1 4 AUG 2006 Description CO N NG PUNCH FOR LEAD FRAVE MACHI NI NG

PRODUCTI ON METHOD THEREOF, AND LEAD FRAME Technical Field The presdnt AUG 7006
invention relates to a coining punch for |ead frame machining, a nmethod for
produci ng the coining punch, and a |lead frame, in particular, to a coining
technol ogy of form ng a concave groove having V- or U shaped configuration
in cross section onto a lead franme in order to prevent solder from
spreadi ng during the soldering of sem conductor conponents. Background Art
In the case of the die pad of a conventional I1C lead frane, as shown in
Fig. 5 for exanple, the concave gPesweiprs2ohs fornmed in the shape of a
rectangular ring along the periphery on the surface of the die pad 41. The
sem conductor chip 43 is soldered to the die pad 41 inside the concave
groove 42 formed in the shape of the rectangular ring. The role of the
concave groove 42 iSO{H¥INgGr BVHRHE ﬁ@RtéﬁABoFBgMEfMﬁﬁﬁﬂgéwﬁmg out fromthe
joint and spreading at the tine of the soldering. Here, in the figure, the
ref erence characte?goﬁpﬁﬁaoﬂ VEpHeEBe RHERARE wﬁHPthﬁH HBAME, respectively,

of the groove. The concave groove 42 is fornmed in the formng 1 14 AUG 2096
process of a lead frame by coining it with a press to which

Technical Field

The present invention relates Lo a coining punch for
lead frame machining, a method for producing the coining
punch, and a lead frame, in particular, to a coining
technology of forming a concave groove having V- or U-
shaped configuration in cross section onto a lead frame in
order to prevent solder from spreading during the soldering

of semiconductor components.

Background Art

In the case of the die pad of a conventional IC lead
frame, as shown in Fig. 5 for example, the concave groove
42 is formed in the shape of a rectangular ring along the
periphery on the surface of the die pad 41. The
semiconductor chip 43 is soldered to the die pad 41 inside
the concave grcove 42 formed in the shape of the
rectangular ring. The role of the concave groove 42 is to
prevent molten solder from flowing out from the joint and
spreading at the time of the soldering. Here, in the
figure, the reference characters w and h represent the
width and depth, respeétively, of the groove.

The concave groove 42 is formed in the forming



such a coining punch 44 as shown in Fig. 6 for exanple is attached. A
coining portion (protruding portion) 46, which has a configuration 14 AUG 2006
conformng to the width and depth of the rectangul ar-ring-shaped concave
groove 42 to be formed on the die pad 41, is formed around the periphery on
the tip face 45 of the coining punch 44, a flat face 47 that touches the
surface of the die pad 41 is forned inside the coining portion 46, and
resultantly the concave groove formng portion 48 is conposed of them

Here, the reference nuneral 49 shows a hole for releasing air pressure

i nposed atpibeecés NBrof TO:RNI NPandbBPIWSbigingCeheRied gapbkde k5 wBiRhy used
as the material of the coining punch 44. In the neantine, due to the recent
requi renengschios celonsy zbmgeands wes ghowedigt Fog. 06 seni egnfpttor sdevi ces,
sem conductor chips and | ead franes beconme smaller, the region of the
concave grapvechied med awimidie gac {dond rig rudigic o @it seon pecoOesgh saml | er

accordingly, and, as a result, - the projected shape of the concave groove is
required timabea poetigerationotdefomoids, ta teetwaidthoadidndgepeyi oft in the
di e pad of a sem conductor chip still has to be secured even when
downsi zi ngtlevancesn@nbar+ningdehaped doosoavet grsovaedssar pendbronbly to
formthe corners of the rectangular ring of a concave groove so that the
radi us R ofnthize doererd 45, abs shmthedsapogsidblketpetrhehexyent bdheforming a
right angle but also to reduce the width of the concave 2 14 AUG 2006

tip face 45 of the coining punch 44, a flat face 47 that

touches the surface of the die pad 41 is formed inside the

coining portion 46, and resultantly the concave groove

forming portion 48 is composed of them. Here, the

reference numeral 49 shows a hole for releasing air

pressure imposed at the time of coining. Meanwhile,

cemented carbide is mainly used as the material of the

coining punch 44.

In the meantime, due to the recent requirements for
downsizing and weight reduction of semiconductor devices,
gemiconductor chips and lead frames become smaller, the
region of the concave groove formed on a die pad {(bonding
region) also becomes smaller accordingly, and, as a result,
the projected shape of the concave groove is required to be
preciser. In other words, a certain bonding region in the
die pad of a semiconductor chip still has to be secured
even when downsizing advances and, in order to do so, it is
necessary not only to form the corners of the rectangular
ring of a concave groove so that the radius R of the

