1 7 JUN 2004 - 1 SEM CONDUCTOR | NTEGRATED CI RCU T DEVI CE AND METHOR)NOR04
MANUFACTURI NG THE SAME BACKGROUND OF THE I NVENTION 5 FIELD OF THE

| NVENTI ON The present invention relates to a sem conductor integrated
circuit device, and nore particularly to a technique which is effective to
prevent a wire from being broken. 10. DESCRI PTION OF THE PRIOR ART In a
conventional process of assenbling a sem conductor integrated circuit, the
foll owi ng steps have been perfornmed. That is, in an.Ag spot plating step,
an Ag spot pl at SEyIIGONDUCEOR INEEGRATEB A RKGUBD DEVICK iaddP udi ng portions
obt ai ned by wire bonGIRFHOD ¥ MANUFACEPERINGGTHEOYAME Au wire) of a |ead
of a pressed or etched lead frane (hereinafter, refer to an inner |ead)
nol ded by a nold. Next, in a step of assenbling a package, a di e bonding,
a wire bonding and 20 an assenbly of the package to be nolded are
perfornmed. IBACGKGRMEINGafGRrTHLItBYVENBIOMg step (including a dipping step),
in order to nmount to a printed circuit board or a circuit board, a Sn-Pb
syst em sdl dérlBidy &iF i BB rBWENBIGN at t ached to a portion including a contact
25 portion between a | ead which is not nolded by the nold (hereinafter,
refer to an outer |eadjherFesrntsugsteniiion irebeltes damce with an outer

plating. After the Ag spot 1 7 JUN 2004
semiconductor integrated circuit device, and more

particularly to a technique which is effective to

prevent a wire from being broken.

10 DESCRIPTICN OF THE PRIOR ART
In a conventional process of assembling a

semiconductor integrated circuit, thé following steps
have been performed. That is, in an Ag spot plating
step, an Ag spot plating is applied to & front end

15 portion (including portions obtained by wire bonding a
chip and a lead frame by an Au wire) of a lead of a
pressed or etched lead frame (hereinafter, refer to an
inner lead) molded by a mold. Next, in a step of
assembling a package, a die bonding, a wire bonding and

20 an assembly of the package to be molded are performed.
In a thereafter oufér plating step (ihcluding a dipping‘
step), in order to mount to a printed circuit board or
a circuit board, a Sn-Pb system solder layer is
previously attached to a portion including a contact

25 portion between a lead which is not molded by the mold
(hereinafter, refer to an outerrlead) and the substrate

in accordance with an ocuter plating. After the Ag spot




2 plating step and the outer plating step nmentioned above are finighegy 04
the step goes to a step of working a product. However, in recent years
when a 5 counterneasure to an environnental problemis required, in
particular, as is indicated in Japanese Unexam ned Patent Publication No.
5-270860 (USP No. 5,633,090) or the-lpke with respect to Pb, they say that
it isrequired to reduce Pb to a level suitable for the 10 counterneasure
agai nst the pnuitiagmemksl apdohhemoener platdrgerserey nedracitarerd alpard such
as a sem conductor integrated circuit device or the |ike and a nounting
board. Conveatieofidhligheidy ahderstiep mediscecPly stwp o5 waolkitray easure i s
performed by replacing the Sn-Pb sol der enployed in the outer plating step
by the ot herprsdudeér. (all oy) containing no Pb as a nain netal, that is, a
Pb-free alternate sol der (a sol der conposed of a Pb-free netal). The
Pb-free alternate sol déiowieye20 rdequiecedtt yasae wiqrarige of nelting
tenperature simlar to that of Sn-Pb and an excell ent bondi ng property,
parti cul abl y caungeringeg sprrepdict an Nevadppesintaon Prdhiimetls yr&@is¥%i ng t he
requi rements presently exists, and the solders_are selectively used in 25

correspondenédd PartheUtedbens sivchNgd afePrithtEPang s HeARE %t he chip
part, the sem conductor package and thJe | j ke ccordi 3 re rhas been
proposed vaFRsEs tcEMpddicadnd N9 -a “Sif- 1 aqq%%ﬂseg(}gé% ’S%%n A7 JUN
2004 the like with respect to Pb, they say that it 1s
required to reduce Pb to a level suitable for the
10 countermeasure against the environmental problem even
in a general electronic part such as a semiconductor
integrated circuit device or the like and a mounting
board.
Conventionally, in order to reduce Pb, the
15 countermeasure is performed by replacing the Sn-Pb
solder employed in the outer plating step by the other
solder {alloy) containing no Pb as a main metal, that
is, a Pb-free alternate solder (a solder composed of a
Pb-free metal). The Pb-free alternate solder is
20 required to have a range of melting temperature similar
to that of Sn-Pb and an excellent bonding property,
particularly a wetting property. No composition
completely satisfying the requirements presently
exists, and the solders are selectively used in
25 correspondence to the members such as the printed

circuit board, the chip part, the semiconductor package

and the like. Accordingly, there has been proposed

various compositions in a Sn-base alloy based on Sn in




- 3 correspondence to various usage, for exanple, an invention Ty JUN BB
Sn-Bi systemis enployed in place of the Sn-Pb systemfor the netal

enpl oyed for the solder |ayer attached to and fornmed in the conventional

| ead, 5 in Japanese Unexam ned Patent Publication No. 10-93004 (prior art
1). Further, with respect to a structure-of the netal conposition of the
sol der, there is proposed an invention in which the package outer |ead and
t he subst rat;@rarre%g@yagrﬁ_@ e usimneuws SeAe,Bifay sbemdle sadrder, in
Japanese Unexam ned Patent Publication No. 11-179586 (WD 99 30866) (prior
art 2). In thewasdof ienplmoyingreESn-Ris et dct iemplal et rat o RGHE refle sol der
for the outer plating, the Sn- base alloy is selected at every usage in the
same 15 manneheasri~mt sytdroned ithd e tal ammEdyeddwsvethe isplgrrticul ar,
in parts nounted on the vehicle, significantly devel oped nobile electronic
devi ces and lparirs atittdchddyhta ericabidined ian tdld serasesdiiaml iyead, bondi ng
strength and a heat resisting fatigue property 20 is desired. There has
been know$ ai$n-Japanestedirg{aninest BatSnthAdlddadii am Nehe isd3 G4
attaching great inportance to an excellent bonding strength, an excellent
heat resistingrfisty gue prloperfyr HRF a WHitgh rq%q%%q 3, ST @RI 27 ng
point of the Sn-Pb eutectic 25 solder is generally 183C,. on the contrary, a
melting poi i eoMefisk WH%@@%@%@%@%C{% DA DI WP EANnd i s

hi gher than the nelting pojint of .t Sn-Ph _eutectic sol der. rdingly,
it is unavoi @&bI*EMeTERISY 1y WQB&? Bdkadd " SRS 108 dna A8

substrate are mounted by using a Sn-Ag-Bi system
10 solder, in Japanese Unexamined Patent Publication No.
11-179586 (WO 99 30B66) (prior art 2}.

In the case of employing a Sn-Pb eutectic
alternate Pb-free solder for the outer plating, the Sn-
base alloy is selected at every usage in the same

15 manner as that mentioned in the prior art, however, in
particular, in parts mounted on the vehicle,
significantly developed mcbile electronic devices and
parts with high reliability, an alloy excellent in a
bonding strength and a heat resisting fatigue property

20 is desired. There has been known a Sn-Ag system alloy
as a Sn-base alloy in the case of attaching great
importance to an excellent bonding strength, an
excellent heat resisting fatigue property and a high
reliability, and a melting point of the Sn-Pb eutectic

25 solder is generally 183°C, on the contrary, a melting
point of most of the Sn-Ag system alloy is 200°C or

more and is higher than the melting point of the Sn-Fb

eutectic solder. Accordingly, it is unavoidable that a




- 4 reflow tenperature at a time of nounting the sem conductor intégmﬁﬂEH
circuit with using the Sn-Pb eutectic alternate Pb-free sol der becones
high in the present. Then, the inventors of the present 5 application
nounts the sem conductor integrated circuit device on which the inner |ead
is Ag-plated and the outer lead is plated by using the Pb-free alternate
sol der having a nelting point higher than that of the Sn-Pb eutectic

sol der, at areefbwbfpperativeeahi ahernmt0 dfharunita neontenti onal one and
estimates the product. As a result, the inventors ascertain that a product
inferiority ksmgepeaatedrdiatearbiiedwicie cdiisconinectisimg SUMVIERYFOF THE

| NVENTI ON Accordingly, a purpose of the present 15 invention is to provide
means for ef&eeettvebyalpeevene Pp-d reier sodidecoiveecitiesn Igeyieriat échaat a tinme
when a sem conductor integrated circuit device on which an outer lead is
pl ated by uspngsanPb-f [Benal teenangensolrderc thahengpresesitti ng poi nt hi gher
than that of a Sn 20 Pb eutectic solder is nmounted at a ref|ow tenperature
hi gher than thpliéoaténni bpahtsnéheAsermiconsudese ot adie tirksEitCyiivent i on
is to provide neans for effectively preventing a wire _disconnection
gener at ed dugevdcanohnnwhégbe the é@P@ﬁiée@Q-géh%ﬂmH%FQﬂHﬂQQﬁiQQ?61

sem conductor integrated circuit device in _addition to _gn increase of a
refl ow tenp8R&EEr eaqd 1sjpNafgasby msing the Pb-free alternate

solder having a melting point higher than that of the

Sn-Pb eutectic solder, at a reflow temperature higher
10 than the conventicnal one and estimates the product.

As a result, the inventors ascertain that a product

inferiority is generated due to the wire disconnection.

SUMMARY OF THE INVENTION
Accordingly, a purpose of the present
15 invention is to provide means for effectively
preventing a wire disconnection generated at a time
when a semiconductor integrated circuit device on which
an outer lead is plated by using a Pb-free alternate
solder having a melting point higher than that c¢f a Sn-
20 Pb eutectic solder is mounted at a reflow temperature
higher than the conventional one.

Another purpose of the present invention 1s
to provide means for effectively preventing a wire
disconnection generated due to an increase of calorie

25 generally applied to a semiconductor integrated circuit

device in addition to an increase of a reflow

temperature.




A description will be briefly given of a summary of a representative

i nvention anong the inventions disclosed in the present applicatiof”JUNzDDA
Accordingly, there is provided a sem conductor 5 integrated circuit device
conprising: a connecting nenber having a conductivity; a connected nenber
in which a netal layer including a pakladiumlayer is provided at a
portion to which the connecting nenber is connected, and an alloy 10 | ayer

having a melting pointzhiighetiphasnt hat10beabrsekdgr ghavnngsPa as a main
conposition netal and containing no Pb as a main conposing netal is

provided atsamperlyi @p guitspdesanpartiven;Avkdedoby aacnesithe and a resin for
nol ding the connected portion. 15 The invention nentioned above enpl oys Pd
as a nmetal prowhtednshaosghoredansnf eheabtrasknngzapditatiiong the portion
to which the connecting nenber is connected in accordance with a plating
or the |like.aBecadseglher ehesendsppobkédednaasboidionguptogerty bet ween a
20 wire such as an Au wire or the |like corresponding to the connecting
menber ha¥i ngnbegoatedt cvrcyiandediframemputieingl: corresponding to the
connected material such as a Cu alloy and a 42 alloy, there is a reduced
di sadvant age gener at edabgoanestésy BeiherapelViagy asicRpeugtipdtiys a har der
nmetal in conmparison wwth Ag, and there 1is a reduced dispersion of
thickness of a netal at€tabhegted BsERESf iphehdghnéclMEédaderBd L. In this

case, a place to he attached and forned i.s set to the 1 7 JUN.ZOO% - 6
including a palladium layer is provided at a portion to

which the connecting member is connected, and an alloy

10 layer having a melting point higher than that of a
solder having Pb as a main composition metal and
containing no Pb as a main composing metal is provided
at a portion outside a portion molded by a resin; and

a resin for molding the connected portion.

