
width of the gaps is up to 40 % of the circumferential length of the periphery.

Furthermore, Ni plating is applied to the surface of the metal brace and then
Au plating is applied, or only Au plating is applied to the surface of the metal
brace.

With the semiconductor device of the present invention, semiconductor

chips are connected to the metal wiring layer using the semiconductor device

8



0 3 0CT 2002 conduction with the insulation wiring |ayer 2 ang %O@CT 2002
mounti ng sol der balls. The size of the via holes 3 is nade differen
depending on the size of the sem conductor device, and the dianeter at the
opening portion is fromseveral ten to several hundred mcrons. In the
formati on of these via holes 3, there is a nethod involving dry |aser or

wet etching. In order to ensure good wettability of the solder at the
contact portion between the nmetal wiring layer 2 and the solder balls in
the via hole 3, N plating is applied as required, and Au plating is

applied thereon t or pl ating layer 5. Then, corr spong)i@ to each one
of t hEARK GATKIAredN ,tltl%.S eélbaji%%@ Baunted §0iasde Qreripamia q%%?ﬂﬂéﬁ@ement
of the solder balls, at the periphery of the via holes 3. At the surface of

the Tidthi BERES Bart o RELRIALL AN RO HTHAPHbEN BEidE Rtlg" Dal ! o

Au plating wth er ating, or Au nl'y 1's ap S
required. Thus, the tape carrier for sem conductor device of the present

i nventohimnpartiontforelectridally cénnecting thes sokler habhntosthevwnetalanirémgpodi nent

of a sem conductor device of the present invention. A sem conductor chip 7
is copnected to the front surface, that is to the side of the netal wring
| ayer 18¥€Iof the tape carrier for sem conductor device. In the bonding of

t he sem conductor chip 7, an adhesive is used. A sheet form adhesive may be

att ached gﬂthflﬁe aciﬁn%?@é@@ﬂﬂﬂfr%’%ﬂ?éﬁrﬁfu&é%e? e ofthe ﬁfes@l}fo 03

0 CT 200 I qui d adhesi ve appl 1 ed. e sem conductor chip and the
netal wiring . ) ) )
invention, in addition to the manufacturing method for the semiconductor device

tape carrier, this involves connecting a semiconductor chip to the metal wiring
layer, and mounting solder balls so as to cover the via holes and the metal foil
portion adjacent to the via holes.

Hereunder is a detailed description of embodiments, referring to the
drawings, of a tape carrier and manufacturing method therefor of the present
invention, and a semiconductor device which uses the tape carrier and a
manufacturing method therefor.

FIG. 1 is a cross section showing an embodiment of a semiconductor device
tape carrier of the present invention.

An insulation tape 1 is used and made, for example, from a polyamide film
having flexibility. The thickness of the insulation tape 1 is around several ten
microns. A metal wiring layer 2 is formed on one surface (front surface ) of the

insulation tape 1. On the other surface (rear surface) is formed via holes 3 for

9



Iaye} 2 are connected by wire bonding 8 Then, solder balls 9 t
on the rear surface of the tape carrier. By this, the sol der byeswi}ﬁﬂz

reinforced with the netal brace 6. Thus, the construction of the

sem conductor device of the present invention is constructed. Next in the
construction of the netal brace 6 according to the present invention, for
exanple FIG 3 is a cross section show ng a ring-shaped netal brace 6
provi ded at the periphery of via holes 3 of the sem conductor device tape
carrier, and solder balls 9 mounted. FIG 4 is a plan view of the netal
brace 6. The solder bal]ls 9 are nounted on the via holes 3 of the tape
carri egordirctimivdtnthecinsulation veiring layes 2 and dor mounding saklerdrallsw ”Egc hod
i s conducted such that a predeterm ned anount of solder previously is

Cemperttid i SERBY $ TuRbtdd fitreibth SbpeRdtlf Spdfislds B o "o { “The

sol der for bonding. At this tinme, in order to ensure good wettability of

the sdledieiconducfdredévige] snd e desmefertdiaheRipEning portiohdy €forh devergle the
via holes 3, and Au plating is applied thereon to thereby forma plating

| ayer S. After this the solder balls 9 are nmounted. Here, the shape of the
vi a hdeadoseyerdldiundredemicnogsordntthe fosmasiomef thaseivig hales 3, therelisq and

in particular with a wet etching such as with 0 3 0cr zoo2 polyamde

Capor et ity B WP eberricl it eleind 3n dRBR 0 sl hofo SRR I 02, .7

holes is |l ess than the dianmeter 11 of the opening portion. The smal ter the
g;gnetthe sbdef attthe comect portiow bepbeth ehe indethbirdsingtlagen2rameliie seldebe t he
balls in the via hole 3, Ni plating is applied as required, and Au plating is
applied thereon to form a plating layer 5. Then, corresponding to each one of the
via holes 3, a metal brace 6 is provided for mounting reinforcement of the solder
balls, at the periphery of the via holes 3. At the surface of the metal brace 6, in
order to ensure good wettability of the solder balls, Au plating with the Ni under-
plating, or Au plating only is applied as required. Thus, the tape carrier for
semiconductor device of the present invention is constructed.
FIG. 2 is a cross section showing an embodiment of a semiconductor device
of the present invention.
A semiconductor chip 7 is connected to the front surface, that is to the side
of the metal wiring layer 2, of the tape carrier for semiconductor device. In the

bonding of the semiconductor chip 7, an adhesive is used. A sheet form

adhesive may be attached to the top of the semiconductor device tape carrier, or a

10



bet ween the el ectrode sections in the sem conductor chip 7 and t
wiring layer on the rear surface, enabling densification of the EﬁSgﬁtf* 2002
wiring layer 2 and mniaturization of the sem conductor chip 7. In order to
prevent cracks and breakage, the netal brace 6 is provided on the boundary
bet ween the solder balls and the via holes for reinforcing. Furthernore,

for exanple as shown in FIG 4, cutouts for gas renoval nmay be provided in
the netal brace 6, or as shown in FIG 5 through FIG 7, the netal brace 6
may be nmade as two or nore portions of arcuate shape, with a plurality of

gas renoval paths provided and forned on the periphery of the via holes.

O her iquéd adhesivetmayibe apphiedd The semigqonduatdr chrpdiandoibermetal winegs
concentration would occur in the connecting portion between the
aforepentipned Au plating with the N der - pl.ati apd the solder ball

due t FOREGRIG poindhiBH Byt Bohdingd) Hie Mulee PSS wek tBpRBteF beke anc
breakage. Wen the solder balls 9 are nounted on the via holes 3, a gap

occur theltsartsurfRRESf tHev@peZarrier3 By ¢his! tHOS8deh daligy hfe AihiGited with
tenperature, at the side wall porti'on 4 of the via holes 3 so that gas of

for exanpl e bubbles can easily accunulate. The width of the cutouts is
pr ef ethfometaleeacertan Thusothe penstruction efdheisemicengduatorideviige ofitheh of t he
cutout openings is large, the solder balls are no longer forned in a

connepissht TS is BhebtietR" g Vo the printed wiring board
Furthernmore;—the plurality of gas renoval paths are symmetrically provided,
Next in the construction of the metal brace 6 according to the present
invention, for example FIG. 3 is a cross section showing a ring-shaped metal
brace 6 provided at the periphery of via holes 3 of the semiconductor device tape
carrier, and solder balls 9 mounted. FIG. 4 is a plan view of the metal brace 6.
The solder balls 9 are mounted on the via holes 3 of the tape carrier for
semiconductor device using a reflow method. The reflow method is conducted
such that a predetermined amount of solder previously is supplied to a
connection portion, which is then heated at a desired temperature by way of
radiation, conduction or convection to melt the solder for bonding. At this time,
in order to ensure good wettability of the solder, Ni plating is applied to the
metal wiring layer 2 inside the via holes 3, and Au plating is applied thereon to
thereby form a plating layer 5. After this the solder balls 9 are mounted.

