SHAFTLESS ROLLER FOR LEAD FORM NG APPARATUS 5 FI ELD OF THE | NVENTI ON Thi s

i nvention relates to a shaftless roller which is disposed in a |ead formng
apparatus for facilitating precision formng of fine-pitch |leads on a

sem - conduct or device while avoiding . scratches and other nonconformties 10

on the | eads. BACKGROUND OF THE | t e known to those skilled
in the art the various net hgesh fﬁé’lﬁgl'%dﬁégtg%bﬁﬂi-wductor packages.

.A popul ar nmethod uses a formng punc I'e or camtype punch as shown in
Fig. 1A and FIG 1 B. Although this nmethod has been available for sone tine
‘and is qu_rrentI_y wi dely used, it causes the |eads to brush against the

form ng die tﬁ'—d C | ndesirabl e scratches on the | eads, and
‘resul ting |ﬁh-'ﬂ7@ e#ﬁa‘ﬂ‘%&ﬁ%or other inportant netal coating which is
necessary to facirhid #\ertn ijelaﬁl]sd?é]%{j sl?lgftltfs%.r‘mﬁrswhic-ﬁhlss d?éciﬁ':s%yhﬁf a lead
probl ens commonl y ‘associ ated w the conventional punch or camformng are

general Iy kmmm%%ﬁgaa?é&:s%} 'féﬁﬁtaitiﬁ?wl%c%'ién %iﬁ%&f#ﬁ@ﬁi‘t&?fbdd& gRtakbrriin,

anong ot hers, U. #5, 375, 630 The forfrati on of scratches on the
leads is a gghdwstor eVice While tdwiding SeraitchyzdaatobtHerwGriconfoliaizd. oftthe
design i nprovenents have been made t0 | ead form ng apparatus to overcone
this prigbl elwadds a result, a new lLead form ng process incorporating
rollers--hence the term"roller form ng"-- has been devel oped. Unlike the
conventional camor punch form ng where the | eads of a sem conductor device
brush against the |lead form ng 30 apparatus, the basic principle of roller
form ng i s BACHGROUNDR OF THE INVENTIRNN t he | eads and the lead formng

apparatus by strategically placing the rollers . .
It is well known to those skilled in the arnt the various methods of forming

“leads on semiconductor packages. A popular method uses a forming punch die or

15 cam type punch as shown in Fig. 1A and FIG. 1B. Although this method has been

available for some time and is currently widely used, it causes the leads to brush

against the forming die to produce highly undesirable scratches on the leads, and

resulting in the removal of tin or other important metal coating which is necessary

to facilitate solid soldered contacts. This and other problems commonly

20 associated with the conventional punch or cam forming are generally known to

those skilled in the art and are described in detail in, among others, U.S. Pat.
#5,375,630 (Kim).

The formation of scratches on the leads is a serious problem in the

semiconductor industry. Hence, many design improvements have been made to

25 lead forming apparatus to overcome this problem. As a result, a new lead forming

| process incorporating rollers--hence the term "roller forming"--has been

developed. Unlike the conventional cam or punch forming where the leads of a

. semiconductor device brush against the lead forming apparatus, the basic

principle of roller forming is to eliminate friction between the leads and the lead
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2 where the | eads nost’ often nake contact such that relative-novenent is
reduced or conpletely elimnated. A nunber of |ead form ng apparatus
enbodying this principle are currently available. The U S. -Pat. No.
5,074,139 (Elliot) suggests a roller 5 formng nethod using a plurality of

[ 1 hi h d he |.eads i h ' '
1 7t e B CHRctt el iR e b
T ol T A B TR PR B
dual, 111 SeTChOek o 108 OMEGrEPLES dnodi e/ B REaieatiorly °

speci al |y shaaifgbléOr T ILESIPioNoC 8/0T, 188 (ERRY Sifgudsts layrdller ¢ermingahethod

with other roll formng designs. This limtation was overcone in U S. Pat.

No. 5, 375, 6@8ingka pluralitycsf rofler sbts.c Mhiemethod berds the lbadlg intt theddésired shapeng
the leads on a QFP. As shown in FIG 2A and 2B, Kims nmethod utilizes a

f orm rol | er bytpassingzadead franpe: holdimg asplutality bhsemicqriductor compénéntadbraugho
the desired shape. Another roller form C&I.rret hod for a QFP is described in
U.S. Pat. Na.saFjesoof speciallyishaped)rollets: which psogrespively kepdithedeads|inter the s
rotatably attached to_a punch plate to 20, formthe |eads, Here, the |eads,
whi ch are ffinalgshapes Thisnmethash howeverds limitedsiontorming) the leadsiofas dual inHine
bending die as . the rollers are | red. Another, but simlar, thod is
shown in FI @"B@Q\ﬁ’l‘é?t@roﬂ?‘}k%g%i@h apd| eanngt femy. the {?ﬁéaﬁhofrg@l gyad flat
form ng does allevjate so of prabl ens o I ssoci at e ey e
convenibnafoREANAE BRoRaR (REP)! ke iRg. i Balexy wt3e g spiprlhly Sridbea
"traditional” I ' re.n p | I ' refi f
sem conduct 5 i rthotiedthd o RePgberaM, ¥ confiticsh bt oB8F 1of Bhtie
mai n cyl i ndgég@hsrod 12 supported by a shaft 16 which is fitted into a bore
or a hole 17°0F a'support 14 at opposite ends. The rollers with this

53 BSLI tegd desi gnTHiP Mpitatidn e 'overédrma! irIr eAsoPdit Ne.h8f376/686 (Kifm) which
describes a roller forming method for forming the leads on a QFP. As shown in
15 FIG. 2A and 2B, Kim's method utilizes a . form roller at the end of a punch press to
shape a plurality of leads into the desired shape. Another roller forming method
for a QFP is described in U.S. Pat. No. 5,199,469 (Ishihara), see FIG. 3A, where a
pair of rollers is rotatably attached to a punch plate to form the leads. Here, the
leads, which are fixedly held on a bending die, are bent along the sides of the
20 bending die as the rollers are lowered. Another, but similar, method is shown in
F1G. 3B where only a single roller is used.