15 The invention mentioned above employs Pd as a
metal provided through means for attaching and forming
the portion to which the connecting member is connected
in accordance with a plating or the like. Because
there is no problem in a bonding property between a

20 wire such as an Au wire or the like corresponding to
the connecting member having a conductivity and a frame
material corresponding to the connected material such
as a Cu alloy and a 42 alloy, there is a reduced
disadvantage generated by a recess of a capillary since

25 Pd is a harder metal in comparison with Ag, and there
is a reduced dispersion of thickness of a metal
attached to each of the connected members. In this

case, a place to be attached and formed is set to the




portion to which the connecting nenber is connected because the place 00l
should be restricted to a mninum area as far as no problemis appﬂillaém“’)“
the bonding property with the connecting nmenber since Pd is not 5

i nexpensive with respect to the Sn-Pb systemalloy and Ag, and in
particular, the cost reduction object gan not be effectively achieved in
the case of being used for attaching and formng the portion outside the

mol d  body S#%Ii‘tﬁ%nt he QHieh lt8ad Qnridie likedddng & dagectdd area. Wth
respect to the problemsuch as a plating crack or the |ike which nay be

generated duget@uae WRledip1Gdr BRSNS Dibd hedtirkie-tafd apply inigh Aavphysi cal
deform ng force to the attached and fornmed portion 15 after attaching and

form ng, theaprasast fiadvenrt inen pdegs emals haye isstha robemsignce the
plated portion is molded and is not formed nor worked. Further, there are
advant ages sythpkhaty ainhgrtaid aorofe Ag reamenéeavirndsd, Pd V3 rndent | y
poi sonous cyanogen is not 20 required at a tinme of plating and the |ike.
Further, the icexpeatsaderaitidr despstqtudtaurge Sudb tdpgtemea bl dvyairdvi ng t he
mel ting point higher than that of the solder having Pb as the main
conposi ng mégal aadd icomEgiting ao Phasatte redurttiommpobiRgCaeta? 25 is
attached to and forned in the portion outside the portion nolded by the
resin, becauseti be efifmcdided y tardtiavrd dithdih et ats 85 RRE V€8l frane
such as 42Ni- Fe alloy or the |like corresponding to the material of 1 7 JUN
2004 - 7 for attaching and forming the portion outside the mold
body such as the outer lead or the like having a large
10 area.
With respect to the problem such as a plating
crack or the like which may be generated due to a
molding process or the like of applying a physical
deforming force to the attached and formed portion
15 after attaching and forming, the present invention does
not have such a problem since the plated portion is
molded and is not formed nor worked. Further, there
are advantages such that a migration of Ag can be
avoided, a virulently poisonous cyanogen 1is not
20 required at a time of plating and the like.
Further, the connected member is structured
such that the alloy having the melting point higher
than that of the solder having Pb as the main composing
metal and containing no Pb as the main composing metal
25 is attached to and formed in the portion outside the
portion molded by the resin, because it 1is intended

that the other materials than a Cu frame such as 42Ni-

Fe alloy or the like corresponding to the material of




the frame corresponding to the connected nenber can be enployed, and it is
i ntended to avoid i nherent problems to a whole surface Pd plating &dchiN 2004
that a cost reduction can not be achieved in view of a material 5 cost
when applying the same Pd plating as that of the front end portion of the
inner lead thereto. Further, the inventors of the present application have
found that the technical idea of the present invention that the Pd plating

is applied tenbheriiel OHr RNy @B ehd RRrnttaled arthean dm aleo _
applied to narrowing the wire together with a chip shrink in viewthat it

IS possible tapnegece and speris amhtehdad ploatdveg d Hintlkeress andblwrsease a
bondi ng strength. Accordingly, a description will be briefly 15 given of a
sunmary of amet bewhbépr esemfaatel Pl iplaeihigosucnungtt e doastent i ons di scl osed
in the present application. Accordingly, there is provided a

sem conduct oredncégoat edncinoduice deviies econpr ivsieny o fa animed ehavdIng a

di aneter equal to or less 20 than 30 gm a connected nenber in which a
metal |ayér cpa¢l ultieng s@rdalingditie Isayer Hds ppedvirded@ satthatpert it t o whi ch
the wire is connected, and a sol der containing Po as a main conposition
metal is pro¥irged &ndapgsitiiosn of5 thet dn@era Ised ithenifdied by a resin; and
a resin for nolding the connected paortion. Since the palladiumnetal |ayer
is attached to and fofWedIGH t AdecIRVERSNG Méntiéie FW%ﬁ%Eﬁy a 1l 7 JUN 2004

-8 application have found that the technical idea of the
present invention that the Pd plating is applied to the
10 front end portion of the inner lead can be also applied
to narrowing the wire together with a chip shrink in
view that it is possible to reduce a dispersion of a
plating thickness and increase a bonding strength.

Accordingly, a description will be briefly

15 given of a summary of another representative invention
among the inventions disclosed in the present
application. Accordingly, there is provided a
semiconductor integrated circuit device comprising:

a wire having a diameter equal to or less

20 than 30 pm;

a connected member in which a metal layer
including a palladium layer is provided at a portion to
which the wire is connected, and a solder containing Pb
as a main composition metal is provided at a portion

25 outside a portion molded by a resin; and

a resin for molding the connected portion.

Sincé the palladium metal layer is attached

to and formed on the connecting member, whereby a




bonding strength is inproved, the structure is effective to irrprOﬁg]ilﬂ
assenbly yield and a reliability with respect to an increase of t Hp(glf
of pins and an increase of size in the package, and 5 narrowing of wire (a
wire dianmeter is equal to or less than the present size 30 gn) caused by
the chip shrink, even in the present ign.which a Pb-free solder is no
conpletely enployed. Further, since it is sufficient that the palladium

netal |ayer bgnatindchedongtand s1Q riafowd,onHde rardtone tios be connect ed,
the palladium netal |ayer may be attached to and fornmed on a tab in

addition to tfecdtdrte erd ipgiridven sof ddsenibineryiedadl amd accordance with the
rel ati on between a cost of the attaching and formng step and a cost of the
material. 1reAideddriitgt Wwdnhwiddspeet ndaetmiingiesse off tgae tiwubar s t hat
the invention described in the present application is considered. The

i nventors of ctfheipreesent aapphicratzisen dfaved za dpedtteriipae@sadamtad so as to
find the reason by which 20 the wire is disconnected, and have newy
defined t Be measowiofly géneriatd dm Wig ea diemdttenfis U et o7 r sleghal ysi s,
it has been found that an inferiority of |lead side disconnection in the
wire i s consitd@nedheo py@sefitassiza & i mmo calsesf &y dhiet yhéP dihrank,

di sconnection 25 after nolding” and "an inferiority of | ead adhered

portion di sc&VeEctiforkhef feresedry gl mgrichae il shred (SoldeohdiMered t hat

the inferiority of wire di.sconnection _ after nol di) i s caused. by, a stress
17 JUN 2004 gd&pletely employed. Further, since 1 is suf?1c1eXt

that the palladium metal layer is attached to and
10 formed on the portion to be connected, the palladium
metal layer may be attached to and formed on a tab in
addition to the front end pertion of the inner lead in
accordance with the relation between a cost of the
attaching and forming step and a cost of the material.
15 A description will be in detail given of
particulars that the invention described in the present
application is considered.
The inventors of the present application have
repeatedly estimated so as to find the reason by which
20 the wire is disconnected, and have newly defined the
reason of generation. As a result of the inventecr's
analysis, it has been found that an inferiority of lead
side disconnection in the wire is considered to be
classified into "an inferiority of wire disconnection
25 after moiding™ and "an inferiority of lead acdhered
portion disconnection after reflowing". At first, it

is considered that the inferiority of wire

disconnection after molding is caused by a stress




generated due to a vibration of the |ead and a stress generated due t
resin hardening and shrinking. As shown in Fig. 1, when chargi ng eJUﬁeﬁql'
froma gate 33 (a charging tine is 10 seconds), a front end potion of 5 an
inner lead 4 is vertically vibrated due to a resin stream A stress is

applied to a wire 19 due to the vibralg an, and particularly, the vibration
stress tends to be applied to a pin near the gate portion. Further, since

the resin isghaedaned and b unk ifgremidrpes tinen 1Gapard 4 ramdde gate 33
toward the gate 33 (fromright to left inthe drawing), it is considered

that a tensigenalrattedceues tappl ired itro Hdeledirey Ehdnhtinginige As

di sconnection is generated fromthe | ead side adhered portion having a
rel atively weakwhonddi mg ost nenghlen haYexing itthd secansifdemed tdwtte the
inferiority of |ead adhered portion disconnection after reflowng is
gener at ed dudat ehdirigfieretdaehdtsndén sstandminsiof3mt ¢nd rotlead df ane and
an expansion 35 of the resin. Fig. 2 is a schematic view explaining the
matter 205meani dnedralees 4PHyssivealt isradger tiidwradfed g dgi re ¥R Wened
material are |argely changed at a glass transition point Tg (150 to 160C)
of the resinstamdm.paft isdHless s ®RRIeEd diert Wre Heét Aite SHadd® on a 1. 4)
in an area (a2) equal to or nore than Tg becones 25 about four to |ve
times a val u&ij ﬁaéﬁoé’rfeaim(dalgarédd?é!la%wrorthees‘élkt%% Stg

tenperature at a tine of reflow.ng is higher than the terrp ature of Tg, a
damage i s appli 88 FEPHEhit% AP Iqud T ttﬁ'ée B S PO UN 28%%11:Liq

since the resin is hardened and shrunk from a position

10 apart from the gate 33 toward the gate 33 (from right
to left in the drawing), it is considered that a
tensional force is applied to the wire 19 and the wire
disconnection is generated from the lead side adhered
portion having a relatively weak bonding strength.

15 Next, it is considered that the infericrity
of lead adhered portion disconnection after reflowing
is generated due to difference between an expansion 36
of the lead frame and an expansion 35 of the resin.
Fig. 2 is a schematic view explaining the matter

20 mentioned above. Physical properties of the resin
hardened material are largely changed at a glass
transition point Tg (150 to 160°C) of the resin, and
particularly, a coefficient of thermal expansion a (=
1.4) in an area (o2} equal to or more than Tg becomes

25 about four to five times a value in an area (al) equal
to or less than Tg. Since the temperature at a time of

reflowing is higher than the temperature of Tg, a

damage is applied to the wire 19 due to the resin




expansion (a2) at a tinme of reflowng, a crack 37 is generated at ? i
portion having a small strength an A portion in Fig. 2), and the 17 JUN 2004
di sconnection is generated due to a difference 34 between the expansion 36
of the 5 |l ead franme and the expansion 35 of the resin, as showmm in Fig. 3.
Since the reflow tenperature is increasgd by using the alternate sol der
made of the Sn-base alloy having a high nelting point for the reason of

enpl oyi ng 10c4penBhntr g 8pl dera theecakoréelapphiyedat ertbe package is
increased, and in particular, the difference between the expansion of the

| ead frane agdntherespamrsinopoet ichh@aiesign al Smanamette@ngecorat mgly, it has
been found that the inferiority of disconnection in the | ead side 15

adher ed portpertabheinr eikowng pact itbel arilsy cheeandoma i prghiemtanbng t he
inferiority of wire disconnection nentioned above. In this case, the
i nvent ors of dubetpr esednf feapplciec 3di brethaee ¢die matoacthsd arel 3 ioh et ween a
20 thickness of the Ag plating and the wire disconnection. As a result, it
has been &l aikehidedrihat ahke thier expdinsdomn&ét icdn tihe gasiin, genetatwd when
the thickness of plating becomes a predetermn ned thickness range.
Anal yzi ng t hénr &gon3t-hereof, it can be considered that 25 an area of
connecting surface between Ag and Au can not be sufficiently secured at a
time of adhering the ASinger &hienrgfley tMPeFEditfy itthi GTEES e eby t he
wire disconnection is %Qnerated in accordance with a wire 17 JUN 2004 - 11
using the alternate solder made of the Sn-base alloy
having a high melting point for the reason of employing
10 the Pb-free solder, the calorie applied to the package
is increased, and in particular, the difference between
the expansion of the lead frame and the expansion of
the resin is promoted. Accordingly, it has been found
that the inferiority of disconnection in the lead side
15 adhered portion after reflowing particularly becomes a
problem among the inferiority of wire disconnection
mentioned above.
In this case, the inventors of the present
application have estimated a relation between a
20 thickness of the Ag plating and the wire disconnection.
As a result, it has been clarified that the wire
disconnection is easily generated when the thickness of
plating becomes a predetermined thickness range.
Analyzing the reason thereof, it can be considered that
25 an area of connecting surface between Ag and Au can not
be sufficiently secured at a time of adhering the Au

wire in a too thin plating thickness, whereby the wire

disconnection is generated in accordance with a wire




deformation due to a thermal stress. Further, when naking the Ag plating
thi cker than a certain thickness, the Ag plating surface is defornkd JiN 74t
degree equal to or nore than necessity so as to absorb a bonding 5 enerqgy.
As a result, it is considered that it is inpossible to obtain a sufficient
bondi ng, and a cross sectional shape Pf the bondi ng surface becones forned
in a shape being weak with respect to @ tension against the thermal

deformation gfrbRe A oW ke 18 BURHRSH12 H8%Gd Pim Midd, A ven of an
inferiority of disconnection in the |lead side adhered portion after

reflowi ng i np¥ikeWqoktha aRRRAathing thilckerd tHA5% <@GiiLNaltnd @wmarhen the
wre 19 is adhered to the Ag spot plating surface by a capillary 20. A 15

hatched portige rg blgtifgCeirgsRends defariMeantatend dfgrddeqap Idary 20,
a dianmeter of the front end is 170 p m and a dianeter of the Au wire 19
is 30 um | notheordr ahang nezetshiickness a¢f tichead=at fa &aending 150 g m As
ment i oned above, since the thickness of the Ag plating 20 38 is dispersed
in a rangé beheeegy.abast al reshdm,and iG cgmsdtdecach tdfatt hiel liemd frames to
be Ag-plated, it is hard to define the thickness of the Ag plating.