Here, the shape of the via holes 3 differs depending on the method of

forming the via holes, and in particular with a wet etching such as with

L1



and the total width is equal to or less than 40% wth respect to e
circunferential length. If the total width of the paths exceeds Q)s OtChI 2002
reinforcing effect with the solder balls cannot be expected. The shape of

the netal brace 6 is not limted to ring shape provided this can encl ose

the via holes 3 and reinforce so that the nmounted sol der balls 9 do not

flow out. As shown for exanple in FIG 8 through FIG 16, this may be

formed in a polygon shape. Also in the shape of the polygon, as shown in

FIG 8 through FIG 10, cutout openings for gas renoval may be included, or
as shown in FIG 11 through FIG 16, this may _be divided into two or nore
parts PeWamidsmtohing, shemasshewn poElG. Sadhe Vi holes 3 arpiofiasshape & gas
renoval paths are provided. L3 03 0CT ?.002 As showmm in FIG 3, the

w dt h I [ ac I { .1 here
e noarLeiepd; BLEothEE by e SRaRSE 1R0P R BepCiafiSEbrfg it o
nore is preferably. If the width 12 is less than 10, um this becones too
nar r ovholesds l¢xs thdhahe dianietendl bfaheidpening Portioad Thesmhallkkeahses weak, so
that during the manufacturing process of thé tape carrier for sem conductor
devi ce,, the al brace 6 peels or drops off. Furthernore, concerning the

t hi ckn@@ﬁfleﬁgﬁ afttgeknpar porion of thy vikeheles, He sarmgwergan be theigaphe net al

brace 6 functions as the etching mask for the via hole formation, it

The ¢ raprsed e cIEctoE SEERRnS 3p 3h8 Sehfiboptarich T Fd 108 indil Wl B ¢

thinner than |,um the
layer on the rear surface, enabling densification of the metal wiring layer 2 and

miniaturization of the semiconductor chip 7.

In order to prevent cracks and breakage, the metal brace 6 is provided on
the boundary between the solder balls and the via holes for reinforcing.
Furthermore, for example as shown in FIG. 4, cutouts for gas removal may be
provided in the metal brace 6, or as shown in FIG. 5 through FIG. 7, the metal
brace 6 may be made as two or more portions of arcuate shape, with a plurality
of gas removal paths provided and formed on the periphery of the via holes.
Otherwise, when this is mounted on the printed circuit board, a stress
concentration would occur in the connecting portion between the aforementioned
Au plating with the Ni under-plating and the solder ball, due to repetitive
changing of the ambient temperature, causing cracks and breakage. When the

solder balls 9 are mounted on the via holes 3, a gap occurs due to repetitive

12



strength for reinforcing the solder ball 9 is weak, so that thergqg [
possibility of the occurrence of cracks or breakage of the conne@é*glewhzgmz
portion between the solder ball 9 and the via hole 3. Furthernore, the
effect as an etching nmask is lost. On the other hand, if the thickness 13

of the metal brace 6 is greater than 30,um the renoval tinme of the etching
mask and the anmount of etching fluid used is increased, and hence the cost
for the etching process is increased. As shown in FIG 4, for the internal

di anmeter 14 of the netal brace 6, a size is desirable so that the

peri phery of the via holes 3 is enclosed by the neta 0. T 2002

br ace Gangeadn @mabict gemperatuse atdhs side pvaibmrsxonrdhﬁt 8@# vid bOhsoB SO

reinforced by the netal brace 6 (around several ten to several hundred

m cr OQﬁhtn%a{Bﬂ@lt?ﬁé@blgbphg%g@ﬁrﬁkfl ?%ﬁlo Lﬁﬁtehe metal foil used in the

etch e Vvia Cu {copper) is used. Next
FI G 17 through FIG 22 show a nmanufacturing met hod for a tape carrier for

sem conduckte wddili ofthe cutoutpiis peeferatbvlyeless ehan Ag sifahe dircurhférenfial a
phot oet ching nethod is perforned on the tape material to which the netal

foil h t h d f.th I h
1 exi dpnelhy TBeSHIR otihercaions opaningRis WFEe« e Ut bals Are aRdepeeRy 1 o

t he sem conductor chip is fornmed on one face, and an etching nmask 16 is
" oHACHR 406yl shiBeokl e PUBCELES U898 Hefdla o "9
i hooclzonnection cannot be accurately made to the printed wiring board.

Furthermore, the plurality of gas removal paths are symmetrically provided,
and the total width is equal to or less than 40% with respect to the
circumferential length. If the total width of the paths exceeds 40%, the
reinforcing effect with the solder balls cannot be expected.

The shape of the metal brace 6 is not limited to ring shape provided this can
enclose the via holes 3 and reinforce so that the mounted solder balls 9 do not
flow out. As shown for example in FIG. 8 through FIG. 16, this may be formed
in a polygon shape. Also in the shape of the polygon, as shown in FIG. 8
through FIG. 10, cutout openings for gas removal may be included, or as shown
in FIG. 11 through FIG. 16, this may be divided into two or more parts

(preferably at symmetrical positions), so that a plurality of gas removal paths are

provided.
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where the face is protected by photoresist 18 so that only the t 3l
15 of the via hole portions is renoved, and the insulation tapengosrat[?[o:ﬁT 1?;]02
i s exposed, and the other portions are nmasked by the netal foil. Then,
etching for perform ng exposure processing is carried out. In the case

where copper is used for the etching mask 16, a cupric chloride solution or
a ferric chloride solution is used for the etching solution. is 03o0cT
zooz In the formation of the via holes 3 shown in FIG 19, the exposed
portion 17 of the insulation tape outside of the portion which is masked by

i st e, iy o RIS, Ao U Stk RGP RRoiLirdeE ERRNSS R P BR 8"

wiring layer 2 is forned the surface is protected with resist 19. In the

case wierexteat yipititterd ara/aedrieks bhdiscvtietion of BrRembuntéd %l@lialrlblﬂls@ ching
solution of a non hydrazine group is used for the etching solution.

