10 DECEMBER 2004 1 STACKABLE SEM CONDUCTOR PACKAGE AND METHOD FOR
MANUFACTURI NG SAME BACKGROUND OF THE | NVENTI ON 5 FI ELD OF TigpEOSEMBER® DA
present invention relates to senm conductor packages, |eadfrane assenblies
therefor and a nethod of manufacture, and nore particularly, but not by way
of limtation, to a stackable sem conductor package and a nethod for

manuf acturing the 10 sane. H STORY 031 RELATED ART It is conventional in
the el ectronic industry to encapsul ate one or nore 15 sem conduct or
devices, such as integrated circuit dies, or chips, in a sem conductor
package. These pl astic padld{gedBLIHLSEMIGONDPCTORPAVKAGIIENt al hazards,
and provide a nethod oANIDMERPEOBIRGRIMANRUFACTORING QANiReCchani cal |y
attaching the chip to an intended device. Recently, such sem conductor
packages have included netal |ead franes for supporting an integrated
circuit chip which is bonded to hi addl e region 20 forned centrally
therein. Bond wires which el e&@&%@@%ﬁn@ %\g%]%TIQN t he integrated
circuit chip to individual |eads of the lead frame are then incorporated. A
hard plassic encapsul ati ng nmat ergigt p g TEENR&ASHIBAL . wWhi ch covers the bond
wire, the integrated circuit chip and other conponents, fornms the exterior
of the package. A primary focus in this design is to provide the chip with

adequate protection fromthe external environment in a 25 reliable and
effective manner. 10V DEEERBERCBIHAcbtes o supiconfystor pagpesseleadfimme agsgmblishduct or

package therei nydeasrdnled neG@ RAALESLAR, 62T t '
supporting structure (;lf suc?h a package}l Aapor toﬁ%%gﬁ?@lﬁ’epﬁegﬁrﬁf %ay of
‘ limitation, to a stackable semiconductor package and a method for manufacturing the

10 same.
HISTORY OF RELATED ART
It is conventional in the electronic industry to encapsulate one or more
15 semiconductor devices, such as integrated circuit dies, or chips, in a semiconductor

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

' intehded device. Recently, such semiconductor packages have included metal lead

frames for supporting an integrated circuit chip which is bonded to a chip paddie region

20 formed centrally therein. Bond wires which éiectrical]y connect pads on the integrated
circuit chip to individual leads of the lead frame 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

25 reliable and effective manner.



frame conpletely surrounded by the plastic encapsulant is internal to the
package. Portions of the lead frame extend internally fromotbheCcEvBERS DX
are then used to 5 connect the package externally. More informtion
relative to |l ead frane technology may be found in Chapter 8 of the book

M cro El ectroni cs Packagi ng Handbook, &1989), edited by R Tumml a and E.
Rynmaszewski, incorporated by reference“herein. This book is published by
Van Nostrand Rei nhol dS s Erihi 3opvs. figesamisondiesoy paorae thilein desrriked ib@r@nae « he
integrated circuyj i avy. en produced and encapsul ated i n

seni conduct or pgllg datg%g:p%é%c?e?%aggu%gw SUyehEg © HBAEED 4 ROHOVRIdhe ok i et y
of electronic appld angedy Tt 6f YreObiadik ALEOMLE iIRNLEES, Yhd bicklng

sem conduct or packages has grown dramatically In recent years. ese

devi ces i ncl ude Bastidng|od theplearh &sme patetdabiteenally Goputhe psckagt end Fackenafsed hese
devi ces tysoi cal I% i nc e .a pri circuit board on which a 15 significant

ud nt ed > .
nunber of such sEMEOWE RS eﬁ‘ﬁff’ﬁ@g Jdorgiforgiiqn rglativedo fspd frareteshuplogypine

el ectroni c functy.gasd ilBeS&r ELEGL inG: %I ' anci ar.e ﬁ%ﬁ@l Cﬁ| .

manuf actured in reeducénd gl&zes angﬁaﬂtl\ﬁ'c’% Ced ¢ aka,m _0 L‘]éﬁ)’seditef‘il_

i ncreased consurgrR.dBummth anfiCE OR fhhabghki, inBRporfl Vy AiGens€MLERNAMELRLK &hi PS

hi ghly integrated, but al so sem conductor packages are highly mniaturized

with an increasddblfshsdy Vap NoserdBeinhaidints Fih Aened, Nyw Y26k, Newdfodi.ng t o such
m niaturization tendencies, sem conductor packages, which transmt
el ectrical signals fromsem conductor chips to printed circuit boards and
support, Dohe semi conduci ke aighsedOBidiicctls! MVEdei piottldea MRRT IS ps iR CsgDEC
designed to have a snall size. By way of exanple only, such S8 conduct or
packages may havemigondpger prrkagse degribeddetrovef thdy xnaf rim tsed i a widd vametyEaranpl es
of such sem condygctor. a{g)a]cl:akaegei are. ref e%r ed to, as MF (mcro | eadfrane)
RELESahle ke (felertepnicsariser aiiingoemErENRErRadoes 3

type sem conductor pac

package) type se&ni gorfluahRficalpmkgsas yeagotﬂeM&viF:% Rfta& g%llgglp gl%)gl%s? an at%ﬁk ages

and M.P type sem conductor packages are generally man e sane
manner . computers, etc. Each of these devices typically include a printed circuit board on which a
15 significant number of such semiconductor packages are secured to provide multiple

electronic functions. These electronic appliances are typically manufactured in reduced
sizes and at reduced costs, which results in increased consumer demand. Accordingly,
not only are semiconductor chips highly integrated, but also semiconductor packages are

highly miniaturized with an increased level of package mounting density.

20
According to such miniaturization tendencies, semiconductor packages, which
transmit electrical signals from semiconductor chips to printed circuit boards and support
the semiconductor chips on the printed circuit boards, have been designed to have a small
size. By way of example only, such semiconductor packages may have a size on the
25 order of 1xImm to 10x10 mm. Examples of such semiconductor packages are referred to

as MLF (micro leadframe) type semiconductor packages and MLP (micro leadframe



Even though sem conductor packages have been mniaturized, space on a
printed 5 circuit board remain limted and precious. Thus,A0tDECEMBER 20
to find both a nethod and a carrier package design to naxim ze the nunber
of sem conductor packages that can be fitted onto an el ectronic device,
yet mnimze the space needed to attach these sem conductor packages. One
nmet hod to mininize space needed to attach the sem conductor packages is to
stack the sem cdngasd dypepricarriustop nadkagss.ofBodaldhF dypeeemicd@uSuMpleREeCmd THE
| NVENTI ON The prﬁﬁlgpt invention relates to stackabl e sem conduct or packages
and methods for manbf SEGPTIRGT Preesestrp eenilenqyapetired indhq spme Bamespect  of
the present invention 15 conprises a sem conductor package wherein the
sem conduct or package includes a lead frame, a sem conductor chip, a
plurality of electri d&bn paighseaicarictbCpickigesandIRes nhGinlidel, sPpedbicopshuat or
chip to the leadframe, and a_sealing material. The |eadfrane has a
plurality’of | eddeut beadHemsiplipted apbprgsionsalhusythest islaggelstofiagd bethya methohandor t i on
exposed to a to f..the sem.conductor package and .a bottom portion
Feoting 1hueh whenTe pRERs b8 R NS BB T Spa il 8 o
this manner, thditkeaiito axt@REbAY delidD Jehanibitiet e HRE RAUMLOW SHIhAGEO! the
sem conduct or package provide an electrical path for connecting and
el ectrical ly powenimguctors pabagts.s efine ondluelt or npdakageast asked tontthaptelf a
first sem conduct.or package. 25 In another aspect, the present invention
relates to a rretsﬁ?)'ﬁfmfj‘gﬁmré’f‘ &1 S@@‘rﬂq‘éﬁﬁ’&ﬁ&‘{"ﬁfﬁ RR&EAR S RELOP pfispe other.
particul aply, the nethod conprises the steps of physically and
el ectrically connecting a bottomside of a first sem conductor package to a
printed 10 DECEMBER 2004 4 ci r cui SUMBRRY, OF IHE IRVERTKERN conduct or package
having a plurality of |eads, each one of the first plurality of |eads
having a first section exposed to a first top surface of the first
sem conduct or paCkag?h@E‘r‘éseﬁt AEGANBRES 1 ARLES Eém@o%n&dc%% rﬁac%ggaés & mgth(];cfert
bott om surface of

for manufacturing the same. More particularly, one aspect of the present invention

15 comprises a semiconductor package wherein the semiconductor package includes a lead
frame, a semiconductor chip, a plufality of electrical paths electrically connecting the
semiconductor chip to the leadframe, and a sealing material. The leadframe has a
plurality of leads, each one of the plurality of lcads having a top portion exposed to a top
surface of the semiconductor package and a bottom portion resting flush with a bottom

20 surface of the semiconductor package. In this manner, the leads extending from the top to
the bottom surface of the semiconductor package provide an electrical path for connecting
and electrically powering a second semiconductor package stacked on top of a first

semiconductor package.