corners is as small as possible to the extent of forming a

right angle but also to reduce the width of the concave



groove. In the case of reducing the width of the concave groove, it is
necessary to increase the sectional area of the concave groove in order to
receive |l eaking solder and resultantly prevent the sol der from sprehéiAy§ 2606
the tinme of soldering. In order to increase the sectional area of the
concave groove, it is necessary to increase the groove depth to the degree
corresponding to the reduction of the groove width. For the above reasons,
it is necessary to change the sectional shape of a concave groove froma V
shape to a U shape and also froma shall ow groove to a deep groove. For
exanple, since thereis alimt in the reduction of a groove width in order
to prevengrsovder ¥ drhe spreadihg;edicing ngcessbdyh tof | bice eagecatie groove
depth from0.20 to 0.3-0.35 nm As a consequence, a concave groove having
a certai ngdepvé, ahtl ifienseesbanvyotcailcshape The reqtiradl RE&AWRIL e, when a
concave groove having a smaller corner radius R of the concave groove ring
and a certhencodepvh @hdodcULBhapdernter 6ssesEet Lopkangsealdgrapsde is
fornmed on the die pad of a lead franme, the tip of the coining punch that

coi ns sucﬁeéu%*éﬁﬁﬁsé prepeet ther Fespsadirgmt sPrradéBacale CHLoEVEES or mi ng
portion) takes.  the shape of a coining portion (protruding portion) 50

whi ch hasCh eohffELRrAt i off U nFh gl RO $hES WileR hS Rt heret ehe
rectangul ar-ring-shaped concave groove to be fornmed on the die pad as shown
in a partF%PI9O%ﬁ?8?g%6°ﬁﬁﬁne%tihs PFGeSPATThEP F@Fr?ﬁéecépﬁegrBBW?ion 53

formed at the 3
depth to the degree corresponding to the reduction of the

groove width. For the above reasons, it is necessary to
change the sectional shape of a concave groove from a V
shape to a U shape and also from a shallow groove to a deep
groove. For example, since there is a limit in the
reduction of a groove width in order to prevent solder from
spreading, it is necessary to increase the groove depth
from 0.20 to 0.3-0.35 mm. As a conseguence, a cencave
groove having a certain depth and the section of a U shape
is required.

Meanwhile, when a concave groove having a smaller
corner radius R of the concave groove.ring and a certain
depth and a U shape in.cross section as stated above is
formed on the die pad of a lead frame, the tip of the
coining punch that coins such a concave groove
(corresponding to the concave groove forming porticn) takes
the shape of a coining portion (protruding portion) 50
which has a configuration conforming to the width and depth
of the rectangular-ring-shaped concave groove to be formedr
on theldie pad as shown in a partially enlarged manner in

Fig. 7. That is, the corner portion 53 formed at the



14 AUG 2006 intersection between one side 51 and the other side 52 of the
rectangl e has a smaller corner radius R than before and also the confresls 7006
portion fornmed at the intersection between the flat face 54, which touches
the surface of a die pad, inside the coining portion 50 and the upright

wal | of the coining portion 50 has a very snmall corner radius r. \Wen a
concave groove 42 is fornmed by coining a die pad 41 with a coining punch 44
havi ng the shape of such a concave groove form ng portion 48 as nentioned
above, the groove form ng portion 48 of the coining punch 44 undergoes a

| arge reaghjiQi fRitGen The WeRACUrRN FiQlL & 1CaUReS IRl QSR r CONGEN ald on at the
corner portion 53 of the coining portion 50, in particular at the portion

55 where the rGRINEIyIAAES aRRehIWwen ddigve desiidls and i andrdhe aod ner
radius r between the flat face 54 and the upright wall of the coining

portion 5Qlistt ehseeiorMdrh prach ot Ryrmeanthtt hehe |iaftger Sddeissh qonpendd at i on
produces the origins of cracks and resultantly causes sone parts of the

coi ni ng pajd @250 faefe tHe coichy e cgrcdee iy g oy tdOm 48id pddl | off. In
particular, when the width of the coining portion 50 is narrower, the
hei ght thdmedidd sha ghamiand gotttiker Stheand aterug@idiit Rrand o f artes smal | er,

the coining portion 50 tends to crack and the aforenenti oned requirenents
for a conecavdngr gove inayistg hasdeeperr ydeptal. lareb randd steahieis e £r oss  section
cannot be satisfied accordingly. Incidentally, when the depth and w dth of
t he concave grobnend2 apecadef gmedvas 42 drsd fwnmeshpéct iovelnindg ar dxaanpl e
whereas a '
' pad 41 with a coining punch 44 having the shape of such a
! concave groove forming peortion 48 zs mentioned above, the
grocove forming porticn 48 of the coining punch 44 undergoes
a large reaction force. The reaction force causes stress
concentration at the corner portion 53 of the coining
portion 50, in particular at the portion 55 where the
corner radius R between the sides 51 and 52 and the corner
radius r between the flat face 54 and the upright wall of
the coining portion 50 intersect with each other, and the
largé stress concentration produces the origins of cracks
and resultantly causes scome parts of the coining portion 50
of the concave grcove forming portion 48 to fall off. 1In
particular, when the width of the coining portion 50 is
narrower, the height thereof is higher and further the
corner radii R and r are smaller, the coining porticn 50
tends to crack and the zforementicned requirements for a
concave dgroove having a deeper depth and z U shape 1n cross
section cannot be satisfied accordingly. Incidentally,

when the depth and width of the concave groove 42 are

_defined as h and w respectively, for example, whereas a



4 14 AUG 2006 coining punch having a groove depth h of 0.20 mmand a ratio
h/w of not nore than one wi thstands the coining of several hundreds of