Although roller forming does alleviate some of the problems commonly
associated with the conventional cam or punch type forming, the prior art designs
use "traditional" rollers which are not particularly suited for lead forming of

25 semiconductor devices. As shown in FIG. 5, a traditional roller 5 has a main
cylindrical rod 12 supported by a shaft 16 which is fitted into a bore or a hole 17 of
a support- 14 at opposite ends. The rollers with this "shafted" design supports the

cylindrical rod on its shaft which is supported only at its ends--it is not supported
-
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3 only at its ends--it is not supported along the entire length of the
shaft. Hence, the roller cannot tolerate nuch force w thout deform ng out
of *shape, particularly given the small radius required of the roller for
this type of application. An attenpt can be nmade to avoid this

5
pr obl em by 5&3{ Ve'réﬂtfiﬂg:‘%f\gg{dbfihé QH%H.Z Hélicd, thé *PSII{H St tbleFateSRitich GBI

the roller. ormn ppl'ications Tor a sem -conductor

.device, a | @i@elt dafbrtfing Dub'oPBhaps! *wﬁrti_éﬁﬁaﬁlysﬁvéﬁ@hé A AlduP FéQilreteol the
smal | and denmand a tight tolerance. 1t is typical to require a tol erance on

‘the finall yrdlierfedthistypeosf applic@fiomm whi ch 10 incl udes package war page,
al | omwed burr, and bounce-back effects. It is particularly problematic when
‘the rollers are Anaattdmpt ¢dre benthagle to @yoich this probigmely incrnealsings then ridle
where the radius of the rod determnes the radius of the fornmed |eads. |
Because % i gradius) or dnclhe alternativasshortening theyollerundiewever, Jor dead Jormning
the roller size at the expense of precision or 15 accuracy. Wile

short eni ng 8ppligationg| fosra sagpiwendueiondevigs, s larger &dive d$ preblematigahecause

B R
oot AR AR ol 7S o bR b ol
ot ATl R P ri CI [FBA AL P e
P S AR ol B i O a4 bl S n i,

partially addresse er design o esl g

at t enpt ed thBYé’EWé’ngithof?tﬁ rod 'ta&nwggﬁggg*gawéﬁawiﬁwfml'baaspfsé&wste

cylindrical drums 18 1n multi- slotte r 20. Each slot is
acconpani edtigi taldrahted hré Banlists itA9 tighly LRdasivalblle N6 indrdasd s rolRir e at the

druns. To properly utilize this type of roller, the sem conductor |eads
must be spaggsersebf predisibheyr acowlaeyn Whilalshorening of the roller may be another
| option, a shorter roller may prevent the resulting apparatus from accommodating

15  semiconductor packages with very high lead count-- hence, limiting the range of
applications. To consistently attain precision, accuracy and versatility, the roller
must be capable of supporting a long rod with a small radius and be able to
withstand sufficient force withbut deforming. - The currently available traditional
rollers, unlike a shaftless roller, cannot easily meet these important criteria.

20 This shortcoming of the traditional roller was partially addressed in the
shafted roller design of Fig. 6. This design attempted to overcome the bending
problem by having a series of short cylindrical drums 18 in a multi-slotted holder
20. Each slot is accompanied by a pair of shaft supports 19 and hence has gaps
between the drums. To properly utilize this type of roller, the semiconductor leads

25 must be spaced such that they land on the drums and not in the gaps. However,
because there is finite limit to how thin the gaps can be made, this roller is nof

suitable for forming certain iypes of semiconductor devices with very fine-pitch

leads.

 This Sheet Has Been Replaced ' 3

L I]I




and not in the gaps. However, because there is finite limt to.-how thin the
4 gaps can be nade, this roller is not suitable for formng certain types
of* sem conductor devices with very fine-pitch |eads. A nodified design of
the roller in FIG 6 is shown in FIG 6A where the roller having a

continuous roll e giddifRerddssn %‘F#ﬁé Riuér'ﬁgigi 8% Showa ik FIG emﬁﬁ&@%_tr%uéhe

gaps. By having a continuous surface, thi esi gn avoi ds the shortcom ng

descri bed ahaving 8 datitiiuoueerolier ElFate! Hay mukigie afohinp vRits to dscomindbate
FIG 6A. 1, this design does not allowthe roller to rotate the full 360

degrees. Hetheegapse Bglhavingus tohtinsoudsugace) this rdesigi adoidsi the shortarning
back into its original position each tinme the roller 1s used. 10 I'n
addi ti on t odeseribath aboweiingeference do dhe velleransFr.t6:d Hovéver, asshowmpir EtGt o
a shaftless roller, generally has nunber of other disadvantages. Mainly, a
rol | er V@t h64.5Hhis designidess net allgthe rolierdtohiiate ther full 360 degmesauklence,

space is copstrained in a sem conductor |ead formng process, additional

b5| k is highe relriemusihe cuphersemeby Jeasyslest’, i srolatad bask dgtor#s originght
a shafted roll.f:r canpnot easily facilitate a one-step formng of all four

si des of a PRPUORLAC It@?ﬁ?é&lqrrﬁsl"ﬁ%‘i 4, aroller with a shaft on sides A

20 acent | eads. (T edliobd8 e rrerRiRGS atited Bedie. Bisranadoléh s Einbated
20 Ther ef ofLa shiafises! ibfef, Ui/ Tiks Rinider of Sihdl dpddVaritagélimEingng bieP
stage, 13nd W éeélﬁfﬁtrﬁgﬁﬁéé)ﬁné‘feephﬁﬁu' n%dgéﬁcé %H}éa%gafzg.“rBébQﬁée c!e‘.;pa"?:eq:sID
package. The two-step formati on of thé |eads, as conpared to a one-step,

has nunber géngtrsinduant a%i&haﬁ&mrtl@satfmyﬂwgﬂscés%, reRfHTGRI D SGIs_tPgﬁhly

steps inevitably take |onger to execute than & Single step. In additiol
the | ead 25undesirable. Dmeicahssqueiod 6f 1 Shoresmitigdisithal aashaffed lBE8dhREU

the repeat the novenent for each QFP. Moreover, because each step cannot be
easily facilitate a one-step forming of all four sides of a QFP. As illustrated in FIG.
4, a roller with a shaft on sides A and B must provide for the shaft support which
15 occupies the space near the adjacent leads, the space within which the rollers of
sides C and D need to occupy . Hence, only two rollers may be fitted into the
design at one time. Therefore, only two sides of the QFP package can be formed
in one stage, and two separate steps are requiréd to form all four sides of a QFP
package. |
20 The two-step formation of the leads, as compared to a one-step, has
number of disadvantages. First, the throughput is reduced since two steps
inevitably take longer to execute than a single step. In addition, the lead forming
apparatus incurs more wear and tear as it is required the repeat the movement for
each QFP. Moreover, because each step cannot be reproduced exactly as the
25 one previous, additional tolerances are introduced.
| Yet another shortcoming of a conventional shafted roller is that the roller is

generally not as stable or reliable, and requires more maintenance. In addition,

—_—
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reproduced exactly as the one previous, additional tol erances are