commerci al,_al kali proof resist is.used for the resist 19. As shown |n Fl G
19, afdnd 10gmondnereisprgferably. If the\urdth 12Hsess than Huny thishecomes
coated with a photoreS|st 20 to give a ring shape on top of the etching

ot coos prRE AR R AEIResRin sUBnEHT o hETnchiaihf (R L, BrdlRE WEAKIRO (e

exposure process, and the photoetching process are performed, and thereby

wi th tthat deralg fie mana€actun cﬁiesbidﬁghaaa e tarriesfatyemicondacter 21, the
metal brace 6 for reinforcing the sol der is formed on the periphery of

5" ancSavige e et igace & posis o drops OFF. *#u‘}iﬁetr%%rse concerning the 0 | "
thickness 13 of the metal brace 6, since the material for forming the metal brace
6 functions as the etching mask for the via hole formation, it is necessary that the
thickness is also for functioning as the etching mask. The thickness 13 of the
metal brace 6 is preferably around 1xm to 30um. If thinner than 1xm, the
strength for reinforcing the solder ball 9 is weak, so that there is a high
possibility of the occurrence of cracks or breakage of the connection portion
between the solder ball 9 and the via hole 3. Furthermore, the effect as an
etching mask is lost. On the other hand, if the thickness 13 of the metal brace 6
is greater than 30um, the removal time of the etching mask and the amount of
etching fluid used is increased, and hence the cost for the etching process is
increased.

As shown in FIG. 4, for the internal diameter 14 of the metal brace 6, a size

is desirable, so that the periphery of the via holes 3 is enclosed by the metal
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20 rbnaining on the rear surface are renoved with a dilute alc
solution. Next, plating is applied to the tape carrier for senﬂ@gL&USJBQDUZ
device. At this time, this is plated by either an el ectroplating nethod or
an electroless plating nmethod. 16 o0 3 o c T zoo2 Wth the el ectroplating
plating, NI plating is applied to a portion of the via hole opening portion
for conducting to the nmetal wiring, on the rear face of the netal wiring

| ayer of the tape carrier for sem conductor device, and Au plating is
applied over this to give the plating layer 5 (refer to FIG 22). Prior to

this plating, the portion of the nmetal brace 6 is not electricall
ConneDIage Bofha{éﬁﬁépiqtlerml' $9 qazyee properly Haowntsi onta-and FRioEsediby ¢ he
time of Au electroplating, this is coated with a substituted Au in the Au

Bl 2 el WAL bRICE 6 TRt Sovidhl Yerf RISEGLATHAGHYE pilBhol T 00 1 aver 2

Speci y, upon c Au pla ecoatrng s de by the Au which
I s placed through substitution at the site where the netal conposing the

netal br adtheSmaserialosf e, metal brace Aliscihet metali foilehsad in tied etchingmasled to
the metal wiring layer 2. Specifically, the electric N plating is

conducted on, the surface of . the tal brace §, the Nl ion on the surface is
repl ag% Q)")’/'mcqgeﬁl&u‘”iachp 8- dherm Mté‘éﬁ?om)tlﬁélsﬁ -is precipitated on the

Ni plating for coating. When the naterial of the netal brace 6 is copper,

t he coppenNd I o} t - Ht&f with the
Au ion in[\{?fetr%@til‘ﬁngl%g }PFgg ‘t!?'%tasltE %tvﬂg lﬁhnﬁgﬁﬁ)@e}@gp@? a edf%ltny?ﬁge Cu for
coati ng. —

carrier for semiconductor device of the present invention.

As shown in FIG. 17, a photoetching method is performed on the tape
material to which the metal foil 15 is attached on both sides of the insulation tape
1 having flexibility. As shown in FIG. 18, a metal wiring layer 2 for connecting
to the semiconductor chip is formed on one face, and an etching mask 16 is
formed on the face of the other side at predetermined positions for forming the
via holes 3. Formation of the etching mask 16 is by a photoetching method
where the face is protected by photoresist 18 so that only the metal foil 15 of the
via hole portions is removed, and the insulation tape portion 17 is exposed, and
the other portions are masked by the metal foil. Then, etching for performing
exposure processing is carried out. In the case where copper is used for the
etching mask 16, a cupric chloride solution or a ferric chloride solution is used

for the etching solution.



Wth the el ectrol ess plating, Ni plating is applied to a portio f '
hol e openi ng portion for conducting to the netal wiring, on therq gaptqucgﬂﬁz

of the metal m 0 3 0 CT 2002 wiring |layer of the tape carrier for

sem conductor device, and Au plating is applied over this to give the
plating layer 5 (refer to FIG 22). On the surface of the portion for the
nmetal brace 6, as nentioned before N plating is applied, and Au plating is
applied over this. As a result, the portion of the netal brace 6 is
electrically connected to the netal wiring layer 2. Preferably the

t hi ckness of the Ni plating is froml,umto 8 um If this is thinner than

| ~Cm  t he Inetheafioiririatioroéf theviohdles 3 shpeor in FiGI @9 thet expased pormoB1Zm
the tinme for plating and the anount of Ni plating used is increased, so

that t cost r the plati rocess..is increased., Furthernmpre, also, with
e koo B GRPABAS B3RubE wAHSE ThAbedd BB lefind Sk
plating used is increased so that cost is increased. Therefore a thickness

of | esgy ti§FBrinetBy rd&e%&ﬁ{%@'iﬂl étmtbéﬂ'c@alm%sﬁe%dﬁ h&t SRiBSimeUi ofer?! ati ng
at the time of eléctroplatihg is I'ess than O G5, un). Above was the

manuf acturing nmethod for a tape carrier for sem conductor device of the

pr esert® prevent ewhingornf e swface wihese the metal wiring layehadsfformed, the

sem conduct or device according to the present invention. After

manuf act pir i t.ape rrie ory. sgem condugct or devi ce, by th bqyve
rent | aVStAcEad ArafadiPl Syl bl 100 drSR R WRLE PSR i HEGRIHE, cni o
7 is incorporated and packaged. Wth the

insulation tape 1, an alkaline etching solution of a non hydrazine group is used

|
for the etching solution. A commercial alkali proof resist is used for the resist
19. As shown in FIG. 19, after forming the via holes 3, then as shown in FIG.
20, these are coated with a photoresist 20 to give a ring shape on top of the
etching mask 16 for the periphery of the via holes 3. The etching mask 16 which
is not covered with the photoresist 20 is removed by photoetching. Then, the
exposure process, and the photoetching process are performed, and thereby with
the metal foil used in the etching mask 16, as shown in FIG. 21, the metal brace
6 for reinforcing the solder ball is formed on the periphery of the via holes 3.
Then, the resist 19 which protects the metal wiring layer 2, and the photoresist
20 remaining on the rear surface are removed with a dilute alcohol solution.

