14 MAY 2004 LEADFRAME AND SEM CONDUCTOR PACKAGE W TH | MPROVED SOLDER JO NT

STRENGTH BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON Jmﬂ?mt
invention relates to sem conduct or packages and to the |eadfr

encapsul ated therein, and, nore particularly, but not by way of limtation,
to a leadframe for sem conductor packages which exhibits inproved sol der
joint strength upon being nounted to a notherboard. H STORY OF RELATED ART

It is conventional in the electronic industry to encapsul ate one or nore
sem conduct or devices, such as integrated circuit dies, or chips, in a
sem conductor package. These plastic packages protect a chip from

envi ronnent al hazards, and provide a nethod of and apparatus for

el ectrically and machani&mﬁ( ttaching the chip to an intended device.
Recently, such semi cond 9%@4{?@?{@ §IR RACKAGBadf rarnes for

supporting an integrated VitR WOLOER ODANSERENGTH chi p paddl e
region formed centrally therein. Bond wires which electrically connect
pads on the integrated circuit <chip to individual |eads of the |eadfrane
are then incorporated. A hard plastic encapsulating material, or :
encapsul ant, which covers the bond wre, the integrated circuit chip and

this design is to provide (HECRAIURPOBTERIRER st i on Trom the |
ext er nal envﬁm%ﬁtr' reliable and effective manner. As set forth
above, the s ' therein described incorporates a

| eadframe as t he Bnpresent snyppibot feﬂlgessmrstﬁﬁwnﬁuﬁﬁrl BAkHo @ ﬁﬂcﬂéatﬂ?leaﬁfr%ééi on
of - the | eaddnka B1at@MRAELE b e .plastic. encapsulant I's"
internal to t h?grgg(:kcfu%er' ’ %’?ﬁ%ﬂgﬁgﬁﬁ%ﬁ%x}%ﬁ%@a‘ﬁ@ BRI o Isadframe r om
the package ‘Ghd™8*@nqUin Pacages whishrawbihits iipeoved chobige juint strongihl yhon Mgy

i nf or mat i on meind toa mahdrbedfir ane technol ogy may be found in Chapter 8 of
t he book M cro El ectronics Packagi ng Handbook, (1989), edited by R

Tumal a and T@ggﬁmkmﬁggl a book is published by Van Nostrand
Rei nhol d, 1 > York, New York. -1
| It is conventional in the electronic industry to encapsulate one or more
semiconductor devices_, such as integrated circuit dies, or chips, in a semicoﬁductor
+ package. These plastic packages protect a chip from environmental hazards, and provide
a method of and apparatus for electrically and mechanically attaching the chip to an
intended device. Recently, such semiconductor packages have included metal leadframes
for supporting an integrated circuit chip which is bonded to a chip paddle région formed
centrally therein. Bond wires which electrically connect pads on the integrated circuit
chip‘ to individual leads of the leadframe are then incorporated. A hard plastic
encapsulating material, or encapsulant, which covers the bond wire, the integrated circuit
chip and other components, forms the exterior of the package. A primary focus in this
design is to provide the chip with adequate protection from the external environment in a
reliable and effective manner.

| As set forth above, the semiconductor package therein described incorporates a
leadframe as the central supporting sfructure of such a package. A portion of the-
leadframe completely surrounded by the plastic encapsulant is internal to the package.
Portions of the leadframe extend internally from the package and are then used to connect
the package externally. More information relative to leadframe technology may be found
in Chapter 8 of the book Micro Electronics Packaging Handbook, (1989), edited by R.
Tummala and E. Rymaszewski. This book is published by Van Nostrand Reinhold, 115

_Fifth Avenue, New York, New York. -
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. 14 MAY 2004 Once the integrated circuit chips have been produced and
encapsul ated in sem conductor packages descri bed above, ‘they,lg??‘ g%dcb%ed
in a wide variety of electronic appliances. The variety of el ﬁ
devices utilizing sem conductor packages has grown dramatically in recent
years. These devices include cellular phonhes, portable conputers, etc.
Each of these devices typically include a notherboard on which a
~significant nunber of such sem conductor packages are secured to provide
multiple electronic functions. These electronic appliances are typically
manuf actured in reduced sizes. and at -reduced costs, as consuner demand
I ncreases. Accordingly, not only are sem conductor chips highly
i ntegrated, but also seniconductor packages are highly niniaturized with
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package SRR .erring specifically nowto Frgare ¥, a
prior art Ielg%]%r arrew%tg%:ﬁsl csr?'nagﬁlegﬁdﬁaﬁ‘g‘ég?E‘@H@““ﬂﬁ@nwﬁfadfrarre 100 has a
pl ate-type framé6ording1 rosught irdatuzation riendeA&es tseinicon@RASCpackAths2 whiliLP
paddl e 110 haasahedlestidal Biehlie | . Whi ch enmi,conguctor chip
(not show) skaicabRRRdient o ﬁoﬁﬂfﬁﬁﬁﬂ%ﬁb{ Wipd oo BB and apes e
paddl e 110 and  extEHdiHESoMias gojhertogrist hrverbeemdesianddt to hae: 4 amall size.hey
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a ed 10 rane
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whi ch are i . made L ntegral to_t
I C Eﬁlﬁl%nrauctor paclkages %re‘ generally manufactured in the same manner.,