t housands tines, a coining punch having a groove depth h of 0.27 mm &niliali0b
ratio h/w of nore than one cracks even in the coining of sone dozen tines.
The present invention has been established to solve the above problens. The
first object of the present invention is to provide: a coining punch for

| ead frame rmachining that does not crack and can withstand the form ng of
a concave groove even when the depth of the concave groove increases and
the width thereof decreases; and a nethod for producing the coining punch.
Furt her, tdwenisecqnihabjlectinder epfodse tdeprlovi def a0 | 2adufirame davi ng on

the surface of the die pad a concave groove the depth of which is |arger

t han the wiatip tther eof .ndi gedos uwmpfonderi Hvemidn the ordering @aftain the
aforenentioned first object, a coining punch for |ead frame nmachining
accor di ng avaree pretrads il dtdwrri@s di gy, a heo tolnd ngupehciabeieg used
for form ng a concave groove on the surface of a lead frame: conprises a
punch i nnex m@ﬂpﬁam gf & puhahn tapd poration rbatof owehesth#e surface
of the lead frame at the tine of coining and a hollow punch body having a
coi ning pore i BrRakfate Y9 s tHe mideves tbov@drerriesen | elgesrane at  the
time of coining and a hollow portion in the axial direction of the punch;
and is assenble&h@yPWQQQQH;%ﬂﬂ§ntlon has been established to solve

the above problems. The first object of the present
invention is to provide: a coining punch for lead frame
machining that does not crack and can withstand the forming
of a concave droove even when the depth of the concave
groove increases and the width thereof decreases; and a
method for preoducing the coining punch. Further, the
second object thereof is to provide a lead frame having on
the surface of the die pad a concave groove the depth of

which 1s larger than the width thereof.

Disclosure of the Invention

In order to attain the aforementioned first object, a
coining punch for lead frame machining according'to the
present invention (claim 1), the coining punch being used
for forming a concave groove on the surface of a lead
frame: comprises a punch inner compconent having a punch tip
pertion that touches the surface of the lead frame at the
time of coining and a hollow punch body having a ccining
pertion that forms the concave groove cn the lead frame at
the time of coining and a hollew portion in the axial

direction of the punch; and is assembled by fitting the



5 14 AU6 206 punch inner conponent into the hollow portion of the holl ow
punch body. Wth the above configuration, since the punch tip portien k2o
touches the surface of the lead frane at the tine of coining is

i ncorporated into the punch inner conponent, the coining portion
(protruding portion) that forns, for exanple, a ring-shaped concave groove
on the lead frane at the tinme of coining is incorporated into the hollow
_punch body, and thus the punch inner conponent and the holl ow punch body
are separated fromeach other, the corner of radius r is not forned, thus
the stressumtondemgratdoaipdrgeasedtan dite edriner pfriiadi ust rthis helleow nat ed,
and resultantly it is possible to apply coining wthout the cracking and
falling offunefh tlaeiycoi ni ng portion even when the ratio h/w of the concave
groove is one or larger. Note that, according to experinents, though the
results vary i nWachotdanedowiet kotnife gyuraltion, amd nide dressinaf icgpper al | oy,
the wwdth w of a concave groove and others, in an ordinary case, it is
possi bl e toordppny tdeinitngcheist Howet straEdagasHongaad aramt i@t hflve of t he
concave groove is about two or less. Further, it is preferable that the
coi ni ng pumgte fodr cdisdaof rame meotiaratedcicoraditiee torettaiimder s confi gur ed
so that both the hollow portion of the hollow punch body and the punch

i nner conporeeneate fidrenedigd ras nay Tieguckndierudsient il iareashather eof

gradual ly toward the tip of the
forms, for exXample, a ring-shaped concave grocve on the

lead frame at the time of coining is incorporated into the
hollow punch body, and thus the punch inner component and
the hollow punch body are separated from each other, the
corner of radius r is not formed, thus the stress
concentration imposed on the corner of radius r is
eliminated, and resultantly it is possible to apply coining
without the cracking and fzlling ofi cf the coining portion
even when the ratio h/w of the concave groove is one or
larger. Note that, according to experiments, though the
results vary in accordance with the quality and thickness
of copper alloy, the width w of a concave groove and others,‘
in an ordinary case, it is possible to apply coining
without crackiﬁg as long as a ratio h/w of the cecncave
groove 1is about two or less.

Further, i1t is preferable that the coining punch for
lead frame machining according to c¢laim 1 is configured so
that beth the hollow portion of the hollow punch body and
the punch inner component are formed so as to reduce the
sectional areas thereof gradually toward the tip of the

punch {claim 2). By adopting such a configuration, 1t



punch (claim 2) By adopting such a configuration,

it 6 14 AUG 2006 becones

.possible not only to firmly fit the punch inner conponent into the hal higgvios

portion of the hollow punch body but also to facilitate adjusting the

protruding length of the protrusion of the coining portion in accordance

with the depth h of the concave groove. Note that, in the case where the

punch i nner conponent and the holl ow punch body
along a straight line on a cross section containing the axes thereof,

possi bl e

| ead framedmedtgngiraesarics Mg I low heopresendt | thverito bhow (ghadin 3)dy t he
coi ning punch being used for formng a

