-}i . METHOD OF BENDI NG LEADS OF SEM CONDUCTOR PAC@@@E@ &8
This iny€htion relates to a nmethod of bendi ng outside | ead a

sem contduct or package into a predeterm ned "gukl w ng" shape.

Sem conductor | C packages having gul | _yvij;g_- shaped out si de Ieﬁ gmgi@} -&
wi dely used for nmounting on printed wrihg boards. Fig. 5 schematically
depi cts an exanple of such a sem conductor package designated by the

ref erence nuneral 1. The package 1 has one or nore side ends (two opposite
side ends la and Ib in the illustrated case) fromwhich a plurality of
paral lel |eads 2, S4EFHRDHRPBEEIRING IFdDGePF| §FMICONRVETOR OBAVBAGE Thus,
the leads 2 are arranged in one direction along each of the side ends |la
and | b. Each of the leads 2 has a root portion 2a extending outward from
the side end, a verti cBPLHolRVOH IR w&l@tesl by axmesbirdgofrbemdingj uncture

Pwith the regtsp@étigfd2aand serlidfdnkiticdlr Patkhgd 26tH041 gPE&EEL Ynined
extending f rp&iiswlgg,ptéggpg wth

Semiconductor IC packages having gull wing-shaped
outside leads are now widely used for mounting on printed
wiring boards. Fig. 5 schematically depicts an example of
such a semiconductor package designated by the reference
numeral 1. The package 1 has one or more side ends (two
opposite side ends la and 1b in the-illustrated case) from
which a plurality of parallel leads 2, each coated with a
solder layer, extend outward. Thus, the leads 2 are arranged
in one direction along each of the side ends la and 1b. Each
of the leads 2 has a root portion 2a extending outward from
the side end, a wvertical portion 2b ﬁertically extending from
its juncture P with the root portion 2a and a horizontal
portion 2¢ horizontally extending from its juncture Q with
the vertical portion 2b and, thus, is a gull wing-like form
as a whole.

JP-A-6-224349 proposes a method of producing the
above gull wing structure, wherein each of the straight
outside leads 2 of a semiconductor package is first bent at
the point P to form the root portion 2a and an obliquely
downwardly extending leg portion and wherein the leg poftion
is then bent to form the vertical and horizontal portions 2b
and 2c¢. The second bending step is performed by supporting
the package so that the root portions thereof are rested on a-
portion of a die having a working surface whose shape
conforms with the intended final gull wing-like shape of the
lead. A punch is moved relative to the die so that the leg
portion is engaged by the punch at the point Q and is pushed
by the punch. The punch is displaced along a line which is
substantially the same as a chord of a circular arc along

which the point Q moves. As a result, the leg is bent at the

ey .



the vertical portion 2b and, thus, is a gull wing-like formas a whol e.
JP-"A- 6- 224349 proposes a nethod of produci ng the above gull w ng structure,
wher ei n, each of the straight outside | eads 2 of a sem conductor package is
first bent at the point Pto formthe root portion 2a and an obliquely
downwardly extending |l eg portion and wherein the leg portion is then bent
to formthe vertical and horizontal portions 2b and 2c. The second bendi ng
step is perforned by supporting the package so that the root portions
thereof are rested on a portion of a die having a working surface whose

shape conforgs; wth t ' ed fhnal .qu L pg- LI of e lead. A
pun(F:)h S m@%lg’t i \r}lghét g&t&{}gl g‘ieé:hsgg g’%a%h%’%%gg%%é%%ﬁ?%%??es tel%]%aged by
the punch atfxietiponak @ntrrt dofwssadtby Lhadpunedh. tihavgunioty i suxffassisaced

along a |ineihigd dfe SURStAMAld% bRendahRiasqa chord of a circular arc
al ong whi ch the point (%nnves. As a result, the leg is bent at the
-2 The above known method, however, has a problem that

the lower surfaces of the horizontal portions of the gull
wing-like leads thus produced are not on one plane,
éspecially when the package is warped as shown in Fig. 4. As
shown in Fig. 6, the root portions 2a of all leads 2 are
nipped between an upper pressing member 13 and a die 14
throughout the first and the second bending steps so that the
warp is temporarily corrected during the bending steps.
Namely, the underside surfaces 2c¢ of the leads are on the
same plane. After released from the die, however, the
package 1 returns warped so that the underside surfaces of
the horizontal portions 2¢ of the leads 2 get out of the same
plane. As the packages become thinner and thinner, the warp
thereof becomes significant. Thus, the surface irregularity
of the underside surfaces of the horizontal portions 2c¢ which
are to be in contact with wiring patterns of a printed wiring
board should be avoided.