In further description of the above-described semiconductor package design
aspects, reference is now made to Figures 1-3 where a prior art leadframe 100 and
semiconductor package 200 are shown. Rcfts:rringr specifically now to Figure 1, a ty]:;ibél
prior art leadframe 100 is shown and described. The leadframe 100 has a plate-type
frame body 120 with an opening 125 at its center and a chip paddle 110 located within thé
opening 125 on which a semiconductor chip (not shown) is subsequently mounted.
About the perimeter of the chip paddle 110 and extending inwardly from the frame body
1.20 toward the opening 125, a plurality of internal leads 130 are located radially and
spaced at regular intervals. The chip paddle 110 is connected to the frame body 120 by
tie bars 150 which may be extended inwardly from the ends of at least twd internal leads
130, as shown here, or from the frame body 120 itself. The internal leads 130 extend
outward into external leads 135 which are in turn made integral to the frame body 120,
Dam bars 140 are provided to separate the internal leads 130 from the external leads 135
during the encapsulation process and to prevent encapsulation material (not shown) from




Dam bars 140 are provided to separate the internal [eads 130 fromthe
external |eads 135 during the encapsul ati on process and to'PﬁﬂW@ﬂ?2004
encapsul ation nmaterial (not shown) from-2 14 MAY 2004 covering e
external leads 135. It is particularly notable that in the prior art

| eadframe 100, each of the internal |eads 130 are all substantially the
same length L. Referring still to Figure 1, the reference nunerals 111, 131
and 151 denote half- etched portions of chip paddle 110, the internal |eads
130 and the tie bars 150, respectively. These half-etched portions will
general |y be about half as thick as the remainder of the part. During the
subsequent encapsul ation process for formng a sem conductor package,
encapsul ation material flows under these portions of the, part to ensure a
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seni conduct the %m@@e A30. | ‘Thes inlpsBopputt pads plogosfithe semiconductor chip 105 are

:  electrically connected to the internal leads 130 via conductive wires 115. As shown here,

the semiconductor chip 105, the chip paddle 110, the internal leads 130, and the
conductive wires 115, are all sealed within an encapsulation material 10 to create a
semiconductor package 200. Referring back to Figure 1, the external portions of the
leadframe 100, namcly the dam bars 140 and the external leads 135, which are not
encapsulated are then trimmed off. The tie bars 150 may also be cut or singulated

following encapsulation to completely sepatate the chip paddle 110 from the frame body

120.

Referring now to Figure 3, note that following encapsulation, the chip paddle 110,

~ the internal leads 130, and the tie bars 150 remain externally exposed on the underside of
the semiconductor package 200. The semiconductor package 200 is subsequently placed
in electrical communication with the host device by fusing or soldering the exposed
bottom surfaces or lands of the internal leads 130 to a motherboard (not shown).

Referring still to Figure 3, the internal leads 130 on the underside of the
semiconductor package 200 are regularly spaced at a distance G1 from each other. The
internal leads 130 are all of substantially the same length L and are arranged at regular
distances G1 to prevent the internal leads 130 which are closest to the corners from _
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in electrical comunication with the host device by fusing or soldering the
exposed bottom surfaces or lands of the internal |eads 130 tq,3y ﬂ20Qf

not herboard (not shown). Referring still to Figure 3, the internal |'ea .
130 on the underside of the seniconductor package 200 are regularly space
at a distance GL fromeach other. The internal |eads 130 are all of a
substantially the same length L and are arranged at regular distances 2
to prevent the internal |eads 130 which are closest to the corners from - I
14 MAY 2004 forming a short circuit upon soldering. Typically, the |nterra
leads will have a fixed length L of about 0.4 min to 0.6mm Unfortunately,
as the other internal |eads 130 which are not |ocated near the cornerslare-
formed at the same length, the resulting sem conductor package 200 wil
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In one embodiment of the present invention, the internal leads which are located
centrally along the sides of the chip paddle are the longest in length whereas the shortest
internal leads are located closer to the corners of the chip paddle. In another embodiment
of the present invention, the internal leads located centrally along the sides of the chip
paddle are formed at the shortest length whereas the longest internal leads are located -
closest to the corners of the chip paddle. In yet a further embodiment of the present
invention, there is provided a semiconductor package comprising a semiconductor chip, a
chip paddle, conductive wires and internal leads encapsulated within an encapsulation
material with the chip paddle and internal leads externally exposed on an undersurface,
produced from a leadframe with internal leads of different lengths located about the
perimeter of the chip paddle.

In a semiconductor package using a leadframe constructed in accordance with the
present invention, the solder joint strenéth between the semiconductor package and the
motherboard can be improved by i increasing the length or surface area of the 1nternal
leads which are brought into direct contact with the motherboard during soldering. Thus,
in one embodiment, the leads are longer along the sides of the chip paddle to provide
added solder joint strength to the entire chip package while reducing the likelihood of
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material with the chip paddle and internal |eads externally exposed on an
under sur f ace, producgd froma leadframe with internal |eads qfj gakyfsjoant

| engt hs | ocated about the perineter of the chip paddle. In a sem conduct or
package using a | eadframe constructed in accordance with the present
invention, the solder joint strength between the sem conductor package and
- the notherboard can be inproved by increasing the I ength or surface area
of the internal. leads which are brought into direct contact with the

not her board during sol dering. Thus, in one enbodinent, the |eads are

| onger along the sides of the chip paddle to provide added sol der joint
strength to the entire chip package while reducing the |ikelihood of -4 14
MAY 2004 shorting across the | eads near the corners. However, in an
“alternati ve SRBBEiasEst thedeadsingar theromersi Howeves, inamgdtermtick agbodisiighs.is t he
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\rMeI ﬁr'?ﬂgea::gotrggni/?lnlgmémr gw%ﬁ%ﬁ%ﬁ %ﬁ&g%%)ﬁg pI an view of a
prior art |eadfranme st weararenipets nydeisundingadf thealtsdfefmes w8t apticalihstot he