Next, plating is applied to the tape carrier for semiconductor device. At this

time, this is plated by either an electroplating method or an electroless plating

method.
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is 030 CT 2002 bonding of the sem conductor chip 7, a sheepaingﬁ‘r 2002
adhesive having electrical insulation may be affixed at a predele

position on the sem conductor device tape carrier to effect bonding, or the
chip may be nounted by applying a liquid adhesive. Next, the term nals of
the sem conductor chip 7, and the inner |lead pad of the nmetal wiring |ayer
2 in the tape carrier for sem conductor device, are wire bonded for exanple
by fine gold wires 8. After this, in order to hernetically seal the

sem conductor chip 7, the sem conductor chip side my be resin sealed with
a comercial epoxy nmould resin (not shown in the figure). Then, the sol der
bal I s 9 arWithotireeeleettopdatimg platingoNeplating is beptiedrtofapertidy of ¢hé aiang. At
this time, flux may be used in addition to sol der. Above was the

manuf gcturi ng.method for a sem conductor device.of the present invention.
Vor ki ?fﬁ)@%@&l@g p&ﬁaoafﬁﬁgpadwgng CMet W ITERZ £ad sear Reeiohtbat i on
are shown hereunder. The exanples are concerned wth a sem conductor device

tape GBI Wit ot O AL MAHE A ERId CmAYHARRGN LR e! andf RO plAfRg s 2e ©f

applied over this to give the plating layer 5 (refer to FIG. 22). Prior to this
plating, the portion of the metal brace 6 is not electrically connected to the metal
wiring layer 2 of the front face. However at the tirr; of Au electroplating, this is
coated with a substituted Au in the Au plating bath, and is electrically connected
to the metal wiring layer 2. Specifically, upon electric Au plating, the coating is
made by the Au which is placed through substitution at the site where the metal
composing the metal brace 6 is located, and the Au coating is electrically
connected to the metal wiring layer 2. Specifically, the electric Ni plating is
conducted on the surface of the metal brace 6, the Ni ion on the surface is
replaced by the Au ion in the solution, and the Au is precipitated on the Ni
plating for coating.

When the material of the metal brace 6 is copper, the copper ion on the
surface of the metal brace 6 is substituted with the Au ion in the plating bath, so
that the Au is precipitated on the Cu for coating.

With the electroless plating, Ni plating is applied to a portion of the via hole

opening portion for conducting to the metal wiring, on the rear face of the metal
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chip is 8mm square, the nunber of termnals is 54, and the terniqrg ﬂ%}ghzgoz
ks 0.8mMm A tape material was prepared with two sheets of copper 170

| 8, umt hickness integrally formed on opposite sides of an insulation tape
conprising a polyamde filmof SO umthickness. This tape nmaterial was
Espafl ex (trade nane), with a polyam de (trade nanme API CAL) of Kanegafuch
Chem cal Industries as the base. The sem conductor device tape carrier was
made by a process involving a reel to reel process as described hereunder.

In this working exanple, a copper wiring |ayer was forned by a photoetching

t echni que n th I de for_ conpecting th em.conduct gr, chip.of .t he tape
carri SYIHIg P@éﬁﬁéﬁegw%fia%‘% EQ-:T Se’fﬂ%%(ﬁici%r dayicey ﬁnafA‘t‘ iﬂlguﬁgp%er Wiring

| ayer was a wiring pattern froman inner |ead bonding wire portion provided
on fo i ; | t ' ' chip
by i f PRSI L E e el M [y TR IR 228, S oacent e,
array shape facing the interior. The via holes of the polyamde filmfor
nount tigponikos dbdéhe hedthkbreneed nasimenyicatechbefipreiNinplating isadppléedstanid ng

solution in the non hydrazine group (Tore Engineering Conpany,

i th A BIAUEE s aPEliehEver dhitnorS o bbb tiE Botiion Al dBe tarial HTATREU 1 o i e

to the copper wiring layer, and the copper foil on the rear face is
electrically connected to the metal wiring layer 2.

Preferably the thickness of the Ni plating is from 1um to 8um. If this is
thinner than 1um, the wettability of the solder is poor, while if thicker than 8um,
the time for plating and the amount of Ni plating used is increased, so that the
cost for the plating process is increased. Furthermore, also with the thickness of
the Au plating, if this is too thick, the amount of Au plating used is increased so
that cost is increased. Therefore a thickness of less than 1um is preferable (the
thickness of the substitute Au plating at the time of electroplating is less than
0.05um).

Above was the manufacturing method for a tape carrier for semiconductor
device of the present invention.

As follows is the manufacturing method for a semiconductor device
according to the present invention. After manufacturing the tape carrier for

semiconductor device by the above mentioned manufacturing method, as shown

in FIG. 2, the semiconductor chip 7 is incorporated and packaged. With the
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used as the etchi ng mask. That is, the copper foil of only the v
formng portion on the rear face of the tape carrier was rem)veonalltfcj 2002

phot oet ching, to thereby expose the polyam de filmof that portion. Then,
after protecting the copper wiring of the front face of the tape carrier
wWth a resist, in a condition with the other portions masked by the copper
foil, etching of the polyamde filmwas perfornmed to thereby open the via
hol es. A taper was forned divergent toward the rear surface in the via
holes. In this working exanple, by neking the diameter of the copper nmask

0.41 vi.a hol es were opened w it h_the di ter on. t p i,ng side
of 0. Donihgr ke Hiconk Cionhip Ted Ahisilke Abea s g B eetticalchl o | de
solution. At this time, resist coating for protecting the copper wring

| ayer 1‘1‘}§ﬁlaftRﬂthA§' béaski @B?ta %?érn’ﬁ'ﬂ'eﬂl})d&ﬁf)ﬁr(ﬁf’tﬁee%ﬂféd ot or the

foll om ng wo exanpl es, corrpar at1ve exanples, was applied to the
rear face. For the conparati ve exanples 1 and 2, printing was conducted to
| eave desticetape carrierite ¢ffeetsbonding, oo the mbnp hn@yebeanppatedohy tapphging a
(hereunder referred to as copper rings) on the via hole surroundings so as
to le veﬁydth of 10~-Cm No cut out is forned in the copper rings. ?i 0
30 cHd lﬁﬂ %he wor ki ng exanple 1, printing was conducted to | eave not
only the via holes but also copper rings on the via hole surroundings wth

a w dth ofNkg, yhe téﬁﬁﬁﬁ‘l@bf tRe SEAREGN@hCIS?- dl'ﬁp"?‘ @nd thesinfef feAt pQﬂ%fp| ace
on the copper ring (Fi 4).

the metal wiring layer 2 in the tape carrier for semiconductor device, are wire
bonded for example by fine gold wires 8. After this, in order to hermetically seal
the semiconductor chip 7, the semiconductor chip side may be resin sealed with a
commercial epoxy mould resin (not shown in the figure).

Then, the solder balls 9 are connected to the via holes 3 on the rear face, by
reflowing. At this time, flux may be used in addition to solder.

Above was the manufacturing method for a semiconductor device of the

present invention.