Accor di ngl y, impctsheébdeawiongbtiatin @ swigasdanthdtondieng pland g atdskness at
which the inferiority of 25 disconnection is considered to be generated is
conpar at i vel gechiierall shepe edsdhef bamiddniongufech mecyistef Ages a

relatively soft netal, the capillary 20 sinks into 1 7 JUN 2004 - 12
in a shape being weak with respect fto a tension against

the thermal deformation of the Au wire.

10 Further, a description will be given of an
inferiority of disconnection in the lead side adhered
portion after reflowing in view of a shape. Fig. 4 1is
a cross sectional view when the wire 19 is adhered to
the Ag spot plating surface by a capillary 20. A

15 hatched portion in Fig. 4 corresponds to a front end of
the capillary 20, a diameter of the front end is 170 u
m, and a diameter of the Au wire 19 is 30 pgm. In the
drawing, a thickness of the lead frame 7 is 150 um. As
mentioned above, since the thickness of the Ag plating

20 38 is dispersed in a range between about 1.5 um and 10
gm at each of the lead frames to be Ag-plated, it is
hard to define the thickness of the Ag plating.
Accordingly, in the drawing, it is supposed that the
plating thickness at which the inferiocrity of

25 disconnection is considered to be generated is
comparatively thick.

In the case of adhering the wire, since Ag is

a relatively soft metal, the capillary 20 sinks into




the surface of the Ag plating 38, and a part of the surface of tihe @PZ%&
plating 38 rises up as shown in Fig. 4. Then, the thickness of the

19 in a portion denoted by reference synbol Ain Fig. 4 becones 5
relatively thin, whereby a portion having a weakened w re strength is
generated. Fig. 5 is a perspective _ygﬁykof the | ead side adhered portion
after bonding. In Fig. 5 a portion denoted by aline Ain Fig. 5

corresponds tget BrAzper bifoRnieN 2l ¢1a4.inff 381, BO.dr ef lewitng.f the wire
di sconnection is generated fromthe A portion in Fig. 4 as showm in Fig. 6

due to the dutftacenee haewsenplihe iexpanssiraseef uphes eadwir ane FARd t he
expansion of the resin. For reference, Fig. 7 is a perspective view of the
| ead si de adheredhpart ithe ehithniehe ioff ehieoriut wiek WS éndiasganmdein on after
nmol ding. The inferiority of disconnection in the |ead side adhered
portion aftedenetkedwbyg riefegenceatsgubsd than Filge di deoomested W re
overlaps with the adhered portion, however, the inferiority of wire

di sconnecbi one2@tiimetlye théad sihdechdher pdrfocn dnrvahiger meladiengd s
generated so that the disconnected wire is apart from the adhered portion.
As nentionedwabevetrenditd iapggrenetenl-t h&ifasios i6f a PET&RAGSSIVE of the
inventors of the present application that the wire disconnection 25 is
gener ated byViRe Péa§8ﬁ ﬂﬁég PﬁéecéHPFFﬁpyp?6t§PRk§ftFﬁt@QHﬂéW&nface of

t he Ag platln havi n aratlvel | ar ge thi,ckness sq,.as to generate
the portion %agﬂﬁg ghe k&red fere §Fr gth 7 400 %

corresponds to the A porticn in Fig. 4. After

10 reflowing, the wire disconnection is generated from the
A portion in Fig. 4 as shown in Fig. 6 due to the
difference between the expansion of the lead frame and
the expansion of the resin. For reference, Fig. 7 is a
perspective view of the lead side adhered portion of

15 the inferiority of wire disconnection after molding.
The inferiority of disconnection in the lead side
adhered portion after reflowing is generated so that
the disconnected wire overlaps with the adhered
portion, however, the inferiority of wire disconnection

20 1in the lead side adhered portion after molding is
generated so that the disconnected wire is apart from
the adhered portion. As mentioned above, it is
apparent on the basis of the analysis of the inventors
of the present application that the wire disconnection

25 1is generated by the reason that the capillary 20 sinks
into the surface of the Ag plating having a
comparatively large thickness so as to generate the

portion having the weakened wire strength.




In recent years, the thickness of the Ag plating required on design1hszszﬂ
becone thin to some um As a result of estimating the dispersion of the

t hi ckness of the surface of the Ag plating, it has been 5 known that in the
current Ag plating process, it is hard to maintain an initial set plating
thickness at a time of treating a |oty;9f_subjects to be plated, and the

pl ati ng thickness is dispersed in a range between 1.5 pmand 10 j um at

each of the subjects tgnbecplatedeal®, Atter dimenedsh@ s meantrars of the
present application have tried so that the maxi mumthickness is within a

range betweeplotand @eMmirkat ber dekdmmt e sC@eesnid andln th0 sog im.order to
restrict the dispersion of the thickness of the Ag plating at each of the
| ead frames.A3SaHpeever, oifn etsha madi hentt g dilsatersg gor edeshe t he maxi num

thi ckness 10 gmis a limt as nentioned above, and it has been hard to set
t he maxi mum thiickness iif the sardecebetfwddre Rogampd a8 iurg, Adcdral fegen it is
considered that it is hard in the current Ag plating process to make 20

t he di spebsi bnowh thetpliat ithg chirclemssfosplldtemna wawcesfe cur rignt | evel .
Then, in order to solve the problens nentioned above that the portion
havi ng the weakén&g M@ingadrr emgtihiitd ades@tatrddt e PredeRsS Mferti on can
25 be achieved by considering a_new idea of using a netaliﬁgeing har der
than Ag and haPengfatriegtiiaddias getsiodn sl adfickivedy R 19 RHAI | ayer
2gt?ﬁ2$?ngolgggu%9%gg%g{Qf&%ﬂ%éEQOQE‘%T%ﬁg¥gééniﬁﬁatgg%&é"ggtdéggh and

1.5 um and 10 um at each of the subjects to be plated.

10 Accordingly, the inventors of the present application
have tried so that the maximum thickness is within a
range between 5 and 8 um rather than the conventional
10 pm, in order to restrict the dispersion of the
thickness of the Ag plating at each of the lead frames.

15 However, in the current Ag plating process, the maximum
thickness 10 pgm is a limit as mentioned above, and it
has been hard to set the maximum thickness in the range
between 5 and 8 um. Accordingly, it is considered that
it is hard in the current Ag plating process to make

20 the dispersion of the plating thickness smaller than
the current level.

Then, in order to solve the problems
mentioned above that the portion having the weakened
wire strength is generated, the present invention can

25 be achieved by considering a new idea of using a metal
being harder than Ag and having a little dispersion of

thickness for the metal layer attached to and formed in

the front end portion of the inner lead, and estimating




and considering so as to enploy an appropriate netal for nmaking a
production cost m ninmm Next, a description wll be given of a ranﬁUﬁIW&
that the palladiumnetal layer is attached to and 5 fornmed in the front end
portion of the inner lead as nentioned above, whereby the disconnection of
the | ead side adhered portion after- reflowing can be prevented, in view
of the shape of the |ead side adhered portion. Fig. 8 is a cross sectional
vi ew when thgnd0cwhkedd9ihg adharedot empheysunf aperobrtibeePeepladt i ng 10 by
the capillary 20. There is described an enbodi rent in which a hatched
portion in Frgr flakéng &rpabdendioh cbbe mapikbary 20, a diameter of the
front end is 170 g m and a dianeter of the Au wire 19 is 30 p m In the
15 case of adhering th¥ewit;eal8egssirnpeiPd wsla bel gtivesl ¢ Rardamsial , the
capillary 20 does not sink so nuch in conparison with the case that the
pl ati ng surf abeti sheAgalAdedondi ngky! daykircksesstecded e ARdnire 19 in a
portion Ain Fig. 8 can be secured to a sufficient 20 thickness in
conpari soh wfvhmebeipotheofiranitneRidgpogtiogoothihe inneIpdesiblad to keep
the wire strength. Fig. 9 is a perspective view of the | ead side adhered
portion aftemebshanag. aRoN6r t WHRIGBNOLEE By sgonPgetAon RiFitge ¢5&5 r esponds
to the portion Ain Fig. 8. it 25 is known_that the tchkness %%xfhe Au
wire in Fig. S9decaAbBEeEePRFEdOPn aEERPareddR "W Oh SBRals RISVER S After
reflowng, the stress is applied in di.rection of. an row.i.n._Fig. 9 due
to the diffeﬁEnHéeHeP%eéﬁetﬁgaf? Pgntgﬁo&eﬁdiglge Zan@tedl oY i
Fig. 8 is a cross sectional view when the
10 wire 19 is adhered to the surface of the Pd plating 10
by the capillary 20. There is described an embodiment
in which a hatched portion in Fig. 8 is a front end of
the capillary 20, a diameter of the front end is 170 u
m, and a diameter of the Au wire 19 is 30 um. In the
15 case of adhering the wire 19, since Pd is a relatively
hard metal, the capillary 20 does not sink so much in
comparison with the case that the plating surface 1is
Ag. Accordingly, a thickness t of the Au wire 19 in a
portion A in Fig. 8 can be secured to a sufficilent
20 thickness in comparison with the portion A in Fig. 4,
so that it is possible to keep the wire strength. Fig.
9 is a perspective view of the lead side adhered
portion after bonding. A portion denoted by a line A
in Fig. 9 corresponds to the portion A in Fig. 8. It
25 is known that the thickness of the Au wire in Fig. 93

can be secured in comparison with that in Fig. 5.

After reflowing, the stress is applied in a direction

of an arrow in Fig. 9 due to the difference between the




expansion of the lead frane and the expansion of the resin. However e
there is no portion having a weakened strength, the dlsconnect|0n1§%JHhﬂﬁ&
the disconnected wire overlaps with the adhered portion 5 which is
generated at the Ag plating is not generated. The wire disconnection is
not at | east generated when the adherifg-force of the capillary 20 is set
so as to secure 10 umor nore of the thickness t of the Au wire when the
t hi ckness of ekbarnlseae ofarpe’ lieadlTE drg drite the tdmdkmeissn of f tttee Pd pl ating
10 is 0.02 umat the mninmumand 0.15 pmat the maxi num Next, a

descri ption weklinhe @iowerweaf, & ime#sdhenshyi g he tppehmaalhadess of t he
present invention for attaching and formng the Pd netal |ayer to the
menber 15 t owke keorie cttednoanh ,be happliissbrtred tec s qustofthaarrowi ng t he
connecting nmenber without relation to the Pb-free. As a result of
estimating tHeéscongietdtens wire tdvememesaitatihe ddhvered @eihadecor dance
with the 20 present appllcatlon an attention is paid to the fact that an
estimati of i yhpehf dsnedner atiesl ailéismﬁﬁ iféh alpeliing ky A0 b9 peR%kage i s
not changed. In this case, the wire disconnection is caused by the
difference Bhewsdn et i SSORRS toPTofl § MO &d lferaa‘?k %‘??beﬁ%%e‘é?}é%anm on of

the resin as rrentl oned above. Accordl ngl onsidered that_the
di f ference ofthet RENSIIAFITGT S C%d%]v]el sH¥ u‘criefiﬁe‘cr‘o 35 st Qni fi cant

e e PackREE 1 A0 LBLEEER B ek ol A

he Au wire
when the thickness of the lead frame 7 is 150 pm, the

10 thickness of the Pd plating 10 is 0.02 um at the
minimum and 0.15 um at the maximum.

