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 ‘t her ei nydegrrinied ol.n6e 'RUALERUR, and more particularly, but not by way of

limitation, to a stackable semiconductor package and a method for mahufacturing 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.



| ead frame as the central supporting structure of such a package. A portion
of the lead frame conpletely surrounded by the plastic engaasSECEMBER 2004
internal to the package. Portions of the lead franme extend internally from
t he package and are then used to 5 connect the package externally. Mre
information relative to |l ead frane teﬁgnol ogy may be found in Chapter 8 of
t he book Mcro Electroni cs Packagi ng Handbook, (1989), edited by R

Tummal a and E. Rynaszewekforth akevsy gersamisendysior mtkage Heminhdeseiber, indinpegatésaok i s

publ i shed by Va inhaold 115 Fifth. Avenue, New York, New YorKk.
10 Once the int géér}g?gé{tfaagiq}}ecl:%'ﬁeﬁrgg?\‘l’pﬁgmﬁ%"é‘mﬂ%%mﬁ}? BEEES dhecEACH iUkt ed i n

sem conduct or paRdeag eSS ikRedaDE) ehe %l@&i}é ABY R WS Rknla (& ﬁfcké’g%,” ety
of electronic appliances. The variety of electronic devices utilfizing
senmi conductor p of thralsadyfiemm egteathitdrgdly Ifymi the edesd andeat Shen TRESH

devi ces inscl ude ccraulleltulhar Ehones, ®ortabl_e conputers, etc. Each of these
devi ces typi cal | § e IEiB*age sKicmely Mpredripmatigsdelativsio lond EpmeteaBolegsymayt i cant

number of such SR, GARMIERLEF 3 BARK secured to provid iple
el ectroni ¢ functions. ]TheEs)e el ect ?%%?A@O%l e dackyg x rﬂy% dited
manuf act ured i n tyeRluDethnalsaddeB Ryichsalvsii CRUGEAEO) Soferdilid Gleih ©Stlstsdol
i ncreased consuner  demand. Accordingly, not only are sem conductor chips

hi ghl'y i nt egr at dblisheskby Has Hostendt Reintehles b Fiftind keagre New Merk, Negloyk. mi ni at ur i zed
with an increased | evel of package nounting density. 20 According to such
m niaturization tendencies, sem conductor packages, which transmt

el ectricalo signals fromge SRITiEQREMAC LiRuit CERSHLO LR Brtoﬁ&e&ia%%g&apﬁﬁa%ddﬁx and

support the semi conductor chips on the printed circuit boards, have been
pp 8 p ! p
desi gned to haveéRicyaiier packsgss deseribudly atoive, ethaymplag tenbisgd is Uc hvidevdriegnetuct or
packages may hayg a size. on t ?ﬁ 25, o;(ge[ﬁ of 1 x Immto 10 x 10 mm Exanples
of such sem conductor Packages ardPeY SeriErpicidgvices stiliging sericenductprenseifagsine)
type sem conducthey gidas KagRscatn e M fnﬁ}s.c rﬁe&e%QEJs%dé‘Qeﬂ%pﬁ%%@? pglga%é 3

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



package) type sem conductor packages. Both MF type sem conductor packages
and M.P type sem conductor packages are generally manuf act1l@r.gc|Er|\qBERzmm
manner. Even though sem conduct or packages have been m niaturized, space on
a printed 5 circuit board remain |imted and precious. Thus, there is a
need to find both a nethod and a carrier package design to maxi m ze the
nunber of sem conductor packages that San be fitted onto an electronic
devi ce, yet m niR¥Fkzgelttie sspitordunion deddiages  dottalhF typesemicerednitco patugtoind
packages. rre%lﬁpg 0 mnjimze ace needlgyd to_attach the sem conductor
packages |s to stackPt & RN OORItEEDYC pueRYgRauBHuEd | thsama @RSt her . 10
SUMVARY OF THE | NVENTI ON The present invention relates to stackable

sem conduct or packages and nethods for manufacturing the same. Mre
particularly, one aspwet thofghtsheicpidasengackagyetatd 8n hbiaeBRYS, beSorda printed

sem conduct or package V\/ner ein the sem conductor package i ncludes a | ead
frane, a seni cor?HEI%‘t prdaeingin limiteg|apd pregieus. dhusethere tsrai need tOpﬁa@ hrgh erneﬂ:l’ofl adal |y

connecting the t hipto t adfra

material . The Iea %&E%% dgsagnct “pax Al tpe %?“%Fr oefd?“‘coélg'écﬁord’ﬁg(a%ffs {Eaﬁga“ be
plurality of | edsisd hﬁ\w Ag dectrOfic Qﬁ{’nEé Oﬁt er%:ﬁigﬁ‘édthé Osp§cet %deoeltg f86& Bset NE
sem conduct or package and a bottom portion resting flush with a bottom 20
surface of the senadeercpakagsackye. mdtiodt ki sninmize espacet heedide ad sattecht éedi ng
fromthe top to t.he ottorqasurface OF t he sem conduct or package provi de an
el ectrical pat h SFEFOAURY@ATRE s tafackd REPRBPPY PSRRI ep of cadicdice

sem condugt or package stacked on top of a first sem conductor package. 25
| n anot her aspect, the present invention relates to a nmethod for stacking
sem conduct or packages. More part i SUNMRARY, OF IHE MEVAQTOICRONPri ses the steps
of physically and electrically connecting a bottomside of a first