25 In another aspect, the present invention relates to a method for stacking
semiconductor packages. More particularly, the method comprises the steps of physically

and electrically connecting a bottom side of a first semiconductor package to a printed



the first sem conductor package. A second sem conductor package is then
physically and 5 electrically connected to the top of the MgBECEMBER 2004
sem conduct or package. The second sem conductor package includes a second
plurality of leads in generally the sane position as the first plurality
of | eads. BRI EF DESCRI PTION OF THE NGS 10 A nore conpl ete
under st andi ng of .the cajrier package according to the present invention
may be obtai ned B %ﬁﬁa{ B disst senieanductes prebdinigvide e aluraiy of beadsy faok prsrpfikeen

taken in conju [ | nyi.ng draw ngs wherein; 15 FIGURE 1

is a side-el evatqiFr %rfglf}?lw%%g?é@?ég@g gnrrfgra[ S)éftg’\gv 65?05\?21\‘4 5 Gpt éﬂptsug%‘i‘?iogébﬁ’d‘ﬂ(?éj‘t or

package; FI GURE smicSndactsi shekagh ot do@ihdkectiGh RStHn FEGLEANAL fNi tgu‘ﬁ’orﬂfsur?acé d st

enbodi ment of a sem conduct or package constructed rn accordance wth the

principles of tHbe {yslesmisendugtor packegnt Aorsond b@iiEdBtdr packagei idercproyially anal

Cross-sect.i onal Xi hod for stacking the first enbodi nent of a
c

s ew Iof a rrea ( ] (
RRGAY ERYFEd P tle itpp QE by dissh semigandpcterhackage nBheptesendof t he

sem conduct or pae
present inventi QBmicamudkd: Ri29Q4..1 RE 4,i.s a side-el evational,
cross-sectional view of a segong errbo?ﬁorr%ﬂlF'la%Jc’gge%deSﬁ% %C(S'ﬁrﬁfﬁ’ctg%?a”ﬁ%ﬂ%? e
constructed i n asdeffidaplcelitwiof lbadshe princi ples of the present invention; 5
FIGURE 5 is a side-elevational, cross-sectional view of the second

enbodi ment of a sem conduct or package constructed in accordance with the

principles of the present i nv%ﬁ@l}ﬁ@g& é gz Fiﬁg conduct or package has
been prepared for stacking; FlI $ cross-sectional

vi ew of aonethod for stacking the

A more complete understanding of the carrier package according to the present
invention may be obtained by reference to the following detailed description when taken

in conjunction with the accompanying drawings wherein:

15 FIGURE 1 1s a side-elevational, cross-sectional view of a prior art semiconductor

package;

FIGURE 2 is a side-elevational, cross-sectional view of a first embodiment of a

semiconductor package constructed in accordance with the principles of the present

20 invention;

FIGURE 3 is a side-elevational, cross-sectional view of a method for stacking the
first embodiment of a semiconductor package constructed in accordance with the
principles of the present invention;

25



10 second enbodi nent of a sem conductor package constructed in accordance
with the principles of the present invention; FIGURE 7 is 1® DECEMBER 2004
si de-el evational, cross-sectional view of a third enbodi ment of a

sem conduct or package constructed in accordance with the principles of the
present 15 invention; FIGURE 8 is a side-elevational, cross-sectional view
of the third enbodinent of a sem con.déctor package constructed in
accordance with the pFON&ESt 8¢ sise-elemsiopil.cosesnsectipminden pomseadrdembodirgent of

sem conduct or pa been prepar for stacking; 20 FIGURE 9 is a

si de- el evat i onal ?g%g(gosrlgl%goerdjta? 3%%!30 Vi C&?%OLP 2409 ‘P?o‘ﬁ‘ﬂ’f the popciplesi Hfghe present hi r d
enbodi ment of a memi&onduct or package constructed in accordance with the
principles of the present invention; 25 FIGURE 10 is a side-el evational,
cross-sectional view of a fourth enbodi nent of a sem conductor package
constructed in accor %Eﬁdzw th the principles of the present invention; 10
DECEMBER 2004 6 FI GU i %5158 sdertlsvationd) agrpssriestionak vies of dectiooh ambodiment of

the fourth enbodj : ] ductor. package constructed jn accordance
wth the princ ol eo s et PERLERRAELSY p RERERE iR P LEhe el ueon

package has beennphnepalnedhd @micoh@olst flkage hisltdFrepid k3 s@cigigde- el evational
cross-sectional view of a nmethod for stacking ‘the fourth €nbodi nent of a

sem conduct or package constructed in accordance with the principles of the

present invention; 10515@%"? 13 i(g a.si]de-el evational , cross-sectional view
of a fifth embodiment of \&° s&MEBAGIRE, Frof=eRian view s & meted fr stackigdlsr dance

with the princi pe@sd @mbbdiBed? #SEMmicohMMRNHaORze constructed in accordance with the

principles of the present invention;

FIGURE 7 is a side-elevational, cross-sectional view of a third embodiment of a

semiconductor package constructed in accordance with the principles of the present

15 invention;

FIGURE 8 is a side-elevational, cross-sectional view of the third embodiment of
a semiconductor package constructed in accordance with the principles of the present

invention after the semiconductor package has been prepared for stacking;

20
FIGURE 9 is a side-clevational, cross-sectional view of a method for stacking the
third embodiment of a semiconductor package constructed in accordance with the
principles of the present invention;
25 FIGURE 10 is a side-elevational, cross-sectional view of a fourth embodiment of

a semiconductor package constructed in accordance with the principles of the present

invention;



FIGURE 14 is a side-elevational, cross-sectional view of the fifth

enbodi nent of 15 a sem conductor package constructed in aciQODE@EMBER 2004
the principles of the present invention after the sem conductor package
has been prepared for stacking; FIGURE 15 is a side-el evational,
cross-sectional view of a nmethod for stacking the fifth enbodi mrent of a
sem conduct or package constructed in agcordance with the 20 principles of
the present invention; FIGURE 16 is a side-elevational, cross-sectional of

a sixth enbodi nent of I%Uﬁieﬁi.con uc{ or, Igaﬁckage constructed in accordance
with the principles of the pradaiifeleraighahicrosysecienalievppbr/Breh sbpiment
FIGRE 17 i a Sheschl@iationakesChRRansPRLORRL MO biRiELARY Lar

C

stacki ng the sixth enbodi nent of a sem conduct or packag nstructed t n
accordance W th istiorpatientdé pdndictor peckpfe@ssetiobn prepard ifornckify; FI GURE 18 is a
si de-el evational, cross-sectional of a seventh enbodi nent of a

seni conduct or package constructed in accordance with the principles of the
present invention. [ﬁ%@hﬁﬁg ipgségg_l B;I’ItiC]\IICF THE .PREFERRED ENBCDI MENT 10 The
present invention may be undef 064 nore rERITIFOBY VIFE L e SrERd {5 staping

fol | owi ng det ai | thel s GrbRliheR ofh sBhiefaLdS: Og B iRt | | on
and the figures. Referring now to FIIGURE 1?pafaﬁgrenits shémﬁccgmnéem{tﬁ%é

si de- el evat i onal Pringiplessef thegaese imabntiod’5 vi ew of prior art seni conduct or
package 50. Sem conduct or package 50 has a sem conductor chip 51 attached
to a paddle 52. Paddle 52 is a part of |eadfrane 50a. A plurality of |eads

53, also m part of | qad{RBNE iPHade- GQUNEoRULc+JRa1 3&%&/ O%Q%Eieﬁﬁ%ﬁéet%t &% A

plurality of wires 54 electrically connect sem conductor c 0 l'eads
53. The wires  semiconductor package constructed in accordance with the principles of the present

invention;

FIGURE 14 is a side-elevational, cross-sectional view of the fifth embodiment of
15 a semiconductor package constructed in accordance with the principles of the present

Invention after the semiconductor package has been prepared for stacking;

FIGURE 15 is a side-clevational, cross-sectional view of a method for stacking

the fifth embodiment of a semiconductor package constructed in accordance with the

20 principles of the present invention;

FIGURE 16 is a side-elevational, cross-sectional of a sixth embodiment of a
semiconductor package constructed in accordance with the principles of the present
invention;