Working examples, and Comparative examples

Some examples of the invention are shown hereunder.
The examples are concerned with a semiconductor device tape carrier and a

semiconductor device, corresponding to where the size of the semiconductor
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For the working exanple 2, printing was conducted to | eave not QpByp(ﬁF 2000
hol es but al so copper rings on the via hole surroundings with a wdth of

| 0O, um Mbreover, a cutout of 20,umw dth was made at two places on the
copper ring (Fig.S). For the conparative exanples 3 and 4, printing was
conducted to | eave not only the via holes but also copper rings on the via
hol e surroundings with a width of 20, um For the working exanples 3 and 4,
printing was conducted to | eave not only the via holes but al so copper

rings on the via hole surroundings with a wdth of 20,um Mreover, a

cutout qof ,20, umw dth at one_ or two places, was made on each ,of the copper
ri ngs.Chipds %tmmo%qﬂmat e, Rumbernfdsrminglg 16 ﬁ%andttidwﬁgemwjdﬁ&msed to

| eave not only the via holes but also copper rings on the via hole
surroquhﬁﬂs with a width of 30,um 22 03 0CT 2_002 For the working

exanpl €s and 6, printing was conducted to |l eave not only the via holes
but al so copper rings on the via hole surroundings with a width of 30,um

Moreover, A tap¢ mdteribl 2@isypeepiastd with owe sheetswof pbppesfoilaf 18da on each of
t he copper rings. For conparative exanples 7 and 8, printing was conducted
such that only the ned vj a hol es, wer, | ed with photoresist, {no ring

fi
is forl .esﬁdFt%éﬂggﬁﬁﬁﬁthWQPP%%ISé‘geSQO A8 1ngulagoniapg FOMBIs MR ct ed

to | eave not
polyamide film of 50um thickness. This tape material was Espaflex (trade

name), with a polyamide (trade name APICAL) of Kanegafuchi Chemical
Industries as the base.

The semiconductor device tape carrier was made by a process involving a
reel to reel process as described hereunder.

In this working example, a copper wiring layer was formed by a
photoetching technique, on the side for connecting the semiconductor chip of the
tape carrier for semiconductor device. The wiring pattern of this copper wiring
layer was a wiring pattern from an inner lead bonding wire portion provided on
four perimeters for connecting the terminals of the semiconductor chip by wire
bonding, towards solder ball land electrodes provided in an area array shape
facing the interior.

The via holes of the polyamide film for mounting the solder balls were
made by etching with an alkaline etching solution in the non hydrazine group

(Tore Engineering Company, TPE-3000group). The etching at this time was
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onl y‘ the via holes but also copper rings on the via hole surroungn S tfnéﬁn
a wdth of S~cm For the conparative exanples 11 and 12, printi W&S(: 02

conducted to |l eave not only the via holes but also copper rings on the via
hol e surroundings with a width of S, um Mreover, a cutout of 20,umw dth
at one or two places, was nmade on each of the copper rings. In all cases,

t he copper nmask was renoved by copper etching to formthe copper rings.
Then, the protective resist on the front face and the photoresi st remaining
on the rear face were renoved by a di l ute al cohol solution. In the working

i i A BB S B R BB St e ptas™

sem conductor tape carrier and on the copper ring of the via hole

per i ploppositddide @o the cépge? M?lngolaf‘éﬁréﬂd] the¥d P@éﬁﬁn? on4h@neaf facid

conpar atlve exanpl es ‘and 12, ctrol ess plating was

performed. At this tinme, the thickness of the Ni plating was 5, um and the
t hi ckmsed asfthereschingomaskndhatssothe, eopperinil néonly the Vtaah() fomming of the
substitute nmetal plating for the copper ring in the el ectropl ating was | ess

above DS Hn fe, RcFact 82 4he Tulé ERRBICNED emiedy AP RoBRbBIng o, "rakce

up the sem conductor device. These were then evaluated after packagi ng was

made  elereb§ d)tpdb‘eetﬁe\/pdlyﬂﬁn&@v?ﬂlﬁa ofMthit pbitforeVPhetRtafest pRste@inghh@bi l ity
evaluation for th

copper wiring of the front face of the tape carrier with a resist, in a condition
with the other portions masked by the copper foil, etching of the polyamide film
was performed to thereby open the via holes. A taper was formed divergent
toward the rear surface in the via holes.

In this working example, by making the diameter of the copper mask
0.41mm, via holes were opened with the diameter on the copper wiring side of
0.35mm. After this, the copper mask was removed using a cupric chloride
solution. At this time, resist coating for protecting the copper wiring layer was
applied, and a photoresist which differed respectively for the following working
examples, and comparative examples, was applied to the rear face.

For the comparative examples 1 and 2, printing was conducted to leave not
only the via holes but also ring-shaped copper patterns (hereunder referred to as
copper rings) on the via hole surroundings so as to leave a width of 10um. No

cut out is formed in the copper rings.



connections between the seniconductor device and the printed w(r3r@Coba0{2
a tenperature cycling test was perfornmed. In assenbling the sem conduct or
device, at first the sem conductor chip was attached and bonded to the
central portion of the tape carrier with an epoxy system adhesi ve havi ng

el ectrical insulation. Then, after wre bonding is conducted between the
termnals of the sem conductor chip and the inner | ead pads of the netal
wiring layer with fine gold wire, the sem conductor chip side was resin
sealed with a comercial epoxy nolding resin. Then after lightly contacting
the 450 m cron dianeter eutectic solder balls with a rosin flux (nade by
Kyushu Matlsudthietworkiagtexamplvsh, prnjingbwas soaducted (o leaveanotoomlyethder one
24 D3 0 CT 2002 package. After this, reflowi ng was conducted in a

et oo TR BnFalsB B tHEFPRINE U hlh shfturdifeS B AMIGRSETCI S Ve

was performed with sem conductor devices nounted on the center of a 5 cm

squar 4 QumantMoreovema duaut of 20uan tveitek " atagrade atone4flace onl 2 copper at a
one hour period with respective hol ding periods of 20 m nutes. After 500

cycles, f éj(geagh hundred cycles, this was taken out of the cycle furnace,
and t A& -A)cal resistance measured to eval uate the reli abi lity of the
connections. The nunber of sem conductor devices used in the test was 20

]:alocracte ?lc 2 a?forrtetg |E s%ﬂéégg%n creas L%I’s%@g@gggggg?p g?ﬁsﬁeg(/&%lfa §§ r}edvt ];onx{lg ﬁgheof t he
. via holes ;ut also copper rings on the via hole surroundings with a width of
10um. Moreover, a cutout of 20um width was made at two places on the copper
ring (Fig.5).

For the comparative examples 3 and 4, printing was conducted to leave not
only the via holes but also copper rings on the via hole surroundings with a
width of 20um.

For the working examples 3 and 4, printing was conducted to leave not only
the via holes but also copper rings on the via hole surroundings with a width of
20um. Moreover, a cutout of 20um width at one or two places, was made on
each of the copper rings.

For the comparative examples 5 and 6, printing was conducted to leave not

only the via holes but also copper rings on the via hole surroundings with a

width of 30um.



term nal connections of the respective sem conductor devices, wg W[F?UOZ
judged to be defective. The solder wettability of the copper g a

sol der ball nount all showed good wettability irrespective of

el ectroplating or electroless plating, and wit or without the cutout. The
copper ring had sufficient solder wetting for both the substitute plating
and the electroless plating, and had the effect of reinforcing wth respect

to the solder ball. 25 ~~G~, ~~ ~UU~- Moreover, with the conparative

exanples 9 through 11 for the 5um ring width, the vvidth of the copper ring
was too n so that the adhes W|ththe I def| m was weak, and
t he copper 95%‘68 Bi8g eXmp @& ,HNting ‘E,ISFir PdEake ROt 98Yir i ng

process. Hence assenbly of the sem conductor deV| ce was not carried out.