The present invention has been made in view of the
problem of the conventional lead bending method. In
accordance with the present invention, there is provided a
method of bending a plurality of parallel leads of a
semiconductor package, wherein each of said leads has a root
portion extending outward from a side end of said
semiconductor package and a leg portion contiguous with said
root portion and extending obliquely downward from its
juncture P with said root portion, said leg portion having a
point Q spaced apart a distance D from said juncture P, said
method comprising the steps of:

{a) placing said package on a die located at a
predetermined position and comprising a flat top surface
adapted for engaging with said root portions of at least part

of said plurality of leads, a vertical surface extending



point Q The known nethod i s advant ageous because the frictional contact
betWween the | eads and the working surfaces of the die and punch can be

m ni m zed. The above known met hod, however, has a probl emthat
the | ower surfaces of the horizontal portions of the gull w ng-Ilike |eads

t hus produced are not on one plane, espéecially when the package is warped
as showmn in Fig. 4. As shown in Fig. 6, the root portions 2a of all |eads 2
are ni pped between an upper pressing nenber 13 and a die 14 throughout the
first and the second bending steps so that the warp is tenporarily

corrected dudwigedie Hesli g shigREuragelyent bei dndes sider s f ages 2¢ of
the | eads are on the sane plane. After released fromthe die, however, the
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said | eads has a root _ o ,
Juncture P thereof being located at said juncture 8 of said

die and with said leg portion of each of said leads extending
obligquely downward toward said bottom surface of said die;

{b) positioning a supporting member having a flat
elongated lower side such that said lower side is oriented in
parallel with said top surface of said die and that each'réot
portion of said at least part of said plurality of leads is
sandwiched between said lower side of said supporting member
and said top surface of said die and loosely held
therebetween;

(c} positioning a punch at a predetermined
location, said punch comprising a first lower wall, a
vertical wall extending downward from its juncture U with
said first lower wall and a second lower wall horizontally
extending from its juncture V with said vertical wall, said
first lower, vertical and second lower walls forming a
continuous smooth male operating surface matching said
working surface of said die and the distance between the

sJunctures U and V being substantially equal to said distance
D, so that said juncture V of said punch is in contact with
said juncture Q of each of said at least part of said
plurality of leads; and

(d) linearly displacing said punch relative to said
die along a line extending between said junction V of said
punch positioned at said predetermined location and said
junction T of said die located at said predetermined

position, until said juncture Q of each of said leads is
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portion extending outward froma side end of said sem conductor package and
a leg portion contiguous with said root portion and extendi ng obliquely
downward fromits juncture P with said root portion, said | eg portion
having a point Q spaced apart a distance D fromsaid juncture P, said

met hod conprising the steps of: - 4 «a) placing said package on a die
| ocated at a predeterm ned position and conprising a flat top surface
adapted for engaging with said root portions of at |east part of said
plurality of leads, a vertical surface extending
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surface horizontally extending fromits junctire T with said verti'ca
surface, sailthatopaiferistRodiPHel 6Fchsaff 88éd Ieads nks Pawhtimuous
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the junctures, S
die.

In the present specification and claims, the term
"Juncture” is intended to mean a boundary and does not imply
that separate components are jolined or bonded to each other
at the juncture.

The present invention will now be described in
detail below with reference to the accompanying drawings, in
which:

Fig. 1 is a cross—-sectional elevational view
diagrammatically showing operation of a bending device for
carrying out a method of the present invention;

Fig. 2 is a cross-sectional elevational view
schematically showing a structure of the bending device of
Fig. 1;

Fig. 3(a) is a schematic illustration of a
semiconductor package before being bent;

Fig. 3(b) is a schematic illustration showing a
preforming step in the method of the present invention;

Fig. 4 is a perspective view schematically
illustrating a warped semiconductor package after preforming;

Fig. 5 is a front view of a semiconductor package
after bending; and .