25



54 are generally thin and made of gold, silver, or alumnum The entire
assenbl y-except 20 for outer portions of |eads 53-is encl oJ@DECEMBER 2004
nonconducting sealing nmaterial 55. Sealing naterial 55 may be,
t her mopl astics or thernoset resins, with the thernoset resins including
silicones, phenolics, and epoxies. Priqr art sem conductor package 50
cannot be stacked on top of each ot her’ because no el ectri cal path exists
to electrically |inkFIGI&RE $§&m € oddelentionalporobdrectiong Wiev of pmbthddeldr ethdkingi t
board. 25 Referr| ng_pnow to FI GgJRE 2, there is shown a side-el evational,
cross- sect i onal MePEheBPolRsH CbAdHRIEIuEr Rrckige capuged ingeopqrdasee withddi ment
of a sem conductgr. s iGEVBER 2004 8 constructed in accordance
with the princi tgﬁguép@eg%k?‘%g‘e%géggﬁf Pnvention. Sem conductor package 60 has
a senmi conductor chip 61, a leadfrane 69, and a plurality of wires 64. The
above conponent's are encased in a nonconductive sealing material 65, which
may be tHBernopl ast i EKFIBE théy pedetlevabaiah stosswiettfontlheg at dsemtiosdbdimesiofis
i ncl udi ng silicones, q 5 phelpol i Cs, agcp_e oxies. Still referring to FlI GURE
2, leadframe 69 W TIUHRY BE-GRSEITBEH imagprdancastith the pringidlesy PLFe RS9 Has
paddl e 62 and ajRlisral ity of leads 63 all held in a spacial relationship
by a tie bar (now shown) that surrounds |eadframe 69. Leadfrane 69 is nade
of a heat 10 and electrically conductive material such as, for exanple,
copper. Paddle 62 is_of generally flat rectangl e shape, in sone
enbodi ments square, H FLLDESGRIR] RF SRESEEFERRERAMBODIMENT  but does
not necesgarily have to be, etched for better |ocking strength to sealing
material 65. A bottom side of paddle 62 rests flush with and is exposed to
the outside of seni Thngdusdnolinpapkags 60 undexpRai Mgt RAIIPU QR RidR Bk
paddl e 62 to the 15 outside environnment increases the heat dissipation
capabi | i ti es of f¥eyingdetse teseriniae RERseferrgEmbativaentsgi thedeieptisntaicbthe Bfurgsadd| e 62
may be coated or electroplated with a corrosion- mnimzing material such
as, for exanple, tin, gold, tin |lead, nickel palladium tin

Referring now to FIGURE 1, there is shown a side-elevational, cross-sectional

A
—AVER=S = SL

=IaY h a2 =
v

15 view of prior art semiconductor package 50. Semiconductor package 50 has a
semiconductor chip 51 attached to a paddle 52. Paddle 52 is a part of leadframe 50a. A
plurality of leads 53, also a part of leadframe 50a, surround but do not touch paddle 52.
A plurality of wires 54 electrically connect semiconductor chip 51 to leads 53. The wires
54 are generally thin and made of gold, silver, or aluminum. The entire assembly—except
20 for outer portions of leads 53-is enclosed by a nonconducting sealing material 55.
Sealing material 55 may be, thermoplastics or thermoset resins, with the thermoset resins
including silicones, phenolics, and epoxies. Prior art semiconductor package 50 cannot
be stacked on top of each other because no electrical path exists to electrically link the
semiconductor on the top to a printed circuit board.
25
Referring now to FIGURE 2, there is shown a side-elevational, cross-sectional

view of semiconductor chip package 60, a first embodiment of a semiconductor package



bi smuth, or an alloy thereof. A plurality of |eads 63 surround, but do not
touch, paddle 62. Each one of |eads 63 has a top side 66, 1@ DPBCEMBERIZ004
67, and an inwardly extending 20 nenber 68. Top side 66 of each one of

| eads 63 rests flush with the upper surface of sem conductor package 60,
whi | & bottom side 67 of each one of |eads 63 rests flush with the |ower
surface of sem conductor package 60. EPectri cal power passes through

seni conduct or pe?@ksﬁ‘g‘ée%m dgyordange siith iy firingiplet ofths pabeent Bivéntiol oStrdirandictte 67 or
vice versa. The_expo ortlo s of |d 66 _and bottom side 67 nmay be
coated or el ect f8pf* g"t@ﬁ'a? SN ‘é"“&ﬂlf’ggl Ao ﬁ?mﬁ?ﬁ’iﬁdﬁg’l?@%?ﬁ“ﬂ{es &ucheas,

for exanple, ti Qe | ) an

al | oy thereof Araﬁ(gtg?ﬁglg%%h? salrc?ﬁeigsfvgdg q‘o?"ﬁg/%r d\gdge#l% "Ralt ;albéss %ng ma?é)S

Not ch 68 i ncr eagksmaedistidsooK itmgmsder eagg{sh whxat weetmereﬁ&kl ﬂeﬂﬁtd n@fud:h@&dﬁo.@;s and
10 DECENBER 2004 9 sem conductor package 60 and decreases the |ikelihood
of a | ead’f |edd20ks ,derAxiséconi ng det ached for m seni conduct or package 60.
Sem conductor chip 61 is attached to the top side of paddle 62 by using an
adhesive known in the art. 5 Still referring to FIGURE 2, a plurality of

wires 64 electricall il i@t to MEUREN) (UGt s@%ﬂpn&l bt Qeskﬁiéﬁiﬁr{ﬁ% dé%l Wres
64 are generally thin in dinension and are nmade of an electrically

conduct i ve mat ediczdiragei6h haspaddie 67 a8d h plrafityarf laliush silimald neadpacid eMeioabied from

the operation of sembcoGduc or chip 62 can travel through wires 64 and be
di ssipated to th%2d508 @eves W%}ﬂfﬁé‘ﬁfouwalea#@ﬁmﬁ 6 catlEngle &R ir wadsrof wibpabs 64

is attachgd to gnd @800 Q&Quétﬁgt %QIWQJ)ch Q0 fgregga%gl Hogg%) an da%dl@ 33 g jone

end and is attached at a secon to thé I nwar menber 68 of
one of the | eadgeGgily 8t rle¢tang®f shapel, itgsob@ eEﬂaﬁdREntsquuSreaﬂla!viﬂg angait@i thdkndd

encapsul at es Ie?d@ﬁa%e sem conduct or chlgﬁ’Gl, and wres 64 except for
top side 66, bottHYfi i B dogvRet PersSEY e tubs eiFhodderdiegegockingsisengihde 66,

bottom si de 67, ;apg hi&iPest gn%ég%npmg{f&j%% é?e'se§t?1er esvplth ) tlpextpgs%?n%u&f ace of

carrier package 60.” Referrin I'S cOnduct or
packages 70 andoutlide of semiconductor package 60. Exposing the bottom side of paddle 62 to the

15 outside environment increases the heat dissipation capabilities of semiconductor package
60. The exposed portion of paddle 62 may be coated or electroplated with a corrosion-
minimizing material such as, for example, tin, gold, tin lead, nickel palladium, tin
bismuth, or an alloy thereof. A plurality of leads 63 surround, but do not touch, f)addle
62. Each one of leads 63 has a top side 66, a bottom side 67, and an inwardly extending

20 member 68. Top side 66 of each one of leads 63 rests flush with the upper surface of
semiconductor package 60, while bottom side 67 of each one of leads 63 rests flush with
the lower surface of semiconductor package 60. Electrical power passes through
semiconductor package 60 by traveling from top side 66 to bottorn side 67 or vice versa.
The exposed portions of top side 66 and bottom side 67 may be coated or electroplated

25 with a corrosion-minimizing material such as, for example, tin, ‘gold, tin lead, nickel
palladium, tin bismuth, or an alloy thereof A notch 68a is created by inwardly extending

member 68a. Notch 68 increases the locking strength between each lead of leads 63 and



bot h enbodi ments of sem conductor packages constructed in accordance with
the 20 principles of the present invention. Sem conductor AAaCBEQCEMBERS2004
attached to the top of sem conductor package 71 so that |eads 73 of

sem conduct or package 71 touch and electrically connect with | eads 75 of
sem conduct or package 70. The bottom surface of sem conductor package 71
may be attached to a printed circuit b8ard (not shown) of an electronic
devi ce or nmay beseafcbainbed phdagnot hed dsesskaohe liRdliasodoaCkage dFavidngs|mads i n
25 generally the same | ocatjons. Yet another sem conductor package having
‘leads | ocated ¢¥ReRag fsacked fopp sepipradysterackage €k rfermoddistoochip &t kagechd nay
be attached to t top. surface of sem cqonductor package 70. To physically
and el ectricall ygaglfettaﬁﬁdesole%ﬁl 5 (l}étu?)‘?g af('fl(a%@ E’FQ"?%?) ‘10 packages 70 and
71 to each other, to another sem conductor package, or to a printed
circuit board, any nethod commonly used in the art can be used, including,
but not Iinmited to, 84l chéariingy toFEGUREeLt aturblhe ot Wiess. 65 dRefriedllyi @gnddow t O
FIGURE 4, there is.shown seniconductor package 80, a second enbodi nent of
a sem conduct or FRERMYEOCIREY Qdedlamata ks Pameensrelly thiné Gimenyier pidese of
the present inv I, Q3. l . e 80 has,sem conduct or ip 81,
a | eadframe 802?%%%{3 agsﬁ%ﬁgpﬁd%ﬁﬁm\?ﬁ%égggﬂg ‘fh%"zde ConpOnEATE Ay ﬁeé“gt

into place usingeseatd fgn thepettionlof &miconflict chif62 el @S vd FRSUER RirBSdi A8bOT
t hernoset resins, with the thernoset resins 10 including silicones,

phenol i cs, and éb%iﬁiﬁédsf.ﬂ thay pytsiderearieanmient yiatlerd 6 CUREh dre e eegto4fivattataétoshape
of the.l eads 83,. sem .conduct ar ackage 8Q.i constructed in generally the
same r’n’anng)r and H?ﬁ‘gpagdeﬁ%trsﬁwn ?nhsgm’scg?‘f@cmrcg}’ﬁ)%n@rﬂ“% e%f’sa'@éﬁ?t@ﬁt‘f‘gdéf‘éffm%ckage
60. Each one of db@ thenddB3xbafngindddl 3B Shlf 1RGeaddsaNd a top side 87. The
bottom surface of bottom side 86 rests flush with the bottom si de of

sem conduct or package 80 and is exposed to the outside environnent. Top
side 87 has an inwar, n_ outwardly extending

S 1llyre 12(Ine gi@%ggﬁn%er 188 and. ?

menber 89. Inwardly “extendi ﬁg goeflls Jupgat 87 eatapsiatssnigadirams K8

plurality of W rsesic@uct&4niRE 0l Md wires 64 except for top side 66, bottom side 67, and the
15 bottom of paddle 62. Top side 66, bottom side 67, and the bottom of paddle 62 rest flush

with the surface of carrier package 60.