sem conduct or package to a printed 10 DECEMBER 2004 4

The present invention relates to stackable semiconductor packages and methods

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



circuit board, the first sem conductor package having a plurality of | eads,
each one of the first plurality of |eads having a first seigDBECEMBERSZN(LH
a first top surface of the first sem conductor package and a second
section resting flush against a first bottomsurface of the first

sem conduct or package. A second sem cozpduct or package is then physically
and 5 electrically .connected to the top of the first sem conductor package.
The second seni CEHURR D Fhe st Refgernfvrar paekasuhasiag o nldrafity of tkdst gaclopne afals i n

general |y the saymg (i ] i.rst.pluraljt f |eads. BRIEF

DESCRI PTI ON OF THE F%%iw RFG'%“?ES’EKEQE%S‘CSS%&?‘%OS tebt Srh i et theelidtar r i er
package accor di ngmicondubtr AEIREEEG a deB RGN ERY Nh& 00121 RS RYmGHEL &nce to
the follow ng detail ed description when tlakrgn ¥i n cagnjsunctﬁ)gn %sﬁa %ﬁg
acconpanyi ng dr b figissemisendattor patEagk| BUREN sinscoad®icd @ackhg@vaihtophgtically and
cross-sectd onal eYi ew Iof aepri or %rt sem conductor package; FIGURE 2 is a
si de- el evat i onalCEFHY soBUEER JR e UPRRE She &rst ispraicondvasridpaskase. oFheasecond

sem conduct or pagkRGRLGOINSEEHELEHdd D 1ce. Wt h the principles.of the
present 20 invention: %%JI% 3 ?ssasgcl%g&e)[ﬂg%é\)/(é’{w%%érf sengig stllsT‘E %ag@tpf’%%%l Vi ew
of a nethod for asthadiks plgratithef leddsr St enbodi mrent of a sem conductor package
constructed in accordance with the principles of the present invention; 25
10 DECEMBER 2004 5 FIGURE 4 is a side-elevational, cross-sectional view of

a second enbodi mrent of a semc L..-nAa @ﬁ constructed in accordance
with the principles of the pr eof?iﬂ EtD% Pcﬂf ;%F DRAWINGS

10

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



5 FIGURE 5 is a side-elevational, cross-sectional view of the second

enbodi nent of a sem conductor package constructed in accor@aDEECEPMBER Y004
principles of the present invention after the sem conductor package has
been prepared for stacking; FIGJURE 6 is a side-elevational, cross-sectional
view of a nethod for stacking the 10 second enbodi nent of a semni conductor
package constructed in _accordance w t.h5t he principles of the present

i nvention; FI GURE 7 iECHRE; His 2eidevlerationadl crosesestienabéor pbnekondieahodihenaof hi r d
enbodi nent of a ' ctgr package construyucted in accordance with the
principles of t h%§%ple°§gu%?°¥ pfé(agéral\(}%nﬁtt"?cgerq; NEf 68“"”%9‘8 PgpQRlesettiapicstal |
cross-sectional wieme®f the third enbodi ment of a sem conductor package
constructed in accordance with the principles of the present invention
after the sem conductor package has been prepared for stacking; 20 FIGURE 9
is a side-el evational oss-sectional view of a nethod for stacking the
third enbodi nent of aFIQg#}Féoﬁ&d&&cﬁ}evweqéa@@sswhgw view of thersecant embhdimset wi t h
the principles jnvention,. 25 FJGURE 10 is a

si de- el evat i onal &#ac%egggﬁggtgﬁ%ﬁdg Cg?SEer\'“}\‘fq% ‘"50?064&?%?"“@&3%6‘?%1‘?? ofific prgsent

seni conduct or paiateag stansd S’eﬁl%ﬁkﬂxclioﬂpa%%l:g@h%@&]%réﬂa[te@f&r@t@ckﬁ}{gi nciples of the
present invention; 10 DECEMBER 2004 6 FIGURE 11 is a side-elevational,
cross-sectional view of the fourth enbodi nent of a sem conductor package
constructed in accor %@ﬁﬁg\gﬂ-th (t] h{g \pr.i n]ci | es of the present invention
after the seniconductor packafEiGas Wuen repired viey ot a mgtiRd frg stackingtheURE 12
is a sidetel evatyewﬁa|emb6dilﬂ§zﬁ'o?eacgéng&ﬂbucydreﬂﬁ’clage BoriE S Q% T REorEhBC K e

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;



the fourth enbodi nent of a sem conductor package constructed in accordance
with the principles of the present invention; 10 FI GURE 130 BECGEMBER 2004
si de-el evational, cross-sectional view of a fifth enbodi ment of a

sem conduct or package constructed in accordance with the principles of the
present invention;, FIGURE 14 is a side-elevational, cross-sectional view
of the fifth enbodi ment of 15 a sem cgnduct or package constructed in
accordance with the principles of the present inventi on after the

sem conduct or packag E%iEb en prdep{ar edgaﬁor stacking; FIGURE 15 is a

si de-el evational, cr oss sect i DAZICCVICENCHY: oSy ‘f"’d’Y ok thg &t gmbadieent i £  h

enbodi ment of a m&&@%@%pﬁacﬁ?%iﬁ@%g@c{]ﬁta@% E& %CL Wik 1@9 g}?,%gﬁien%@tbw Lt he