Tabl e thesh@ léé‘BHf g&g'ncg%pﬁér ﬁR%EEWHErﬂBW&e% ffcﬂﬁg 'i}t]ﬁ g_ewg%th‘%f;{ o ¢

exanples 1 throu arative exanple

T 2002 Table 1 Copper ring Cutout Plating w dth(, urr) C. Exarrpl e 110C
Exanpl3iaw/ Mozepver, kJﬂMbuEmﬁrﬁﬁ]thﬁithMrmieeuBM@.plﬂm;Was Aademnpl e
320W Exanpl e 4C. Exanpl e 530C. Exanpl e 6W Exanple 530W Exanple bC.

Exarrpleacﬁ %t’ﬁ)éacrgjdp%r%ings.

For comparative examples 7 and 8, printing was conducted such that only
the opened via holes were filled with photoresist (no ring is formed).

For the comparative examples 9 and 10, printing was conducted to leave not
only the via holes but also copper rings on the via hole surroundings with a
width of Sum.

For the comparative examples 11 and 12, printing was conducted to l‘eave
not only the via holes but also copper rings on the via hole surroundings with a
width of Sum. Moreover, a cutout of 20um width at one or two places, was
made on each of the copper rings.

In all cases, the copper mask was removed by copper etching to form the
copper rings. Then, the protective resist on the front face and the photoresist
remaining on the rear face were removed by a dilute alcohol solution.

In the working examples 1, 3 and 5, and the comparative examples 1, 3, 5, 7
9 and 11, electroplating was performed on the copper wiring layer of the

semiconductor tape carrier and on the copper ring of the via hole periphery.
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no electro
eIectrolessyeselectroelectrolessnoelectroelectrolessyeselectroeIQegtp(QIng}Q)2
el ectroel ectrol essyesel ectroel ectrol essel ectroel ectroles * at the tine
when breakage started. Nunber of tenperature cycles ~k (tinme) 2300 1800

2300 2300 1900 2100 2300 2300 1800 2300 2300 2300 1000 s 1000 27 03 o0c
T 200z Fromthe test results, the inprovenent result for the tenperature
cycle life by providing the copper ring and securing the solder ball with
the copper ring, was increased for both the case where a cutout was

provi ded iHortwerkiogpetamphg Z,wakdng, endnpimgarativé é;mn?ltsez,meﬁ e8! h0s was
not provided (conparative exanpl es) I\/breover in all of the cycles other

than th ar at xampl es arellablllty of nore than 1.8 tines
t hat Efm%ﬂﬁkétﬁei@@ng%{%% POTHEFrQJI 8 was obtained. Furthernore, the
affect did not changed for where the cutout was provided at one place or

where the AUy tine ShRAKGRAS T hENPPRARSe wARGSETahAthY thickits|df ed

life of nore t times was o éopper ring w

greater than 10-Cm a sufficient effect was obtained. Both in the case
wher e te¢ éat plating was Ov2smapHurteranonsh ¢he thickaesobé slse plibstituge waestabppl i ed,
t he terrperature recycle test results were the sane. Fromthis it Is seen

that Wllegtrllné or Hmeaé(l)g erorr}ntghl%t Opéﬂectroppa%ngl ]:Jvz;[s esst an B%ﬁt h the

After making the semiconductor device tape carrier by the above mentioned
process, the semiconductor chips were incorporated to make up the
semiconductor device. These were then evaluated after packaging was made on
the printed wiring board. With this evaluation, as a reliability evaluation for the
connections between the semiconductor device and the printed wiring board, a
temperature cycling test was performed.

In assembling the semiconductor device, at first the semiconductor chip was
attached and bonded to the central portion of the tape carrier with an epoxy
system adhesive having electrical insulation. Then', after wire bonding is
conducted between the terminals of the semiconductor chip and the inner lead
pads of the metal wiring layer with fine gold wire, the semiconductor chip side
was resin sealed with a commercial epoxy molding resin. Then after lightly
contacting the 450 micron diameter eutectic solder balls with a rosin flux (made

by Kyushu Matsushita electric, MSP 511), 64 solder balls were mounted per one
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sol der is good, even Au substituted plating is suitable, and a '
less than O Gb,umis satisfactory. For working exanple 9, a tapghi;ﬁmeg?gﬂ‘z

for sem conductor device was made in the sane way as for conparative
exanple 1, except that the dianeter of the copper rings was 450, um zg 0
30 CT 200Z Furthernmore, with working exanples 7 to 9, a tape carrier for
sem conduct or device was nade in the sane way as for working exanple 1,
except that a cutout opening of 20,um 30,um and SO um w dth was singly
provided in the copper ring. The cutout opening of the copper ring was |ess

0 i, St RS Ik PR

openi ng of the copper ring 60,umw de, being greater than 4 % of the

cir Cuﬂéﬁfpéﬁhﬂlﬁb of e C giéfo@é kth@keifi€osdacidr Fovice WasUnbuhR&Pefithen was
made of the shape of the formed solder ball, and as to whether the center

of the solder ball is not displaced fromthe center of the via hole, that
i s, wpstmted wiringbpaed).ball is in a condition enabling accurate connection
with the printed wiring board. The results are shown in Table 2. 29

The temperature cycle test was performed with semiconductor devices
mounted on the center of a 5 cm square printed wiring board, at a temperature
from - 40°C to 120°C, and at a one hour period with respective holding periods
of 20 minutes. After 500 cycles, for each hundred cycles, this was taken out of
the cycle furnace, and the electrical resistance measured to evaluate the
reliability of the connections. The number of semiconductor devices used in the
test was 20 for each of the working examples and comparative examples. If the
electrical resistance increased above a certain level for even one of the 64
terminal connections of the respective semiconductor devices, this was judged to
be defective.

The solder wettability of the copper ring and the solder ball mount all
showed good wettability irrespective of electroplating or electroless plating, and
wit or without the cutout. The copper ring had sufficient solder wetting for both
the substitute plating and the electroless plating, and had the effect of reinforcing

with respect to the solder ball.
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Tabl e 2 Cutout opening Ratio to circunferential D splacenent of q:g\ew?guz
length (%9 nounted solder ball C Exanple 900.0 noW Exanple 7201 4

Exanpl e 8302. 1 no--W Exanple 9SC3.5 noC. Exanple 10604.2 yes Wth the tape
carrier for sem conductor device of the present invention with the cutout
opening |l ess than 4% there was no displacenent of the nounting of the

sol der ball, enabling accurate connection with the printed wiring board.