I ntroduced. Yet another shortcom ng of a conventional shafted roller is
that the roller is generally not as stable or reliable, and requires nore
mai nt enance. -5 1n addition, because a shafted roller is supported by a

shaft, it ipebauseé A 8hhRe@ roReF i@%bgyouéalcﬁezangqﬁt it 3¢ 3idt "chpbié bf Coptinhgilyp
reduce friction and renove debris. OBJE OF THE | NVENTI It is .

t heref ore, atilizibg @it bedrindwhivhesam helpretiiicedriction andvrenove débals. | ess rol | er
for a |l ead form ng apparatus and a nethod of using the sane for precisely
formng fine-pitch | eads on sem conduct or packages and to hel p overcone the
shortcom ngs stated above for conventional rollers while also 10

el i mi nat i ngOPRCHOR RHEJNYENHONener al |y associ ated with conventional cam
or punch type fo I\/I\/ARY E | NVENTI ON The presen{. invention is a
shaftless roller [t\/!ﬁlﬂg?fq %’epéptqni%ﬁtaﬁl?ltbeﬂﬁ?ﬁ%'ﬂ 'ﬂ‘@"tmtoapﬂ%llﬂ? a shaitiess roller

avordi ng scioiia e ing Rabaialiafd o metheh SR 1he Safie,fof aregisshisorming
o' sol ect 1 vifib Tl o8B, r%@“&ﬁ%ﬁﬁ@?@“iﬂ%ﬁ@ﬁd APy bl ”dr\'f%ft%gni%‘lvib
fi d i

zir); t :_hu'nﬁﬁ cehfadiaide) ?‘5@23@’@@ 1P alenBBpl oy e s Stim5atd P

ol ural 1ty of CuPiSRIsfE .n’é"“’%%?%‘af“?@‘?&“ﬂé@ﬁ?'eéuce s tesoming

t he cyljipndri cal rod and the cavity surface and to facilitate self- cleaning
by providing an opening for dirt and other debris to escape. The 25 roller

further i ncSUNMMARY OF THEINMENTXONh provides a channel to the sem -
cylindrical cavity such that pressurized air can create an air bearing for
t he The present invention is a shaftless roller which is particularly suited for a
lead forming apparatus for forming fine-pitch leads on a semiconductor device
while avoiding scratches and other deformities on the leads. The roller is
15 integrated into the lead forming apparatus where a semi-cylindrical cavity is
selectively disposed in the apparatus. A cylindrical rod is rotatably fitted into the
cavity such that more than fifty percent but less than one hundred percent of the

rod is inside the cavity.

In the preferred embodiment of the present invention, the shaftless roller
20 includes a plurality of slots leading to the cavity to help reduce friction between the
cylindrical rod and the cavity surface and to facilitate self-cleaning by providing an
opening for dirt and other debris to escape. The rol.ler further includes an air
passage which provides a channel to the semi-cylindrical cavity such that
pressurized air can create an air bearing for the rod. In addition, the shaftless

25  roller is modularized such that a section of the lead forming apparatus containing

the cavity and the rod can be removed and replaced.

BRIEF DESCRIPTION OF THE DRAWINGS
__;__*____“_“*____
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rod. In addition, the shaftless roller is nodularized such that a section
of the lead form ng apparatus containing the cavity and the rod can be

rehoved and repl aced. 6 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 (Prior
Art) is a side view of a camtype |ead form ng apparatus with an enl arged

view of the | ead i@ F(ProAARYis & side view tﬁ' &carh-pé MsaPforMing ab?ﬁ'?téé dmh\drew

of a camtype lead formng apparatus wth an enfarged vi ew Of | ead.

FI G 2A (Prieflardgéd view ofthe fealdofopfiirlg @fa.vi ew of a punch press
-incorporating a shafted roller with an enlarged view of the roller. FIG 2B

(Prior Art) is aFIGoHBt#icsiAR) isieesidefviéwof @icarn-typedead forfming appardtls with
FIG 3A (Prior Art) is a side view of an exterior |ead form ng device which
uses a pai r anfeniaigedrdewrafdthed@ad.Prior Art) is a side view of a camdriven
roller mechanism_FIG 4 (Prior Art) is a plan viewillustrating the use of
shafted ol | ers FHGf 3APHigr A is @ndsolgtedifropbviennet & pHack fres icesprrating a
FIG 5 (Prio r |s a front sectioned,view of a conventional roller with
a shaft. FI Ef'aée‘% %‘P"%rw'm ah qnlarged vigw of e rQJIREy view of a roller with a

151 oL e oLt oS ik bl e PR B R T A,
(Prior )12, Qe8RS oRRFia h S8 (M o bEhchl e By Befeerhir™
:ﬁg; t Iclaggmrgg?éerhcﬁarﬁlr é\?é"@ .'a|2r5 passageiZI gl G9A8i !ssa(rj\l Z: g\e/a;/: g\rllvalOf ptergpect i ve
view ofya shaftl g, 8Bl(PAbr M) O4side view of a cam driven roller mechanism.
FIG. 4 (Prior Ant) is a plan view illustrating the use of shafted rollers in
forming the leads of a QFP semi-conductor package.
FIG. 5 (Prior Ant) is a front sectioned view of a conventional roller with a
shaft.
15 FIG. 6 (Prior Art) is a front sectioned view of a roller with a multi-slotted
holder. . |
FIG. 6A (Prior Art) is a front sectioned view of a multi-slotted roller having a
continuous roller surface.
FIG. 6A.1 (Prior Art) is a side sectioned view of the roller in FIG. 6A.
20 FIG. 7 is an elevational perspective view of the modularized shaftless roller
with self-cleaning slots and an air passage.
FIG. 8 is a side view of the shattless roller in FIG. 7.
FIG. 9A is an elevational perspective view of a shaftless roller without the
self-cleaning slots and the air passage.
25 FIG. 9B is an elevational perspective view of a shaftless roller with the self-
cleéning slots.
FIG. 9C is an elevational perspective view of a shaftless roller with the air

passage.
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the self-cleaning slots and the air passage. FIG 9B is an el evati onal
‘perspective view of a shaftless roller with the self-cleaning slots. 7
FFG 9C is an elevational perspective view of a shaftless roller with the
air passage. FIG 9D is an elevational perspective view of a shaftless

roller with |ess F‘IGaQDflbférVelé%ﬁ&ﬁHI pers CfSéﬁlVﬁWléW%‘f'aCﬁafﬂé’.‘Sb FHII%PW%&Q%&?