iew o
Same enoch madsears. 864 A 42 tiody S5k 6 s
| eadf rame o ﬁo ﬁP’é ?‘ E*ﬁ’@r‘% cepjpuctign %@twwpmﬂnjﬁnaadrpmm waetein:
sem conduct or packageFimme ngis £XQOPRE AXk sl ®priok HARESHRe s 'ﬁ‘ﬁlﬁ.&re%vﬁr{ﬁo a

under si de ofi,bhe; I%gﬂs%f&?ﬁgm% n&ilFlgI%}'lg!C a’lh&p £q %a%ﬂggn&srgl Ste; ug?ﬂpte' gccor di ng

mot her board; Figure
to one enbodi rrent of Figwee %rlémde vieveof a guiohavt sagncoﬁd&ctnﬁbadkagéiﬁaﬂﬁg at

| east two distthRogdictor CRpGkAShed b ﬂ;@ﬁ&dﬁain%o F ,vi ew of a sem conduct or
package having a se lcong%ct or, chip gtt CE %hto tshe I@;s%;narggkaoi hlzlwg;]lure 4
in accordance wth one™8Yg 6§Jli“rh§’ﬁ‘Pmo‘f“f’ HPEYHt serpigerductsn;packag g

. exposed exterior surfaces or lands on the underside of the chip paddle and internal leads
for solder mounting to a motherboard;

Figure 4 is a top plan’ view of a leadframe structure according to one |
embodiment of the present invention having internal leads of at least two different
lengths; '

Figure 5 is a side view of a semiconductor package having a
semiconductor chip attached to the leadframe of Figure 4 in accordance with one
embodiment of the-present invention;

Figure 6 is a bottom view of the semiconductor package of Figure 5
having exposed external surfaces or lands suitable for solder mounting to a motherboard: |
and

Figure 7 is a bottom view of a semiconductor package using an alternative
leadframe design in accordance with another embodiment of the present invention having
exposed exterior surfaces or lands for solder mounting to a motherboard.

DETAILED DESCRIPTION OF THE INVENTION
The various embodiments of the present invention will now be described more
fully hereinafter with reference to the accompanying drawings.

Referring now to Figure 4, a top plan view of a leadframe 500 in accordance with
one embodiment of the present invention and having intemnal leads of at least two
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Figure 6 is a bottomview of the sem conductor package of Figure 5 ‘“having
exposed external surfaces or |ands suitable for solder mountijgq mAY®004
not herboard; and Figure 7 is a bottomview of a sem conductor package
using an alternative |eadfrane desiﬁn in accordangeemtérigpoggf;aces o

I ment of the present invention having expose X
Fgﬁgg for sol der ngunting to a notherboard. DETAILED DESCRI PTI ON OF THE
| NVENTI ON The various enbodinents of the present invention will now be
described nore fully hereinafter with reference to the acconpanying _
drawi ngs. Referring now to Figure 4, a top plan view of a |eadframe 500 in
accordance with one enbodi ment of the present i nvention and having
internal |eads of at |least two -5. 14 MAY 2004 different lengths is shown.
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 the i nt er naPraveRicencgsolatipw nuteriat (ﬂoeahmwm)v@ordlcbfraﬁflgnﬂ'ng ?ﬁﬂﬁ:llsagieahg- sﬁfélg {tL%-enot .
Ref erring sShadi ' ; S , a
LSt R S SIS TR v e e
tie bars 55gMenta heineal ladsiilaes ofif feasitom iffgsontdengths T 4nd Igoner al | y be
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respectively. These half-etched portions will generally be about half as thick as the
remainder of the part. During the subsequent encapsulation process for forming a
semiconductor package, encapsulation material flows under these portions of the part to
ensure a better seal for the internal components. ,
Also, it is to be understood that the entire leadframe 500 including the frame body
320, chip paddle 510, inten_l_al leads 530, external leads 535, dam bars 540, and other
structures may be formed of a single piece of material. Typically, this material will bea
good electrical conductor such as aluminum, coppet, or other metals and alloys, The
leadframe may also be formed of one material and plated (wholly or partially) with
another. Materials used to plate the leadframe include, but are not limited to, tin lead, tin,
gold, silver, nickel, palladium, tin bismuth, or other sirmilar materials know in the art.
The leadframe 500 may be produced by either stamping or etching processes as known in
the art,
Referring still to Figure 4, it is shown that the internal leads 530a through 530e are
not uniform in length. In contrast to conventional prior art leadframe designs, the
leadframe 500 formed in accordance with the present invention features internal leads 530
having at ieast two different lengths. As shown here, the three internal leads 530a, 530b,

and 5300, which are located near the center 510z of one side of the chip paddle 510, are
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ensure a better seal for the internal conmponents. Also, it is to be
understood that the entire |eadfranme 500 including the frame Raqya 4
chip paddl e 510, internal |eads 530, external |eads 535, dam bars , and
other structures nmay be fornmed of a single piece of material. Typically,
this material will be a good electrical conductor such as al um num
copper, or other netals and alloys. The |eadfranme may al so be fornmed of
one material and plated (wholly or partially) with another. Materials used
to plate the | eadfrane include, but are not limted to, tin lead, tin,
gold, silver, nickel, palladium tin bisnmuth, or other simlar materials
know in the art. The |eadframe 500 nay be produced by either stanping or
etching processes as known in the art. Referring still to Figure 4, it is
shown that tlpeger thasr thalintemalllsadcidtdnd G309k vihidhearakchsest @b theddrrssioh, henat h.
I n contrast $10¢ ' i : f L gn he, . ] eadfrang 500
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| ocated ab r ' . I p. paddl e. 510.. Alternafively,
al t hough no§lmc gﬁmﬁe:e%&g (f:;i{iljllraeSq 191 S[‘th%g‘?ﬁeﬁ{ag%%%u%ﬁégﬁ r%@ﬁi,y %’gbﬁﬁ%g%g@c