For worki ng exanples 10, 11, 12 and 13, a tape carrier for sem conductor
device was made in the sane way as for working exanple 1, except that the

paths. w t (VTPaY S itk the BPpbitaa P RRY RuSEhLL Y e 3P HRET T

length were provided at symetrical positions. For conparison, for
conpanaidtie tiexardtteof the eoppaerm%rwaetoé tlarsen] swtisitaheradhesice wits thede
the sane as for working exarrpl e except that 30 .. 03 0CT 2002 a
plurality of, gas rempval pat wth a total wndhof 50% of th

ci r curyamifgfil lmn@sm@@kearpff the geppear riagpesled axyay,aad tqamf'SOFfRé’s%ctl ve
tenperature cycle tests as nentioned above were then carried out. The
result I TR er of
terrpertg grcgn(s:i?/g du'rf%ér;@\?a ércg% (%Iéx;é%’% l%i\b&&ng{e é‘%}ﬁl%%&wﬁ%

Exanpl e 11 20 2300 W Exanple 12 30 1800 W Exanple 13 40 1800 C. Exanple

11 50 dekife waswot cureiedogiet. st arted. From Table 3 it can be seen that with a
tape carrier for sem conductor device of the pr esent i nvention where the

total wd f the gas, renoval thsis less th 40% o
ci rcunfer gﬂibolﬁll g@h‘gﬁ fthe ﬂ'ﬁ%UIF%Pg LIRRRTALYTG EFE eotFS'c th?ow&ékmcgal | due to
the copper ring i s obtained.

examples 1 through 6 and the comparative examples 1 through 8.
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3l 030 CT 2002 As described above, with the present invent{)dh,(ERenfar
Stress related cracking occurring at the connection portions between the
tape carrier and the solder balls in the sem conductor device, due the
difference in coefficients of thermal expansion of the sem conductor device
and the print wiring board is prevented, enabling connections with high
reliability. 32 030CT 2002 Wat is Clainedis: 1. Atape carrier for
a sem conductor device conprising a flexible insulation tape having via
holes for a solder ball, a nmetal wiring |ayer formed on one surface of the
i nsul ag| tape, the via halls for the solder balls having an opening on
the o Mﬂe]'rface of the insulating tape, and a ring-shaped netal brace
formed on the periphery of the opening of the respective via holes and
provided with a cW@epperogingi n@itavit ng Platingt h up Nurb¥r of téimperature

circunferential | t he periphery. 2. Atap [ . a
sem conduct or devic ﬁ%)l sing a flexible insul a?i”gﬂest gfggtlﬁ]%‘ji ng via hol es

for a solder ball, a netal wiring |ayer forned on one surface of the
i nsul %iﬁyr(]a}n%?g’l t he \iloa hal | snfoor th%l&?tlrger bal | s h%‘oﬂg an openi ng

C. Example 2 electroless 1800

W. Example 1 10 yes electro 2300

W. Example 2 electroless 2300

C. Example 3 20 no electro 1900

C. Example 4 electroless 2100

W. Example 3 20 yes electro 2300

W. Example 4 electroless 2300

C. Example 5 30 no electro 1800

C. Example6 electroless 2300

W. Example 5 30 yes electro 2300

W. Example 6 electroless 2300

C. Example 7 0 - electro 1000

C. Example 8 electroless 1000

% at the time when breakage started.
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on the other surface of the insulating tape, and a netal brace forned on
the periphery of the opening of the respective via holes and co@pBiﬁgiOTp ZUUZ
plurality of arcuate shape portions, such that gaps are sinetorically

provi ded and positioned between the arcuate shape portions” and that the
total width of the gaps is up to 40% of the circunferential |ength of the
periphery. 3. A tape carrier for a sem conductor device of one of Cains 1
and 2, wherein the netal braces have a surface to which Ni plating is
applied, and Au plating is applied to the N plating. 33 ~30¢c T zoo02

4. A tapepf@fhrth@rte%tofesm@eméﬁﬂﬁfwaﬁeH@yé%ﬁrhm/ggeg{pe%ﬁir%fd@mﬁfe2,

wherein the netal braces have a surface to ating is applied. 5.
A method for manufacturing a tape carrier for a sem conductor device
conpr byiprgvidiaggthe mopper rmgrand securingl thedidldenbalitwith the soppeofring)e
flexible insulation tape, formng a netal wring |layer for nounting

' duct i f by f ' tegti i dth
ot chi HGSARELASHO DR BOrh S FBREBSTE o AT SSORIIG e it e GORPFB A TERpe at
desired positions on the other face, protecting one of the surfaces

i ncl U(iiraﬂ(ih?%)&?ﬁ lesYahit8e!cA%ewhereth Y:RAdMSrdviled Peofparativé O m ng via
hol es” by performng etching on the exposed portion of the rnsulation tape

at the desired positions, formng a resin protective filmon the via holes
and pexamples)hdMpeeayereiny ablfof the gycles other thand the eompagatise ¢xamplesoi | at

the portion exposed fromthe protective filmby etching, wherein a width of

the rgig ﬁ?g Ie éghitfyoétl m're tHEn A% HMES that 'fol e %B?rﬁi)ar}gti% etxra]l(ranples 7
and 8 was obtained. Furthermore, the affect did not changed for where the
cutout was provided at one place or where the cutout was provided at two places,
and similarly a stabilized life of more than 1.8 times was obtained.

With the copper ring width greater than 10xm, a sufficient effect was
obtained.

Both in the case where electroplating was applied or where electroless
plating was applied, the temperature recycle test results were the same. From
this it is seen that with the plating on the copper ring, if the wetting with the
solder is good, even Au substituted plating is suitable, and a thickness of less
than 0.054m is satisfactory.

For working example 9, a tape carrier for semiconductor device was made
in the same way as for comparative example 1, except that the diameter of the

copper rings was 450um.
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via halls is up to 4 %of the circunferential length of the perj$h€QT 2002
the remaining portion of the nmetal foil fornms a ring-shaped netal brace,
and then renoving the protective filmfornmed on both surfaces of the
insulation tape. 6. A method for manufacturing a tape carrier for a

sem conductor device conprising the steps of formng a nmetal foil on both
surfaces of the flexible insulation tape, formng a netal wiring | ayer for
nmount i ng sem conduct or chips 3~4 0 30 CT 2002 on one face by formng a
protective filmand then etching and renoving the protective film exposing

the insul gt | e at..desined pQsifi t ot her .fage, protecting one
of the suﬁ"&gﬁgﬁﬁﬁ@l’ Sﬁtﬁd‘? ?fﬁ‘é“&&"éﬁé&%g?ng‘?PasS?Png‘%‘r Tective film of
resin, formng via holes by perform ng etching on the exposed portion of

the i newhiebhdiciciievite Wits faderiadhedinié Wiy ad ebMviogking €gampl @t ecti ve
filmon the via holes and a plurality of portions of the periphery of the
via holes, and renoving said netal foil at the portion exposed fromthe
pr ot ecxxogpt thatra eytont epiendng of A0imaBOume andndlmyidih  was singlyt he net al
foil fornms a nmetal brace, and then renoving the protective filmformed on

Dot Sl RIAE i ing PaohdSHhEL Pk LARS JRGHARGE 85 Bl HIEShsTRIHeES °

provi ded and positioned between the arcuate shape portions, and that the

t ot al MWsbhitled circantfepentid lengtle 40 % of the circunferential |ength of the
peri phery. 7. A nethod of one of Clains 5 and 6, wherein the netal braces

have a surface to which Ni plating.is applied, an&j Au plating is, applied to
the Ni or comparison, a tape carrier for semiconductor device of comparative

example 7 was made, with the cutout opening of the copper ring 60um wide,
being greater than 4 % of the circumferential length.