the cavity. 5 D.11s a'si sectioned view of the roller in
FIG 9D. Flmtyyérd:@wta:fnnébymhdmcafsmd dispeded iinkide teyvcabity. he shaftless roller

di sposed in a pre-formng apparatus illustrating the pre-formng process.
FIG 11 is a par i@l 9). tisca sivecsectioded viewobthet follesinfIG. &k roller in a cam
formng apparatus illustrating the final |ead form ng process. 10

FIG 12 is a sidEIGI AQ iy apartialyisestionedsidevieveohtihe shaftless rollanglisposed in a
shaftless roller in a camformng apparatus. FIG 12A is a top plan view of
the shaf | eREe-fsming amarate@ ﬂitistraﬂnathgmerfgrramgdp'ose&m view of a shafted

roller in a cam FIG a side, plan view of a_ si e e cam
form ng appar at ugl 11'§ af Ihb P%té‘ﬁlle%ﬁ Ve of:?lag s{nghpqgsbs 'éfﬁ 3 n& gam
vi ew of thefsect | on t @ﬁ??% r}ﬁ i E of FI G 13. DETAI LED
DESCRI PTI ON' ¥R, Y sHng the tina |°@x PINiNg BEACESEs t he preferred
enbodi nent of th r f I f 0
form ng apparct UE'#@:'?D% ?ﬁ%@iﬁr@[\}&%ﬁ?%ﬁaﬁﬂgeﬁﬂ rsfaL of e e shaidts
form ng app ments of the roller nmay be renmpved and
repl aced. T sha]a%gb%@geérﬂ%ﬂu% FIG 7 includes a nodul ar section 15
and a sg cyI | NEIGCPPA GRKitd h s gl 8, section 15. A
cyli ndr?{:nal rod 25 1s rotat %Pﬁ??mﬂ%ﬁ?oa{tlﬁgsg%\iﬁl
FIG. 12B is a top plan view of a shafted roller in a cam press.
FIG. 13 is a side plan view of a single-stage cam forming apparatus for
forming leads on a QFP.
FIG. 13A is a top plan view of the section taken along the line A-A of FIG. 13.
15
DETAILED DESCRIPTION OF THE INVENTION
FIG. 7 illustrates the preferred embodiment of the present invention where
the shaftless roller for a lead forming apparatus is modularized such that a
selected section of the lead forming apparatus containing the elements of the
20 roller may be removed and replaced. The shaftless roller 10 of FIG. 7 includes a
modular section 15 and a semi-cylindrical cavity 20 disposed in the modular
section 15. A cylindrical rod 25 is rotatably fitted into the cavity 20 such that more
than fifty percent but less than one hundred percent of the rod 25 is inside the
cavity 20. FIG. 8 illustrates the preferred embodiment where approximately sixty
25 percent of the cylindrical rod 25 is disposed inside the cavity 20. A plurality of slots
30 is disposed in the modular section 15 to help reduce friction between the
cylindrical rod 25 and the inner surface of the cavity 20 and to facilitate self-

cleaning by providing an opening for dirt and other debris to escape. An air

\

Thxs Sh 1
ﬁ aced.



20 such that nmore than fifty percent but |ess than one hundred percent of
the rod 25 is inside the cavity 20. FIG 8 illustrates the preferred

enbodi ment where approxi mately sixty percent of the cylindrical rod 25 is
di sposed inside the cavity 20. A plurality of slots 30 is disposed in the

modul ar  secpasyagh34 providds BEdHanTRAYS thd Ehdity 20. IProusRTzdd &ir €shi B Hefvdretiod
25 and the inner surface of the cavity 20 and to facilitate sel f-cleaning

by provi di riptcatheogaviiy @5 tocredite anakdbedrirey forehe icglirdricas eap25 té\redude frictionge
35 provides a channel to the cavity 20. Pressurized air can be delivered

into the caand to foce out disttheough thiersiéts 3bearing for the cylindrical rod 25
to reduce friction and to force-out dirt through the slots 30. It should be
under st ood by t Hbsshaiid | beundersteedaby thase %kli?ﬁﬂ tin tth@eass thaitrta dnultitude «f
t he present |nv3nt|on i s possible, For instance, while the slots_and the

air pasSagermbediments qfi ther Bpsephinvention; iscpagsible; cEar instarge, nulile the slgtsy
gs\e/??f)l::apg];ﬁ'ﬂ] %ggﬁfﬂﬁ%ﬁsg B dhe areferegt BatyiRe, 1P dﬁﬁf\(lpgé xeiérumgy\qply have
3%25 o whi 19019 §§¥h%§eﬁqﬁ?' sLfohdng e lobindalR siichunpafiscitiy i BUbtIEpgfeiines,
Sem - oyl ndrddgpterict & PPreShri£0 it s ' il i, RimBy M tosfatiote omit
| ess than fthétav r ﬁg% ffom! tﬁé'l‘ii) of B@s Vhile Ag?'\g Q Sts irnlfé’éig'lh 'atdditﬁ)n

preferred that t ess roI er ha e a no e5| gn,

shaf tl egs rehileh lgﬁifefé@ré‘cpﬂﬁt Ph6re/ thah! 8/ ?éﬂ‘,‘ént of thé B Iuﬁdﬁ&&l r6d rI9enﬁlaced in