whi ch are | 9?3 Bgchasidofor MEE paskages. dnmackdges havisg dergofsizelideatfiamepatial e
510 may be weakint sdlderjofnt sherych aasy 330ss #theSARMAIGN G e hABES body? L1

corner area and. 510 of t chi ddl e 510. This alternative
structure i gmggsg %r% ui/tglgp%?tfwgﬁnt F ! tF%’éPZ‘?agé is| lssiyfikelrethan sagsng}. sizeg
packages. | F?aéﬁ%ln;@&ges havi ng | arge sized | eadfranmes, the weakest sol der

| oint strength ubllio QREHIISCId S0CHGRE BT SLEABRNS, Bl 'S BRGSO

and short cifrgcuit.i.n et n the_interna ads 1s'less

‘small, si zeafﬁwoeémrﬂaﬁag'ﬁ? iaP%EilsﬁélSifﬂP%%@rsw@athgt thamtarhal Wada A30 oegbei bed

in these twof evbretidifferans leagths opfvidthg adil st Insited Wﬁ%@?ackjpr&ﬂ&%d-ﬁdqt?r'én the tO
|

b der st t t [t 0 he. A % ent
I gn;? hgr gr O?mﬂ%tﬂ%géleadr}g %draeﬁaﬂl?ér?éeggigis?(ﬁeanggiﬁﬁé‘%ﬁq 3?% (\:/ler a{ﬂ,@&l spﬁéﬁg” 7

between internal leads 530 to avoid short circuiting. The leadframe 500 according to the
present invention addresses solder joint strength problems by placing more surface area of
the internal lead_s 330 in direct contact with the motherboard (not shown) on which the
semiconductor pac}cage is soldered. Longer or wider internal leads 530 will have greater
surface area and accordingly have higher solder joint strength, However, as it is difficult
to adjust the lateral spacing between internal leads 530 without short circuiting, producing
a leadframe with different lengths of internal leads 530 appears to be the most direct
solution to the solder joint strength problems of prior art leadframes.

Referring now to Figuré 3, a semiconductor package 600 is depicted using a
leadframe 500 in accordance with one embodiment of the present invention. As shown,
the semiconductor package 600 includes a semiconductor chip 505 having a plurality of
bond pads 506 on its upper surface along its perimeter, and a chip paddle 510 which is
bonded to the bottom surface of the semiconductor chip 505 via an adhesive. The chip
paddle 510 also features a half-etched portion 511 along its perimetér. A plurality of
internal leads 530, each of which has a half-etched portion (not shown) are radially
located about the perimeter of the chip paddle 510. The top of each one of the plurality of
internal leads 530 may be plated with silver plate or gold plate for better electrical
conductivity, The bond pads 506 of the semiconductor chip 505 are electrically connected
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[ addl e 510 and the frane body 520, and the need for sufficient |ateral
ggagigg between internal |eads 530 to avoid short circuitingqgq ﬁ“r2004
| eadf ranme 500 according to the present invention addresses sol der jolnt 0
strength problems by placing nore surface area of the internal |eads 53
in direct contact with the notherboard (not shown) on which the .
sem conduct'or package is soldered. Longer or w der internal |eads 530 W
have greater surface area and accordingly have higher solder joint
strength. However, as it is difficult to adj ust the lateral spacing f
between internal leads 530 without short circuiting, producing a |eadfrane
with different |l engths of internal |eads 530 appears to be the nost direct
solution to the solder joint strength problens of prior art |eadfranes.
Ref erring nolf 116 HERal lsads 530 wa poadistive vones §ALk #geshb6@ Hese, dbepseime&ldd&ﬂoﬂg a

| eadf r ame 50ﬂ11p ﬁomlmﬂ@;ammemmhﬂ}@r&ﬁmﬁﬂfqems@@ﬁt nfthd QRARERRGMes 5P G e”t PEoe

revtne s o e R S b BB g 10 B i agﬁﬂ?lﬁg@&?lgqoomgcltags 600.
perineter, afRpapsudtiop malddilel®ton \bhlthétnio@lasﬁ@ndzeﬁehﬁodeh%slﬁﬁt tvﬁflﬂoﬁ%fré%%? of
oo eSS SR BN Bl R Bl e -

Tﬁ? telrJL:f fieg‘%léf G’Oﬁ@éél‘i’ &te Inprfeameno, aamalb'fthedmhéadrspimtarﬂrthé eRkemahRagy are
radially | cisa wﬁlcalamﬂotteh@{aﬂatbmte%eﬂhn{rﬂ&i Ghi ’Phé)ﬁ‘é’g;lr? rﬁ)}?hodvnaﬁ?%oﬁﬁq Ver

ternal |eads 53
Shate or 3&‘*5“‘% B ShBlibel slonyin pitabrilaton t complsialy vommiate m@hnnpmldtmﬁw 506

of the seni dbwg feamedteidy 5805 are eI ectrically connected -7 14 I\/AY 2004 to

the internal Ieaq&fégg ﬂé@.t& 1] AP endaS thec 588 <10,

semi conduct g ag% p pa Jie ¢ F2p Aafre| Qd@'@gé and

t he conducti f\;fe"\?ﬁ“i“@%e 3353 ’&F‘éﬁﬁ’ltke %ﬁmmdﬂmﬁyapmﬂmlth&mmlewmghalbe
10 to creat @mmmlﬂﬂﬂdﬂmﬁgmkﬂgﬁnﬁﬁﬁlze cERESOS %@éﬂt&ﬂal?‘é)ﬁ)r & ortions