20 principles of the present invention al’evat’ onhal ,
cross-sectional fenborsifict the eniodiuren packigedas lﬁamregﬁrbdlﬂ&rts&EklﬁgaCkage
constructed in accordance with the principles of the present invention; 25
10 DECEMBER 2004 7 FI GURE 17 is a si de- el evati onal Cross-secti onal Vi ew

of a nmethod for stac a sem ¢condyct gr package
constructed in accor?aﬁce wit! Sﬁie CI%UER Plaé’l ?sé§“8‘?"a 6“'|8? dforeftifon: 5

FIGURE 18 is a smelamahema&dxamlofa@sasaaaa&tﬂaaagé C&Emﬁteﬁqxg&ma&@%ﬂ' Nt of
a sem conductor package constructed in accordance wth the principle

the present i nviiigiplgne! tRETAI EReDBGCRI PTI ON OF THE PREFERRED ENMBCDI I\/ENT 10
The present invention may be understood nore readily by reference to the
10 FIGURE 13 is a side-elevational, cross-sectional view of a fifth 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 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



follow ng detail ed description of preferred enbodi nents of the invention
and the figures. Referring nowto FIGURE 1, there is shown 1@ DECEMBER 2004
si de-el evational, cross-sectional 15 view of prior art sem conductor
package 50. Semiconductor 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 a part of |eadfrane 50a, surrdund but do not touch paddl e 52. A
plurality of wres SHEI@IRENT iscatiierelontimels trosewtipatidiet of 2 obth@l Hi sthdkingeads
53. The wires 54 are eneraII thin and made of gold, silver, or alum num
The entire assefl§l ORI ¥6rse’B‘ﬁ?’e'FCt?foh’alc'Fa@ﬁ§°%*Fm?‘%fh&sa°53dﬁ“§e wiftthssed by
a nonconduct i ngpq[eag,ésggth e?e&.ﬂ!xen??n ~Sealing material 55 may be, .

t hernopl astics or thernos resins, 'with the thernoset resins including
silicones, phenolics, and epOX| es. Prior art sem conductor package 50
cannot be stacked on top of each other because no electrical path exists
to electrifcal ly |inkFKHEE d&ii %@Md@@mnabnrosmcnomﬁ dfa mvepthi entbedmeit rof ai t
board. 25 Referrl n& now to Fl GJ 4 ere is shown a sjde-el evational,
cross- sect i onal SSUFEHEF %aelfﬁg?;(fﬂ?ﬁ%?t& Ine AGoprdpnce KéHeheoringPies Pl the ttseRl ment
of a sem conduct@eniBackage 10 DECEMBER 2004 8 constructed in accordance
with the principles of the present invention. Sem conductor package 60 has
a sem conductor chip 61, a |leadfrane 69, and a plurality of wires 64. The
above conponent's are encased in a nonconductlve seallng naterlal 65, which
may be thernopl asti BELALEHEENRTLIQ E RREFER HEQDBEMT r esi ns

i ncl udi nggsilicones, 5 phenol ics, and epOXI es. Stl |1 referrl ng to Fl GURE
2, Ieadfrane 69 will now be described in more detail. Leadframe 69 has
paddl e 62 and a pl ur @hd piesaaf ilverids By B undetdddi Hod SRAGIG! refeth@t jcopghi p

by a tie bar (now shown) that surrounds |eadfrane 69. Leadfrane 69 is nade
of a heat 10 anfPllevesditticdresyrintionalreeferiad ermbedimenty of shedveation afibthe svertpl e,
copper. Paddle 62 is of a

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



generally flat rectangle shape, in sone enbodi nents square, having a
certain thickness. Paddle 62 may, but does not necessaril yiohBECEMBER 2004
etched for better locking strength to sealing naterial 65. A bottom side
of paddle 62 rests flush with and is exposed to the outside of

sem conduct or package 60. Exposing the bottom si de of paddle 62 to the 15
out'si de environnent increases the heat®dissi pation capabilities of

seni conduct or pe?@ksﬁ‘g‘éEd @@CCGFMC@WM@dprpGPIH oitho brepat tiventi6R chdnéuccrmat ed
or electropl ated ‘\é(\n ‘ﬂ' COr I OSi ﬁ nimzing material such as,

exanple, tin, gdPE®8s50Per &anicanfusichip ol ddepdfise €5 and al:ﬁl'érﬁlﬁlfﬁfw'@FG“anThﬁl | oy
thereof. A plur Y o t

Each one of Ieagg&\ESCoﬁggdegg%?)pggla Te ﬁg%qﬂog%'? {w(g?rs]%%l{;&g ma%e%’c& Jﬁ‘ gﬁ%{l ﬁvvardl
ext endi ng 20 merteenoghBtics Top tsdndeseﬁae@fs &t Nthe NBerfiosek EREHEs @31uBiAS tsficdred)Sh

wi th the upper surface of sem conductor package 60, while bottom side 67
of each ore of [PAYQEcsERdpRAXics f| ush with the | ower surface of

sem conduct or package 60. El ectrical power passes through sem conduct or
package 60 by traveling fromtop side 66 to bottom side 67 or vice versa.
The exposed portions saf rdringSioaGERER thaliPide 0Vt How @Z dé@%eﬁ’% ﬁ&@fd%l or

el ectroplated 25 with a corrosion-nmnimzing material such as, for exanple,
tin, gold, tin Ileaﬁamﬂﬁ%hal paddialck acd mMuraﬂnymfﬂnasth #1, hett maanspaizdl ﬁ:%ubmapeof A
notch 68a is created b rdly extending 68a. Notch 68 increases
the | ocking str&hgth bB Shovay it F%&Da“%f'ear’@%@ﬁa‘fa#&n@cﬁmwmmhza@04 9