apparatus in areas where, for instance, be cu ersome or difficult

to renove tthe serhi-¢ylindrical cavity)ar isf pdissublb tb%é@aﬁ%rhb@dihﬁnt%ret lesg @han
i ncorporate the various features into the shaftless roller to match the

gi ven ci r cdifist percentAs msidey thé davityst Fatthegnohe sthopghsit is| prefesed Rha&b the A,
9B, 9C and 9D show t he vari ous enbodi nents. It shoul d be appreciated,
however, t ehafiiess roller have a modularized design, the shaftiess roller may be completely
integrated into the lead forming apparatus in areas where, for instance, it may be
15 cumbersome or difficult to remove the roller. It is, therefor, up to the particular user
to incorporate the various features into the shaftless roller to match the given
circumstance. | |
As a way of illustrating these possibilities, FIGS. 9A, 9B, 9C and 9D show
the various embodiments. It should be appreciated, however, that the figures are
20 presented here for illustration purposes only and should not be construed as a
limitation on the present invention. In FIG. 9B, the modularized shaftless roller
includes only the slots 30 while roller in FIG. 9C includes only the air passage 35.
The modularized roller in FIG. 9A, on the other hand, has neither the air passage
nor the self-cleaning slots.
25 In FIG. 9D and FIG. 9D.1, a modularized shaftless roller 40 is shown where
less than fifty-percent of the cylindrical rod 43 is inside the semi-cylindricai cavity
45. Although the roller 40 in FIG. 9D.1 has the cylindrical rod 43 fitted into a hole

50 at each end of the rod 43 to prevent the rod from falling out of the cavity, a

-
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.figures are presented here for illustration purposes only and should not be
25 construed as a limtation on the present invention. In FIG 9B, the
“modul ari zed shaftless roller includes only the slots 30 while roller in
FIG 9C includes only the air passage 35. The nodul arized roller in FIG

9A, on the pidhRiintlia Mot Hé%és%'g\hﬁéreith@ reliér Bassurlin d®ad formieg pphras wath
-s| ot s. 9 In FIG 9D and FI 9D. 1, a nodul ari zed shaftless roller 40 is

shown wher evémshittiehvibrdtidit andesthenmaienérst. cAlsaydhecald may ke prevemteddizomhe
sem - cylindrical cavity 45. Although the roller 40 in FIG 9D.1 has the
cyl i ndri cal falling agt viatather meansasuch as3nagneteawitesfastenersicetco salongas the
prevent the rod from5 falling out of the cavity, a restraint is not
necessary wistis ale to sptate relgtivelpfreely.a | ead forning apparatus with very

S i U i G ool SR AL S

' t . ' L

canbe 1 abr KRSWRAS thces skileB Tt Heiaty AlinolGh ton afier il GarBPASE Rdour et
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sel -1 ubr corait eyl naB e EupanaRe o prividing s SeMyfiricating effect,

| ubri cati ”gwﬁﬁ?é‘ghé%*ﬂeﬁsmt' 'n&rnﬁf%a&diﬁgﬁbi Wricafingf agénhiesueh sastai or

al so 15 be used to nake e rol ere, for instanCe, a netal roller

is sel ggfi ﬁiéés@?% LOMBih&iciCoRMateridls aARalsY beuskditétmake trdioliendwhere, for
mat eri al . e shaftless roller may be applied in nmultitudi nous ways in a

| ead form ngstanw, ai neethbrolferds Iseleutively teatedfwittvicegamigeor sefriey othidrdrictivh-er
shoul d be strategically positioned in the apparatus where friction between
sem - 20 roduding enatdral.ce | eads and the | ead formng apparatus is
desirably avoided. The FIGS. 10, 11, 12 illustrate three methods for
i ncor porating a Thafshafless radllee maynbe dppligd fin miltitydinaiiseways iin aslead| farming
appreci ated, however, that while .
apparatus for facilitating lead forming. Generally, the roller should be strategically
15 positioned in the apparatus where friction between semi-conductor device leads
and the lead forming apparatus is desirably avoided. The FIGS. 10, 11, 12
illustrate three methods for incorporating a shaftless roller in a lead forming
process. It should be appreciated, however, that while FIGS. 10, 11, 12 illustrate
what the inventor considered to be the preferred method of using the shaftless
20 - roller, they are shown here for illustration only and should not be deemed to be the
only ways the shaftless rollers may be utilized in the lead forming process.

In FIG. 10, the shaftless roller is used in a pre-forming stage in the lead
forming process. Pre-forming is a well-known process where the leads are formed
to an intermediary shlape in preparation for the final forming. Here, the

25 semiconductor device 60 having a plurality of unformed leads 65 is fixedly
positioned in a forming die 70. The shaftless roller 1 having a cylindrical rod 25
long enough to accommodate the semiconductor device 60 is rotatably disposed

in a punch press 75 with a portion of the cylindrical rod 25 protruding out from the

\
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FIGS. 10, 11, 12 illustrate what the inventor considered to be the
preferred nethod of using the shaftless roller, they are shown here for
illFustration only 25 and shoul d not be deened to be the only ways the
shaftless rollers may be utilized in the |lead form ng process. In FIG 10,

t he shaft| epeessol The punchgsrdss [756s fowefad ontiidhetieads 68 drbcbdrtdntol erdewired
.process. Pre-formng is a well-known process where the | eads are forned to

‘an i nter nedangle.shioe illuspratioar purposésr RiGe 10 nsthowsr ai pre-fekmiag angld ofhe
sem conductor device 60 having a plurality of unforned |eads 65 is fixedly
‘posi tioned ARPEPXiIMatelMgfartyfive) degrees Her tthesleadsl at positian 86y al-l@wevaurﬂttfm
' devi 60 i t at
(i sposed | rORMBUL ANGIED 68N NN 1oh eaC GEKaES SIORERAING O/ BRekagR tRioKIESS
rotrudin omthe.gress.. The punch press 75 is |lowered until the
Feads 6§ grghj%g{lﬁ quﬂt"&qﬂ%ef?@gﬁr ed angle. For illustration purposes, FIG
oads a posi 1 o B 1 SudeEsrenREE 1oier TR set nahblind) $Fiyig tE3e herbi e
dependi ng o e k?')é}ﬁ ' t; t I 1
IonI G 11,'étahH§ gﬁ:ﬁt es'sédﬁ#ysﬁs@t%edgie?\éﬁghpi ﬂ{a f\t}ica)arlmaﬁ%ﬁes't ag'leer\?hetpgh
t he | eads icoidueRed V§ hS it ' e%(}go : e
sem conduc'?%)erm(ljevi ce GOuﬁg@ibnggah%ﬁﬂga? B?QF% yg?eéﬁégﬁm Iea S §8 Fff'ﬁedﬁ’