LT Conen:" SR Tt BEIPSFE, Pl gt sl ol e e b 5B b patiests i
oxternal poleaios sy mkqlquuadxmuﬁ(lﬁsmuth,n&i yihth SortOnbATmBAY AR
external | e&flgwn dBthe i The akific cfof padka L 3b64s &l gec;ugﬁ?%ﬂjaﬁ gﬁ@g%fggﬁl-rhe
tie bars (not_shoy E‘Qducut or srngufate ation
to conpl et elc?nglgﬂlﬁ?%%w{thg‘echﬂsb {icsdetusing OT‘ﬁ?]dﬁﬁmm@lefeﬁamd ibotdym S2ffaces
Ref erring noilands ¢fithrineereal loads ssaﬂaatmétﬁérbsaw ebt@RGARsul ation, the chip
paddl e 510, Referring still to Figure 6, a bottom view illustrates the underside of the
semiconductor package 600 featuring internal leads 530a - 530e which are of two
different lengths L1 and L2. As shown here, the internal leads proximate to any one side
of the chip paddle, for example 530a - 530, may be divided into at least two subgroups
referred to as outer leads 530d and 530e which are closest to the corners and inner leads
530a, 530b and 530c which are between the outer leads 530d and 530e and centrally
located along the side 510a of the chip paddie 510. In this embodiment, the outer leads
have a first length L1 and are shorter than the inner leads which have a length L2. By
way of example only, L1 may be as short as 0.25 mm and L2 may be as long as 0.90 mm,
This is true of the internal leads 530 proximate the other three sides of the chip paddle
510 as well.
Referring now to Figure 7, an alternative leadframe 700 included in the
semiconductor package 800 featuring internal leads 730 which are of at least two
. different lengths L1 and L2 is shown. The leadframe 700 has a plate-type frame body
720. The chip paddle 710 is connected to the frame body 720 by tie bars 750 which
extend inwardly from the ends of two of the internal leads 730. The internal leads 730
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the internal leads 530, and the tie bars 550 renmain externally exposed on
the underside of the sem conductor package 600. To m nim ze qqrmgspm;; t he
externally exposed portions of the chip paddle 510, internal |eads 530
and the tie bars 550 nmay be plated with tin l|ead, tin, gold, nickel

pal'l adium tin bisnuth, or other corrosioh-nininizing materials known in

- the art. The sem conductor package 600 is subsequently placed in electrical
comuni cation with the host device by fusing or soldering the exposed
bottom surfaces or lands of the internal |eads 530 to a notherboard (not
shown). Referring still to Figure 6, a bottomviewillustrates the
undersi de of the sem conductor package 600 featuring internal |eads 530a -
530e which are of two different Iengths L1 and L2. As shown here, the

5505~ a'sai)ga&é’“%gg%gﬁﬁ Bat g‘dg BY 2ol 790, S RE e Tt s
outer |eads @S’G'd afiyidedgatovdi least sve subgreupstreferred e as ontee leadartdod ﬁn‘dal73dJeeadS
530a, 530b aﬂdc@aﬁ&lcwfﬁsﬁ% ﬂ{eeco%@éré"@?@b Ellﬂia P(ﬁ:t ﬁ@&éﬁ?ﬂ?ﬁggmfggf Iz?tzd

centrally olH &‘ge S|3 185
enbodi nent, ¥ gh Phdapd é%ﬁm E@Elt'?éﬂm legatedstlong the sidean
the inner |é&Hés oﬁﬁheaﬂnpwpaxﬂleaﬂIOer{gttms laRernfijve eniodiferXBOBhRr RAAYhaveh ﬁ@ty be
as short as t he
‘nternal |e ‘%’sgg‘g%%”%‘? %‘% o Tl el 008 B0 MTnaT ks Gaaip. S
as wel | . Reff Vengl semploomygul may beaﬁlfmgtaeﬁr?&tmmeanﬂdddha)aheaﬁﬂﬁma@@tuded
in the senmmmandlids & a6k agenRo0l 1Qas ¥8hH @%ﬂ:ﬁ&r@&ﬂ@bﬁ%@ﬁ?& & @é& éﬁhﬂhgg gre of
e T aadl v arne 9 ¢b

at | east tvv?) dtﬂéf./figrent izen t hs % nd. L2 is sh ) r “has a
pl ate-type FPAHS BOdy Wetbo srhgte ﬁ?‘gie‘bﬁ’d P‘Efls%@ frawp slesign dthisostiugiarg isane

body 720 by pmferablar@pﬂammmargpmzeemwrpackagwtodacmréss esldéeint Retengd plobRnal t he
internal | eqggcn’ 3y a]‘;g&é(}fltﬁ%rbghe# ‘?@ﬁéngg’to he a%:lg'a% Ogg,ggﬁspr%és rglt e, tl}%af/my

one side of the chi or exanp €

agai n be di Frpediment setderth dp Figured is bsgrwitpd to g sied appicaonseisetherdads
730d and 73@&iucﬂmltﬂﬁeﬁd’yef(ﬁ'| 181 birduitidgh h Wﬂ@rhe':rs 1;10&) ﬁsgﬁl'% grgalll r&%%

| eads 730a, Plgﬁ d ﬁS V\/(}h hlg’i e b t wee lt out er ads % 730e
and central Iaéﬁ ed o ora"ilﬁ % Igepacg"’lgfé ‘l?f Oﬁ‘ﬁg R $26) serd be7ammsideredt hi s
al t er nat i verd#sti laege but thet loedfoamds ead patiages @uld 1186 be byigtdll inlacasidmee
longer t hanwihethk Pa@end Moelfiothh HindtaHGusty! BRALA difesUb.g! 58020( Saa, B3N -

32x32 and 40x40 mm).