sem condugt or p@ﬁd(@lg&n(gﬁ&/ @(ﬂféh(qg,gr 85 kN Gs lfi)J(SJa}nBIg,ggopger apl48R%,0f oF §ads 63

frombecom ng detached f'orm sem conduct or package i conductor chi p 61
is attached t o geirenlly 6p rsctagleothappa dtdiogne GIbBYImensd QQardNhaRilp Sdettain it@idds.i N t he
art. 5 Still %6‘{?2‘1 gto FIGURE 2, a plurality of wires 64 electrically

connect semico "‘%’hi"ﬁ dges 49 DAty 5%’(6“6@ etghgdear ‘EZFefalP‘é("@éH@gélth thin

gol d. a1 Tver, "o “RfénaBRESs Dl Fholl 6L drrkdhe s AAPAUS Al Rhyfe SHE"
sem conduct or chitgid6af mohdhamlpamagaaghlimo&xﬁg 1R4boabsl éilﬁ 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



di ssipated to the outside environnent via | eads 63. Each wire of wires 64
is attached to a 10 bond pad (not shown) on sem conductor digi PECEMBERN04
end and is attached at a second end to the inwardly extendi ng nenber 68 of
one of the leads 63. Still referring to FIGURE 2, sealing material 65
encapsul ates | eadframe 69, sem conductor chip 61, and wires 64 except for
top side 66, bottomside 67, and the 18 bottom of paddle 62. Top side 66,
bottom side 67, smiotduetobptdkaga 60 aphdedresd2he eRdlihdddustha 1MidtdT 1bdae ssurdace of
carrier package 60. Referring nowto FIGURE 3, there is shown sem conductor
“packages 70 and betomingdstched eniseriprnducttr paekac@h dieamticondystee kg 65 iscomdtd uct ed
in accordance W the .20 principles of the present invention.

Seni conduct or pa{:OE}é?gtgps} (ifgadéi?“téazc%ﬁé’ﬂngtaé‘afl{':”éw?%'}?‘vﬁf“th%%‘?ﬁ conduct or package
71 so that |eads 73 of sem conductor package 71 touch and electrically
connect with |leads 75 of sem conductor package 70. The bottom surface of
sem conduct or packageStifllrefrmyngbeo SHGEHBReZ b oplaaljy i dit eilesC b4 Calkckricdl9 agotindcnot
shown) of an electronic device or _may be attached to another sem conductor
package having |EZHEHoogimehieledfiame ¢Pe Wisrd4 agoasnsraivghin yedimepsion prsrare

sem conductor p I e . nerally.at the sane ace as
semi conduct or pggil?ggg aggé{éﬁggal e%g? %ngi%t%ﬁ% S? fie™t %Opl)[!" Wis gﬁ:gu%‘f’um‘ cal

seni conduct or paehaged Féh tht@pahyumiot nlidon@ntr eli®e1 fanGaldl Yardlsh 365 64 and be
sem conductor 10 DECEMBER 2004 10 packages 70 and 71 to each other, to

anot her seni condlieipyed wabkeiyede evriranment vrlgads 64 Each mireipf whean ds attaehpd et hod

commonly ysed in the t can be used, including, but not limted to,
sol deri ngH)one obrbjogé:]f’ a%mt %(e)w'c?tcﬁ‘esrefmcgﬁdﬁ%tf’re?wq %gﬁﬁeve?doa’ﬁl'wweﬁ,at?ﬁ@?@ i's
shown seni conduch@to PeiakAGR Blndifk REHANE orSARRHITEBAL6:0f a seni conduct or
package constructed in accordance with the principles of the present

i nvention. Sem conduct or package 80 has sem conductor chip 81, a |eadfrane

80a, and a pluralit ires 8 se ¢ onen are set into place usin
seal i ng P y s%ﬁ r\f/:\#emng to%IGEﬂE £ see(t)ltr;rlg materltaf 65 encapsulates leadfrgme 69, g

semiconductor chip 61, and 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



mat eri al 85, which includes thernoplastics or thernoset resins, with the
thernoset resins 10 including silicones, phenolics, and ep®®MECEMBER 2004
referring to FIGURE 4, except for the shape of the | eads 83, sem conductor
package 80 is constructed in generally the sane manner and has generally
the same conponents as sem conductor j;package 60. Each one of the |eads 83
has a bottom side 86 15 and a top side 87. The bottom surface of bottom
side 86 rests flrashagesi 0hant [7é tbahthontha] deancther S@itosdaB@t gicRigepacivagmingd and
is exposed to the ougés%fie environnent. Top side 87 has an_ inwardly

ext endi ng menber®84" &1 BGHIRA rcamiporx tustldinrige e b be Beed, inhudingi|byt not

ext endi ng nenber;; IS [y hi to the plurality of wires 84.
Qutwardly ext enll I n%loh%)?%g%% OF’E&Eogfeﬂao{ﬂgr' el ectrically connect integrated
circuit chip 81 to a printed 20 circuit board (not shown) just |ike prior
art sem conduct or package 50 or, as described below, is used to stack

senm conduct or packagésfegmeooeae RI@iRR4, thefe insttood s8R eonfiatarpackaye 80] nwasnd| y

ext endi ng marrbergg&i ner eases t he | ocki ng strenqg.th bet ween | eads 83 and
sem conduct or p&ERIYBBET & FMondustoq Backasscanyteied in Regordaess idfthepringinles off