Next, a description will be given of a reason
why the technical idea of the present invention for
attaching and forming the Pd metal layer to the member

15 to be connected can be applied to a technique of
narrowing the connecting member without relation to the
Pb-free.

As a result of estimating the conditions in

the representative invention in accordance with the

20 present application, an attention is paid to the fact
that an estimation is performed on the assumption that
a size of the package is not changed. In this case,
the wire disconnection is caused by the difference
between the expansion of the lead frame and the

25 expansion of the resin as mentioned abcve.

Accordingly, it is considered that the difference of

the expansion mentioned above becomes further

significant when the package is enlarged in accordance




with the multi pins. Since the capacity is increased, the calorie becones
| arge, so that the calorie applied to the resin at a time of refl owyngNi&0h
increased. Further, due to the multi pins, the calorie flowing 5 fromthe
substrate through the pin at atime of reflowing is also increased.
Further, even in the case that the pitgh is narrowed due to the chip
shrink, a lot of calorie is applied to the package in conparison wth the

package 10 h@vyiRgthRensans Eﬁm.. Acaorcd n@ley cdhe ipackage iz sdigcomes
smal | due to the chip shrink even in the package having the same nunber of
pi ns, the padhpi tehorak theonese 1bandi,NGd Thaar rowe d &R race Grpganiced
therewith, and the wire dianeter becones small. In 15 accordance with
narrow ng of tbhehe resdaused abyt itee o fchigf 1stwiingk i s Hatcriesssddh accor dance
that the current wre dianeter 30 gm becones further narrow, it is

consi der ed t Fatrthlker, e due gendtat ecld ingdessi thheofca lmaddiendf tdveingd at i ng

thi ckness thin. Because it is 20 considered that the dispersion of the

pl ating tBi ckmess thei tshios tired er Ahgeughpdbiee roMm 1Bdi iy tried i9%ded in the
current Ag spot plating process is too large in the future and the bonding
operati on becs#dovingt alsl @lsthdngreasefe matter that the calorie applied
25 to the package is increased due to the narrow pitch . in accordance with

the multi chips and t h&UWCHDEIShEYR & dhend e e atefiw RErfperst ure is

not changed corresponds to th ter he refl rature 1 7 N
2004 - 1% narrowe% due to th% C E%Fsﬂ¥¥§k} * 1ot é%”éé¥§¥3é“f%e JU

applied to the package in comparison with the package

10 having the same size. Accordingly, the package size
becomes small due to the chip shrink even in the
package having the same number of pins, the pad pitch
of the wire bonding is narrowed in accordance
therewith, and the wire diameter becomes small. In

15 accordance with narrowing of the wire caused by the
chip shrink, that is, in accordance that the current
wire diameter 30 pm becomes further narrow, it is
considered that there is generated a necessity cf
making the plating thickness thin. Because it is

20 considered that the dispersion of the plating thickness
within the range capable of being realized in the
current Ag spot plating process is too large in the
future and the bonding operation becomes unstable.

That is, the matter that the calorie applied

25 to the package is increased due to the narrow pitch in

accordance with the multi chips and the chip shrink

. even when the reflow temperature is not changed

correspends to the matter that the reflow temperature




I's increased. Accordingly, the technical idea of attaching and formng the
Pd netal layer to the nenber to be connected can be applied in viégw Jiaiids
it is possible to reduce the dispersion of the netal 5 thickness and

i ncrease the bonding strength, without direct relation to the Pb-free. In
this case, although the technical ideajs- different fromthe invention
described in the present application at all, there is a pre-solder plated

| ead 10 frameGPRbkcR=0ee5s as-dbridieailing td hosbhimi vl ciddadecf Pb-free can
be realized. The PPL process is a process for plating on a whole of the

| ead frame i achudihigd kmd dicernbonditige ot tnetg 1 tleyennes tleadnamidet he out er
| ead before nmolding with using the pall adium netal having a 15 good

bondi ng propérrct e ThanRRt gt axzas o apiia athdien Phiev rideatsiiceis he netal used
in the plating is palladium Further, in the PPL process, since an outer
plati ng provessibdreydnt irmthldey e fdirgpest sifarerohotltk metisl not  required,

it is possible to shorten an assenbling tinme 20 and autonmate a whole of the
assenbl i n§ pitbéeddedie ansl 1a1AEEI T Wie dIvliger PLeaIdg i it er | ead.
However, since a local battery is forned in accordance with a potenti al

di fference beiwEsH Felpdtiem dio dihe O t4%&fe nenber and Pd material, there
Is 25 arisk that a corrqsioon is generate sq that an Fe s.%éenlfrane

d,
such as 42 alloy (42N FdHPiesor At oYk an- #ot bt sk ast T he frane

geggﬁréogzdlgq gg;@ﬂ% ff%ﬂIgﬂéE?%éé%éﬁé%“ﬁ%%cfﬁﬁéahiﬁrkﬁé“grgggﬁt the Fe 1

application at all, there is a pre-solder plated lead
10 frame (PPL) process as a treating method in which the
Pb-free can be realized. The PPL process is a process
for plating on a whole of the lead frame including the
die bonding portion, the inner lead and the outer lead
before molding with using the palladium metal having a
15 good bonding property. The PPL process can be made Pb-
free since the metal used in the plating is palladium.
Further, in the PPL process, since an outer plating
process conventionally performed after molding is not
required, it is possible to shorten an assembling time
20 and automate a whole of the assembling process due to
omission of a solder plating in the outer lead.
However, since a local battery is formed in
accordance with a potential difference between a
material of the frame member and Pd material, there 1is
25 a risk that a corrosion is generated, so that an Fe
system frame such as 42 alloy (42Ni-Fe) metal or the

like can not be used as the frame member, and the frame

is limited to a copper alloy. In this case, the Fe




system frane can be used by inserting a barrier netal between the frane
and the Pd nmetal |ayer, however, since a material in the cross sedtf ¢ 108
exposed at a tinme of cutting the dambar and the front end of the 5 | ead
in an actual assenbly process, and a material <corrosion is concentrically
accelerated fromthe cross section,_apg since this Fe systemfranme becones
di sadvant ageous in view of the manufacturing cost due to conplexity of the

nmanuf act uri ng RtRee Frankd dditbel Qiddd Hystiniedttiind Sa i rpr@peaketLUrt her,
since the plating of the. outer lead is applied fromthe frame state, the

outer |ead swetacen smontamaaei @ Hdenetsol deryawet thawepsoperty at a
time of nounting the substrate is deteriorated in a burr renoving
operation 15 sfiorce eamond ey iredsiim e scrarsd e d i ken genergtesedyat nol di ng at
a high possibility. Further, since the palladiumis a hard netal in
conpari son wittimet el |@dd: i rsy sthemdsol dery, drverighe sfyererenédofa Probl em t hat
a plating is peeled if the outer lead is fornmed after 20 plating.

Accor di ngloy, leesh irf arhadhayl &9saipnodascesmntdohet Bbloveldas enpl oyed as
means for achieving the object of the present invention, that is,
preventing & TETEON gt GiTE@NgL Cakly gl 1S4 posdt bHee teF 235 nake t he
difference of the plating thickness at each of _the subjects to be plated
smal |, howevélCiEigive abrdi nGH e H s%ﬁéﬁﬁ%ﬁﬂa@"e%‘“‘?mth?‘lr%@eﬁ above, it is a

matter of course that the nmeans is inprqgper to the solving 1 7 JUN 2004 -
19 disadvantageous in view of tHe manufacturing cost due

to complexity of the manufacturing process, so that
10 this structure is not proper. Further, since the
plating of the outer lead is applied from the frame
state, the outer lead surface is contaminated and the
solder wetting property at a time of mounting the
substrate is deteriorated in a burr removing operation
15 for removing resin burrs or the like generated by
molding at a high possibility. Further, since the
palladium is a hard metal in comparison with the lead
system solder, there is generated a probklem that a
plating is peeled if the outer lead is formed after
20 plating.

Accordingly, even if the Pd plating process
mentioned above is employed as means for achieving the
object of the present invention, that is, preventing
the wire disconnection, it is basically pessible to

25 make the difference of the plating thickness at each of
the subjects to be plated small, however, since there
are thé disadvantages mentioned above, it is a matter

of course that the means is improper to the solving




means for the problens. Further, the inventors of the present appli c_faw oﬂ]D&
have searched known arts before filing the present application in Vi ke %
"plating Pd on the lead 5 frame". As a result, in Japanese Unexam ned
Patent Publication Nos. 11-40723 (U.S.P. No. 5,889,317) (a known art 3)
and 11-220084 (a known art 4), there-isg proposed an invention that a part
or a whole of a lead including at |least an outer lead is plated by a Pd 10
syst em net al mebukt Fer, t&® @robleas.i on that a whole of a lead is plated by
a Pd systemnetal mainly in view of requiring no outer plating process and
automating a whol e of Fanrtassgnithe prowessyrd el & Heaveer 8Tt pr oposed
Japanese Unexam ned Patent Publication Nos. 10-284666 15 éa prior art 5),
10- 298798 ( a appildrcadritons haared sEGrI3GEE krcawrprars drafoms ng ¥hew of
further applying an Au- Ag alloy plating onto an outernost surface of a Pd
syst em net al pragent tpeld dad ismopas et erapene sel a tudek i i Pt ehad
Publication No. 11-8341 (a prior art 20 8). 25 BRI EF DESCRI PTI ON OF THE
DRAW NGS Bi g fremed .a déhaémaasd e shBRaESE URoHININGA by Wit th an
F
)

inferiority of wire connection is enerat ed after ing; - Fig. 2is a
schematic Vi é?wbéﬁ&ﬁitﬁé’naNor?ecHalrﬂ@rﬁ%& Wit a & ac 4@’3%% a?%d inalead
side adher e%n%(v)vrnt ia%r%: %f)t earnc{ elfll—%vgd]}%él 1{a7 ]E]n%’\tlmzoaoflt -4}2,0 there is
proposed an invention that a part or a whole of a lead
including at least an outer lead is plated by a Pd
10 system metal. Further, as an invention that a whole of
a lead is plated by a Pd system metal mainly in view of
requiring no outer plating process and automating a
whole of an assembly process, there have been proposed
Japanese Unexamined Patent Publication Nos. 10-284666
15 {a prior art 5), 10-298798 (a prior art 6) and 10-18056
(a prior art 7), and in view of further applying an Au-
Ag alloy plating onto an outermost surface of a Pd
system metal layer, there is proposed Japanese
Unexamined Patent Publication No. 11-8341 (a prior art

20 8}.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic view showing a
mechanism by which an inferiority of wire connection is
generated after molding;
25 Fig. 2 is a schematic view showing a
mechanism by which a crack is generated in a lead side

adhered portion after reflowing;




Fig. 3is a schematic view showing a wire disconnection generated iri AJUN 2004
| ead side adhered portion after reflowng; Fig. 4 is an enlarged view of a
wire bonding 5 onto a surface of an Ag plating at a tine of adhering a
wire; 10 15 Fig. 5 is a perspective view of a wire adhered portion of the

w re bonding onto the surface of the Ag plating; Fig. 6 is a schematic

view showng a wire disconnection after reflowng the Ag plating; Fig. 7

is a schematic view shewigng3a i € sHexG@nReatiican Mdh8mh@ 4 esire of the Ag
plating is hardened and shrunk; Fig. 8 is an enlarged view of a wire

bondi ng ontaiacsuhkateocdf gankdapleat iihg satl cad isiRicofacdreyd npwioi re; Fig.
9 is a perspective view of a wire adhered portion of the wire bonding onto
t he surface aeffte20rkli@oRdnpl;ating; Fig. 10 is a plan view of a |lead frane
correspondi ng to one enbodi nent in accordance with the present invention;
Fig. 11 is an enl argedFplbandviiewaaf ealleaed 25 ew arfe acorires pondiingg t 0 one
enbodi nent in accordance wth the present invention; Fig. 12 is a cross
sect i onal 5vi ental enguafakenefAaB Ay Bilgtinhp, at a time of adhering a

wire;