. The following applications are all being filed on the same date as the present
application and all are incorporated by reference as if wholly rewritten entirely herein,
including any additional matter incorporated by reference therein:

Attorney Docket Title of Application First Named
No, _ Inventor
09/687,787 Improved Thin and Heat Radiant Jae Hun Ku
Semiconductor Package and Method for
- Manufacturing :
09/687,331 Leadframe for Semiconductor Package | Young Suk Chung
and Mold for Molding the Same :

09/687,532 Method for Making a Semiconductor Tae Heon Lee
Package Having Improved Defect

Testing and Increased Production Yield
09/687,876 Near Chip Size Semiconductor Package | Sean Timothy Crowley

09/687,536 | End Grid Array Semiconductor Jae Hun Ku
' Package ‘
09/687,585 Semiconductor Package Having Tae Heon Lee
Reduced Thickness

-9-




By way of exanple only, L1 may be as long as 0.90 mm and L2 may be as short
as 0.25 mm This is true of the internal |eads 730 proxi mat eqj g

three sides of the chip paddle 710 as well. As noted earlier in ﬁiscuSsing
| eadf rame design, this structure is preferably applied in |arge size MF
packages to address solder joint strength problens which may appear in the
corner regions of the package body. As noted earlier, the enbodi nent set
forth in Figure 7 is best suited to | arge size applications as there is a
reduced tendency for short circuiting in the corners in conparison with
smal|l size applications. Note also that MLF packages of 10x10 nm si ze
coul d be considered relatively large, but that |eadfranes and packages
"could al so be produced in accordance wth the present i nvention in other

i ndustry standa0968i,28S ( €88micer > 3253 2—epnt—40x40—r) .
The foll owi rg appl i cat i 0”5A§§e§1 a?ﬁé t he | SHRE ouk €hung ¢ he

present ap 7 nce as if wholly
rewitten ent fﬁqy h%@el n tml?rﬂg? ek dé?FyM&lﬂ'éEtl onal {Xourg Sikn€mmgor at bd by
reference t Herein—Attornbyemisenductor |

pekages Appl i cati opFirst Named
No. | nvent or 09/ 687 7871 npr oved Thin and Heat Radi antJae Fun Ku

Sem conduct or Pa n Vanuf acturi ng 09/ 687, 331Leadfrane for
Semi conduct or Pagbggl%?gbuﬁ&vl\%d@gﬁ% uel a%lcﬂ‘l%?tlmﬂﬂlﬁgwﬁmnﬁaMn will
09/ 687, 532MbeIApRarEny fiveakihe forgSmgi dbmﬂmeﬁmf'lfhe piigared aab&iamkage

4 Be
| d Defie@tarh t Yi el d .09/ 687, 876Near  Chi
Size Sem condet o?%%‘;c'?fz"’g:%“e‘fgﬁ& ORI MR D b prriees, d walrtn,

Seni conduct 8P TS5 KLA PRIFOPLE o5 W@F@B#‘ %B&thstcbmg@aakchgmdﬁﬁwlmTae
Heon Lee Reawrydw miadeckeremswitibut degdfiih 208 the spirit and the scope of the invention, as

defined in the following claims. Therefore, the spirit and scope of the appended claims
should not be limited to the description of the preferred embodiments contained herein.

This invention may, however, be embodied in many different forms and should
not be construed as being limited to the embodiments set forth herein. Rather, the
embodiments are provided so that this disclosure is thorough and complete, and fully
conveys the scope of the invention to those skilled in the art.
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09/ 687, 541 Sem conductor Package Leadfrane Assenbly and Met hod of
Manuf acture Young Suk Chung 09/687,049 | nproved Method for Nhhhm?'Y2004
Sem conduct or Packages Young Suk Chung It is thus believed that ﬁe
operation and construction of the present invention will be apparent from
t he foregoing description of the preferred enbodi nents. Wile the
| eadf rame and sem conduct or package shown are descri bed as being preferred,
it will be obvious to a person of ordinary skill in the art that various
changes and nodifications nmay be nade therein without departing fromthe
spirit anq:ﬁhe scope of the invention, as defined in the follow ng clains.
Therefore,l?ﬁﬁ spirit and scope of the appended clains should not be
limted to the description of the preferred enbodi nents contai ned herein.
be .enmbodied in many different forns and shoul d

This inventipn may, however

not be constf‘ued ‘éfeﬁ‘g"’foﬁﬂu?@ﬁf’?gﬁgﬁocqwi%odi ments set forth herein.
Rather, the enboallesdframedtiavimy:ovi ded so that this. disclosure is thorough
ki 11 ed in che art. -1 oRG BYEHE delfing “F5poscd £of ochritam eforesyand a
EO[TH Si ng]:c al eagph&h&rIﬁ\sldeg:andécorﬁeps;mdﬂl e defining ogposefl tolo_ ?nd f
ottom surfaces and a i tewh corpers: and_a plurality o

| eads ext endi ng al or]_%(aaP ﬁ@gtéfolﬁg soé*%ﬁéing{hg%%g Bp?eaﬁhgnﬁrﬂfﬁhﬁééﬂﬁseoﬂ n .
spaced rel ation t heH& &P Paddiedn spaced welationdbeiets,repch mp ive keds dpfimng bot t om

surfaces, the bot t oopsase 266 anal bdthn lsaAtses, P QSEtg%tﬂérfétcgg%gﬁnﬁe}"ge@gsof i he

di fference | engths; se nduct or,_ chi p nounte
chip paddle and el %%F?P?ﬁf%?s%%@g?’@&c?@”&fhﬂieast one of the |eads; and