fixedly pospéditiorst i thehforrimgdis88] eTHPshditiess fﬁaférlﬁﬁavihglé eylindritay rod 28
cylindrical rod 25 | ong enough to accommpdate the sem conductor device 60

i's 15 100t doaglenaligipte adcomniduaté dhgisegidondidiordetice 6IS ratatably digposed
cylindrical rod 25 protruding out fromthe formng die 85. As the cam press
90 i s novednithedotming dieB5 withia portiont dfehe roylindnicet dodl @8dsrof@dingveut from the
frictionless into position 95 and eventually to the final formed position
97. Wil e iferming dig 85st Ast thencamhprassa9@ i®imovad indaitberfinaltpositie, the pra-e
pre-formed pefore the final form ng stage, 20 the shaftless roller ma

al so be utiforped lgadso80 mewedrictioplessnigtenesition 95 and eventually to the final

formed position 97. While in this illustration, the leads of the semiconductor device
15 were pre-formed before the final forming stage, the shaftless roller may also be
utilized without the pre-forming process.

In FIGS. 10 and 11, the shaftless roller was positioned where the leads of
the semiconductor device make contact with the lead forming apparatus.
However, the shaftless roller may also be disposed in other parts of the apparatus

20 and benefit from the shaftless design. For instance, FIG. 12 illustrates one such
situation where the shaftless rolier 10 is placed in the cam press 90 to control the
path of the cam as it pivots around the cam shaft 88 form the leads. As shown in
FIG. 12A, the shaftless design allows the roller 10 to be equal to or greater than
the width of the cam (represented by the letter "w1") , and thereby providing

25  stability to the cam movement. In contrast, the shafted roller 5 of FIG. 12B requires
a support 14 at each end of the shaft 16, and thus the roller rod 12 must

necessarily be narrower than the cam width (represented by the letter "w2").
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In FIGS. 10 and 11, the shaftless roller was positioned where the |eads of
'the sem conductor device nmake contact with the |lead form ng apparat us.
However, the shaftless roller may al so be disposed in other parts of the
apparatus and benefit fromthe shaftl ess design. For instance, FIG 12 25

i | | ustrat esHeRBe s ulike e Tand Btilking thbhshaitieds relks, thdreas rbom fomptheceami to
.the campress 90 to control the path of the camas it pivots around the cam

'shaft 88 fotwollile" anddhe otsralhstabilityhisHleduca@A, t he shaftl ess design all ows
‘the roller 10 to be equal to or greater than the width of the cam

(represented by Lastly,dtiGer13 llustratearhow the shgftipss vollarmanstagiitate: gn imperant
cam novenent. In contrast, the shafted roller 5 of FIG 12B requjres a
support 14 imprexemesdn dhe overalligad ferming designs Asm@entioned lmy&e%%ckggqund

fWZ)h aHeLZé’ém?qa%ﬁ«gvl“ée%eé ARated PG 4i1be Thidrst arshaltloould nof beriised tor,
" N | i1 i |

G 15 e Y S el S35 4 o LR 3 e

T overent shfhdfi S B R 1R B e BpartpsTTRLP T chfl b nade to

.shaft coul daaéamh?odeagsgarwéfrgﬁggts%f 3 g/ Bgéé%@ thg(r)sun@ @ﬁéft%uggjﬁrtz 3

'the 10 space occupl y supports. But as shown rn FIG 1

'shaftl ess rgfihffatdd, CABNES, fRSShhRICASCRINBRS Hiaked It pousiblel WeingibntertFdingle

: because the bul ky shaft support is elimnated. Hence, the shaftless rollers
. makes iflp pogtagblfermhing. npl ement single stage formng. It should be apparent
.fromthe illustrations that the shaftless rollers can 15 take on nultiple

- embodi nents and ahoakd be epparert fromtke ilhistratipns thatithe dhaftiessmollersacan take
lcurrently available I ead form ng apparatus which utilize the conventi onal
' shafted rol bemsultipled embodéimentsoand amay: bedisedoin alenvimber ofaways in éeadhfdrmingd
'with the shaftless roller _enbod?/i ng the present invention and benefit from
| the advant aMesyosutreatly eyrilablesleadsfaymingiapparatusswhighj utiize the conventional
| shafted rollers to form leads on semiconductor devices may be retro-fitted with the
15 shaftless roller embodying the present invention and benefit from the advantages
of the shaftless design. Hence it should be appreciated by those skilled in the art
that various modifications, additions and substitutions are possible for the
shaftless roller and the method of using the same, without departing from the

scope and spirit of the invention as disclosed in the accompanying claims.
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20 appreciated by those skilled in the art that various nodifications,
addi tions and substitutions are possible for the shaftless roll ‘
metthod of using the sane, w thout departing fromthe scope and|$\lﬂ1ﬂ““‘ﬂ“‘““‘“
the invention as disclosed in the acconpanyi ng cl ai ns.

claim 1 CLAIMSB A shaftless roller for a lead form ng apparatus for
formng | eads 2 on a sem conductor device, said shaftless roller

conprising: 3 a sem -cylindrical cavity disposed in said | ead
formng 4 apparatus; and 5 a cylindrical rod rotatably

fitted intolekim: cavity such that nore 6 than fifty percent but |ess than

one hundred percent of said cylindrical rod is 7 I nsi de said cavi ta/

2. The shaftléss r & shaftlgss rellarifor ailnadifaming apparaius fonfermiagileads ona

nodul ari zed sugh at a,sel ect egsg ﬁflon f said lead form ng apparatus 3

cont ai nifg $QMC cl%ryﬁ’?‘ﬂﬁ?vl g q$§"8 ®F GRIMRNENGi ndrical rod can be 4

d .and repl aced ftl d
i aim 1 Jurt her conpr AsPRGGYIndriGal ey gRERsey GRoedid dafl JOrming epparatis;