it

to firmy fit the punch inner conponent into the hollow punch
body by i ngeidrdg pospaskes .ndiurddiey noy efidnd wreker tloe aphachn tfeer
af orenentioned first object, a nethod for producing a coining punch for

are divided from each ot her

is

concave groove on the surface of a

| ead framyutcaipd ses fadiel praoessepuf inpridogy gt andt@rlabgtiodohavi ng a
of the coining punch product; separating the material rod in the
axi al di regdtd grdtmtcsiaorcent ridie nenibeind qorrieisponot rccdioddhes puhtch | nner

profile

conponent) and a hol | ow nenber

wi dt h of

menber into the hollow portion that passes through in the axial

of the

(corresponding to the holl ow punch body)
such a marrier deghzdt ha @f dthaisiomrdeyigpate. Wildtte dorartes pondibeg das g he

in

the concave groove to be fornmed on the surface of the lead frane
i s fornmedvwenchehd puiade gingheconi@rdal andd;hantl hserpimng: thedgent r al

are divided from each other along a straight line on a
cross section containing the axes thereof, it is possible
to firmly fit the punch inner component into the hollow
punch body by inserting a spacer.

Furthermore, in order to attain the aforementioned
first object, a method for producing a coinihg punch for
lead frame machining according to the present invention
(claim 3), the coining punch being used for forming a
concave droove on the surface of a lead frame, comprises
the processes of: producing a material rod having a profile
of the coining punch product; separating the material rod
in the axial direction into a central member {corresponding
to the punch inner component) and a holiow member
(corresponding to the hollow punch body) in stuch a manner
that a protrusion having the width corresponding to the
width of the concave groove to be formed on the surface of
the lead frame is formed on the tip face of the material
rod; and inserting the central member into the hollow
portion that passes through in the axial direction of the
hollow member in such a manner that the protrusion from the

tip face of the central member has at least the length

direction



hol | ow nenber in such a manner that the protrusion fromthe tip face of the
central nenber has at |east the length 7 14 AUG 2006 correspondi ng 1@ AUsE008
depth of the concave groove to be formed on the surface of the | ead frane.
By the above production nethod, it becomes possible to produce a coining
punch for |lead franme machining according to claiml relatively easily.
Further, by applying wire electric discharge machining particularly to the
separation of the central nmenber and the holl ow nenber (claim4), it
beconmes possible to carry out the separation with a high degree of accuracy
and noreovesrtospeasdliyg po odue edaptloi of nghpuachchaei ggoblre tonbegur ati on
defined in claim2. Yet further, a lead franme according to the present
i nvention fectmeédn &) tiset fmer Hmee t At thasleadt ieasarface of the die pad a
ri ng- shaped concave groove the depth of which is larger than the width
t hereof. |n thi Bwayhe lsbate prv@nttiom agfehedi ni hgopormhs foessikad franme
machi ning according to claiml1, it has becone possible to: stably produce a
| ead franethaviroduon #heoisind apencot foe deedpldafermexhaplisyg a ring- shaped
concave groove the depth h of which is larger than the width w thereof
(the rati cap¢ardenagtenelain| hryekdtivylgocdoihy, Borldesra Ben conductor
chip without the spread of the solder even when the size of the die pad is
reduced; a#iglRlyasdawiesutieckhissiisemerdeqipebheany PortipEldswisit®i ng

the separation of the central member and the hollow member

(claim 4), it becomes possible to carry out the separation

with a high degree of accuracy and morecover to easily

produce a coining punch having the configuration defined in

claim 2.

Yet further, a lead frame according to the present

invention (claim 5) is the one that has on the surface of

the die pad a ring-shaped concave groove the depth of which

is larger than the width thereof.

In this way, by the invention of a coining punch for

lead frame machining according to claim 1, it has become

possible to: stably produce a lead frame having on the

surface of the die pad, for example, a ring-shaped concave

groove the depth h of which is.larger than the width w

thereof (the ratio h/w being one or larger); by so doing,

solder a semiconductor chip without the spread of the

solder even when the size of the die pad is reduced; and,

as a result, satisfy the requirements for the downsizing

and weight reduction of a semiconductor device.

Brief Description of the Drawings



and wei ght reduction of a sem conductor device. Brief Description of the
Drawings 8 14 AUG 2006 Fig. 1 is conposed of explanatory views of 4 AlG 2005
coi ning punch for lead frame machi ning according to the present invention;
Fig. 1 (a) is a sectional viewthereof in the axial direction and Fig. 1
(h) a viewtaken fromthe direction indicated by the arrow Ain Fig. 1 (a).
Fig. 2 is conposed of explanatory views showing the outline of the
procedures in the production of a coining punch for |ead frame nachining
according to the present invention; Fig. 2 (a) is a view show ng the
profile of a matier.i dl icodomibioged? offbexa lvnewcshowlingid e st atcd rofng el ectric
di scharge machining, Fig. 2 (c) a view taken from the direction indicated
by the armpowd iforFilgad dene aradthiFigg 2darding ew stiowipweddret profil e of
a central nenber. Fig. 3 is conposed of explanatory views of a lead frane
accor di ng inoerhd. gprresdnt. ilnvient iion;a BertidnE) visvwa tHamwmif virevihider eof and
Fig. 3 (b) a sectional viewtaken on line GCof Fig. 3 (a). Fig. 4is a
secti onal axiew ofiredcion rddiich flor(b)l ead favarms kmchimomg:hien t he axi al
direction thereof in another enbodiment according to the present invention.
Fig. 5 isdagsdsed ofndaqstathtor yvha emsrasf Pa ircdviventd ol - | ead franme; Fig.
5(a) is afront viewthereof and Fig. 5 (b) a sectional view taken on |line
D-Dof Fig. 5 {ap. 2 1s composed of explanatory views showing the
outline of the procedures in the production of a coining
puhch for lead frame machining according to the present
invention; Fig. 2 (a) is a view showing the profile of a
material recd, Fig. 2 (b) a view showing the state of
electric discharge machining, Fig. 2 (¢} a view taken from
the direction indicated by the arrow B in Fig. 2 (b), and
Fig. 2 (d) a view showing the profile of a central member.