Referring now to FIGURE 3, there is shown semiconductor packages 70 and 71,

both embodiments of semiconductor packages constructed in accordance with the

20 principles of the present invention. Semiconductor package 70 is attached to the top of
semiconductor package 71 so that leads 73 of semiconductor package 71 touch and
electrically connect with leads 75 of semiconductor package 70. The bottom surface of
semiconductor package 71 may be attached to a printed circuit board (not shown) of an

electronic device or may be attached to another semiconductor package having leads in

25 generally the same locations. Yet another semiconductor package having leads located
gene’fa!]y at the same place as semiconductor package 70 may be attached to the top

surface of semiconductor package 70. To physically and electrically attach semiconductor



extendi ng nenber 89 is used to electrically connect integrated circuit chip
8l to a printed 20 circuit board (not shown) just |ike priapBECEMBER 2004
sem conduct or package 50 or, as described below, is used to stack

sem conduct or packages onto each other. A notch 88a forned by inwardly
extendi ng nenber 88 increases the |ocking strength between | eads 83 and
sem conduct or package 80 so as to decrease the |ikelihood of a | ead of

| eads 83 from |lredegisril) aldt7achedc!f otben seamothenshiidofiucidapdRgR, &0t algrintddni M ze
corrosion, the bottom 25 exposed surface of bottom side 86 and the
outwardly ext endfiyt &Py gthed \rommonly gisgdein the 2| car be wpidainelydiog, thut aot

protective materjiakq ::SUSRASane HRL. e, tin, gold, tin lead, nickel
palladium tin b! sttQh, or "’aor!ff/ Ogﬁtgg;%?ﬁ!ehffeof. 10 DECEMBER 2004 11 Referring

now to FIGURE 5, there is shown a side-el evational, cross-sectional view
of sem conductor package 80 after it has been prepared for stacking. To
prepare carrier pacl&xgeinsmowaw FEHETK4, nlgere io sttowa sethiyonehxct @ paikag: stpaieesnd89 i s
bent upwards and then 5 i.nvvar.ds to partially wap around the upper surface
of sem conduct ore"ff}%‘g'?%{’éB Bpmiqopducier gackpgerengmsied i armrdaess, widdhy mrordlacaior

package 80 now hesp@a@sedidon! RabicGat&NDda ﬂfa%yéothg&em?c%g u%{prf:lilr %la%?ea%fpamt he top
S e

surface of sem conductor package 80, thu rovi ding an getrifca pgth for
el ectrical powemsOsenpasgurility o glires 81 ClBAUGIPEneRR GKAGE RO phids usifl fetagi cal |y
connecting with anot her sem conductor package |ocated on top of 10

sem conduct or p&EKEY sBNIREFIAA% thegmeriattiesr eGURE resinst Wigh the ithermdsgvipsia

si de-el evgt i onalincug{nggg%ﬁgscéﬂe%%sl and/dEW of a nethod for stacking

sem conduct or packag onto sem comduct or package 90. Both sem conduct or

packages 90 and 91 are of the second enbodi nent of the 15 sem conduct or

package constructed in accordance with the principles of the present

i nvention. Wien st acRélireéning te FERURE Heexcert e theosbarsiofl e 3R2d0$3, senitanduttuct or
ical contact with the bottom side

package 90 comg?ckgéy o Bh%%gtpual p e}ndeelﬁagctt%:e al _
93 of seni condubtore. package 0f° " # KEY (ioifimeamupdwddes sanerally thep®mieen
sem conduct or paekagess zﬂ@erﬁi%d@&oﬂ}ﬁckage 60. Each one of the leads 83 has a bottom side 86
15 and a top side 87. The bottom surface of bottom side 86 rests flush with the bottom side
of semiconductor package 80 and is exposed to the outside environment. Top side 87 has
an inwardly extending member 88 and an outwardly extending member 89, Inwardly
extending member 88 is used for attaching to the plurality of wires 84. Outwardly
extending member 89 is used to electrically connect integrated circuit chip 81 to a printed
20 circuit board (not shown) just like prior art semiconductor package 50 or, as described
below, is used to stack semiconductor packages onto each other. A notch 88a formed .by
inwardly extending member 88 increases the locking strength between leads 83 and
semiconductor package 80 so as to decrease the likelihood of a lead of leads 83 from
becoming detached from semiconductor package 80. To minimize corrosion, the bottom
75 exposed surface of bottom side 86 and the outwardly extending member 88 may be
coated or electroplated with a protective material, such as, for example, tin, gold, tin lead,

nickel palladium, tin bismuth, or any alloy thereof,




al  ow heat dissipation fromthe bottom surface of paddle 97 of

sem conduct or package 91. 20 Bottom side 94 of semi conductompEdEmBEmz@mh
be attached to a printed circuit board or another sem conductor package
having | eads generally |l ocated at the sane place as sem conductor package
90. Anot her sem conductor package (not shown) can also be stacked on top
of sem conductor package 91 by follow pg the sane nethod as descri bed
above. The sem conductor packages are held in thi s stacked position by
appl yi ng sol der 25 or Ot her ‘used in the art-bhetween
t he sem conduct or pacﬁ?gedg“sj “0%6‘7%5\1@@?{6&5 WP@O*H&G’GY%‘P“%&F&%&&@“%H a
printed circuit aaabsentnEEEMRER 200! & naRGLrbid 0% AOWLLG,

there is shown a side-elevational, cross-section view 0 i o%(‘f’uc or
package 106, a tdaimedpehizodd lfm’l’stacloﬁg, QutSenntlyC:RRALIG fimbBRgK ARt upsARS hid4GLd 1 n
accordance wth the princj |lol es of the present invention. The | ocation of

| eads 100 In serﬁ“(‘f%fﬂ%‘tﬂd’ta%'ﬁl Yp\a@Ra@endmeumef fusfaee dfrsgmqnhmdr(p@dcage(ﬁ@ df thiseads
in the 5 enbodi ousl scri bed. ne of the |eads_ 100 has a
top side 101 angﬁ i §%IH%L?%%1" siode @ﬁtor P a%’oﬁ Sl g‘?sdléadi(ﬁ thag exigpdo i dhey
encased in seal i RgomBduEideal HO30p EXELPLoFT 0 S hat is
resting flush with the bottom suﬁface of Sg{élg%’{ag%%d%atg% rggagw§tg“g\,ﬁ%%§

bott om nost sur f%@lcdfpaﬂbfqromom‘:dbpqm tospasx poaghl se@icortdh@oropickiod egot Q]dal I ow
el ectrical cont agt lt pri i nted ci r%wt board or with another carrier 10
package (not shoy S"Cﬂi ?@ {igs ¥ th rgthery SgicedHEeTalPRSfagen docasteomp tae eofas
sem condugt or  pesk&HectdQRckadOsdri Ni M ze corrosion, the bottom nost surface
of bottomside 102 is coated or el ectropl ated with a protective materi al
such as, for exanple, ti n, gold, tin lead, nickel palladium or an alloy

t hereof Top side 101 s.an i nwardl extendi menber 114 and an outwardly
ext endi ng menber 115X H\W&r’tﬂ’l‘” toSIEERE hdhere ?Wf&iéldtdmé@tdb cfoBs-gegtional
integrated circuidy dhinRib§4% fstaag end' n gb

114 also creates notch 114a. I\b‘kég;t%m%rgfigaf”lcre esgféva Wbp??ﬁnﬁ h

bet ween | eads 10Btlanehicaenitaopsitadoroopask agead 4f ﬂ@%e&ﬁ@r&%&ﬁzeﬁth@f the
l'ikeli hood of leads 100 becom ng detached

semiconductor package constructed in accordance with the principles of the present

invention. When stacked onto each other, the top side 92 of semiconductor package 90

comes into physical and electrical contact with the bottom side 93 of semiconductor

package 91. In addition, a space 96 is left between semiconductor packages 90 and 91 to

allow heat dissipation from the bottom surface of paddle 97 of semiconductor package 91.