Fig. 5 is a perspective view of a wire
adhered portion of the wire bonding onto the surface of
the Ag plating;

10 -Fig. 6 is a schematic view showing a wire
disconnection after reflowing the Ag plating;

Fig. 7 is a schematic view showing a wire
disconnection after a resin of the Ag plating is
hardened and shrunk;

15 Fig. 8 is an enlarged view of a wire bonding
onto a surface of a Pd plating at a time of adhering a
wire;

Fig. 9 is a perspective view of a wire
adhered portion of the wire bonding onto the surface of

20 the Pd plating;

Fig. 10 is a plan view of a lead frame
corresponding to one embodiment in accordance with the
present invention;

Fig. 11 is an enlarged plan view of a lead

25 frame corresponding to one embodiment in accordance

with the present invention;

Fig.. 12 is a cross sectional view along a

line A-B in Fig. 11;




1 7 JUN 2004 - 21 - Fig. 13 is a cross sectional view showng details of a
Pd plating in a front end of an inner lead; Fig. 14 is a schemati cl ViJg 2004
showi ng an 5 adhesive material application in a die bonding process using
a frame in accordance with the present invention; Fig. 15 is a schematic
vi ew showi ng a chip nounting in the gi§ bondi ng process using the franme in
accordance with the present invention; io Fig. 16 is a schematic view

showing a wire bondi ngﬂi%_ocl(—gsgsusg lr}g_,cysrge Jdang, i aceoy d@?&@iﬁ(‘%t h the

present invention; Fig. is an enlarged view showing a Pd plating

portion in thetdia PFAINPPOGERSHPSING (NRnd%edd aie ih Accordance with
the present invention; Fig. 18 is a schematic view show ng a shape of an
Au wire adhenedggortion at a time of wire bonding onto the surface of the
Pd plating; Fig. 19 is a perspective view of the adhered 20 portion of the

wire bonding onto the surf.aqe ofs thedPdmadiat ivicsw Higbwlgisn an enl ar ged
plan view of a lead franme corresponding to one enbodi nent in accordance
with the preselht siinee plait@r iaflt epdlneadicd hondi nifid To2diconpteteds Fig. 21
is a cross sectional view of a resin nolding process using the frane in
accordance wushnighe fpeesenn ianmentdaoite with the present invention;
Fig. 15 is a schematic view showing a chip

mounting in the die bonding process using the frame in

accordance with the present invention;

10 Fig. 16 is a schematic view showing a wire
bonding prcocess using the frame in accordance with the
present inventicn;

Fig. 17 is an enlarged view showing a Pd
plating portion in the die bonding process using the

15 frame in accordance with the present invention;

Fig. 18 is a schematic view showing a shape
of an Au wire adhered portion at a time of wire bonding
ontc the surface of the Pd plating:;

Fig. 19 is a perspective view of the adhered

20 portion of the wire bonding onto the surface of the Pd
plating;

Fig. 20 is an enlarged plan view of a lead
frame corresponding to one embodiment in accordance
with the present invention after the wire bonding 1is

25 completed;

Fig. 21 is a cross secticnal view of a resin

molding process using the frame in accordance with the

present invention;



1 7 JUN 2004 - 22 Fig. 22 is a cross sectional view after platlimgnao
outer lead using the franme in accordance wth the present invention; Fig.
23 is a schematic view showi ng a bending 5 process using the frane in
accordance with the present invention; Fig. 24 is a schematic view show ng
a lead front end aligning process usipg the frane in accordance with the
present invention; 10 Fig. 25 is a top elevational view of a conpleted

product of a package usiing. the f& adecidss AEEOF dange WMLk Lhecpresent
invention; Fig. 26 is a cross sectional viewalong a line E-F of the

conpl et ed produatiraf dheoweek apeadisisiong 16hé her fima@nen | acace@afiaace with the
present invention; Fig. 27 is a perspective view of the conpleted product
of the packagsd thsittie threedaaneinventatsor dance with the present invention;
Fig. 28 is a schematic view showing a 20 structure in which the package in
accordance wth the prisent23 nverd i oohesa nbony eelw oshew Budpss rlagedikgg. 29
is a top elevational view of the nounting substrate after the package in
accor dancé winttpcaste ysigsenthe nizane oin | acopuiede whith 2Bh&igregonts a
schematic cross sectional view of a Fan-1n type CSP of a peripheral pad
structure. DESCRIER™MN OF THE PREFERRED EMBODI MENT 1 7 JUN 2004

Fig. 24 is a schematic view showing a lead
front end aligning process using the frame in
accordance with the present invention;

10 Fig. 25 is a top elevational view of a
completed product of a package using the frame in
accordance with the present invention:

Fig. 26 1s a cross sectional view along a
line E-F of the completed product of the package using

15 the frame 1in accordance with the present invention;

Fig. 27 is a perspective view of the
completed product of the package using the frame in
accordance with the present invention;

Fig. 28 is a schematic view showing a

20 structure in which the package in accordance with the
present invention is mounted on a substrate;

Fig. 29 is a top elevational view of the
mounting substrate after the package in accordance with
the present invention is mounted; and

25 Fig. 30 is a schematic cross sectional view

of a Fan-In type CSP of a peripheral pad structure.

DESCRIPTICON OF THE PREFERRED EMBODIMENT




- 23 A description will be in detail given below of an enbodinent in
accordance with the present invention with reference to the accoriphoiyh H@L
drawings. |In this case, the same reference nunerals are attached 5 to

el ements having the sanme functions in all the draw ngs for explaining the
enbodi ment, and an overlapping descripgion will be omtted. A

sem conductor integrated circuit device in accordance with the present

enbodi ent is a 10 semzponiaiil i earal ask ol Qilda V) Sfer noal g
front end portion of an inner I'ead is palladiumspot plated and an outer

lead is Sn- Agfrsysi emidldider atrecddtddiePresantrprhodismnt, there is
exenplified a structure having 208 pins and a package 15 size of 28 mm

square. Four inepeatieth Wiitds rffardrad g alfe UsRbnighn ey SEFd eongwict or
integrated circuit device are described in Fig. 10. It 1s a matter of

course that Inhhehiwrhersegf Hrwe JRpeatedt ndTides ritBnarotl 4 i and edt tocl2ed f our .
Further, a material is a Cu alloy in the present enbodinent, however, may
be an irom syst ehdmead sf teve ne udle asm? Muret iam4d hien laKe.tHe t he present
enbodi ment, since the palladiumplating is not applied to a whole surface,
the | ocal batiremings tive cwpdrairdad ZHhevemdiodignentpr asiemriin the pal | adi um
whol e surface plating is not generated. Fig. 11 is an enlarged view of one
| ead frane ?PVier hapirdm o dsdradi tumpvwdtliIndrel dmsitdigsiied to a front 1 7 JUN
2004 A semiconductor integrated circuit device in
accordance with the present embodiment is a
10 semiconductor integrated circuit device in which a
front end portion of an inner lead is palladium spot
plated and an outer lead is Sn-Ag system alloy plated.
In the present embodiment, there is
exemplified a structure having 208 pins and a package
15 size of 28 mm square.
Four repeated units of a lead frame used in
the semiconductor integrated circuit device are
described in Fig. 10. It is a matter of course that
the number of the repeated units is not limited to
20 four. Further, a material is a Cu alloy in the present
embodiment, however, may be an iron system lead frame
such as 42Ni-Fe or the like. 1In the present
embodiment, since the palladium plating is not applied
to a whole surface, the local battery in the outer lead
25 which is a problem in the palladium whole surface
plating is not generated.

Fig. 11 is an enlarged view of one lead frame

7 in which a palladium plating 1 is applied to a front



- 24 end portion of the inner lead 4. Atab (die pad) 2 is a so-called
smal | tab, and an area of a chip nounting surface is set to be smal §&rJUN 2004
than an area of a main surface of a sem conductor chip nounted thereon. By
5 using the small tab, it is possible to previously prevent a risk that a
reflow crack is generated. In accorgagge_mﬁth t he present enbodi nent, the
tab is a snmall tab, however, may be a"cross tab type (a type having only

a width of aé&&%%&ll@@dt@,im MRy, peq 10 2l «?ﬁg(@%%d}aﬁigurtheh

in accordance Wt present enbodi nent, no pa iumplating 1s applied

to the die pade, cdIOMEYedma ] PR Adid Ph alt oY @Yabéhiﬁp:%ﬁﬁ‘giﬁﬁ the die
pad 2. Fig. 12 is a cross sectional view along a 15 line A-B of the

enl arged vi ewpfrdde i eagkd rade ShoWer | thdh dan ldred her pal hadhum pl ati ng
1is applied to the front end portion of the lead. A portion to be

pal | adi um pl ahgtcdmy e StdamwidcsmihsSteh ¢y ddentvéd echdpashng pertion has
a size to be spot plated at the 20 mninum At a tinme of plating, the

plating i $ perifroy nete ynmaEskialyg, tie 04 hesspisié ons phemidhelpack surface
of the lead frame 7 and the front end portion of the |lead in accordance
with an el ectpmadvwantc pleitshgthatAccaraf hoy yoradle pé agemgrasedppl ied in a
t hi ckness 25 direction in addition to the plating on the surface of the
front end of adwoidarere |vwidth ndvegseesent emeodimenpunthentébned del ow. A
description will be exenplified of the case the wire bonding is perforned
1 7 JUN 2004 small tab, however, may be a cross tab type (a type
having only a width of a suspending lead 3), and may be
10 also a normal tab. Further, in accordance with the
present embodiment, no palladium plating is applied to
the die pad 2, however, a palladium plating may be
applied tc the die pad 2.
Fig. 12 is a cross sectional view along a
15 line A-B of the enlarged view of the lead frame 7 shown
in Fig. 11. The palladium plating 1 is applied to the
front end portion of the lead. A portion to be
palladium plated may be structured such that the wire
bonding peortion has a size to be spot plated at the
20 minimum. At a time of plating, the plating is
performed by masking the other portions than the back
surface of the lead frame 7 and the front end portion
of the lead in accordance with an electrolytic plating.
Accordingly, the plating is applied in a thickness
25 direction in addition to the plating on the surface of
the front end of the inner lead necessary at the

minimum menticned below. A description will be

exemplified c¢f the case the wire bonding is performed



- 25 wth respect to the plating area necessary at the m nimum by LﬁS'} g% 2004
the Au wre 19 having the wire dianeter of 30 um a m ni mum necessary ea
21 of the spot plating is about 75 % of an area a x b of the wire 5

adhered portion expressed by an adhered width a and an adhered | ength b,

as shown in Fig. 19. In accordance w4k the present enbodi ment, both of

the values a and b are set to be at least 90 gm and a position of the

M ni UM necegsaty ralsgRr ctl tics 3 PR thihal A LeMRleddhtheleafnd s arranged at
300 gmfromthe front end of the |ead frame. Further, a so-called tab

descent for ppeSkivOBGiRg die pad WA ReliewHNg rrdiacespfe the  inner | ead
4 by deform ng the suspending lead 3 is 15 perfornmed. This is because a

di fference ofigesiter efarg ngmspeeslihemvwrencdppet rgndrieewen pdr tbhens of the
chip is reduced at a tine of charging the resin, whereby a vibration can
be prevent edspbitgplhd isig0ds abstutuctourie off = paldaadi wmb 20f pited ivigre n t he
front end portion of the inner lead in accordance with the present

enbodi ments. Ehbepald adintmonpleatpirng siexd donsitn tadhed dxy wittee 4 ayret sanand i s
structured such that a Ni plating 11 is at first applied to the inner |ead
4 as a grouneddpleateidng engt25 bpaldsadihovirpliat ifig -109.s dppldeebrdaredn and an
Au flash plating 9 is finally applied in order to inprove a corrosion

resi stance. Rathi dhleapresiesinesboshimeand , modgedl idr g afaises i astdrilance

with the present 17 JUN 2004 o
are set to be at least 90 um, and a position of the

minimum necessary area 21 is set so that a center
10 therecf is arranged at 300 um from the front end of the
lead frame.