Fig. 6 is a perspective view, cut away in part,
schematically illustrating the state where bending has been
completed in accordance with the conventional metheod.

In the method of the present invention, a plurality
of parallel leads 2 extending outward from at least one side
end (opposite side ends la and 1lb in the illustrated case) of
a semiconductor package 1 as shown in Fig. 3(a) are first
preformed so that each of the leads 2 is bent, as shown in
Fig. 3(b), at a point P to provide a root portion 2a
extending outward the semiconductor-package and a leg portion



"

and T being substantially equal to said distance D, so that each root
portion of said at l[east part of said plurality of leads is rested on said
top surface of said die with said juncture P thereof being located at said
juncture S of said die and with said leg portion of each of said |eads
extending obliquely downward toward sai @ bottom surface of said die;

(b) positioning a supporting nenber having a flat elongated |ower side
such that said lower side is oriented in parallel with said top surface of
said die and that each root portion of said at |east part of said

Plurality of 2ueedheiguotandetbanedeprOseat soldh ISP 03 Bl 8Y' |
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second | ower wal | horighﬁtHFF§°r@%?%Hﬁ?¥mP?rQﬁﬁQHﬁgjQNﬁcPﬁT@thWPEhtgald
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members 8, each of the leads 2 is bent at the point P.

The thus preformed leads 2 are then bent into a
predetermined gull wing-like form having two bending péints P
and Q as shown in Fig. 5. The bending may be carried out
using the same die 6 as used in the preforming step.
Referring to Fig. 2, the die 6 has a flat top surface 6a
adapted for engaging with the root portions 2a of the leads
2, a vertical surface 6b extending downward from its Juncture
S with the top surface 6a, and a bottom surface 6c
horizontally extending from its juncture T with the vertical
surface 6b. The top, vertical and bottom surfaces 6a, 6b and
éc form a continuous smooth L-shaped female working surface
16 of the die 6. The length between the junctures S and T is
substantially equal to a distance D (Fig. 5) between the
points P and Q.

The package 1 having preformed leads 2 is placed on
the die 6 so that each of the root portions 2a of the leads 2
is rested on the top surface 6a of the die 6 with the
juncture P thereof being located at the juncture S of the die
6 and with the leg portion 2d of each of the leads 2
extending obliquely downward toward the bottom surface 6c of
the die 6, as shown by the solid line in Fig. 1.

A supporting member 5 having a flat elongated lower
side 5a is then lowered and positioned such that the lower
side 5a is oriented in parallel with the top surface 6a of
the die 6 and that each root portion 2a of the plurality of



punch positioned at said predeterm ned |ocation and said junction T of said
die located at said predeterm ned position, until said juncture Q of each
of said.leads is -4- brought into
engagement with said juncture T of said die, so that said |eg portion of
each of said leads is bent in confornity With the shape of said working
surface of said die. In the present specification and clains, the
term"juncture” is intended to nmean a boundary and does not inply that
separate conponents are joined or bonded to each other at the juncture.
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E:(r)otsg?sggﬁjon @élé.ﬁ:g.\z}g{ I%L%%%:{/Pé%n\émtﬁg: top surface Fég'og' tll';se %ie 6, as
shown in Fig. 1. In this case, it is important that the root
portions 2a should be loosely held between the lower side 5a
of the supporting member 5 and the top surface 6a of the die
6. It is preferred that the supporting member 5 be
positioned such that the space 7 (Fig. 1) between the lower
side 5a and the top surface 6a is greater than the thickness
of the root portion 2a. In other words, any of the root
portions 2a of the plurality of leads 2 is preferably
maintained in disengagement with at least either one of the
lower side 5a of the supporting member 5 and the top surface
6a of the die 6. '