20 Bottom side 94 of semiconductor package 90 can be attached to a printed circuit board or

another semiconductor package having leads generally located at the same place as

semiconductor package 90. Another semiconductor package (not shown) can also be

stacked on top of semiconductor package 91 by following the same method as described

above. The semiconductor packages are held in this stacked position by applying solder—

25 or any other material commonly use;i in the art-between the semiconductor packages

and/or between a semiconductor package and a printed circuit board.




from sem conduct or package 106. A small portion of the outwardly extending
menber 115 is encased in sealing material 103 for increasegDECEWBER 2004
strength, but the mpjority 20 portion of outwardly extendi ng nmenber 115 is
exposed to the outside for connection to a printed circuit board just |ike
prior art sem conductor package 50 or ?ny ot her sem conductor package. The
exposed portion of outwardly extending fenber 115 is coated or

el ectropl ated with a Refotirectowe FGURE 3l theré Bodhivh AGideblatatin®Rt, chdsiick@@alt O,
tin, gold, tin lLead, nickel palladium or an alloy thereof to mnimze
corrosion. 25 Ref&fPf PRBHCs PrRiKEIREDSS 2 thiFk prabadisnesthefvh samniconenstos peskeaei onal |,

of “outwar dl y extohaEmef RRIEREE YL RIEE Mot ahlit iVeRe an
out si de notch 1Q¢ds 906 ai nedicduétbi padR@sediddd difirs FmVHedloYatio8 Xdragdi 7Y wipenber

115. Qutwardly extending nenber 115 nmay rest flush with the top surface of
carrier package etbedipeEiCIRECS)y dsscribedot Iraghl enesdfi thghledds 10§ hasradep aide $tioand ai n

carrier package 108 of, Fl . In this bent configuration, sem conductor
package 5 106 n&ﬁgﬁ%§‘dFelggsq%g’c’ft%ts‘déi%ﬁdcw&ﬁ% Heasehin Baing upateiglelBo t he

top surface of saenm eNEUELRSL-RRGKAGE. i th rQvi di n electrical
path through sem %glnduct or pn?ackage 1%é&§nl(§ r%#ﬁ%\?lvlsj&f ‘g?ﬁ én}%e?:l ttropncsélldlfmf o
connecting w t h semiotridectorgeniiage hE CTHRbopat kdgeurfice GAbRB MOt 10P isQhkposed to
sem conduct or package 106, 10 Referring nowto FIGURE 9, there is shown a

cross sectional ,"sqiguledp aloyr plggiugal copfaghyvid 2 printestcitent toatd os twith kiater catdert hi r d
enbodi.menf, of seyi structed in accordance wi.th the
princi pl es of t%?%%@gﬁ%gf’%ﬁ{ﬁg%ﬁ& [gée:a?ﬁ%cat(t)ﬁe A% e Sple RAG S 1S aced

on top of seni coadugt t06. Pas kagdRizd Q8rosHREHhP BbkdrofT subthte of BUkMRKHEE Y02 is
extendi ng nenber 116 protruding out of the top surface of sem conductor 15
package 108 fi t O35t @ efpsrerntedaithg prateptive ontitigtsash asdokexgmpld, 08, golhpin &adle 113

gfem igg‘dﬁg?ggcggn&:lgggglﬁ@g%, %P z?n £1Fo§tthsergolf.u§'gp \é\lndé t11()1'[ }t]eg agl(l) wa? ; Ex?gn in(g) fmember
114 and an outwardly extending member 115. Inwardly extending member 114 connects
15 to integrated circuit chip 104 through wires 105. Inwardly extending member 114 also
creates notch 114a. Notch 114a increases the locking strength between leads 100 and
semiconductor package 106 and decreases the likelihood of leads 100 becoming detached
from semiconductor package 106. A small portion of the outwardly extending member
115 is encased in sealing material 103 for increase in locking strength, but the majority
20 portion of outwardly extending member 115 is exposed to the outside for connection to a
prinfed circuit board just fike prior art semiconductor package 50 or any other
semiconductor package. The exposed portion of outwardly extending member 115 is
coated or electroplated with a protective material, including, but not limited to, tin, gold,
tin lead, nickel palladium, or an alloy thereof to minimize corrosion.
25

Referring now to FIGURE 8, there is shown a side-elevational, cross-sectional

view of semiconductor package 106 with the exposed section of outwardly extending




109, Anot her sem conductor package of the present invention having |eads
generally in the sane place as sem conductor package 109 mayDBE€EMBEReZO®N
top of sem conductor package 109. Anot her seni conductor package havi ng
generally the sane configuration 20 as sem conduct or package 108 can be
stacked underneat h sem conduct or packag? 108. Alternatively, a printed
circuit board can be attached to the bottom surface sem conductor package
108. -The seni conaereicol! Spauniumyestsane ohsitiendtagrl ieformed b iisbepdimClf@owarssi t i on
by applying sol der-.or ot her. material commonly used in the art-between

an
the seni conduct 8F"pa% R‘ﬁ@é“é LAnd/Bfvasdy weenling revec bridorrtiey fedicwidyde amd a
rinted circuit g 2h. er g/%ﬁlg, 14 Referring now to, Fl GURE 10,
1 AR E'la%%ﬁ% cr osk%-&géel)c?‘i%%tﬁde\?ln%hw gf’ms'égén?sc%ﬂ‘ﬁ‘b@t or

there is shown a side-el eva

package 120, a fauiet hackapo Ol EIFIGORE 3. SRIthiS ORI UGAIRraPAL K@EEnd &N Shedgt ed i n
accordance wth the principles of the present invention. Sem conductor
package 120 has f8r@walhasyleadsd08 dhas extsnghdivenths tagiom herfewiodhenenpt sirade dthe

~present 5 inventj | ready. di scussed above, including | eads 121 that can
extend fromthe %@P?%Pﬁtors %ell(%ggeﬁ%f a%’&r?fod’lfjﬁ’éu%‘t ?C”ﬁ?é]cR"‘glbéhrﬁ%b sepiceEcterop
surface of seni GREAEET® 1RANKAILT 1R Qricall 12l ane shaped

differently. Eaglﬁ Igad o?‘n | eads 521 ’H‘iﬁsyg‘y@%"gﬁ%?"g@@? ant %ngugfotrg%%%ede

123. Bott om si ddock28 on epefiedmi®edlicion pakadeilng materi al 124 except for the

very bottom surface, which is exposed to the outside for electrical
contact. Top side 122 10 provides a surface for integrated circuit chip 125

to physically and el gehiicald i G9BORE L. 1355 ds }%El?ls%%&?o‘;}ggﬂger_&'l\g@ﬂ%iﬂi ty of

wires 126. Top side 122 also has an outward exten Though

a portion of outvmrdf y extendbngtackiEbel 3 dnbo@mMeh 08 knlidndRRR! faPGges
material 124 for better |ocking strength between |eads 122 and
sem conduct or  FA¥KEYY Mascordantu il thearmciples efUthoarceting ingsetion d Sergcondudier 133

Lot LI B e ARy e S
outwardly ext enadungrdiyesheiding Itenban 1 RepBlr@iide b e liie top surface of semiconductor
15 package 108 fits into notch 112 of semiconductor package 109. Top side 113 of
semiconductor package 109 rests flush with the top surface of semiconductor package

109. Another semiconductor package of the present invention having leads generally in

the same place as semiconductor package 109 may be stacked on top of semiconductor

package 109. Another semiconductor package having generally the same configuration

20 as semiconductor package 108 can be stacked underneath semiconductor package 108.
Alternatively, a printed circuit board can be attached to the bottom surface semiconductor

package 108. The semiconductor packages are held together in this stacked position by

applying solder—or any other material commonly used in the art-between the

semiconductor packages and/or between a semiconductor package and a printed circuit

25 board.