Further, a so-called tab descent for
positioning the die pad 2 below the surface of the
inner lead 4 by deforming the suspending lead 3 is

15 performed. This is because a difference of resin
charging speed between upper and lower portions of the
chip is reduced at a time of charging the resin,
whereby a vibraticn can be prevented.

Fig. 13 shows a structure of a palladium

20 plating in the front end portion of the inner lead in
accordance with the present embodiment. The palladium
plating is constituted by three layers, and is
structured such that a Ni plating 11 is at first
applied to the inner lead 4 as a ground plating, a

25 palladium plating 10 is applied thereon and an Au flash
plating 9 is finally applied in order to improve a
corrosion resistance. Particular thickness of the

respective layers in accordance with the present



- 26 enbodinment are set such that a thickness of the inner |ead iss ﬁ@@mg
gm a thickness of the Nl platingis 1.0 u m a thickness of the p‘aT adi um
plating is 0.15 jimand a thickness of the Au flash plating is about I nm
5 A description will be given of the die bonding process with reference to
Fig. 14. Fig. 14 is a cross sectional,yiewalong aline GDin Fig. 11.

The lead frame 7 after descending the tab is nounted on a stage 16 and is

brought int oegBRHARENW b ed de@vRiy k0 t$itf aca afc e digr patk Znfiy adhesi ve
material 15 for die bonding is adhered on an upper surface of the die pad

by positioni ngad disspenserml3ahaMipgnassybifngBelRi pee@iivignd st he cadhesi ve
material 15 above the die pad. 1In this case, the adhesive material 15

enpl oys a 15mgoaduatckeepasiof (@R @E0anidd ureilkteon aining Agu m peMders and
carbons) for a sem conductor device having a snmall consunmed power.

Char act eri st ecshiiegtnesed offorthet Be dile shordiatg nwatier isaddowtr € annsol der wetti ng
property wth respect to a coated filmof the sem conductor 20 device and
the lead frane 7, a thérgelscrafptjue pridderttey giofera csoltder diiee to a
tenperature difference between a sem conductor device used tine and a

seni conduct obondengceronessd Wiithe rafereed itee Fig.additi dniad.o &t good heat
transmtting property. The conductive paste is 25 effective in the view
ment i oned abdvEroFar BREL1oSiAc¥iemhalobidect lame e lhrissdnitd Mvlention is to
reduce Pb, a_ netal saolder mainly conposed of Pb which is generally wused
in a power déPpcéepd AsemgsddaifisredEscadinadde A UN Jopted on

a2 stage 16 and is brought into contact with a lower

10 surface of the die pad 2. An adhesive material 15 for
die bonding is adhered on an upper surface of the die
pad by positioning a dispenser 13 having a syringe 12
receiving the adhesive material 15 above the die pad.
In this case, the adhesive material 15 employs a

15 conductive paste (an organic resin containing 2Ag
powders and carbons) for a semiconductor device having
2 small consumed power. Characteristics required for
the die bonding material are a solder wetting property
with respect to a coated film of the semiconductor

20 device and the lead frame 7, a thermal fatigue property
of a solder due to a temperature difference between a
semiconductor device used time and a semiconductcr
device unused time and the like in additiocon to a good
heat transmitting property. The conductive paste 1is

25 effective in the view mentioned above. Further, since
the object ¢f the present invention is to reduce Pb, a
metal solder mainly composed of Pb which is generally

used in a power device is not used. However, this does




- 27 not nmean that no netal solder is used, and a Pb-free sol der, £35 .?@&
used. In this, in the case of another representative invention tak r’n@' e
Pb-free into no consideration, it is a matter of course that a nmetal 5
sol der mai nly conposed of Pb may be enployed. The next step will be
described with reference to Fig. 15._Abyer noving a semnm conductor chip 18
above the lead frame to which the adhesive material 15 is adhered by a

collet 17, thetcChidard Sradheieddi i $dlideadneridd 1GRPsd tPE rde Cross
sectional shape of the collet 17 is formed in a quadrangul ar pyram d as
shown in Fi gscli@er aith e wdd et 1y taids b high sed corghicd OragdipeA8 are
closely attached to the collet 17 in accordance wwth a vacuum suction. 15
A descri pti orapddsdra agiiven iofvdritel omi rissk ibondilng Rs-oftress mtd rief erence to
Fig. 16. After the die bonding process, a |lower surface of the chip 18 and
a | ower surf acesdfdertsd iiomeritl easd &4 marte dn xefd dourdwe tisgtage ddtalA portion
in which the die pad 2 such as a 20 notch or the like is received is

previ ousl y prsediddad niaintvhearagedi e f Al eray ibe myetdeedapi Tharnye?20 is
bonded onto the inner lead 4 fromthe pad on the chip 18. Fig. 17 is an
enl arged vi ewtsle &ivil @ehslrdigighsst idh refiqrent® itw Fisthehmtic view of a
shape of the adhered 25 portion after wire bonding. In the case of the
present i nveftfit&, MAVE TG rfe SAHEAIENE IS A8 taROSIHdte €3 dth Wi s

1 el h . h . )
| ? 5i JSI ?pg;r ;ﬁterameorraxggi%niaﬂn%dl gzl'tﬁe) 45\%1 heesrievde rr!aetnegrtihall sl 0i55 ua I?etretcs] ebya ei( | mim

collet 17, the chip is adhered to a chip acdhering

10 position. A cross sectional shape of the collet 17 is
formed in a gquadrangular pyramid as shown in Fig. 15,
and the collet 17 and the semiconductor chip 18 are
closely attached to the collet 17 in accordance with a
vacuum suction.

15 A description will be given of the wire
bonding process with reference to Fig. 16. After the
die bonding process, a lower surface of the chip 18 and
a lower surface of the inner lead 4 are fixed to the
stage 16. A portion in which the die pad 2 such as a

20 notch or the like is received is previously provided in
the stage 16. After fixing, the capillary 20 is bonded
onto the inner lead 4 from the pad on the chip 18.

Fig. 17 is an enlarged view of a wire bonding portion.
Fig. 18 is a schematic view of a shape of the adhered

25 portion after wire bonding. In the case of the present

invention, the wire diameter d is 30 um, the adhered

width W is 105 gm at the maximum, and the adhered

length is 105 pgm at the maximum. It is apparent from




5 - 28 the result of estimation perfornmed by the inventors that a ng@q
adhered state can be obtained by setting a relation anong L, VVand1d slgv 4
to satisfy the formulas 1.5 ¢ Wd c¢c 3.5 and 1.5 c L/d ¢ 3.5. The | ead
frame 7 obtained after the wire bonding process nentioned above is
conpleted is as shown in Fig. 20, and,@ resin nolding is next performed in
the nol di ng process. In the nolding process, the lead frame 7 is held

bet ween nol ditRg FRdsd1 % AAmak0 AN G 1SN Iy PO Rehddem a resin
charging port 23. In the present enbodinment, a tinme for pouring is

structured sgg@tt RalgodChaltgimd dum Hecaese Kbt Socandsy MAr@idd ne of
pouring, it is necessary that the resin is poured at the sanme speed

bet ween t he upperith arbdriOWEr Wwarnd ansofad e |ead SFanehe. fdtmslds
because an vibrating width of the lead frame 7 is set to be as small as
possi bl e at a.ti e wfdndd ding amdl B 5sEr aski appli.éd to the wire 19 is
reduced so as to prevent the wire from being disconnected. 20 Fig. 22 shows
a state i d which the outher legldatiimgnd § ajyiaiected @afither diierwiead 5 after
molding the resin, and the outer plating is conpleted. The netal used for
t he outer pl apinmgnign Privs gsse Famt iomsctiakmite iis aenplaiedbtaiared by addi ng
Cu and/ or Bi 25 to the Sn-Ag systemnetal. This is because Pb reduction
is realized ahevwa Aef [FwW -netht iamgl P@a\ﬁer’ﬁg}fhm‘?ﬁcblhi‘?r efd d?f?’tt'erﬁ)%‘?%ﬁ]ﬂ?%ji S
supposed. Accordingly, it is a matter of course that it is possible to
enpl oy an in the molding process. In the molding process, the
lead frame 7 is held between molding metal molds 22,
10 and a resin 24 is poured from a resin charging port 23.
In the present embodiment, a time for pouring is
structured such that a charging time becomes 10
seconds. At a time of pouring, it is necessary that
the resin is poured at the same speed between the upper
15 and lower portions of the lead frame 2. This 1is
because an vibrating width of the lead frame 7 is set
to be as small as possible at a time of molding and a
stress applied to the wire 19 is reduced so as to
prevent the wire from being disconnected.
20 Fig. 22 shows a state in which the outer
plating is applied to the outer lead 5 after molding
the resin, and the cuter plating is completed. The
metal used for the cuter plating in the present
embodiment is an alloy obtained by adding Cu and/or Bi
25 to the Sn-Ag system metal. This is because Pb
reduction is realized and a reflow mounting having a

high reflow temperature is supposed. Accordingly, it

is a matter of course that it is possible to employ an




17 iU2004 - 29 alloy anong Zn, In, Sb and Sn or an Sn systen1aHkgﬂ‘iﬂm
addition to the alloy nentioned above. In the case of the reflow IH %,
a bonding cream sol der includes a structure having a different nounting
tenperature such 5 as an Sn-Ag system an Sn-Zn system an Sn-Bi system
and the like. In the current state, Lh? Sn-Ag system netal has a nelting
poi nt higher than a nelting point of %e Pb contai ning solder. However, in

the other eghadiymBRbond 28 ,0uter spl AlHNGUSAS & |9Ad S bG solfer . This
is because in thé case of paying attention to the fact that the bonding

strength bet waen t ibie tioRdle lz@ady4 i ithR MRS | s nefeasad Ryr
applying the palladiumplating to the inner lead 4, it 1S not necessary to

limt the outée plkdliongro@nthe d,ead bohilisys tamasnldarde rAfitreI1 ides aqut er
plating is conpleted, there is a process of formng the outer lead 5. At
first, as shawncitnrk ¢pavddg theifEsimuondug bedt dapdredtdirandudti xed at a
root portion of the outer lead 5 and the 20 outer lead 5 is forned by a
punch 25. 5Af ter ahoSmi-Ag, syshernf,r amt Serdnpentstam,ofart Se-@ut exydtead 5 is cut
and forned by noving a die 26 froma |lower portion as shown in Fig. 24.
Fig. 25 i s aasché&het ild kei-ewlof thec owpiretndd st28 epr ddwectSn—Ra ey giressent

enbodi nent, Fig. 27 is a perspective view of the schematic view and Fig.
26 is a .cr#ssasebeisonalmetitéwdaPerd ta Hijghe rEtham aFingl tAng T nthunber of

pins is 208, however, the reduced nunber of ,
of the Pb containing solder. However, in the other

embodiment, the outer plating uses a lead system
10 solder. This is because in the case of paying
attention to the fact that the bonding strength between
the inner lead 4 and the wire 19 is increased by
applying the palladium plating to the inner lead 4, it
is not necessary to limit the outer plating to the lead
15 system solder.

After the outer plating is completed, there
is a process of forming the outer lead 5. At first, as
shown in Fig. 23, the resin molding body is held and
fixed at a root portion of the outer lead 5 and the

20 outer lead 5 is formed by a punch 25. After forming,
the front end portion of the outer lead 5 is cut and
formed by moving a die 26 from a lower portion as shown
in Fig. Z24.