| eads 83 from R ] C 1.conduct or ckage . Jo. mnimze
corrosion, the bgeﬁ?f)gﬁ?gngg Kgf;g'oggﬁc%ﬁ?%@gmgge %%la% %)emwg?gééé%%%gaﬁ%eram
outwardly ext endPngnienpenlitBdf nergs Be.  Theit @thp6ien®|a0L bt G Platsl uihd Baity
protective material, such as, for exanple, tin, gold, tin |ead, nicﬁel

pal | adi um tin Bk, WBFh WRYdes thegponiasigses therm@et DEGENMBEIR 2 084masat tRSfser ri ng
now to FIGURE 5, 1SS . a_sjde-.el evational, cross-sectional view
of sem colgguctorlncz)ug@églgﬁdgﬁ?fo&gwlgﬁ’ TPHEE been prepared for stacking. To
prepare carrier package 80 for stacking, outwardly extending nenber 89 is
bent upwards and then 5 inwards to partially wap around the upper surface
of sem conduct or pacRayEfgDe tp FIGHRE 4, dreept fa oiref shaperadittiedeads 8% mindamdasetror
package 80 now ?Q&é%ae 8 C%%tt Qtag .extenaﬂ f{lomthe bottom surface to the top
surface of senifonductor package "BEINUL DB\ BIAY 34A has generally the same

companents as semiconductor package 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,




el ectrical path for electrical power to pass through sem conductor package
80 and electrically connecting with another sem conduct or {EDEQEMBER2GIS
on top of 10 sem conductor package 80. Referring nowto FIGURE 6, there is
shown a side-el evational, cross-sectional view of a nethod for stacking
sem conduct or package 91 onto sem conductor package 90. Both semn conductor
packages 90 and 91 are of the second eghodi nent of the 15 sem conduct or
package constructed in accordance with the principles of the present

i nventi on. When stac onto eac ,.the top side 92 of sem conductor
package 90 coOnes i nrlgg%ﬂ%?(’@’a?o glr?g}%eéc‘th?rredSaThOEBﬁtséi’éte‘ewt'f)‘l‘i*‘"tqws‘%f'?"@h si de

03 of sem conduciiay of RAKAGRIP bacddt @Mt kA bn FRBEE B hSdsSHa BEtECT

sem conduct or packages 90 and 91 to allow heat pation From

surface of paddl @7 pwkags8nifwanduies citwpabkAGRILImender Q8 bAMWaAS Qe
sem conduct or package 90 can be attached to a printed circuit board or
anot her sehi condf¥¥BY lopatiRiygerap aspprtht sppgs sugleeeaf a¢rhigontioteatpedkaget 80t He thiane

Chown) can'al so be o GrRE R oRRsr PRARR L (0 Hach dbl e bort e

shown) can al so on top 384 owi ng

the same net hod tasotlesefdebR0ihe ARG facd R s%@azﬁﬁ)d%jruﬁatcﬁy e R3C Iﬁﬁgﬁh% 'In% feldin
this stacked position by applying solder 25 or any other materia ommonl y

used in the art-dstigderstht e destricslopauretior pasadkagk semiatrdh@sr PREMRESD and

sem conduct or pa?kia e and a .ﬁri nted circuit board. 10 DECEMBER 2004 12

Ref erring now toeeﬁr%JPéEcgf‘,"ect“ &r With sanetbgisemicendadore |paskage derated on top of
Cross- secig onal Sg,h@wdggto,s‘ﬁmagg)g@uctor package 106, a third enbodi nent of a
sem conduct or package constructed in accordance with the principles of the
present invention. The |location of |eads 100 in sem conductor package 106
differs fromthe | ocg{}ﬁ%on of leads in the 5 enbodi nents previously
described. Each one Jf{'HE Mo¥aQIPHBEadbese sohovs ol aidegavationdl, groshestticomh si de

102. The bot t omgdadst a hrdoli ?orQBEmrLgesEﬁiand%&&a;?a% agcia B SEal nJE%tto?EaicEa!ge ;])8)3

Both semiconductor packages 90 and 91 are of the second embodiment of the
15 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.




except for the bottomnost surface that is resting flush with the bottom
surface of sem conductor package 106. The bottom nost surf{@acBECENBEROZ004
side 102 is exposed to the outside to allow electrical contact with a
printed circuit board or with another carrier 10 package (not shown) having
| eads | ocated at generally the same place as sem conductor package 106. To
m nimze corrosion, the bottomnost surface of bottomside 102 is coated
or electropl ated wi t Ref&rprofoscto FIGUREL Brehat issgickin asided klavatiene s esectidnél,

gold, tin lead, . nickel palladium or an alloy thereof Top side 101 has an
i nwar dly ext endi ¥y’ Retfgusondupies packgees K% attiedt enBpdiaenteric prpiovadrstor pack&e

| nwar dly extendi g r o s 15 to dnteqrated circuit chi
t hrough wires 105. tﬁﬁsﬂpﬂﬁ%&%gggﬁﬁﬁe RIGRIEY 0flt§4paf’erlt Iwenfeat AR 0‘114a