.a semiconductor chip mounted to the top surface of the chip
paddle and electrically connected to at least one of the leads; and -
an encapsulation material covering the leadframe and the
. semiconductor chip such that the bottom surfaces of the Teads, Wh!ch
are of at least two different lengths, are exposed in the encapsulation
material. ' ' '

2. The semiconductor package of Claim 1 Wherel-n_ the leads are segregated
into multiple sets which extend long respective ones of the sides of the
chip paddle in spaced relation thereto. '

3. The semiconductcir backage of Claim 2 wherein the leads of each set
include at least two outer'leads and at least one inner lead disposed
between the outer leads, the bottom surfaces of the outer leads each
being of a first length and the bottom surface of the inner lead being of
a second length which is unequal to the first length.

4.  The semiconductor package of Claim 3 wherein the first length of the
bottom surface of each of the outer leads exceeds the second length of
the bottom surface of the inner lead.

5. The semiconductor package of Claim 3 wherein thé first length of the

Vbotltom surface of each of the outer Jeads is less than the second length
of the bottom surface of the Inner lead.
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an encapsul ation material covering the |eadfrane and the sem conductor
chip such that. the bottom surfaces of the | eads, which are qﬁdﬁhyyaﬂéﬂ
two different | engths, are exposed in the encapsulation mterial. 2. e
sem conduct or package of Claim1 wherein the |eads are segregated into

mul tiple sets which extend | ong respective ones of the sides of the chip
paddl e in spaced relation thereto. 3. The sem conductor package of Caim?2
wherein the | eads of each set include at |east two outer |eads and at

| east one inner |ead disposed between the outer |eads, the bottom surfaces

of the outergl ead ' fafir ength and the bottom surface of
the inner |ead bem(gg%'?"cogag%g'éﬁ’ac'fa@ﬁg?ﬁ&\?}rwc‘h“‘i@"ﬂ'ﬁéﬁﬁaﬁ"tw EHeEfaed o6t

| ength. 4. The setfiecchipipadde ipexpoaekimthe@naapsulatishanatefiat.he first |ength of
the bottom surface of each of the outer |eads exceeds the second | ength of
the bottom surface of the inner lead. 5. The. sem conductor package of Claim
3 wherein the firbie semigendustortpaskageefi@ains 6 vileeainof each of the outer

leads .is | ess than thehaegheapshiIghon ma@fﬂaf raeeﬁp% taogleﬁégélgic '(igr\,\,hg&@il“gnteae

| ead. -11 14 MAY 2004 6. The sem conductor package 0
bottom surface of PWdA@ip paddlie is exposed in the encapsul ation

material. 7. The seni cthachuttomi supRka@e tht c@iﬁipﬁhgleme{g&ié?éus)} Praﬁar ang
encapsul ati on nater%‘%st?q]_’egal" eﬁ ehegﬁ erfgll | anar_botTom suftace; the :
bott om surface of the chip ga ik Janrottony, syrfagaofathe eseansulational | y
flush . with the botmatenaluandice of the encapsulation material; and the

bottom surfaces of thgnseReenfk | y..planar. a ubstantially
flush with the bottom surface o? t%emgﬁgggéﬁsa%/ﬁeoﬁamnﬁ?wg& pFamar and
- substantially flush with the bottom surface of the encapsulation

material.

8. The semiconductor package of Claim 1 wherein the leadframe further
comprises at least one tie bar attached to and extending from at least
one of the corners of the chip paddle, the tie bar defining opposed tbp
and bottom surfaces.

9, The semiconduqtor package of Claim 8 wherein the bottom suiface of
the at least one tie bar is exposed in the encapsulation material.

10. A semiconductor paékage comprising:

a plurality of leads, each of the leads defining opposed top and
bottom surfaces, the bottom surfaces of the leads being of at least
two different lengths;

a semiconductor chip defining multiple sides and electrically
connected to at least one of the leads; and . _

an ‘encapsulation material covering the leads and-.the

- semiconductor chip such that the bottom surfaces of the leads, which
are of at least two different lengths, are exposed in the encapsulation
materiai.
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8. The sem conductor package of Claim1l wherein the | eadfranme further
conprises at |east one tie bar attached to and extending fromgatpmhe one
of the corners of the chip paddle, the tie bar defining opposeg topaﬁéjr?d
bottom surfaces. 9. The sem conductor package of Claim8 wherein the bottom
surface of the at |least one tie bar is exposed in the encapsul ation

- material. 10. A sem conductor package conprising: a plurality of | eads,

each of the |eads defining opposed top and bottom surfaces, the bottom
surfaces of the | eads being of at least two different |lengths; a

sem conduct chig, defini | tiple sides _and electricall connected to
at | east ongﬁdf t.ﬁ.'ee I%lgﬂéa%é'%ra gc'@?@aﬁgup MordOndyharein theviseds gatene
|l eads and A he ssgrigabertiinto enultiblemsessiehichhaderidalohg rb&ecs t he
| eads, whi.ch areydds @lnb § | rent | engt hs,g are e%é@%ﬁéﬁﬁ‘fet he

85, & the Sadloph ¥l i

encapsul ation material. 4 11. The sem conductor package of
Claim 10 wherein the. leads are segregated. into nultiple sets which extend

e Gondutr or - pactoesrordtRtordRags br i EMWERRINSHEIafly Beadh sl e

sem conduct or paﬁlgc?g(f of Caimll erein the lea
at. least two ou %3tideash dwat oytepdeadsrand ahdgast ond idnapkadddisgedeen the

outer | eads, the betwdemrtisdibiiasdesds, (i ' fog first
| ength and t he bg%ltn(&r’%{sauﬁs?ge (%éﬁbflje i ﬁet%ﬁ? eéggggifﬁé‘ﬁgfot}?% !}gggrﬁ?%?engt h
which is unequal to°the "9 Hhe pgttom syrfaceqfithe innesiend helogafe of