Fig. 25 is a schematic view of a completed

25 product in the present embodiment, Fig. 27 is a
perspective view of the schematic view and Fig. 26 is a
.éross sectional view along a line E-F¥ in Fig. 27. The

number of pins is 208, however, the reduced number of




17 JUN 2001, - 30 pins are illustrated in the drawings in order teayg®e
troubl esone. The shape of the resin nolding body is obtained by bevellng
one corner and cutting a sign so as to secure a directivity of the package
at atime of 5 handling for nmounting. In particular sizes of the conpleted
product in the present enbodi nent, a_skze_ D of the resin nolding body is
28 mm square, an outer size of the sem conductor package including the

outer lead 3in% 335 11Q-L1?strggté’i‘iq(j:1r?‘5ﬁ]?é Qﬂtavjlisng}[ o6 r@(;%@ér tﬂfo%\p? Xi mum

Further, a pitch p of the lead 1s 0.5 mMm a w w eac e | eads

is 0.2 M ardoatiRisIResS THe ishdbel M d 8 @ dih@ M;‘fz zpat al

direction between the resin nolding body and the front end of the outer

lead is 1.3 gWtaandd byerehielkief die ddoir end Ia©efiddes bengn oy er | ead

is 0.5 mm A description will be given of a process of nounting on a
printed circuist thoaeduse fa raEfresaniod tho ofFitgte ik 28 A sphéest paste 28
is applied onto a foot print 29 greater than the nounting surface in the
20 front éndhahdiliecouficer mcead iBg.The mpanttiing lopersat i€ cf stiper f or med by
arrangi ng a package 31 fromthe above after application and applying a
heat. The reftbopleded prechads imdhed @ ressaporengirabsionaref | caw, siare adr refl ow,
an infrared rays reflow and the like. In the enbodinent, 25 the refl ow
tenperature g 258 Cesiandailsizg ©ddyher 28 mah shearef |ow Qwhper at ure
235' C of the normal Sn-Ph  systemsolder. This is because it is possible
to correspofid Z€o Ctthd hfea Semian dUse e IRa TP I5oi iitc bid e the outer

lead 5 is 30.6 * 0.2 mm, and a height is 3.56 mm at the
10 maximum. Further, a pitch p of the lead is 0.5 mm, a

width w of each of the leads is 0.2 mm, and a2 thickness

t is 0.15 mm. A length a in a horizontal direction

between the resin molding body and the front end cf the

outer lead is 1.3 mm, and a length k of the front end
15 of the bent outer lead is 0.5 mm.

A description will be given of a process of
mounting on a printed circuit board with reference to
Figs. 28 and 29. A solder paste 28 is applied cnto a
foot print 29 greater than the mounting surface in the

20 front end cof the outer lead 5. The mounting cperation
is performed by arranging a package 31 from the above
after application and applying a heat. The reflowing
methods include a vapor phase reflow, an air refliow, an
infrared rays reflow and the like. In the embodiment,

25 the reflow temperature is 255°C , and is 20°C higher
than the reflow temperature 235°C of the normal Sn-Pb
system solder. This is because 1t is possible to

correspond to the fact that the melting point of the




17 JUN 2004 - 31 solder is high. Further, in the particular sizes of the
foot print 29 on the printed circuit board 30, a width ais 0.20 Ha-ﬂﬂgﬁm
nm and a length b is 1.3 mnm This is because within the range of the"size,
5 alittle shift of the position of the package generated at arranging it
can be self-aligned by the reflow, so hat there is not generated a
probl em caused by the shift of the nounting position. In the enbodi nent

menti oned abawa.qdhe s 1 descripii iy | si9ivmen ofrthe.casesihal Lhe present
invention is enployed for” the purpose of manufacturing QFP, however, the

present invemtHeOrF e diei P d ash tih@ psikfas e UM + Ngod ¥@e3package such
as QFN QFJ or the I|ike without being limted to QFP, and further the 15

present inventidih can He Jplied 126 genedrd Packages b hayi ng3 Wk e
connecting portions such as a small outline non-Ileaded package in which a
pad arranged in the niTdle iof Bechige s dometedrdioga deathdysazay re.
Further, in accordance with the enbodi nent, the 20 structure is nmade such
as to inprtove adiddirecthing of rgngtdeft 1dre @ortheonpaakade chetdeaned e
corresponding to the connecting nenber is adhered and connected to the

i nner | ead cetr egpendiing tid tdwn deEnierl - beynabrinectieel, réblwewersot he
connecting nenber is not 25 [imted to the wire, and the nenber to be
connect ed i s thedt thatig dé ot enazmtedor e, cakheedrieserite i nvention
can he applied to the case of applying the Pd plating to a pad 40

cor r espondi n§d fa Portthomaprting ‘position.

In the embodiment mentioned above, the

10 description is given of the case that the present
invention is employed for the purpose of manufacturing
QFP, however, the present invention can be applied to a
surface mounting type package such as QFN, QFJ or the
like without being limited to QFP, and further the

15 present invention can be applied to general packages
having wire connecting portions such as a small outline
non-leaded package in which a pad arranged in the
middle of a chip is connected to a lead by a wire.
Further, in accordance with the embodiment, the

20 structure is made such as to improve a connecting
strength of the portion in which the wire corresponding
to the connecting member is adhered and connected to
the inner lead corresponding to the member to be
connected, however, the connecting member is not

25 limited to the wire, and the member to be connected 1is
not limited to the lead. For examplie, the present
inventiﬁn can be applied to the case of applying the Pd

plating to a pad 40 corresponding to a portion for




1 7 JUN 2004 - 32 adhering and connecting a |lead corresponding to a
connecting nmenber 42 to a sem conductor chip 39 in a chip size packppgypni
the |li ke which enploys an insulative nmenber such as a polyimde tape 43 or
the 5 like for a base material and is nounted on a substrate by a sol der
ball as shown in a schematic cross seg%ional viewin Fig. 30. That is, the
present invention can be generally applied to i nprovenent of connecting

property andzrgleirabigl izt iddbrirke-taennecticng K pardduind tdes seni conduct or
device. A description will be briefly given of effects obtained by the

represent ati ¢enn@¢enihigomeaidg 42 he ian\eendi st ot agedh byo tie $Hresent
application. In accordance with the present invention, it 15 is possible

to provi de amhli$l spaek pge keare espatdi g Keo whHineh |lagsldyeesnin particul ar,
an LSl package using the |ead-free alternate solder having a nelting point
hi gher than tihatlef itviee mRinbeystsemts @lsder padndnitde stagrossi bie tho= i nprove an
assenbling yield and a 20 reliability. Further, it is possible to provide
an LSl packadgéecdorespbadiengatetilkd rardy dw wioun toalised bysubetratrer ease of
pins in the package or the increase of size thereof and the chip shrink,
and it is po®si Bl ectldeirmpade agn shosentin iy SphdEmptE erasgiability. 25 17
JUN 2004 - 33 WHAT IS CLAIMED | S: .
sectional view in Fig. 30. That is, the present
invention can be generally applied to improvement of
connecting property and reliability in the connecting
10 portien, in the semiconductor device.
A description will be briefly given of
effects cbtained by the representative invention among
the inventions disclosed by the present application.
In accerdance with the present inventicn, it
15 1is possible to provide an LSI package corresponding to
the lead-free, in particular, an LSI package using the
lead-free alternate solder having a melting point
higher than that of the Pb system sclder, and it is
possible to improve an assembling yield and a
20 reliability. Further, it is possible to provide an LSI
package corresponding to the narrow wire caused by the
increase cof pins in the package or the increase of si:ze
thereof and the chip shrink, and it is possible to

improve an assembling yield and a reliability.

25




1. A sem conductor integrated circuit device conprising: connecting
menber having a conductivity; connected menber in which a metal | aygrlun 2006
including a palladiumlayer is provided at a portion to which said
connecting nmenber is connected; resin nolding said portion to be
connected; and a nenber electrically_cgfnected to said connected nmenber in
which an alloy layer having a nelting point higher than that of a sol der
havi ng Pb aswaamaims ¢oppesitt ign netal and containing no Pb as a nain
conposing netal is provided at a portion outside said resin. 2. A
sem conduct on .i nt egr at ed seinficitiddudedrc e nie e i raciannRotidy nmenber
havi ng a conductivity; connected nenber in which a netal layer including
a pal | adi um kayerriisingr:ovi ded at a portion to which said connecting nenber
is connected, and an alloy I|ayer having a nelting point higher than that
of a solder having Pbaascaneitringompogicn dravietala achdwdnitwittyng no Pb as
a main conposing netal is provided at a portion outside a portion nol ded
by a resin; and a resima muindienfeshirgndemedat edhigdr td eretal3. laveseni conduct or
integrated circuit device conprising: 1 7 JUN 2004 - 34 a connecting
menber havi ngngleedhidgcts walyadium layer is provided at a portion to
which said connecting member is connected;
a resinrmolding said portion to be connected;
and
a member electrically connected to said
connected member in which an alloy layer having a
melting point higher than that of a scolder having Pb as
a main composition metal and containing no Pb as a main
compesing metal is provided at a portion outside said
resin.
2. A semiconductor integrated circuit device
comprising:
a connecting member having a conductivity;
a connected member in which a metal layer
including a palladium layer is provided at a porticn to
which said connecting member is connected, and an alloy
layer having a melting point higher than that of a
solder having Pb as a main composition metal and
containing no Pb as a main composing metal is provided
at a portion outside a portion molded by a resin; and

a resin molding said connected portion.

3. A semiconductor integrated circuit device

comprising:




a connected nenber in which a netal layer including a palladiumlayer is
provided at a portion to which said connecting menmber is connected,] AddN alll
nmetal |ayer having a nelting point higher than that of an Sn- Pb eutectic
sol der and containing no Pb and Pd as a main conposing netal is provided

at a portion outside a portion noldedpy_a resin; and a resin nmolding said
connected portion. 4. A sem conductor i1ntegrated circuit device

conprising: a connecti Ry cERRReRL ik imeetR rCoRAUGY W 6nawi:tconneet ed menber
in which a netal layer including a palladiumlayer is provided at a

portion to which said gordeelkictederaeer Sncomniet edmneayt a Rer free netal
| ayer having a nelting point higher than that of an Sn-Pb eutectic sol der
and cont ai ni hgciadRag as paliaidl umoNpeeirng smetralv iidedpraavidesbaticn payti on
outside a portion nolded by a resin; and a resin nolding said connected
portion. 5.wAisénmsadddaohaecctinggmatnde rciisc wonnedeviess conprd suatgrl a

sem conduct or chip; a connecting nenber connected to said sem conductor
chip and haviagea tendogt bvineytiagcmenadt éd gimerbdéham tdtcpfa aretsl- | ayer
including a palladiumlayer is provided at a portion to which said
connecti ng nehbentestéensedded, aadd canplginingiun poand 3B &5 & net al

| ayer having a nelting point higher than _ )
main composing metal is provided at a portion outside a

portion molded by a resin; and

a resin molding said connected portion.

4. A semiconductor integrated circuit device
comprising:

a connecting member having a conductivity;

a connected member in which a metal layer
including a palladium layer is provided at a portion to
which saia connecting member is connected, and a Pb-
free metal layer having a melting point higher than
that of an Sn-Pb eutectic solder and containing no Pd
as a main composing metal is provided at a portion
outside a porticon molded by a resin; and

a resin molding said connected portion.

5. A semiconductor integrated circuit device
comprising:

a semiconductor chip:;

a connecting member connected to said
semiconductor chip and having a conductivity;

a connected member in which a metal layer
including a palladium layer is provided at a portion to

which said connecting member is connected, and a Pb-




that of an Sn-Pb eutectic solder and containing no Pd as a main congggg@qmm
netal is provided in the other portions; a resin nolding a portion of i
sem conductor chip connected to said connecting portion, said connecting
menber and a portion of said connected portion to which said connecting
menber is connected. 6. A sem conductgs integrated circuit device
conprising: a sem conductor chip; a wire bonded to said sem conductor chip;

a lead in whigheameehal 1b3¥er haRehddianghea ¢ iPRY IRAindmyiapesr ithgH ated on a
portion in an inner |ead bonded by said wire, a Pb-free alternate sol der

having a methhBgofokAt Shi-ghekutkath itchab 1efe ranndn-ddn teiiirgeid tio $al der and
containing no Pd as a nmain conposing netal is plated on a nounted portion
of an outer kead; mainesbmpoBldigngeaalondi pg owdrdddorn rofthsaicthesem conduct or
chip to which said wire is bonded, said wre and the inner |ead of said
| ead includipgraiopertion to which said wire is bonded. '7. A sem conductor
integrated circuit device conprising: a sem conductor chip; a wre; a
resin nol di ng sai d senecorditt ooldiing angortZadUN2@@Ed 36 said wire; and
semiconductor chip connected to said connecting
portion, said connecting member and a peortion of said
connected portion to which said connecting member is
connected.
6. A semiconductor integrated circuit device
comprising:
a semiconductor chip;
a wire bonded to said semiconductor chip;
a lead in which a metal layer including a
palladium layer is plated on a portion in an inner lead
bonded by said wire, a Pb-free alternate solder having
a melting point higher than that of an Sn-Pb eutectic
solder and containing no Pd as a main composing metal
is plated on a mounted portion of an outer lead;
a resin molding a bonding portion of said
semiconductor chip to which said wire is bonded, said
wire and the inner lead of said lead including a
portion to which said wire is bonded.
7. A semiconductor integrated circuit device
comprising:
a semiconductor chip;

a wire;

a resin molding said semiconductor chip and




a lead in which a netal layer including a palladiumlayer is provi d@ﬂ hmm
front end of a portion nolded by said resin, and a Pb-free netal la 9
having a nelting point higher than an Sn-Pb eutectic solder and
containing no Pd as a main conposing netal is provided in a portion
outside a portion nolded by said resigg 8. A semconductor integrated
circuit device conprising: a sem conductor chip; a lead in which a front
end portion @fzianh wilpderardgead is plated by Pd and an outer lead is plated
by a Pb-free solder; a wire bonding said sem conductor chip and the inner
| ead of said | ead;, andaza lreesi nirmididly £aiet Senmpanduci@ruditig,at he inner

| ead portion of said |lead and said wire, wherein a nelting point of said
Pb-free alt eaidtaelisol deryers i ghrervitdeah i relfidary paiditobfa asortSherPb
eutectic solder, and said Pb-free alternate solder is not conposed of only
Pd. 9. A noumniilmigds dys tsradide mipr,i siny.a Psdmecomiucdorl aydegrat ey ci rcui t
device, said sem conductor integrated circuit device being provided with
a connect i ng ameveddri ngawiaig ta higdrdudthian tan Sn-ddnresctect henpekdén which a
metal layer including a palladiumlayer is provided at a portion to 1 7
JUN 2004 - 3andm§iogh asildacarhdet iafy andiidey donrsumfettie’tanes an al | oy

provided in a portion outside a portion molded by said
resin.