connected to a printed circuit board just like prior art sem conductor

package 50. Both the outwardly extendi ng nenber 133 and thg BECEMBERC?04
surface of bottom side 123 are coated or electroplated with a protective
material such as, for exanple, tin, gold, tin lead, 20 nickel palladium
tin bismuth, or any alloy thereof in order to mnimze corrosion. Referring
now to FIGURE 11, there is shown a sidéel evational, cross-sectional view

of semi conductor packigerid2fhw W FIGUREL] 00 WeWBE HhoneX S LN NG nTBIRE £ 33; Of
top side 122 bent uEwar ds and then partially vvrgpped ar ound ({F%gsﬁcé%%i

surface of 25 seif¥@hdittoducuckdge: 12202 f@nbenthémat tofarsehiyonexdendiiag:
menber 133 is wapped .around sem.conductor package 120, sem conductor
package 120 can B SrE¢PLEeBHrye vAhdhhaincwieriof fic emt dofetiset Semisanieige as
shown in Fl GURE dadiact N28 LS Q8RN ER 2004 15 cqgnfigur.ation,

seni conduct or pa%kage 120 now ha%h%egg‘s %Efor{eﬁtétaseti gﬁlﬁ)%i‘"}%%%fﬁée B§ttTom
surface td t he tiowmntur flaaly ctha‘cugseiﬁb@@dgdumtimﬁ [R&C10a0Rat BeDextdnl YO mPHOVARLNY an
el ectrical path through _sem conductor package 120 and powering anot her
sem conduct or paRRER§e! Semiceatustpr packegp! 28fto et pmidesodl semipmdiciy @adkO:. 126,
Referring now t there is.shown_a side-el evational, .
cross-secti onal q{(!s:v%ae%#?g%dlé%{ or Sfé)%%i%&ﬁ“&@'? Faghtad ofifeatsi 181 Bastitenoridsdar and
package 128. Lea@foh3le 2z BalavSidabb ¥ A0 8LESL i 1.9 eads
132. A space 135 is left between sem'scondstfct or£|cr)l gﬁggééglg%gpﬁcﬁqﬁeﬂgﬁo

al l ow for heat dicgen satficanwhichoim exhesedat thonuisdle sur flatanéonpaddire sd4122
Anot her Sﬁ)n”i conduct or package. having | eads at generally the sanme place as

sem conduct or paCkage? TIPCELn eErBrhlayt gip 12570 ehysisallyi a8 flaciteatir conpestioage
127. Sem conductiQ#s packa aff ' e ISle on a(ggnogwar t her .
l g%ea]ﬂ& ﬁ%f‘ﬁéng T%l Riida gh f'y cSrfn%rcag'eeﬁterb"ga

sem conduct or package or physically and ectrica
printed circuit mayber 3. AGhough  paticest cantldyt fenMAE kRGBS 1B5as BRIHed b thi s

st acked position appl.yi 15 sol der-or any other material comonly used
in the art-bet W@%ﬂﬁ}{q nggénﬁggéﬂrd%tteb}ockmg strengt}: between leads 122 and semiconductor

package 120, a large part of outwardly extending member 133 is exposed to the outside of
15 semiconductor package 120. If no other semiconductor package is stacked on top of
semiconductor package 120, outwardly extending member 133 can be electrically
connected to a printed circuit board just like prior art semiconductor package 50. Both
the outwardly extending member 133 and the very bottom surface of bottom side 123 are
coated or electroplated with a protective material such as, for example, tin, gold, tin lead,

20 nickel palladium, tin bismuth, or any alloy thereof in order to minimize corrosion.

Referring now to FIGURE 11, there is shown a side-elevational, cross-sectional
view of semiconductor package 120, with the outwardly extending member 133 of top
side 122 bent upwards and then partially wrapped around the top surface of

25 semiconductor package 120. Once the outwardly extending member 133 is wrapped
around semiconductor package 120, semiconductor package 120 can be stacked onto

another similar semiconductor package as shown in FIGURE 12. In this bent




packages and/ or between a sem conductor package and a printed circuit

board. Referring nowto FIGURES 13-15, there is shown si de- PEQEMBER 2004
cross- sectional views of sem conductor package 140, a fifth enbodi nent of
a sem conductor 20 package constructed in accordance with the principles of
t he present invention. Sem conductor ckage 140 is simlar in
construction to sem conductor package 0 of the fourth enbodi nent.
However, |eads 1erpfigmatwamenispuiueoorcinac Kdgewlddlealsd2 hobt exeahfpdrethe byttom

encl osed by seal gun rpa:('erti al f142, but rather also have an_exposed | ateral
side. Leads 141™AFE0° NSV MG Al S eanduc paskasenig O tiuimervidingan gastess! patls seen
in FI GURE 14, 25y P&t apped. ar d the,top surface of

seni conduct or pacFk\%ghebi%]ﬂ](Igéhrd,&&tgljpF%c#c %ﬁlwei ?{Ib g’ £ g‘ﬁlgl(? e ror“mbcé’?:i”‘ecltﬁésp 2HE6 ng

| eads in gener al bytida tgasfBeptadac@packaggmosonduct or package 140 can be
stacked and affixed onto each other as shown in 10 DECEMBER 2004 16 Fl GURE
115, with the | eads 141 providing the physical and electrical contact

bet ween the semn con r pac ith the, space 144 between the
sem conduct or packagg&ge(f%nffa?lrll oW %:?glqﬁglg\fgn@r ﬁ%ieﬁétﬁ}l"éﬁfﬁ.a teg"*i“f’“%o“?fﬁ'ﬁ“éf"ona'

sem conduct or pagkrgfiutSr ficRedeed7 ARct@RnRS se \ roRa N
outwardly extendi ng menbe?s %?3 can be el ecﬁ?gﬁﬁsg%%%%nlggbﬁ’gg&t1036;}196
printed circuit Mgagly jand telacirikaly pronarcicdr o Bali anduc tspice paskaget Heween
Referring now to FlI G'{‘?éRE 16, there is shown a side-elevational,
cross-sectional “{ICRWMEPT B ATl ArDI 2% it rlipye fordpat disspitianhfremtsbrdbationt of a
sem condugt or pagkad C i ance, wth .th rinciples of the
present invention. E%gepg?ﬂi‘sg{yak%%héﬁgaﬁﬁggngnggn? atkaeg eyng E%écﬁ%%‘éep ¥ dhhas

al | the conponerstme plact he spnievidousl yackligs Cl2oS@A beepTRediohBBh o AbmichRluctor

sem conduct or packages_constructed in accordance with the principles of
the present invdfAtiedh 121 nsteasynducie ragiec oAt et elso disi pactd bnotop sénanetberduct or

package 150 is : Rettomsi de | "R | ural | of |eads 152.
Each one of | ezgggﬁ%&%agﬁgégg gopt%giphg%] 3 %aﬁeylt 1 lprﬁf]'ﬁ/e"té%%ﬁd%“ﬁﬁgr%%ter

154, and a bott dnardi deniaSie sdbcaBetd pRekagds Are ki i th5Qadksd Fdskids BE dhrliyhet he
top of inwardly extending nmenber 154.
13 solder—or any~other material commonly used in the art-between the semiconductor

packages and/or between a semicanductor package and a printed circuit board.

Referring now to FIGURES 13-15, there is shown side-elevational, cross-

sectional views of semiconductor package 140, a fifth embordiment of a semiconductor

20 package constructed in accordance with the principles of the present invention.
Semiconductor package 140 is similar in construction to semiconductor package 120 of

the fourth embodiment. However, leads 141 of semiconduct;ar package 140 are not
completely enclosed by sealing material 142, but rather also have an exposed lateral side.

Leads 141 also have an outwardly extending member 143 which, as seen in FIGURE 14,

25 can be partially wrapped around the top surface of semiconductor package 140. A
plurality of semiconductor packages having ieads in generally the same place as

semiconductor package 140 can be stacked and affixed onto each other as shown in




Sem conductor chip 151 is electrically connected to | eads 152 through a
plurality of wires 156. The bottom surface of bottom si de (bBEQCEMBER 2004
with the bottom surface of sem conductor package 150; the top surface of
top side 153 rests flush with the top surface of sem conductor package
150. A lateral side of each |lead of lepgs 152 is also 20 exposed to be
out si de of sem conductor package 150. All the exposed parts of |eads 152
are coated or elg@l{%pl]e?t @Eth\metfhada 14 b prowgling thenphybital Zichelecirizhladoh@att ek as,
for exanple, tin n lead, tin bisnmuth, nickel palladium or an

al I oy thereof. pRE & %O"P‘écéodémi(%%ﬁs andoyitinde sragin] Wibetsen W@Wéﬁ?ﬁ‘fua@épaﬁkages

sem conduct or pagkafe maQidigadne of ssenicon uctor ack 150, ads
152 provide an el ectfical lsp]g%{? ﬁ%ogeﬁf sgtgm %ng}{: CE8rP éscsl?%g%j TS‘@*’Q d can

el ectrically conge@bnduotoaratiags 15@%&@Mlycéx@efndlﬁ§%e%%rs| 136 888 GO RectiQ G%
sem conduct or package 150. 10 DECEMBER 2004 17 Referring nowto FIGURE 17,

there i s shown atC8pgied & erritadsiedit board pstliks @oer aprsahicuridestorgfacitapresomanner by
whi ch the sixth enbodi nent of sem conductor packages constructed in
accordance with the principles of the present invention can be stacked onto

each other. Sem condutdr@fingPREKRITGLRE 1lsSuslas gl%qmcﬁnsldte%i%i@gna? %sg QGCF Gf or

package 158, 5 with |eads 160 in sem conduct or packa y and
el ectrically cornmcof bemaaduch Dadhges 50 e@hdueﬁamfdnmibackﬂgeenii&)ﬁdud%ia%mk
sem conduct or packa {?aw ng leads in generally the same place as

seni conduct or paCREYEe a’lf& vdthothg @EnGpies afifan pessant Jwention.o Fxprpt th:spa of