Thereafter, a punch 3 is positioned at a
predetermined location as shown by the solid line in Fig. 1.
As best seen in Fig. 2, the punch 3 has a first lower wall
3a, a vertical wall 3b extending downward from its juncture U
with the first lower wall 3a and a second lower wall 3c.
horizontally extending from its juncture V with the vertical
wall 3b. The first lower, vertical and second lower walls
3a, 3b and 3c form a continuous smooth male operating surface
13 matching the working surface 16 of the die 6. The
distance between the junctures U and vV is substantially equal
to the distance D, so that, when the punch 3 is position at
the predetermined location, the juncture V of the punch is in
contact with the juncture @ of each of the plurality of leads
2’ -

The punch 3 is then linearly displaced relative to
the die 6 along a line (broken lime in Fig. 1) extending
between the junction V of the punch 3 positioned at the
predetermined location and the junction T of the die 6
located at the predetermined position, until the juncture Q
of each of the leads 2 is brought into engagement with the
juncture T of the die 6, so that the leg portion 2d of each
of the leads 2 is bent in conformity with the shape of the
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di agrammatical ly show ng operation of a bending device for carrying out a
method of the present invention; Fig. 2 is a cross-sectional

el evational view schematically showing a structure of the bending device of
Fig. 1; Fig. 3(a) is a schematjc illustration of a sem conductor
package before being bent; Fi gj 3(b) is a schematic illustration
showi ng a preformng step in the nethod of the present invention;

Fig. 4 is a perspective view schematically illustrating a warped

sem conduct or package after preformng; Fig. 5is a front view of
a sem condudfVFkigur ety afer &6 ehdiegdiand. Fig. 6is a
erspective view, cut call y. L1 i tate
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side ends la angd |Ib in the illustrated case) of a sem conductor package 1

as shown in B 10 Honfack |WeﬁPeFBFn€Be§6t%ﬁ%tS‘éﬁéﬁc%fn reef | tdeed pumachs
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ext endl ng ouélvevared det%emlce% s %t R?%I:EI% zegnd fslaegr s?tg.lttlz,ona solder
layer coated over the surfaces of the leads 2 is hardly
separated or abraded therefrom, so that the working and
operating surfaces of the punch and die are maintained always
clean. Moreover, since the leads 2 of a warped package 1 are
bent while retaining the warped state, the underside surfaces
of the horizontally extending portions 2c¢ of the bent leads

are on the same plane.



- 5- 2d contiguous with the root portion 2a and extendi ng obliquely
downhward fromits juncture P with the root portion 2a. The

preformng may be carried out by pushing the |eads 2 SUﬁﬁe+%£%L4KLiLiﬂjL__
with a pair of vertically noveabl e pushing nenbers 8 eac er ed
| oner side. The die 6 has a flat top surface (6a in Fig. rgm&g,aﬂ ’m
engaging with root portions 2a of the |eads 2 and for suppor

package 1 thereon. By |owering the pushing nmenbers 8, each of the Ieads 2
is bent at the point P. The thus prefornmed |leads 2 are then bent
into a predofi@in e CIAINER I8y | | ke form having two bending points P and Q
as shown in Fig. 5. The bending may be carried out using the sane die 6 as
used in the preformng step. Referring to Fig. 2, the die 6 has a flat top
surface 6a adapt ed- f orA grrfdichp fvibemdting roplupatitpnsf2pandllde leatks 2, a
vertical surdace Sbhexbending (pupaed LHQBLLESCLURCHE ot M Add e d &

surface 6a, and a bottonlsurface zonta ndi ng" f
juncture 1—Vﬁqqptpﬂqugq|qﬁgendlng outward from a side end of said

semiconductor package and a leg portion contiguous with said

root portion and extending obliquely downward from its
juncture P with said root portion, said leg portion having a
point Q spaced apart a distance D from said juncture P, said
method comprising the steps of:

placing said package on a die located at a
predetermined position and comprising a flat top surface
adapted for engaging with said root portions of at least part
of said plurality of leads, a vertical surface extending
downward from its juncture S with said top surface, and a
bottom surface horizontally extending from its juncture T
with said vertical surface, said top, vertical and bottom
surfaces forming a continuous smooth L-shaped female working
surface of said die and the length between the junctures S
and T being substantially equal to said distance D, so that
each root portion of said at least part of said plurality of
leads is rested on said top surface of said die with said
juncture P thereof being located at said juncture S of said
die and with said leg portion of each of said leads extending
obliquely downward toward said bottom surface of said die;

positioning a supporting member having a flat
elongated lower side such that said lower side is oriented in
parallel with said top surface of said die and that each root
portion of said at least part of said plurality of leads is
sandwiched between said lower side of said supporting member
and said top surface of said die and loosely held
therebetween;

positioning a punch at a predetermined location,
said punch comprising a first lower wall, a vertical wall
extending downward from its juncture U with said first lower
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surface 6b. The fop, vertical and bottom surfaces 6a, 6b and 6¢c forma
conti nuous snooth L-shaped femal e working surface 16 of -the die 6. The
| engt h between the junctures S and T is substantially equ a distance D

(Fig. 5) between the points P and Q The packagewmqmuuuullm
preformed leads 2 is placed on the die_Ggsp t hat each of i

2a of the leads 2 is rested on-the top surface 6a of the die 6 wth t he *
juncture P thereof being located at the juncture S of the die 6 and with

the leg portion 2d of each of the |leads 2 extending obliquely downward
toward the b¥aidnfbust abewesr will lreaddiae secoad dhwen Wglihkorsbiéntdalle in

Fig. 1. : td : 5 | fl | o si de
g extenﬁimi%t{% H’e{g{é%%rre vh%‘i‘tﬂggéfLE gLreionaLeth | overy

S5a is then lowere ‘ such that the lower side 5a 1s oriented
in paral |l el fhEst tIewvenp wrtinsed gadosecwaddleverandlinaforathy rdot portion

2a of the plibtidvo™ smooth male operating surface matchind-said
working surface of said die and the distance between the
junctures U and V being substantially equal to said distance
D, so that said juncture V of said punch is in contact with
said juncture Q of each of said at least part of said
plurality of leads; and

{d) linearly displacing said punch relative to said

die along a line extending between said junction V of said
punch positioned at said predetermined location and said |
junction T of said die located at said predetermined
position, until said juncture Q of each of said leads is
brought into engagement with said juncture T of said die, so
that said leg portion of each of said leads is bent in
conformity with the shape of said working surface of said

die.

2. A method as claimed in claim 1, wherein said
package is warped so that, during step (b), any of said root
portions of said plurality of leads is maintained in
disengagement with at least either one of said lower side of

said supporting member and said top surface of said die.
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| eads 2 is sandw ched between the | ower side 5a of the supporting nenber 5
and the top surface 6a of the die 6, as shown in Fig. 1. In this case, it
is inmpoktant that the root portions 2a should be | oosely held between the

| ower side 5a of the supporting nmenber 5 and the top surface 6a of the die
6. It is preferred that the supporting nmenber 5 be positioned such that the
space 7 (Fig. 1) between the |lower side 5a and the top surface 6a is
greater than the thickness of the root portion 2a. In other words, any of
the root portions 2a of the plurality 3& | eads 2 is preferably naintained
in di sengagenent with at |east either offe of the | ower side 5a of the
supporting nenber 5 and the top surface 6a of the die 6.

Thereafter, a punch 3 is positioned at a predeterm ned |ocation as shown by
the solid line in Fig. 1. As best seen in Fig. 2, the punch 3 has a first

| ower wall 3a, a vertical wall 3b extending downward fromits juncture U
with the first lower wall 3a and a second |ower wall 3c horizontally

ext endi ng from i¥BTHQH QR (RENPING H-BARS OFr SEMACONRUCTGB. PAQKAGEr st | ower,
vertical and second | ower walls 3a, 3b and 3c forma continuous snmooth mal e
operating surface 13 matching the working surface 16 of the die 6. The

di stance between the junctures U and V is substantially equal to the

di stance D, so that, when the Aatgac® iof pbei Dienlasutrbe predet erm ned

| ocation, the juncture V of the punch is in contact wwth the juncture Q of
each of the plurality of |eads 2.