“cavity. 4, The shaftless roller as recited in claim1l further
conpri sihg gn 2 air passage adapted for delivering pressured air into

sald cagty. 1 @ylmdncy"?ooG P@t&fdbgg?ipéglib  s8ig %@M&S’cﬂ thelt' b '?han

further conprising an I'T passa ng pressured air

nto sa C I
7,218 S ot e i ore RGOSR LAIOOICA i ol

air mto;sabgvmyawty anda3 plurality of slots leading into said cavity.
1 The shaftless roller as recited in claim1 wherein at | east
sone 1 2. The shaftless roller as recited in claim 1 wherein said roller is

modularized such that a selected section of said lead forming apparatus
containing said semi-cylindrical cavity and said cylindrical rod can be removed
and replaced. '

3. The shaftless roller as recited in claim 1 further comprising a plurality
of slots leading into said cavity.

4. The shaftless roller as recited in claim 1 further comprising an air

2

3

4

1

2

1

2 passage adapted for delivering pressured air into said cavity.

1 5. The shaftless roller as recited in claim 3 further comprising an air
2 passage adapted for delivering pressured air into said cavity.
1 6. The shaftless roller as recited in claim 2 further comprising an air
2 passage adapted for delivering pressured air into said cavity and a plurality of
3  slots leading into said cavity.

1 7. The shaftless roller as recited in claim 1 wherein at least some
2  portion of said shaftless roller is made out of friction-reducing material.

1 8. The shaftless roller as recited in claim 7 wherein said friction-

2 reducing material is ceramic.

—————
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2 portion of said shaftless roller is made out of friction: ' _
material. 1 8. The shaftless roller as recited |n| I Ilﬂ"m"l“l
wHerein said friction- 2 reducing material is ceramc. 1+ ¢ 1 .S x

The shaftless roller as recited in claim1l wherein approxinately 2 Si xty
percent bof said 8yl i ndhecshaftiess rolletiaspresited iimelaim t avhibreipnapprpkimatielyc sixtys
cavity. 1 10. A shaftless roller for a camform ng apparatus for
for mi ng 4 eaBgreent of sajid eyindrigatitast isrdispeseastinsisdg %aldeaﬂmh Ifcwilhl dgcalmaml I tyt us
havi n campregg 3 , for, form sai d | eads,, said shaftless roller

conpr ?s?lng: 4Io 10.° A shaftless Eg%g-feyﬁim fraNing appayatys Jobtrming leadsjon am

' , . . ' I d bly .
i1 ed it oS ERnEbior i, spit camyfoiming afhardtus Ry e 4 praee fardolmingan
. i j ' . is 8 i nsi d id ity. 1
117 "The SneeiIGEER, Sip SRaRGRK TRt GOPRrBRG: 1y 10 wher oin said roiler s 2

nodul arigzzed such that aﬁéﬁl_eﬁlﬁic@?%ﬁg d]%pég”édj .C;%%ﬁ%%“gpﬂpg@ogéﬁét%u%

contai ning said sem -cylindr cavity and said _ :
renoved sandarg@pl aced. 1 12.  The shaftless roller as recited in
claim10 further conprising a 2 plurality of slots leading into said

cavity. 6l 13. a dilindrcall idderRatably fited intoosdidl RAvity stichi tHat Pndrel tHasr
conprising an 2 air passage adapted for delivering preSsured air into
sai d caVi t yfiftylpercent but lets th@heormehhdndredsperoémtest siid colindrivél irdd ¢ Hisidel gaid
further conprising an 2 air passage adapted for delivering pressured air
into said ceaMityy. 1 15. The shaftless roller as recited in claim
11 further conprising_an 2 air passage adapted for delivering pressured
air intéd said call -tygEha shaftlesgrolien asyrasited t slaimad Onyherein saiddralberi isy .
1 16. . The shaftless roller as recited in claim10 wherein at |east
sone 2 Mmodularized such that a selected section of said lead forming apparatus
containing said semi-cylindrical cavity and said cylindrical rod can be removed
and replaced.

12.  The shaftless roller as recited in claim 10 further comprising a
plurality of slots leading into said cavity.

13.  The shaitless roller as recited in claim 10 further comprising an air
passage adapted for delivering pressured air into said cavity.

14.  The shaftless roller as recited in claim 12 further comprising an air

passage adapted for delivering pressured air into said cavity.

N RPN R NN W

15.  The shaftless roller as recited in claim 11 further comprising an air
passage adapted for delivering pressured air into said cavity and a plurality of
slots leading into said cavity.

16. The shaftless roller as recited in claim 10 wherein at least some
portion of said shatftless roller is made out of friction-reducing material.

17. The shaftless rollef as recited in claim 16 wherein said friction-

N N R W N

reducing material is ceramic.
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2 portion of said shaftless roller is made out of frictiaq “\“\
material. 1 17. The shaftless roller as recited i Fummi“mm‘
wherein said friction- 2 reducing material is ceramc.

A shaftless roller for a lead form ng apparatus for.form ng | eads 2 on a
seni conduct or devBce, Asshaftiebafrollerfor adead fomningrappanatusYor forming leads oa a
sem -cylindrical cavity disposed in said |ead formng 4 apparatus; and 5

a cyl i ndti caemieendustert devige fsaid shaftiess rollericomprisingsuch that no 6 nor e
than fifty percent of said, cylindrical rod is inside said cavity

19. The® shaftless rod gemigYlindiical cavity digpased in mlﬁéeaedﬁﬂnm agparazus

neans foi prevent| ng said cyI indrical rod frominadvertently falling out of
said 3 F A shaftless roller for apreformng