Not ch 114a incr degesob g skaiekidigos piRagt D EWeafon @RdBCABP RNEhds in the
sem conduct or package 106 and decreases the likelihood of |eads 100

beconi ng det ache¥nbodimenis previvustnttscbot ok kage thoBads A0S hal 4 topeidt i@inandfa t he
outwardly exten s encased in sealing material 103 for
increase in | ocﬂ’ Hg’" §{d?g§%t ﬁljf' g’ﬁfto’f' fee 18} &?Wfdﬁ)’ 1?5‘6?594 Bnsegling guatenal M3y

ext endi ng ”enberexée}@ dr SRS hobtOsul & @Htﬁlrgs%n :tkp%goﬁo?t%mts% e Hinted

circuit board just like prior art sem conductor ot her

semi conduct or paelklagﬂuctdﬂ]ﬁclag@(bﬂfedflfé%ttbr@-lﬂ]o@cfsuﬂé&:%B&uo)h setiendi eﬂﬂysé\?ﬁﬂ&ber
115 is coated or elect roPI ated with a protective material, including, but
not limted to, "5 siggdp gllow F‘F%ﬂqab%tactnwkfepnnﬁfélcrrauﬁ h@md qmwnamncahqr eyritther eof

to mnim %he corr Qééagen notzs‘:;\ogﬁ)f I?a(firnk negdsnlggv ted at enera Ela% aflé ﬁ%{agon\é\%éorw th

si de- el evat i onal cro sect’i ona VI éW O ém C n

t he exposed Sectpnﬂdagd)fOGOUTMﬁldﬂn&e@éﬂ@ml ﬂhg b&@onDEl@EWER 2 @btk siabeepRr 115
bent upwards. An outside notch 107 is fornmed by this bending of outwardly

ext endi ng nmenbercoatedsor egirepktiedl Yitheapretsetiva gpatreistsesh 43,161 eample, ¢t acfd, tis Feadyi t h

e D asur ! Ckicl il ®br BRGIFURrO T LT B a2Rh BHGS WeiBE Y

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




carrier package 108 of FIGURE 9. In this bent configuration, sem conductor
package 5 106 now has | eads 100 that extend fromthe bottomEDECEMBER 201
top surface of sem conductor package 106, thus providing an el ectrical
pat h t hrough sem conductor package 106 and allows for electrically
connecting wth another sem conductor gckage | ocated on top of

sem conduct or package 106. 10 Referri ng now to FIGURE 9, there is shown a
cross sectional , mgitgel §l wntatpverdal Anwvitside adftchal OTey thmekd oo Ehissicadit dT@utisarnt hi rd
enbodi ment of sem conduct or packages constructed in accordance with the
principles of th?é‘teﬂﬁl’&%@ﬁ?‘bq’ﬂ\}%ntqu Erdiserprding dureteT 115paykay dushogiti Se piraced

on top of sem coREIGt B Rac . rtion of outwardly . 7
ext endi ng menber 116 prcgtru%?%%e(])jg? o@t ﬁe%t%‘ B asc':%ﬁ%f’pvéaé%\%a%soﬁ%‘ﬁ'bf"or 15
package 108 fi t scairiet packayeclos bf FIGHRE eni mqmamakqanf@aﬁk@g@enmﬂduc@@a hge 113

of sem conductor package 109 rests flush with the top surface o
seni conduct or palRarp¥ hapggads ARBtthsrexteadrifioon the dobpm pradieage 1é tdpharpeeesent

i nvention havin d eneral |y i t he. sane pl ace as sem conduct or

" package 109 naygsBng%g dz{?:t%eaa C%?get %66’ Q’I”S PEME Ut eegical pral khaepeh sovicondigeher
seni conduct or - PaRKAGE 16EMHING. SR bRkl iYL 2LL0R, A0 o2

sem conduct or p?gkage 108 ca% be sta%ke%%ﬁ%@ﬁ%ggﬁﬁ%st%ﬁs%“%ﬁ ﬂuccfoélpa%g%ekage
108. Al ternati Jedated omtgprof saréebndicrot packadeqas.d can be attached to the bottom

surface sem conductor package 108. The sem conductor packages are held
together in this stacked position by applying solder-or any other materi al

commonly jsed in the@fts Wesn: m conduct or packages .and/ or bet ween
a seni conduct or package rggﬁ.l%a pr ilﬁtﬂgg %??eéeuists o5e Bf?gsr ?:'f?tlo%g’ %@@52004

14 Referring novwewt of fl @efRE 16, stabl@ige tHeSthe N QiMbodimehtd6r &dngdtAllcRP Alackages
cross-sectional view of sem conductor package 120, a fourth enbodi nent of a
sem conduct or p&CKHYEed Barerriares wih the riseipleieftbe pwhanhinvéngopr Serirpilesorof t he

present Inventi %Qckaée%sﬁf%“&l&l:‘éﬁ Uh top of semiconductor package 108. The portion of the

outwardly extending member 116 protruding out of the 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 sermiconductor 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.




package 120 has generally the sane conponents as the enbodi nents of the
present 5 invention already di scussed above, including |eads pREEMBERCZ004
extend fromthe bottom surface of sem conductor package 120 to the top
surface of sem conductor package 120. However, |eads 121 are shaped
differently. Each lead of |eads 121 has a top side 122 and bottom side
123. Bottom side 123 is enclosed in seafing material 124 except for the
very bottom surface, Refbiggndvs teRIBUREN1 S, Phretd S S G&-deQhriofid 8GLk s&Bbnal
contact. Top side 122 10 provides a surface for integrat eg circuit chi p 125
to physical |y ande®lPgesmigondicioy peckagretd0, & dourtheadsdidhail of Arsatighhdectdd| gasiad ty of
wres 126. Top s(i:ogse; ;Gg.al so has an outwardly extending menmber 133. Though
O S EERERHG HEBR Princwies o€ thermsesery deventipn. Semicpmgotor