Fig. 3 is composed of explanatory views of a lead
frame according to the present invention; Fig. 3 (a) is a
front view thereof and Fig. 3 (b) a sectional view taken on
line C-C of Fig. 3 (a).

Fig. 4 is a sectional view of a coining punch for
lead frame machining in the axial direction thereof in
another embodiment according to the present invention.

Fig. 5 is composed of explanatory views of a
conventional iead frame; Fig. 5 (a) is a front view thereof
and Fig. 5 (b) a sectional view taken on line D-D of Fig. 5
(a) .

Fig. 6 is composed of explanatory views of a

conventional coining punch for lead frame machining; Fig. 6

(a) is a secticnal view thereof in the axial direction and



Fig. 6 is conposed of explanatory views of a conventional coining punch for
| ead frame machining, Fig. 6 (a) is a sectional view thereof in thejaxag 2006
direction and 9 14 AU6 2006 Fig. 6 (b) a viewtaken fromthe direction
indicated by the arrow Ein Fig. 6 (a). Fig. 7 is an enlarged perspective
view showing the tip portion of a coining punch for |ead frame machining in
the state of cutting off the front part thereof. Best Mde for Carrying Qut
the Invention The enbodi nents according to the present invention are

her eunder expl ained on the basis of the drawings. Fig. | is conmposed of

expl anat orgs v esvs(1f A €dwni kNt Ofhe | @k &t 2o TRCENEHg @eceordi ng to
the present invention; Fig. 1 (a) is a sectional view thereof in the axial
direction antbWig.ird Kiy. a6 view taken fromthe direction indicated by the
arrow Ain Fig. 1 (a). The reference nuneral 1 is a coining punch for |ead
frame machi ni ng,Fizy.a 7 guncn igmerroimenenisctantg 3risevhaHow rpungie body. The
punch i nner conponent 2 is a solid rod rectangular in cross section and, at
the tip therneagrtiasn af punohinipy pordlonf @ thedd t D snddtelsimate 5 of a
lead frane (die pad) 4 at the time of coining. The holl ow punch body 3 has
t he sane dhapestasta ctanventnonaff purehf fonoytart appeesa@nce, is a rod
rectangular in cross section having a tapered portion 7 between the tip and
the center thereof in the axial

Best Mode for Carrying Cut the Invention

The embodiments according to the present invention
are hereunder explained on the basis of the drawings. Fig.
1 is composed of explanatory views of é coining punch for
lead frame machining according to the present invention;
Fig. 1 (a) is a secticnal view thereof in the axial
direction and Fig. 1 (b) a view taken from the direction
indicated by the arrow A in Fig. 1 (a). Tﬂe referencé
numeral 1 is a coining punch for lead frame machining, 2 a
punch inner compcnent, and 3 a hollow punch body.

The punch inner component 2 is a solid rod
rectangular in cross section and, at the tip thereof, has a
punch tip portion 6 that touches the surface 5 of a lead
frame (die pad) 4 at the time of coining.

The hcllow punch body 3 has the same shape as a
conventional punch in outer appearance, is a rod
rectangular in cross section having a tapered pcrtion 7
between the tip and the center thereof in the axial
direction in the case of the present embodiment, and has at
the tip thereof a coining portion 9 that forms a ring-

shaped concave groove B on the lead frame 4 at the time of

10



direction in the case of the present enbodi nent, and has at the tip thereof
a coining portion 9 that fornms a ring- shaped concave groove 8 on tHe, AgRaib
frame 4 at the tine of 10 14 AUG 2006 coining. Further, it also has at the
center of the coining punch 1 a hollow portion 10 extending fromthe coining
portion 9 to the other end opposite the coining portion 9 in the axial
direction of the punch. Then, the coining punch for | ead franme machining |
is constructed by fitting the punch inner conponent 2 into the hollow
portion 10 of the hollow punch body 3 with a spacer 11 interposed in

between. WotRiagCoi phiAeh@Ncht fOrs epds fsanELEBEELRERGCE thavipgnihg
af orenenti oned configuration, since the punch tip portion 6 of the punch

i nner conpanent 12ai Bosepar pbediohr 0m theeadihigngrper tthen <@ iefinighe hol | ow
punch body 3, the corner of radius r, which has conventionally been forned,
is not fopsedicar bdtbhybet be€hstr eas eppeesnteathen compasedportitohe scor ner of

radius r is elimnated, it is possible to coin a die pad wi thout the
cracki ng andthal hikfiglotif retttibe ccoichengupeht.i on 9 even when the ratio h/w
of the concave groove is one or larger. Fig. 2 is conposed of explanatory
vi ews show ng theenputhénecofiihbeppnoneduredcid flhempradubtihdangofl dscoi ni ng
punch for lead frame machi ning having the aforenmentioned configuration. In
t he producbnehnrottetebgoifnithgnguinbk panchl éadefr apepoaehitnizng nitavithg t he
af orenenti oned

hollow portion 10 of the hellow punch body 3 with a spacer

11 interposed in between.