A method of bending a plurality of parallel ieads
of a semiconductor package, including placing the package on
a die, positioning a supporting member such that each root
portion is sandwiched between the lower side of the
supporting member and the top surface of the die and loosely
held therebetween, positioning a punch at a predetermined
location, and linearly displacing the punch relative to the
die so that each of the leads is bent in conformity with the
shape of the working surface of the die.
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The punch 3 is then linearly displaced relative to the die 6 along a |line
(broken line in Fig. 1) extending between the junction V of the punch 3
positioned at the predeterm ned |location and the junction T of the die 6

| ocated at the predeterm ned position, until the juncture Q of each of the
| eads 2 is brought into engagenent with the juncture T of the die 6, so
that the leg portion 2d of each of the leads 2 is bent in conformty with
t he shape of the -7- wor ki ng surface
16 of the die 6. In the nmethod according to the present
invention, the preforned | eads 2 are bent by being pushed with the punch 3
agai nst the working surface 16 of the diyg such that the sliding contact

bet ween the operating surface 13 of the punch 3 and the | eads 2 and between
the working surface 16 of the die 6 and the leads 2 is mnimzed. As a
result, a solder |layer coated over the surfaces of the leads 2 is hardly
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separated or abraded therefrom so that the working and operating surfaces
of the punch and die are maintained al ways cl ean. Mreover, since the |eads
2 of a warped package 1 are bent while retaining the warped state, the
under si de surfaces of the horizontally extending portions 2c of the bent

| eads are on the same pl ane. - 8- VHAT
IS CLAIMED | S: 1. A nethod of bending a plurality of parallel |eads
of a sem conductor package, wherein each of said | eads has a root portion
extending outward froma side end of said sem conductor package and a |eg
portion contiguous with said root port%?g and extendi ng obliquely downward
fromits juncture P with said root porfion, said | eg portion having a
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point Q spaced apart a distance D fromsaid juncture P, said nethod
conprising the steps of: placing said package on a die |located at
a predeterm ned position and conprising a flat top surface adapted for
engaging with said root portions of at |east part of said plurality of

| eads, a vertical surface extending downward fromits juncture S with said
top surface, and a bottom surface horizontally extending fromits juncture
T with said vertical surface, said top, vertical and bottom surfaces
form ng a continuous snooth L-shaped fenmal e working surface of said die and
the I ength between the junctures S and3F5being substantially equal to said
di stance D, so that each root portion of said at |east part of said
plurality of leads is rested on said top surface of said die with said
juncture P thereof being located at said juncture S of said die and with
said |l eg portion of each of said |leads extending obli quel y downward toward
said bottom surface of said die; ning a supporting menber
having a flat elongated | ower sidé suéh | ower side is oriented in
parallel with said top surface of said die and that each root portion of
said at |east part of said plurality of |eads is sandw ched between said

| oner side of said supporting nenber and said top surface of said die and

| oosely hel d t herebetween; posit'oning a punch at a predeterm ned
| ocation, said punch conprising a,first wer mal‘ a vertical wall
extendi ng dowmmward fromits junctiUf{e U m%th said FPrst | ower
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said first lower wall and a second | ower wall horizontally extending from
its juncture V with said vertical wall, said first |ower, vertical and
second lower walls form ng a continuous snooth nal e operating surface

mat chi ng said working surface of said die and the distance between the
junctures U and V being substantially equal to said distance D, so that
said juncture V of said punch is in contact with said juncture Q of each of
said at |least part of said plurality of |eads; and (d) linearly
di spl aci ng said punch relative to said die along a |ine extending between
said junction V of -said punch positionegst said predeterm ned | ocation and
said junction T of said die |ocated at said predeterm ned position, until
said juncture Q of each of said | eads is brought into engagenent with said
juncture T of said die, so
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that said | eg portion of each of said leads is bent in conformty with the
shape of said working surface of said die. 2. A method as clained
in claiml, wherein said package is warped so that, during step (b), any of
said root portions of said plurality of leads is naintained in

di sengagenent with at | east either one of said | ower side of said
supporting nenber and said top surface of said die.
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