Shat 1] ey ﬁgh Eﬁecgﬁ{)? §5?H§’"°§‘ 788 YotdtaBly e B 5435 oY € Bk g more
di sposeq | ¢ Inf[fk{ ggfcfenfl 8?% y‘i‘ndn?@%ﬂqﬁﬂfsndé’sald cavgy ¢ han a cyl ' ndri cal

rod rotatab I'nto sald’cavil suc fifty percent

but lesg than onqghunq‘h@%wéswouef a§%ét 1n‘ aﬁr uhﬂer E8mprisirl 'n?é‘ans

said cavity; 8 a plurality o ots |ng Info sal & cavit

and 9 2 for preventity 8aid @iﬁﬁﬁﬁ% r@d&fﬁrﬁ%édiier%ﬂ}ﬂf&lhh@@u?b?§§idfétﬂllt?' ro nt 0
said 10 cavity. 1 . The shaftless roller as recited in ¢laim?20

whereinisaid rol per i# éhaftlessi:dller foreal preHdmiihgiap Famhsmme%ﬂhiwmaﬂsim d
pre-form ng apparatus .3 containing said sem-cylindrical cavity and said

cyl i ndr i al arsethicandietor devicepsaiddshafiiesseyller edmptising: 22. A
scratch-free nmethod of form ng | eads on a sem conduct or
3 a semi-cylindrical cavity disposed in said pre-forming apparatus;
a cylindrical rod rotatably fitted into said cavity such that more than
fifty percent but less than one hundred percent of said cylindrical rod is inside said

cavity;

Rt I o) U & 1 B ' 3

a plurality of slots leading into said cavity; and
an air passage adapted for delivering pressured air into said cavity.
21. The shaftless roller as recited in claim 20 wherein said roller is
modularized such that a selected section of said pre-forming apparatus containing
said semi-cylindrical cavity and said cylindrical rod can be removed and replaced.
22. A scratch-free method of forming leads on a semiconductor device
using a cam forming apparatus,
said apparatus having a cam press, a forming die, and a plurality of
shaftless rollers strategically disposed in said apparatus,
each of said rollers comprising a semi-cylindrical cavity disposed in
said cam forming apparatus, and a cylindrical rod rotatably fitted into said cavity

such that more than fifty percent but less than one hundred percent of said

0 Ny U WD WY R

cylindrical rod _is inside said cavity,

\
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2 device usi ng a cam forning apparatus, 3 %El’ mﬂt HlH I”m
‘having a campress, a formng die, and a 4 plurality of i e¥ls
d

strategically disposed in said apparatus, 5 each of sal
rollers conprising .a sem-cylindrical cavity 6 di sposed in said cam
form ng @ppar at us, ansaid mdthod comgrisinay theostzpadf preissingethe leads withntive santd
cavity such that nore than fifty percent but |ess than one hundred 8

per centl®f Peass witilitheleads a a desired shapei d cavity, 9 sai d
met hod conprising_the step of pressing the leads with the 10 cam press,
until tHe [ eads g?e ofA gcraleh M%Qﬁg?mlmg leads opa semicanduCtor dexiee disig
form ngéeads on.a senm condyct or device 2 using a cam form ng appar at us,
3 aca"@;g\‘?r@'ﬁgﬁﬂpﬂ%&'shavi ng a campress, a forming die, and a 4

1, S0 AU e i 0. AR o
Sai 0 caut 1y Rt PO SRR apPos At 8B R Tl one hundred 8

ercent gof said cylindpg} hMfark A : SAJ TR RVITIRg T A S
Feadi ng 58 I nto sai d@gg@ﬂfysfa‘?cgrr]b gﬁrbgrﬁﬁbﬂég%ggéﬁgég I{me Kgcl)tgagg%q(/seﬁsﬁé #
pressur gl agdidi ¢drA fbﬂnir@ahﬁpélfaYlué_,Yahncti%aecylli?drical rod rotagibly !ﬁlﬁbaqﬁt&e eV

the step of pressing the |eads wt cam press until the |eads ar

of a degiresucthdhat nore than fifty. persemetiiutdiest thamLbhenamred perdenoof sais
on four sides of a 2 quad flat sem conductor device in a single stage, 3

sai d nethodeylindnigabrachis inside sajd aayity aa pluratity of siptsaleatling ifto shitk catyl, and
cam presses adapted for simultaneous novement, a plurality of 5 formng
di es, afd aapkilrpassagecadaptad fordalivetinggressw@ed air into said cavtych of said
rollers conprising a senm-cylindrical cavity 7 disposed in said cam
f or mi nd%appar at us, a €didi methashcomprsing: teagiep dfipressingrthe leads with the cam
11  press until the leads are of a desired shape.
24. A method of simultaneously forming leads on four sides of a quad flat

semiconductor device in a single stage,

said method using a cam forming apparatus, said apparatus having
four cam presses adapted for simultaneous movement, a plurality of forming dies,
and a plurality of shaftless rollers,

each of said rollers comprising a semi-cylindrical cavity disposed in
said cam forming apparatus, a cylindrical rod rotatably fitted into said cavity such

that more than fifty percent but less than one hundred percent of said cylindrical

W 0 N & U b W N

rod is inside said cavity, a plurality of slots leading into said cavity, and an air

[
o

passage adapted for delivering pressured air into said cavity,

=
l__\

said method comprising the step of simultaneously pressing the

=
N

leads on all four sides of the quad flat semiconductor device with the cam presses
13  until the leads are of a desired shape.
1 25. A method of pre-forming leads on a semiconductor device using a

2  pre-forming apparatus,
-
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8 said cavity such that nore than fifty percént but |ess tqﬂ“""w
9 percent of said cylindrical rod is inside said cavity, a ﬂ" "" "' ,", '
sloots leading 10 into said cavity, and an air passage adaptéd fort ® s

delivering pressured air into 11 said cavity, 12 sai d
met hod conpri si ng t hesaicegppdratisnhaving aomaich presssa fiorning die, and agsluratityadf
four sides of the quad flat sem conductor device with the cam 14 resses

until tHe | shaltlessaroliersy saidirollar inclpdingla semi-cylingricalicavityh dlispssed in said
pre-formng | eads on a seni conduct or device usi pre-form

2
appar at (s, Bre-forming apparatys; engp@&wﬁw&ca{aroﬂﬁg?%ablyn@%e%ﬂrét@s§aian<?amitu1 sugh
di e, d I ity.of shaftl | | \ i d | 1 [ di .
Serm - yif ncihat S iar By Rareerdad RS daary Sppanyriirar RprapRLed CHiRdrisal
| i ndrigcal . t ptted 6 int id it h that th
cylindrica F\G["O%d[‘g'lldgs{ﬁ{’#&&h% e into said cavity suc at nore an

fifty perce ne hundred 7 percent of said cylindrical rod

pressing the | oads w RCREtpd comerisindihe s BPBreRaM 18 1885 Wi tFbdiion

i nter medj ar yres83Rtil the leads are of an intermediary shape.

_—
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