With a coining punch for lead frame machining 1

having the aforementicned configuration, since the punch

tip portion € of the punch inner component 2 is separated

from the coining portion 9 of the hollow punch body 3, the

corner of radius r, which has conventionally been formed,

is not formed, and thus the stress concentration imposed on

the corner of radius r is eliminated, it is possible to

coin a die pad without the cracking and falling off of the

coining portion 9 even when the ratic h/w of the concave

groove 1is one or larger.

Fig. 2 is composed of explanatcory views showing the

outline of the procedures in the production of a coining

punch for lead frame machining having the aforementioned

configuration. In the production of the coining punch for

lead frame machining having the aforementioned

configuration, firstly a material rod 12 formed intoc the

product shape of the coining punch 1 in appearance is

producad and then an air releasing hole 13 is pierced at

the center of the material rod 12 (refer to Fig. 2 (a)).
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configuration, firstly a material rod 12 formed into the product shape of
the coining punch 1 in appearance is produced and then an air rel easi agg 7005
hole 13 is pierced at the center of the material rod 12 (refer to Fig.

(a)). 14 AUG 2006 Successively, the material rod 12 is cut in the axial
direction thereof separably into a central nenber (corresponding to the
punch i nner conponent) 16 and the hollow nenber (corresponding to the

hol | ow punch body) 17 by inserting a wire 14 for electric discharge
machining through the air releasing hole 13 and then noving the electric

di scharge machi piveeMsiereld, asHandiztatradibydde 2 ard awitlSid nerd taxiZai(c) so
as to forma rectangle in cross section (refer to Figs. 2 (b) to 2 (d)). In

the cutti Y rdUtOces Shddm felegiaiab1dl siehar ge dmcht 41l Ngarise@appl i ed so  that
the wall thickness at the tip of the hollow nenber 17 is identical with the

width of themiagshiped wontayeurgioovadordmbaieithe serimeecoé a | ead
frame. A coining punch for lead frane nachining 1 is produced by using the
central nérdidrovl et 1t hiedraldspwndienpero lthd hadl ase swicts pad@pl y7t hr ough
el ectric discharge machining as stated above and fitting the central nenber
16 into the ihedrawrpora iwdrrel8 4off drhee eadtmive neideiaAge fmadiethidy cutting
off the central nenber 16 with a spacer 11 interposed in between as shown
in Fig. 1thEweigdoitiengimpaoraliess iy dtalediliy poi tilon) thavimg the shape
conformng to the width and depth of the concave groove is forned by
firmy fitaliqugrihe dentheadgamssdrintég wittee Iardasneinafcatatd by the

arrow 15 in Fig. 2 (c) so as to form a rectangie in cross

section (refer to Figs. 2 (b} to 2 (d)). In the cutting

process, the electric discharge machining is applied so

that the wall thickness at the tip of the hollow member 17

is identical with the width of the ring-shaped concave

groove formed on the surface of a lead frame.

A coining punch for lead frame machining 1 is

produced by using the central member 16 and the hollow

member 17 that are cut separably through electric discharge

machining as stated above and fitting the central member 16

into the hollow portion 18 of the hollow member'17 formed

by cutting off the central member 16 with a spacer 11

interposed in between as shown in ¥Fig. 1. The coining

portion (protruding portion) having the shape conforming to

the width and depth of the concave groove ig formed by

firmly fitting the central member 16 in the manner of, at

the time of the fitting, retracting the tip face 19 of the

central member 16 by the distance corresponding to the

depth of the ring-shaped concave groove toc be formed on the

surface of the lead frame.

12



the tine of the fitting, retracting the tip face 19 of the central nenber

16 by the distance corresponding to the depth of the ring-shaped CO”PEéﬁ 2006
groove to be forned on the surface of the lead franme. 12 14 AOG 7006 |8.

3 is conposed of explanatory views of a |ead franme according to the present
invention and only the expanded views of a die pad are shown. On the
surface 5 of the lead frane (die pad) 4, a concave groove 8 forned so that
the ratio (h/w) of the depth h and width w of the groove is two (w = 0.2 nm
and h = 0.4 nmm is formed in a rectangular ring shape along the periphery

of the die pad 4rig.The 1eathfpased 4 f SepsDauges-PyvESHBi 89 a tepger alloy
lead franme material with a coining punch for lead frane machining |I shown

in Fig. 1, ftheecotdbngingned beéngrepentdutedenbibheapansanyshawn in Fig. 2
and having a coining portion 9 conformng to the concave groove 0.2 nmin
width w asgdp@ndednviewedepthahdiénpidieacoi shognw tdn ttiee cornfage Pumeh t hus
produced, no cracks are observed at the coining portion 9 of the coining
punch for teadlésd@nEramehidiagpdd) edenawhencseyegabohtiandr édgsmefl tbousands
times of coining are applied and thus the coining punch is far nore
excel | ent thadutlabitatjot hlarwEonfebte odabtpunched. wkdgh 4 b$ ahsecti onal
view of a coining punch for |ead frame machining in the axial direction
t her eof i ngragothes ewnbodiiment . acoora@ndght® Ohé pmesént fonwmedt iona The
coi ning punch for lead frame machi ning 21 shown

rectangular ring shape alcong the periphery of the die pad 4.