8. A semiconductor integrated circuit device
comprising:

a semiconductor chip;

a2 lead in which a front end portion of an
inner lead is plated by Pd and an outer lead is plated
by a2 Pb-free solder;

a wire bonding said semiconductor chip and
the inner lead of said lead; and

a resin molding said semiconductor chip, the
inner lead peortion of said lead and said wire,

wherein a melting point of said Pb-free
alternate solder is higher than a melting point of an
Sn-Pb eutectic sclder, and said Pb-free alternate
solder is not composed of only Pd.

9. A mounting substrate comprising:

a semiconductor integrated circuit device,
said semiconductor integrated circuit device being
provided with a connecting member having a
conductivity, a connected member in which a metal layer

including a palladium layer is provided at a portion to




nol ded by a resin, and a resin nolding said portion to be connectedﬁ

printed circuit board, wherein said sem conductor integrated circuit

device is connected to said printed circuit board by a solder having a

mel ting point higher than that of the ;solLder having Pb as a main conposing
nmetal. 10. A nounting substrate conprising: a sem conductor integrated
circuit devi ggictsaddh &GO P 89 24 esbSh& Stk d, d8Yd Cen bgl Ny
provided with a connecting nenber having a conductivity, a connected
menber in whicthtaiteid day®ss ad nClmdingcenped 1 mglitkn d pyes psopiudded at a
portion to which said connecting nenber is connected, and a netal
contai ni ng newRsiak: a it icommesidgd ey ad resptovasledz oagshde a portion
nol ded by a resin, and a resin nolding said portion to be connected; and a
printed circuwdldiosy dsdiod wiochi caitth Isenaoomneiioddr amdegrated circuit
device is connected by a netal having a nelting point higher than that of
the solder having Pb as rrindied conposithdgamiadd . 11. A et hod of
manufacturing a nmounting substrate, said nounting substrate conprising:. a
sem conduct or i ntegr ate&@ami&amﬁwcow@t%m@@mtw ¢hregtht ed
circuit device being provided wwth a connecting nenber having a 1 7 JUL

2004 - 38 cOFIET i SORRRTriTE R ehier 1 B e dvf B e ed T E ayBr 2

solder having a melting peoint higher than that of the

containing no Pb as a main conposing netal is provided outside a portiqnp, |
iQﬂ}éWﬂ

solder having Pb as a main composing metal.
10. A mounting substrate comprising:

a semiconductor integrated circuit device,
said semiconductor integrated circuit device being
provided with a connecting member having a
conductivity, a connected member in which a metal layer
including a palladium layer is provided at a portion to
which said connecting member is connected, and a metal
containing no Pb as a main composing metal is provided
outside a portion molded by a resin, and a resin
molding said portion to be connected; and

a printed circuit board to which said
semiconductor integrated circuit device is connected by
a metal having a melting point higher than that of the
solder having Pb as a main composing metal.

11. A method of manufacturing a mounting
substrate, said mounting substrate comprising:

a semiconductor integrated circuit device,
said semiconductor integrated cifcuit device being

provided with a connecting member having a




including a palladiumlayer is provided at a portion to which said 2004
connecting nenber is connected, and an alloy |ayer containing no Pb‘&QUg
mai n conposing netal is provided outside a portion nolded by a resin, and a
resin nolding said portion to be connected; and a printed circuit board,
wherein said nmethod has a process at_whgch a tenperature of said connected
menber becones higher than a nelting point of an Sn-Pb eutectic sol der.

12. A et hod cefndmgtufaict iy | g eni@eidd NgemiSeb s abigi clsad néPaiDt 1 Age r
substrate conprising: a sem conductor integrated circuit device, said
seni conduct oririgitedjiras ed red Y rad fumeVd wer bied ner ol dwd detd avi pdir @i swnhect i ng
menber having a conductivity, a connected nenber in which a netal |ayer

i ncl udi ng a padlicddiasmd ayernest prowadstbati o pomteopned o amhi &ih shidy
connecting nmenber is connected, and an alloy |layer containing no Pb as a
mai N conposi Ag yest aoritsa impimoyine Pl siaenal porempes g deeit b Bsresin, and
a resin nolding said portion to be connected; and a printed circuit board,
wher ei n sai d B¥@¥icEtittoridate@ettddreincided hieva cee el said drint ed
circuit board are received wthin the same furnace and a tenperature
within said Hafifade sbicshest i gertidata bl eommeperdt ddan Sn-Pb
eutectic solder. 13. A nethod of manufacturing a nounting 17 JUN 2004 - 39
substrate, said nountiﬁbFﬁm&ﬁ?%u?9ﬁﬁﬂﬁﬁi¥ﬁ%§%

wherein said method has a process at which a
temperature cof said connected member becomes higher
than a melting point of an Sn-Pb eutectic solder.
i2. A method of manufacturing a mounting
substrate, said mounting substrate comprising:

a semiconductor integrated circuit device,
said semiconductor integrated circuit device being
provided with a connecting member having a
conductivity, a connected member in which a metal layer
including a palladium layer is provided at a portion to
which said connecting member is connected, and an alloy
layer containing no Pb as a main composing metal is
provided ocutside a portion molded by a resin, and a
resin molding said portion to be connected; and

a printed circuit board,

wherein said semiconductor integrated circuit
device and said printed circuit board are received
within the same furnace and a temperature within said
furnace becomes higher than a melting point of an Sn-Pb
eutectic solder.

13. A method of manufacturing a mounting




a sem conductor integrated circuit device provided with a sem conductor

chip, alead in which a Pd netal is plated on a front end portion of an JUN 2004
inner |ead and a Pb-free netal is plated on an outer lead, a wre bonding
sai d sem conductor chip and said lead, and a resin nolding a wire bonding
portion of said sem conductor chip, _a3wi re bonding portion of said |ead

and said wire, wherein a nelting point of said Pb-free alternate solder is

hi gher than aupdtdaig: paidid loaht iSn- Aibeut£cs | €omet tetngand sai d Pb-free
alternate solder is not conposed of only Pd; and a printed circuit board,
wherei n said sem conduci asemit@piat st citceytat aeve Cecahd davilceri nt ed
circuit board are received in a reflow furnace, and a set tenperature of
the reflow fouronaicked sviilghersdnnacoredisetot evipap atar bead antwhecbhbfa refl ow
nmounting the sem conductor integrated circuit device in which a Pb netal

| ayer is proddettial ais midterd l@ak foonheesdbserwten df. am seneronduct or
integrated circuit device conprising: a wire having a dianeter equal to or
| ess than 30asdnand corflecizee mebet 1 whiedd cometalovbgerleadel adi ng a
pal l adium [ ayer is provided at a portion to which said wire is connected,
and a sol der WidiRt M HGI P bd LN Sonposi ¢hon i ataid peedi deddat a

portion 1 7 JUN 2004 40 _outside a portion nolded by J‘:a resin; and
a resin molding a wire bonding portion of said

semiconductor chip, a wire bonding portion of said lead
and said wire, wherein a melting point of said Pb-free
alternate solder is higher than a melting point of an
Sn-Pb eutectic solder, and said Pb-free alternate
solder is not composed of only Pd; and

a printed circuit board,

wherein said semiconductor integrated circuit
device and said printed circuit board are received in a
reflow furnace, and a set temperature of the reflow
furnace is higher than a set temperature at a time of
reflow mounting the semiconductor integrated circuit
device in which a Pb metal layer is provided in an
outer lead, to the substrate.
14, A semiconductor integrated circuit device
comprising:

a wire having a diameter equal to or less
than 30 pum;

a connected member in which a metal layer
including a palladium layer is provided at a portion to

which said wire is connected, and a solder containing

Pb as a main composition metal is provided at a portion




a resin for nolding said connected portion. 15. A nounting substrate 7 JUN 2004
conprising: a sem conductor integrated circuit device provided with L v
sem conductor chip, a lead in which a Pd netal is attached and forned onto
a front end portion of an inner |lead and a Pb solder layer is attached
and formed onto an outer lead, a wre ponding said sem conductor chip and
said |l ead and having a dianeter of 30 pmor less, and a resin nolding a
wire bondi nguperntieon pbrsabd seliceen®yct:oreshind, addM re bondi ng portion
of said lead and said wire; and a printed circuit board. 16. A
sem conduct or i ntegrat adresteuifordewiled ngcerpd siongre o egbraatiagrg. menber
havi ng a conductivity; a connected nenber in which a netal |ayer is
provi ded in aSportion Bomwhnthngaisthbctreeet icogpramstierg: i s adhered; and a
resin nol ding said adhered portion, wherein a thickness of the adhered
portion in said conneet segirembactios dqizlgregesy omaaritthaleviGCegm  17. A
met hod of manufacturing a plurality of sem conductor integrated circuit
devi ces, sai Brovaédedondtbt er Sentegnaiied ogi chdirt deviedd denpitiisihg a
connecti ng nenber having a conductivi%y; a resin;, and a connected nenber
in which a fPAsferglalsiattyoRedognd fprmedapaitc & Freitdédd n a portion to
whi ch said connectin% _ ,
portion of an inner lead and a Pb solder layer 1is
attached and formed onto an outer lead, a wire bonding
said semiconductor chip and said lead and having a
diameter of 30 um or less, and a resin molding a wire
bending portion of said semiconductor chip, a wire
bonding portion of said lead and said wire; and
a printed circuit beard.
16. A semiconductor integrated circuit device
comprising:
a connecting member having a conductivity;
a connected member in which a metal layer is
provided in a portion to which said connecting member
is adhered; and
a resin molding said adhered portion,
wherein a thickness of the adhered portion in
said connecting member is equal to or more than 10 pgm.
17. A method of manufacturing a plurality of
semiconductor integrated circuit devices, said
semiconductor integrated circuit device comprising:

a connecting member having a conductivity;

a resin; and

a connected member in which a first metal




menber is connected, and a second netal |ayer different fromsaid figﬁBNqML
netal |ayer is provided outside a portion nolded by said resin, an o
resin nmolding said portion to be connected, wherein there is provided a
process of attaching and formng a netal |ayer having a difference

between a thickness of the first netal,qayer of a first sem conductor
Integrated circuit device and a thickness of the first netal |ayer of a

second sem coadeet 9k prBLeaeal €H & pevith cde¥Canigh @3S d RIANK A nd
member is connected, and a second metal layer different
from said first metal layer is provided cutside a
portion meclded by said resin, and a resin molding said
portion to be connected,

wherein there is provided a process of

attaching and forming a metal layer having a difference
between a thickness of the first metal layer of a first
semiconductor integrated circuit device and a thickness

of the first metal layer of a second semiconductor

integrated circuit device is less than 10 pm,.