a portion of outwar

material 124 for t abo lhckiRQnsStile ween | eads, 122 an
seni conduct or p%glﬁdtagge 120, §a I afgé:' %%HEO%? hil \/?értﬁﬁ f/m%))]?fméaﬂtaiogdhenﬁrﬁff@? 133

i s exposed to t hieveptirsilid@lyofisclSedsabidi s ARMUGE Wad PG KRG Ranl &fend lfomRe B5RGT

sem conduct or package is _stacked on top of sem conductor package 120,
outwardly ext endHEfeéssitondustor paskagrel 281te tertprairhse of somicedicsnt phdkage J20i nt ed
circuit board |j Ik rhLor art 1 conduct or package 50. Both the
outwardly ext enﬁ é\“éelvﬁ‘éﬁ%dgrlbﬁ% S%ﬁﬁ%ﬁl‘ae@l& éaiﬁd‘fﬂtﬂé’ﬁ{%ﬁaﬁh@é asep $i5t12d i de
123 are coat ed ttols@e 70 phAlR0si 1B iGenBbQl §CLiig AN Svery] O
exanple, tin, gold, tin lead, 20 ni cll<eln pal | a%%h%{rﬂt%ﬁ lg?éxﬁ{é#%}t%rvegny

al | oy thereof irpPoBemenritce which isi xposedrta 0si @msideRef @edtidalcdind. t Do ki@URE 11,
there i s shown arg"ji%e- elh?va%i onal, cross-sectional view of sem conductor
package 120, wi th°'14&2 SUtRRaioqmeeEsaedeiavhe mbiide phszalysnd elogically ehoneeP® bent
upwar ds and t heneparii ilohoh IIARRE s 35 Csi syt f.ace of -

seni conduct or package 1209.{1 a&ce Fhe o%ﬁ\?\grjgl{;pysu}eea?%ﬁ%? Ir'lagS arﬁﬁ%gﬁgfﬁ"q"?
wrapped  ar ound rsereic bi¥duSh@sh papdageofl &Bward B NixeAMAk Ge@ber PBS KABRIA2incan be

stacked onto an%her si.rp' |.ar. sem conduct or ﬁackage as shown in FlI GURE 12.
In this bent 10 “BECENBER 266401 betier iorkipgy treasth datwes adsolid et semipandkaagre 120

now has | eads l%lckr;l&altm,e.?(lgx%@ gart Swéabcﬁy &?&%8&“ 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




surface to the top surface of sem conductor package 120, thus providing an
el ectrical path through sem conductor package 120 and poweld DECEMBER 2004
sem conduct or package |ocated on top of sem conductor package 106. 5
Referring now to FIGURE 12, there is shown a side-el evational,
cross-sectional sem conduct or package15127 stacked onto sem conduct or
package 128. Leads 130 are physically  and electrically connected to | eads
132. A space 135¢qn§syréfop, SB'@W@z‘ﬁOF peirree bdweties lephd Rug@sxtalfranthe b&&nt 0

al l ow for heat déus (i:epta i on frfom the bottom 10 surface of paddle 134.

Anot her semi condlc oroé}gcﬂpaﬁ’é AR PTYCandusts pagkagsldBr hysippovidig an glsstacahbatice as
sem conduct or pag : C of sem conduct o ckage
127. Sem conduct olk%ﬁggcs %ﬁlé%[ﬁ%%[bgaao%ggl g% g'gh B?‘g%'é‘% agﬁth ro‘f’)"n"‘(‘) “%‘rcl{?f h"gi’iage

sem conduct or palokegienesp dfeeqmibydicalphgkagidsel ectrically connected to a
printed circuit board. Again, the sem conductor packages are held in this
st acked position by applying 15 sol der-or any other material comonly used

in the art-between t 2m con ackages, and/ 0 etween a )
seni conduct or pac kagg? eaﬁ%ﬁn "pr %ﬁ@é@kgl lﬁcﬁﬁeqbgﬁ’?”ﬂ.a Sﬁgéfeg?"ii'ioi’f’é FOWSEBOB GURES

13-15, there is shvfiusiofpai@ValisaBal onf SiSondtit LaRe MkeWs,af
sem conduct or package 140, a fifth enbooélli ment Ocnjf a gemgégond'u\g%%(g 138 aE)eackage

constructed in atbesraned ductrinally henpricdciopleals 2. t he spiceSIBRtis i1EY &Blwcan.
Sem conduct or package 140 is sinmlar in construction to sem conductor

package 120 of THECTUHPt RACkHSH AP hart 128-gnalasy for| heaigdisspationofors dhe basteduct or
package 140 are {iffce FPBIETHL Y A seal i ng,.material 142 _but

rat her al so have anceexposed Iater%ﬁé@?‘ﬁgf’lgxﬁ%ra s(:l(afgfa‘éwgs%a 2N KRS Rnar dl y
ext endi ng menbersad Plaghiac hemiasnds@anpickagt| BUREN 14, plaRd GANop & Rahicbraldiy:

wr apped around the top_surface of sem conductor package 140. A plurality
of sem conduct orpag‘ééﬁk gbs YEVEOAGCIon dadkagh 1@ mar also \bet Hesed anetop| dfcaother

sem conduct or pagkagRud4Op LRl Re vitacked andaffixed onto each other . as
shown in 10 DECEVBER 500 4p % pﬁ)(/\s gﬂ' an! elecIrlcaléf connecteg to a prmteEi circuit
board. Again, the semiconductor packages are held in this stacked position by applying
15 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




16 FIGURE 115, with the | eads 141 providing the physical and el ectrical
contact between the sem conductor packages and with the, S{IEDECEMBE® 268N
t he sem conduct or packages allow ng heat dissipation. Note if no other
sem conduct or package is stacked on top of sem conductor package 140,
outwardly extendi ng nmenbers 143 can bejglectrically 5 connected to a
printed circuit board just like prior art sem conductor package 50.