The lead frame 4 1s produced by coining a copper alloy lead

frame material with a coining puanch for lead frame

machining 1 shown in Fig. 1, the coining punch being

produced in the manner shown in Fig. 2 and having a coining

portion 9 conforming to the concave groove 0.2 mm in width

w and 0.4 mm in depth h. In the coining with the coining

punch thus produced, no cracks are observed at the coining

porticon 9 of the coining punch for lead frame machining 1

even when several hundreds of thousands times of coining

are applied and thus the ceoining punch is far more

excellent in durability than conventional punches.

Fig. 4 is a sectional view of a coining punch for
lead frame machining in the axial direction thereof in
another embodiment according to the present invention.
The coining punch for lead frame machining 21 shown

in Fig. 4 is produced by: cutting off the central member 16

from the hollow member 17 in the production manner shown in

Fig. 2 so that the cross sectional area of the central

menmber 16 increases toward the bottom end thereof in the

manner of forming a taper; then producing the punch inner

13



in Fig. 4 is produced by: cutting off the central nmenber 16 fromthe holl ow
menber 17 in the production manner shown in Fig. 2 so that the-crosg4 UG 7008
sectional area of the central menber 16 increases toward the bottom &
thereof in the manner of form ng a taper; then producing the punch inner

13 14 AUG 2006 conponent 22 by cutting off the tip portion of the central
menber 16 by the length corresponding to the depth of the concave groove;
usi ng the holl ow nmenber 17 having a hollow portion 24 forned into the

t apered shape as the hollow punch body 23; fitting the punch inner

conponent c2apiontat e holduewiper birgn t24 ofid ke Maldrow Huneh kot 23;

pl acing the spacer 25 at the bottomend of the punch inner conponent 22;

and furtheenéppl Yicngyt ke eleaigtinn @oreaR’kso2blinkyen WH el rimgHunch for
| ead frame machining 21 having the aforenentioned configuration, in the

sane way asncdahe cgichiveg punek frore head o amb@mchimimg inshowblitvwi g. 1,
since the punch tip portion 6 of the punch inner conponent 22 is separated
fromthe poirtiing pdr tfoamed dhtbhehehallewspurtladeodys Zhe e Jeer ner of

radius r, which has conventionally been forned, is not formed, and thus the
stress copmamhr@bhgnZBnpdséding tthe eanodr ﬂwhanumdmpdnani 2 unﬂnated it is
possible to apply coining without the cracking and falling off of the
coi ni ng pahei dwldoceveonthen 2#dhefr &hico hiwlioef cumehc dacay € 3gr gdweeiingy one or
| arger. Though the above expl anations are done on the basis of the above
enbodi nenttdei mrekercdSe ahéhe bhéteoneave of the punch inner

component 22; and further appliying the retaining means 26.

Even with a cecining punch for lead frame machining 21

having the aforementioned configuration, in the same way as

the coining punch for lead frame machining 1 shown in Fig.

1, since the punch tip portion 6 of the punch inner

component 22 is separated from the coining porticn 9 of the

hollow punch body 23, the corner of radius r, which has

conventionally been formed, is not formed, and thus the

stress concentration imposed on the corner of radius r is

eliminated, it is possible to apply coining without the

cracking and falling off of the coining portion 92 even when

the ratio h/w of the concave groove is one or larger.

Though the above explanations are done on the basis
of the above embodiments in the case where the concave
groove 8 is formed into a ring shape, the same effects can

be obtained even in the case where the concave groove 8 1is

formed into an L-shape or a U-shape.

Industrial Applicability

As explained above, with a ccining punch for lead
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groove 8 is fornmed into a ring shape, the sane effects can be obtained even
in the case where the concave groove 8 is forned into an L-shape or

U-shape. Industrial Applicability As explained above, with a coiningjgdﬂﬁﬂmﬁ
for lead 14 14 AUG 2006 frame nmachining according to the present

invention, since the corner of radius r at the intersection between the flat
face, which touches the surface of a die pad, inside the coining portion
and the upright wall of the coining portion is not formed and thus the
stress concentration inposed on the corner of radius r is elimnated, it is

possi bl e tfra@Oinhdhigidif fabmihpus the grackdng anged@l dh nos pide of  the

coi ning portion even when the ratio h/w of the concave groove to be forned

on the | eathd rymds amerdidanger: # thefer et hen mihpsed ofnoreduei ng a
coining punch for |ead frame machining according to the present invention,

it is possidies twhipirodugeraeLaild ngaptneh dora |Ead g4a@me ndmedi mhag
according to the present invention conparatively easily. In particular, by