Cl ai m 12 wher ei natsgeoifd leppth whigh tts undquahen tHeairsolengww, f ace of each of the -
outer | eads exceeds the second length of the bottom surface of the inner

| ead. 14. Th‘fi seq conduct or package of Claim 12 wherein the first length of
the bottont3urf AR Semiconductsr paekage aflaine 13 swhereinete firls& fenigkre of @seONd

| engt h | bottom surface of each of the outer leads exceeds the second length of
the bottom surface of the inner lead.

14.  The semiconductor package of Claim 12 wherein the first length -of the
bottom surface of each of the outer leads is less than the second length
of the bottom surface of the inner lead.

15.  The semiconductor package of Claim 10 wherein:
the encapsulation material defines a generally planar bottom
surface; and : ‘ .
the bottom surfaces of the leads are each generally planar and
substantially flush with the bottom surface of the encapsuiation
- material.

16. . In a semiconductor package comprising a plurality of -leads having
bottom surfaces which are exposed in an encapsulation material and a
semiconductor chip which is covered by the encapsulation material and
electrically connected to at least one-of the leads, the improvement
comprising:

configuring the leads such that the bottom surfaces thereof
which are exposed in the encapsulation material are of at least two
different lengths. |
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of the bottom surface of the inner |ead. 15. The sem conductor package of

Cl ai m 10 wherein: the encapsul ation material defines a generaligwA

bottom surface; and the bottom surfaces of the | eads are each genera y

pl anar and substantially flush with - the bottom surface of the

encapsul ation material. 16. . In a sem conductor package conprising a
plurality of -leads having bottom surfaces which are exposed in an .
encapsul ation nmaterial and a sem conductor chip which is covered by the
encapsul ation material and electrically connected to at | east one -.of the

| eads, the ro f the |eads such that the

bot t om surf:a?é)s ;’ﬁg?géwcﬁmﬂ?&hﬁé%]%ag gQ—fg #]?’H @h&%§%¥§gﬂ@m¢m@| al
are of at |east t#efinesi Mﬂﬁm&dbe,ngndwhe lebids lote 'eYregatel thto nliBple sets

Tl Lr i si deb NAAR, otbnd e Apliiechibs I tnR: Suss o His Liduga ) "

-multiple sides, gnd the | s are segreg Fch
extend al ong resp®¥Pi ve ones of the sides of the sem conductor chip. 18..
The sem conduct or package of Claim17 wherein the | eads of each set

I ncl ude at I@st WO ou (m&ads and at |east one inner |ead disposed
bet ween t he Ut er eeﬁ%@“'f' WOP?%%N@%‘ES13fW'E¢féinot!16elead!eaﬂsadasét be| ng

of a Ijllrst ![ﬁna;]ﬁndndetdtdethTbt ﬁgtﬂ-flééTd% Q{ndTaBQeadirkﬁ{el ﬁl&% QE g N :
package of 0 ai meEa b HIF fir foBo, Jfe tetfim siffesicof Hin euer dendsaeashor each
of the .outer |ead@me@wgsttlnegmmmdlmtg:msofface bMehﬁhéﬂ@h&%f@Qﬁ of the
| nner | ead. 20. Theacsra W%ﬁc?ﬁsﬂﬂ%&ﬂ?‘i’?ﬁﬁ ﬁ;s_? wherein the first

e ou

| engt h of the botton1s ace eac ads'is | ess than the
second | ength :

19.  The semiconductor package of Claim 18 wherein the first length of the
bottom surface of each of the outer leads exceeds the second iength of.
the bottom surface of the inner lead.

20. The semiconductor package of Claim 18 wherein the first length of the
bottom surface of each of the outer feads is less than the second length
of the bottom surface of the inner lead.
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of the bottom surface of the inner lead. -14 LEADFRAME AND SEM CONDUCTOR

"PACKAGE W TH | MPROVED SOLDER JO NT STRENGTH ABSTRACT OF THE q&q&%@@gﬁﬁ.A
sem conductor | eadfrane and a sem conductor package using sane. e

. particularly, a sem conductor |eadfranme offering inproved sol der joint
strength between a sem conductor package and a notherboard is discl osed.
The | eadframe conprises a plate-type frane body; a chip paddl e on which a
sem conductor chip my be nmounted; a plurality of internal |eads |ocated
radially and spaced at regular intervals about the perineter of the chip
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of each external and i I, I i tional support and to ensure
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sol der joint strength through the use of internal |leads having different

| engt hs or surface areas. FlIGURE 4 :
ABSTRACT OF THE DISCLOSURE

A semic_onductor leadframe and a semiconductor package using same.. More
particularly, a semiconductor leadframe offering improved solder joint sﬁength between a
semiconductor package and a motherboard is disclosed. The leadframe comprises a
plate-type frame body; a chip paddle on which a semiconductor chip may be mounted; a
plurality of internal leads located radially and spaced at regular intervals about the
perimeter of the chip paddle; external leads extending outward from the internal leads and
with their terminals connecting to the frame body; and dam bars at the juncture of each
external and internal lead for additional support and to ensure that the external leads
f‘emaﬁ? exposed during subsequent encapsulation processes. The leadframe of the present
nvention providing additional solder joint strength through the use of internal leads
having different lengths or surface areas.

FIGURE 4
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