sem condugt or D%H@Qesergtégnduﬁb@a{p?ar L O ﬁfsrgllctgg ggl@;[o?lgr{tﬁqg{a:‘tlﬁ%%eﬁlplésgt @fc Oé?ﬁ t

physically affixed to and e aI y connect

board or be stackbddibéntand &t fienedndatiot QRckafesabkiRledSRM &ALt Qh RRCKage
having | eads in %ener ally the same place. The sem conductor packages are
held in this std R%ﬂespftféiietﬂfﬁﬁmwe'ﬁ'ﬁbl Ipstagyl. %Ismpondmtorahy 15t dfsemetdestoral

o et oL, 5 SRS 8, S SRR S50 v, 0 S "
FI GURE 18, ther dealsi®ftawa td sidcdes,ah aiatdipdadnding eS8er 564 h®NBbttom side 155
15 Semiconductor chip 150 is attached to the top of inwardly extending member 154.
Semiconductor chip 151 is electrically connected to leads 152 through a plurality of wires
156. The bottom surface of bottom side 155 rests flush with the bottom surface of
semiconductor package 150; the top surface of top side 153 rests flush with the top
surface of semiconductor package 150. A lateral side of each lead of leads 152 is also
20 exposed to be outside of semiconductor package 150. All the exposed parts of leads 152
are coated or electroplated with a corrosion-minimizing material such as, for example, tin,
gold, tin lead, tin bismuth, nickel palladium, or an alloy thereof. Because leads 152
extend from the bottom surface of semiconductor package 150 to the top of
semiconductor package 150, leads 152 provide an electrical path through semiconductor
25 package 150 and can electrically connect to another semiconductor package located on

top of semiconductor package 150.




vi ew of sem conductor package 170, a seventh enbodi nent of a sem conduct or
package constructed in accordance with the principles of t1eDECEMBER 2004
i nvention. Sem conductor package 170 is simlar in construction as the
first enbodi ment of the present invention. However, leads 171 in

sem conduct or package 170 are stagger e;hso that | eads 171 are not 20 pl aced
next to each other. This staggered configuration can reduce electrical
shorts caused by theReF®E&e npye FEERE Bythant ts\shofn 4 Kide-dloatiina, Thisseabagger ed

configuration cap.he plied to t | eads .in each one of the previously
descri bed embodi ﬁg\?\t o g‘% tRe™ sbémwgg‘hdlﬂfctsﬁ?h paqdkREt Cbriemicenduder parkages

accordance W th tdhenpiddie hdeb@snc®lviih i ' 25.10 I VBER
2004 18 The method for manufacturi Egp?ﬁggﬁ%:gééhgrﬁ)%\égﬁb]g%{a?no%n\?\f%F"QﬁE%\‘}t%e

di scussed using eesh atherexSampsbelustenpaciond UET o8 KRGE oBRmichMcibi Fasitage 153
enbodi rrentsof a sn%m'} c&zﬂ#}ci or package constructed in accordance Wit h't he
principl es’of th&Thia nrgBiseIdytor mekuee dpd iphxgiclibrcded telsctFitayRENRGt 1éader e i S

proun Sem conductel soagkaney 0 puTge [B0ULRGhY PRIl G RUELSS BRIES, ©

first, sem conductor chip 6 ache : _
adhesi ve. Note, genertibyeths emeCsitg Ue belicoR@EkAGEKe isb%aéb&%gﬁmff% M&hRfeq the
sem conductor chip is supported by |eads instead of a pa e and <o H’ue

semi conduct or chPgheotop hecngsordivtas whdelienisit Swnlaty shsicatiions packagcl Bhen beads

at this step. 10, After attachi senj conductor chip 61 to paddle 62, the
seni conduct or ch‘fhggl%iﬁy ?@xedif’é‘ff{]?‘f’c&%ﬁa [X,conpsisisd M @ Rriptef ey besd of be stiokeds 64

usi ng anyioi re bamodired sRtdpU aKkARMInkid ndd e Ling material 65 is
then melted and poured onto |ead frane 69, pggekta ec@r"lrl g?eta%srlggﬁqeﬁ‘ﬁ%&'? 4P

wires 64. The se¥cPndhereamiqondiotopBackases lremeldlil misathckea poQ@in BRGplyiRALMRA
After the harder]{rnag RLOCEsS .. excess sealing material 65 is trimed off
ei ther 15 manually or klf{/ M3ETF LORmMOPlY Hsednty theatibaiaveenthe tshraicendnatorn pavimged eads

63 are al so tri n\®er betwkel ReInkicdhl e ph 8N4t The exposed ,portions of the
| eads 63 are then coated or el ectro %ca%éndapm?ed AR Sird

15 Referring now to FIGURE 18, there is shown a side-elevational, cross-sectional
view of semiconductor package 170, a seventh embodiment of a semiconductor package
constructed in accordance with the principles of the present invention. Semiconductor
package 170 is similar in construction as the first embodiment of the present invention.
However, leads 171 in semiconductor package 170 are staggered so that leads 171 are not

20 placed next to each other. This staggered configuration can reduce electrical shorts
caused by the close physical proximity of the leads. This staggered configuration can be
applied to the leads in each one of the previously described embodiments of the

semiconductor package constructed in accordance with the principles of the present

invention.
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wWith a corrosion-mnimzing material such as, for exanple, tin or gold. For
the sem conductor packages of the second, third, fourth, aODECEMBER 2004
enbodi ments, if the sem conductor packages are to be stacked, an

addi tional |ead-bending step can now be 20 perforned. The foll ow ng
applications are being filed on the sagg date as the present application
and all are incorporated by reference as if wholly rewitten entirely
herein, including anyheaudhed onmkrufmtitiar the pesmppratiedwilyhol ekt al:Rsa iRer ei n.

10 DECEMBER 2004, 19 AttoLene%BDo%get Title of ApplicationFirst Named
No. I nvent or 45475- BbGPESEnTLEHIUERS P2baek 8y ethHdvst rrgikpdimahiof al seicondreased

Sol der Joint Str (S -and Heat Block Assenbly forYoung Suk
Chung W re Bondi ﬁdg&%g@gﬂrﬁﬁ%@c@ﬁﬁﬂ%ﬁkg@%ﬁg tﬁglép,@s”l l:]eersrﬁlr%e H’§%7%9V66%8Near Chi p

Si ze Sem conduct or Sean Ti not hy Crowl ey Package 45475-00019Sem conduct or
PackageSean Ti nothy Crow ey 45475-00020St ackabl e Sem conduct or Package
andSean Tifot hy Cr owl &Sfernieg sl o GUGWRIRGf drsteuis ishgviSamizodbidich pRROR ARt Tod of

and Apparatus fo Ju Lee Manuf acturing Sem conductor Packages
45475- 00028Seni C%ﬁ%ﬁg S cBsaruge Wﬂé’%ﬁﬁ‘ﬁé@&?ﬁ segnigondiey chigsd éveearhediteasideness

and G ound Bondiérgby using an adhesive. Note, in the semiconductor package of the sixth embodiment,
‘the semiconductor chip is supported by leads instead of a paddle and so the
semiconductor chip of the sixth embodiment would be attached to the leads at this step.

10 After attaching semiconductor chip 61 to paddle 62, the semiconductor chip 61 is
electrically connected to leads 63 via wires 64 using any wire bonding method known in

the art. A sealing material 65 is then melted and poured onto lead frame 69,
semiconductor chip 61, and wires 64. The sealing material 65 is then allowed to cool and

harden. After the hardening process, excess sealing material 65 is trimmed off either

i5 manually or by using a trimming machine. At the same time, leads 63 are also trimmed
to their final length. The exposed portions of the leads 63 are then coated or electroplated

with a corrosion-minimizing material such as, for example, tin or gold. For the
semiconductor packages of the second, third, fourth, and fifth embodiments, if the

semiconductor packages are to be stacked, an additional lead-bending step can now be

20 performed.

The following applications are 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.