appl yi ng widimielegioric oi scharge: umehiit ngelin sepaiatdsihitne punechon nner
conponent fromthe hollow punch body, the separation can be done with a
hi gh degriee roft deoureal yandrwhdre ity est g eandaadrd i edre agesed nghto the
present invention has on the surface of a die pad a ring- shaped concave
groove t hehteptdrrefr wii acdadisid ar gey dlhiamirtahteed wiidt hi 4 hesseofhld ttd s possi bl e
to apply soldering with the
coin the die pad without the cracking and falling off of
the coining portion even when the ratib h/w of the concave
grocve to be formed on the lead frame is one or larger.
Further, by the method for producing a coining punch
for lead frame machining according to the present invention,
it is possible to produce a coining punch for lead frame
machining according to the present invention comparatively
easily. In particular, by applying wire electric discharge
machining in separating the punch inner component from the
hollow punch body, the separation can be done with a high
degree of accuracy.
Furthermore, since a lead frame according to the
present invention has on the surface of a die pad a ring-
shaped concave groove the depth of which is larger than the
width thereof, it is possible to apply soldering with the
solder prevented from spreading even when the sizes of
semiconductor chips and lead frames are reduced and the
radius R of the corners of the rectangular—ring—shéped
concave groove and the width of the concave groove are

reduced accordingly to cope with the requirements for the

downsizing and welght reduction of semiconductor devices.
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sol der prevented from spreadi ng even when the sizes of sem conductor chips
“and | ead frames are reduced and the radius R of the corners of the
_rectangul ar-ring-shaped concave groove and the width of the concavéiﬁﬁggg@s
. are reduced accordingly to cope with the requirenents for the downsizing
“and wei ght reduction of sem conductor devices. 15 14 AUG 2006 CLAIMS 1. A
coi ni ng punch for lead franme machining, said coining punch being used for
form ng a concave groove on the surface of a |lead frane, wherein: said

coi ning punch conprises a punch inner conponent having a punch tip portion
t hat touches the surface of said lead frane at the tinme of coining and a
hol | ow punch body having a coining ®bkidn that forns said concave groove
on said lead frane at the tinme of coining and a hollow portion in the axial
direction of said punch; and said punch inner conponent is fit into said
hol | ow portion of said hollow punch body. 2. A coining punch for lead frane
machi ni ng accordi nf codnehai pukchwhereilazBofkagai dahbirowgporsticn of said
hol | ow punch body and said punch i nner conponent axe fornmed so as to
reduce thecsetnionahchr 8adnthecesf Igradealmiy a gwars cee driopvef odai d coi ning
punch for lead frame machining. 3. A nethod for producing a coining punch
for | ead tH¢ aRErAEERI AFNG, 188Ad fE8IRI nghSERER ‘berAg goedifier FBYating a
concave groove on the surface of a lead frane, conprising the processes of:
produci ngCH ARt 8FFak POBCRavPR§ acprermeat having a punch tip

portion that touches the surface of said lead frame at the
time of cecining and a hollow punch body having a coining
portion that forms sazid concave groove on said lead frame
at the tTime of coining ahd a hellow porticn in the axial
direction of ssid punch; and said punch inner component is

fit into said hollow portion of said hollow punch bkody.

2. A coining punch for lead frame machining according
to cleim 1, wherein bhoth sgid hollow portion of said hollow
punch bedy and said punch Iinner component zre formed so as

o reduce the sectionsl zreas thereof greduslly toward the

ct

aid coining punch fcr lead frame mechining.

ip of

cF
163)

3. A method for producing a coining punch for lead
frame machining, sszid coining punch being used for forming
a concave grodve on Tthe surface of a lead frame, comprising
the processes of: producing a material rbd having a profile
.0f the coining punch product; separating said material rod
in the azial direction therecf into a central menber and a
helleow member in such a manner that s protrusion naving the

width. corresvonding to the width of seid conceve groove to



of the coining punch product; separating said material rod in the axial
“ direction thereof into a central nenber and a hollow nenber in sucm4qm52m5
_.manner that a protrusion having the wdth corresponding to the wi dt
sai d concave groove to 14 AUG 2006 he formed on the surface of sald Iead
frame is formed or, the tip face of said material rod; and inserting said
central nenber into said hollow portion that passes through in the axial
direction of said hollow nenber in such a nanner that said protrusion from
the tip face of said central nmenber has at |east the | ength correspondi ng
to the depth of said concave groove to be forned on the surface of said
| ead frape. farmAadmethéd ef snrgecduciing sl tdigfchdg ypurechi § ofotresd orf r ame
machi ning according to claim3, wherein wire electric discharge machining
is appli&geibirhéaseparatieod ok tsailgl g@tr &ndndmssr bitgy sa i hol | ow nenber.
j7

central member inte said hollow portion that passes through

in the axial direction of said hollow member in such &

manner that said protrusion from the tip fazce of said

centrzl member has at leest the length corresponding to the

depth of séid concave droove to be formed on the surfzce of

said lead frame.

4. A method for producing z coining punch for lead

A

frzme machining according to claim 3, wherein wire electric
discharge machining is applied in the separation of said

central member znd said hellow member.
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