In all of the examples, a visual inspection was made of the shape of the
formed solder ball, and as to whether the center of the solder ball is not displaced
from the center of the via hole, that is, whether the solder ball is in a condition
enabling accurate connection with the printed wiring board. The results are

shown in Table 2.
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plating. 8. A nethod of one of Clains 5 and 6, wherein the netal braces
have a surface to which Au plating is applied. 3~ Q3 0CT 200209 A
sem conductor device using the tape carrier for the sem conductor device of
one of Clainms 1 to 4, wherein sem conductor chips are connected to the
metal wiring |ayer, and the solder balls are nounted so as to cover the via
hol es and the netal braces, such that the netal wiring |layer is

el ectrically connected to the solder balls. 10. A nethod of nanufacturing a
sem conduct or device conprising the steps in one of Cains 1 to 4, and

furt heTabhe2st eps of connecting sem conductor chips to the nmetal wiring

| ayer, and nounting solder balls to cover the via holes and the netal
braces, and electrically connected the netal wiring layer to the sol der
balIs. 11. A tape €HfQUicOpERinga R@mdommmferaauagem&pd@camm@oé theexi bl e
i nsul ation tape for ing sem tor chi ps and I | s there
t hrough at desired Igg(z{}lhz)ns, anl]ﬁ@ggﬁjtl%)ri ng | ayer fgm@gr?\écﬁgpgéﬁf ace of
the insulation tape and electrically connected to the sem conductor chi ps,
sol der | s forared on the other surf of the insulating tape and
electrpggﬁﬁmggﬁggcted t'o the netal mﬁiﬁng | ayer through t via halls, and
a ring-shaped netal brace forned on the other surface of the insulation

tape aWw.&Ek ié gn of tH@ respective sphder balls in contggd with the
sol der balls and provided with a cutout opening having

W. Example 8 30 2.1 no-
W. Example 9 50 3.5 no
C. Example 10 60 4.2 yes

With the tape carrier for semiconductor device of the present invention with
the cutout opening less than 4%, there was no displacement of the mounting of
the solder ball, enabling accurate connection with the printed wiring board.

For working examples 10, 11, 12 and 13, a tape carrier for semiconductor
device was made in the same way as for working example 1, except that the
diameter of the copper rings was 450um, and a plurality of gas removal paths
with a total width of 4%, 20%, 30% or 40% of the circumferential length were
provided at symmetrical positions.

For comparison, for comparative example 11, a tape carrier for
semiconductor device was made the same as for working example 1, except that
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awidth up to 4 %of the circunferential length of the peripher§.3 GCT 2002
Q3 Gi ~T ?0~~ 12. A tape carrier for a sem conductor device conpri Si ng a
flexible insulation tape for nmounting sem conductor chips and having via
hol es there through at desired |locations, a netal wiring |ayer forned on
one surface of the insulation tape and electrically connected to the

sem conduct or chips, solder balls forned on the other surface of the
insulating tape and electrically connected to the nmetal wiring |ayer

t hrough the via halls, and a netal brace forned on the other surface of the
i nsul fhtgﬁﬁali ghs% P%Eh@ﬁvlfﬂ‘ﬁ tBPa?WF&tP d@lrttﬁaéllréurﬁ'fer‘é‘h'ﬂfa?m
with the sol I's and rrpnsmgapuraltyo arcuat e ape portions,
such that gaps are sinetorically provided and positioned between the

ar cuatlengtiapierp provistest ategymmtesticahposittoais. wi dt h of the gaps is up to 40 %
of the circunferential length of the periphery. 37 A A . Ay. A

.AL. A9. A A A39 AFL. A9. Ah .. A39. Ah..% A

o A AL AIReSBECHNE taipeTaniTe CHCT st AT aRsionE RONe Were thonAavgiedzave y
}xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] cTa] ca] ca] ca] ca] ca] ca] ca]

ca] c" hialTind Fkefadre sRal §A atdbaabedal cal K 7'yz- U

Table 3
Total width of the gas Number of temperature cycles
removal paths (%) % (time)

W. Example 10 4 2300

W. Example 11 20 2300

W. Example 12 30 1800

W. Example 13 40 1800

C. Example 11 50 1100

* when breakage started.

From Table 3 it can be seen that with a tape carrier for semiconductor
device of the present invention where the total width of the gas removal paths is
less than 40% of the circumferential length, the reinforcement effect of the solder

ball due to the copper ring is obtained.
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] ca] ca] ca] ca] ca] ca] c”a] ca] ca] c(a] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]ca]l
calcalca]calcalc*alca]cal| ] e

FULLTE" S BH#AH- SNSSPIUBREWE~&E' ' % y' ' (}xsnid_Z]c]]]ca]ca]ca]c6a]ca]calcalc
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remaining portion of the metal foil forms a ring-shaped metal brace, and then

removing the protective film formed on both surfaces of the insulation tape.
6. A method for manufacturing a tape carrier for a semiconductor device
comprising the steps of forming a metal foil on both surfaces of the flexible

insulation tape, forming a metal wiring layer for mounting semiconductor chips
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protective film, exposing the insulation tape at desired positions on the other
face, protecting one of the surfaces including the metal wiring layer by a
protective film of resin, forming via holes by performing etching on the exposed
portion of the insulation tape at the desired positions, forming a resin protective
film on the via holes and a plurality of portions of the periphery of the via holes,
and removing said metal foil at the portion exposed from the protective film by
etching, such that the remaining portion of the metal foil forms a metal brace,
and then removing the protective film formed on both surfaces of the insulation
tape, whereby the metal brace comprises a plurality of arcuate shape portions,
such that gaps are simetorically provided and positioned between the arcuate
shape portions, and that the total width of the gaps is up to 40 % of the
circumferential length of the periphery.

7. A method of one of Claims 5 and 6, wherein the metal braces have a
surface to which Ni plating is applied, and Au plating is applied to the Ni
plating.

8. A method of one of Claims 5 and 6, wherein the metal braces have a

surface to which Au plating is applied.
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of one of Claims 1 to 4, wherein semiconductor chips are connected to the metal
wiring layer, and the solder balls are mounted so as to cover the via holes and the
metal braces, such that the metal wiring layer is electrically connected to the
solder balls.

10. A method of manufacturing a semiconductor device comprising the steps in
one of Claims 1 to 4, and further the steps of connecting semiconductor chips to
the metal wiring layer, and mounting solder balls to cover the via holes and the
metal braces, and electrically connected the metal wiring layer to the solder
balls.

11. A tape carrier for a semiconductor device comprising a flexible insulation
tape for mounting semiconductor chips and having via holes there through at
desired locations, a metal wiring layer formed on one surface of the insulation
tape and electrically connected to the semiconductor chips, solder balls formed
on the other surface of the insulating tape and electrically connected to the
metal wiring layer through the via halls, and a ring-shaped metal brace formed
on the other surface of the insulation tape at a location of the respective solder
balls in contact with the solder balls and provided with a cutout opening having

a width up to 4 % of the circumferential length of the periphery.
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