45475-00029Sem conduct or
Met hod of Manufacture It

construction of

description of the preferred exenplary enbodi nents.
in the art that various changes and

a person of ordi

t he present

nary skill

i nvention wll

It 5 will be obv

Package LeadfranmeYoung Suk Chung Assenbly and

is thus believed that the operati cg BECEMBER 2004
be apparent fromthe foregoing

ious to

modi fi cati ons may be made herein withd® departing fromthe spirit and the

scope of the in

vention

Al t hough a preferred enbodi nrent of the nethod and

apparatus of thg

seebecket1q i nvelitle o phlistidbeen i |

ust r atieNamad t he

accorrpanyi ng dr awi’ngs and dgscribed in the foreqgoihg det dinteedr descri pti on,
it will be underst68d 995 tﬁé’“?%@‘éﬁt?ﬂéﬁgqlﬁﬁvm@t | i piit@theo t he enmbodi nent
d| SCl Osed’ but | o ecanabla “FFFFPfé‘:‘ Sﬂidsrjﬁﬁkﬁirﬁ%npnpn S nodi f i Catl Qns, and
substitutions wilt nar B8kr o Pf’?j “F%kégfw%tfwof Yaves SukGlemz | on as ket
forth and defingd by the cha&gggh %{??PE u¢$5 10 DECEMBER 2204 20 CIHAI VS
VWHAT | S CLAI MED [t Sz set kage—fori{-a—sem-copductor chi p,
sai d sem conduct or45633c(l)<dg682 %’é & \Slze sem%ondfiﬁ& a\dgA ?"r—[;:\rﬁ‘ﬁhyﬁémfﬁg a
plurality of | eddsssieagaon sgﬁ.comcé&rmna%dmy of feads Se P
portion formingla.part of altop surfac I _said semcon u tor é"Backaae and a
 bottom portion resﬁ“ﬁsgoof)?%sr P'ﬁ%ﬁ!mcmdbmrﬂ’mkagsmﬁf dee Whotgdireviegem canduct or
package and bei ”g45.‘:|J]5“0€I8%f r Mapu s of Hel e%t £| cal Dat hs
. S r R

el ectrically copneCting Fai d ﬁnufﬁcmnng mlconlI:iuctor yung Ju Lee

Packages

45475-00028 Semiconductor Package Having Sung Sik Jang
Improved Adhesiveness and Ground
Bonding
45475-00029 Semiconductor Package Leadframe Young Suk Chung
Assembly and Method of
Manufacture

It is thus believed that the operation and construction of the present invention will

be apparent from the foregoing description of the preferred exemplary embodiments. It

will be obvious to a person of ordinary skill in the art that various changes and

modifications may be made herein without departing from the spirit and the scope of the

invention.

10

Although a preferred embodiment of the method and apparatus of the present

invention has been illustrated in the accompanying drawings and described in the

foregoing detailed description, it will be understood that the invention is not limited to the

embodiment disclosed, but is capable of numerous rearrangements, modifications, and

substitutions without departing from the spirit of the invention as set forth and defined by

the following claims.
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chip to said plurality of |eads; and sealing material securing said |ead
frame, said sem conductor chip, and said plurality of el ectr DEGENBERS2004
2. The sem conductor package of claim 1l wherein said | ead frame constructed
with a chip paddle having a bottom side resting flush against said bottom
surface of said sem conductor package. 3 The sem conductor package of
claim1 wherein said top portion of eddh of said 20 plurality of | eads
rest against a part of said top surface of @al¥Ssem conductor chip. 4. The
sem conduct or package of claim1 wherein said top portion of each one of
said plurality of |eads extends generally perpendicularly fromsaid top
surface of said sem gPNRGURLQIAILRIDAS 25 5. The sem conductor package of
claiml1 wherein said top portion ang said bottom portion of said plurality
of leads are el ettropl smndubor PREEMAER, 200dndikQ: Ghip THA éﬁ%ﬁ@&&%&%e
package of claim1l wherein said plurality of electrical paths are

plurality df wir@¥Prgng;  The sem conductor package of claim6 V\/nerel n said

plurality of electrlcally ductive res are selected fromthe group
consi sting of silver, gol 4 &)F}a"%ﬁ lﬂf‘?ﬂ“ﬁﬁ\rﬁur ‘%ﬂ@%éﬁ'ﬁhé’ﬂﬁﬂiﬁt“d’ﬂ“fﬁ’é}b @“és of

claim 2 wherein l‘iaalhgia Pulfoatlidntﬂz‘mﬁlt alﬁ‘a?tdc?f aQ{é’F oL AP I8 serdid na%cto!‘ Saacl%a
single line surrounding said padﬁ A sem conduct of é’Jﬁ
claim 2 wher e| n bedto pition a¢stitg/flwh agaﬂzadsbaroal SRSk sedﬁo‘éﬁlﬁlﬁféeﬁlackz{ge%nd
plurality of nes urroundl ng sai d paddle. 10. A nethod for stacking
seni conduct or acl?ﬁg SHBr i sing the steps of

10 a plurality of electrical paths electrically connecting said semiconductor

chip to said plurality of leads; and

sealing material securing said lead frame, said semiconductor chip, and

said plurality of electrical paths.

15 2. The semiconductor package of claim 1 wherein said lead frame constructed with a

chip paddle having a bottom side resting flush against said bottom surface of said

semiconductor package.

3. The semiconductor package of claiml wherein said top portion -of_each-of said—— -
20 plurality of leads rest against a part of said top surface of said semiconductor chip.
4, The semiconductor package of claim 1 wherein said top portion of each one of

said plurality of leads extends generally perpendicularly from said top surface of said

semiconductor chip.

25

5. The semiconductor package of claim 1 wherein said top portion and said bottom

portion of said plurality of leads are electroplated.




physically and electrically connecting a bottomside of a first

sem conduct or package to a printed circuit board, said first0 BEGEMBER 2004
package having a first plurality of |eads, each one of said first
plurality of |leads having a first section exposed to a first top surface
of said first sem conductor package and a s€&®nd section resting flush
against a first bottomsurface of said first sem conductor package; 20 and
physi cal I'y and el ectrically connecting a second sem conduct or package to
said top of said first sem conductor package, said second sem conductor
package having a ¢.sec@nckeplobhidabibt pace bEARIST & r \ ition
as said first plurality of Ieads.M25%11. The ﬁg%ﬁ%%;?k%%g?%%ﬁ?%ﬁﬁﬂ@%&

sem conduct or packilgeldy efsviien cl ai m 10 wherein said first seniconductor
package is soldered to said printed circuit board. 10 DECEMBER 2004 22 12.
A nmet hod for stacking sem conductor packages as in claim10 wherein said
second sem gonduci or c J ol.dered.tp. said first sem.conductor
package. 1§? A né%hodﬁgbgﬁﬁgﬁﬁ %ﬁﬁﬁg?ﬁbogcgghgé%ﬁﬂﬂbf%qFﬁﬁ@?é&ﬁ%m@ﬁﬁ%ﬁising
the steps of 5 atdoadubiiva@riids FE5HCRMIE HRTrdwp bdhsibith BF aﬁ{&dg&d Qf afimhad frame,
said lead frane having a plurality of ['eads surroundi ng said paddl e;
electrically connecting said sem conductor chip to each one of said
plurality of Ieaq§ viag a gjurality.of w res; applying a sealing material to
secure said seni condutitsFRiEidpctorgiaekaeq fliim 4 phereim paid ploralily efdpads pe airakddt y of

wires, said seal g id8RE ighe MQSMoNMA JidPusilde and a bottom side of said
haf t t '

sem conduct or package, wt Irst section of each of said plurality of

| eads. exptsed-to said top side of said sem conductor package and a second
urality of |eads resting flush against said

section of each %f Sgld, I tin Ish
bottom si de of sard sRAFEEHRAMRY drckagralickie? varran s+ A2y oblchdsarpordombn of
said | ead franme gngersaid p‘ﬂﬁgit} %n@&rﬁhh&hg sai:!iSpaddle.

10.. A method for stacking semiconductor packages, C.omprising the steps of:

15 ‘ physically and electrically connecting a bottom side of a first
semiconductor package to a printed circuit board, said first semiconductor package
having a first plurality of leads, cach one of said first plarality of leads having a first

- section exposed to a first top surface of said first semiconductor package and a second
section resting flush against a first bottom surface of said first semiconductor package;

20 and

physically and electricaily connecting a second semiconductor package to
said top of said first semiconductor package, said second semiconductor package having a

second plurality of leads in generally the same position as said first plurality of feads.

25 H. The method for stacking semiconductor packages as in claim 10 wherein said first

semiconductor package is soldered to said printed circuit board.




10 DECEMBER 2004 . 23 Repl acenent Page 21032002 STACKABLE SEM CONDUCTOR
PACKAGE AND METHOD FOR MANUFACTURI NG SAME ABSTRACT A st ackHbDECEMBER 2004
sem conduct or package having a lead franme, a plurality of electrical

paths, and a sealing material. The |eadfrange has a plurality of |eads, each
one of the plurality of |Ieads having a top portion exposed to a top
surface of the sem conductor package and a bottom portion resting flush

with a bottom surX acea ebthbhErSeitking NdmMbiictoP BEAFE as i chitl $o VRBRB sigt e
| eads extending fromthe top to the bottom surface of the sem conductor

package provi de #Pnépartoniustar pprkegs if widerd et rsngpnamddtetoep&ﬁagaal |y powering
a second sem conduct or package stacked on top of a first bottom
sem conduct or package. FlI GURE 3

13. A method for manufacturing a semiconductor package, comprising the steps of:
5 attaching a semiconductor chip to a paddle of a lead frame, said lead frame
having a plurality of leads surrounding said padadle;
electrically connecting said semiconductor chip to each one of said
plurality of leads via a plurality of wires;
applying a sealing material to secure said semiconductor chip, said lead
10 frame, and said plurality of wires, said sealing material forming a top side and a bottom
side of said semiconductor package, with a first section of each of said plurality of leads
exposed to said top side of said semiconductor package and a second section of each of
said plurality of leads resting flush against said bottom side of said semiconductor
package; and trimming off a portion of said lead frame and Sé'lid sealing material.
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