Ref erring now t oFIGUBERH 51 &ith ttheeleals i141 pheidngahesplgaeat kel décrizaladontact between
cross-sectional tvi ew of sem conduct or package 150, a sixth enbodi ment of a
seni conduct or pa&'&é‘cﬁ'@m"g‘bcﬁ%tpf‘%@eéa"q ‘ﬁ‘“‘a@%&ﬂaﬂf‘al‘f‘éé’eweﬁwhﬁ prEnigopdusior pickagenf t he
present inventio. tgi L0k ddl e  sem conduct or package 150 has
all the corrponen?lgwtla‘>é Qlt? ﬁed IS%)]?%I\(/)?Ol%gfeﬁﬁa?g@ﬁosse@’cfo” é‘ﬁ%f)mcnaéﬁfsssg%?&t%em*’ ©

seni conduct or paskageRicooatkapC 18l sutwagls OLEABRE Midobrst 118 caRT b GbRliGRy Of
the present invention. Instead, the sem conductor chip 151 of sem coriductor
package 150 is sipppssed & intadisscuidord insslikd gribnarepicondattotpaclage joeads 152.
Each one of |eads 152 has a top side 153, an inwardly extendi ng nenber
154, and a bottom side” 155. 15 Sem conductor chip 150 is attached to the

top of inwardly extengigndRAPRIFISBAE 16581369 t ok, .chi b 1S et
electrically connected to | eads 152 thrbugﬁ aggﬁlﬁraasﬁqet%ebég?}%ﬁ%#ggSec&%’él. The
bottom surface ofievhof saiconiter Podkages305 afsixits Bbddinkent bea boitcamcsphaag of
sem conduct or package the top surface of top side 153 rests flush with

50; p = . .
the top surfaceBFUEEHITL 8HAIRE MV halbk RFRciriesof the peesast dvensipele Eotepbdaste | ead

of leads b2 is : tside of sem conduct.or ckage 150.
Al the exposed I%g(ft?ssg@?&fsgggﬁ&f%a ¢ ngr g&c%latg Y tse%ftotB%BTeélP'ésgp &E‘Cb(%gia

corrosi on- mi ni niepibpdimeag exfi e Snbndasior fpackagsabmk@uctedi My accB@hie Lk cheead,
tin bismuth, nickel palladium or an alloy thereof. Because |eads 152
ext end from t he PRBERIGHALLhfrresen inypntisand thetsemicqrdedarghip 1500ftsemictrduttap of

e conduct or 23 Aathme. TgCAREe RE I AT P Bt 57 ot ar ot
seni conduct or paekaye Haoe atpaticans, 4 efvaefy SEFIRLILMEL Q54 RAFKBLR MR 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.




10 DECEMBER 2004 17 Referring now to FIGJURE 17, there is shown a

si de-el evational, cross-sectional view of the manner by whithDEGEMBER2004
enbodi ment of sem conductor packages constructed in accordance with the
principles of the present invention can be stacked onto each other.

Sem conduct or package 157 is stacked on;top of sem conductor package 158, 5
with | eads 160 in sem conductor package 158 physically and electrically
connect |eads 162 of Rgféfﬁméaﬁ‘ﬂ@@glﬁ%éka@ee E5Fownin ol ddevatioan] aosrdeibaul
package having | S _4 eneral ly the sanme pl ace as sem conductor package
157 can be stackg%ga?\%“}ehgﬁmﬁ? 13)9( xéHCh 0 SHE emppdsrent ofi seBisendetion Prdedeage

157. Simlarly, &esneMIGMEdSHaRaGKRER plﬁ@p'&%@tl@%res%?%n?én%gf! (lza bg'ftfa"iéé %{t%ﬁdand

el ectrically connected with a printed circuit ar e stacket

affixed on top o?aChﬁtbﬁm&emstemmctonmhamgen57pia@tkca<g£om@ybﬂﬁmlc6M§tmi;ﬂci&%@@i&?' Iy
t he sane pl ace. .'{h gsg ) conduct or packages are held in this stacked
position by appl Vl‘hgﬂ"‘ e-segicondstonpasisiee s ehiskhllycortntisallnsetedt eathe

art - bet ween the i ag nd/ or hetween a sem conduct or
package and a pr If"%%efgé%@f!:?g%u?{or %%g(?%?. E?S %ﬁ%ﬁr PP L R e eREng 11geds ther e

i's shown a si de-ghevlit theBke, pl6k QS SenSRRIICRN Bhckaddl BY Qf bé&&k&domlﬁ%h%ﬁx&“kage
170, a seventh enbodi nent of a sem conduct or package constructed in

accordance wit h PHEe {9piofiednpitoaductsir padkegepSés Sitilaity) weritdnaiiotor PRAaEOTIIUSH By
package 170 is s'hggiiaﬁ%afiﬁgedctons rlucti n as the first enbodi ment of the
present invention: WevEr'? PR coppected with drivinted gircujs decd geba Soked e

stagger ed1s0 t haind afRetborl op RhLEotRkenaBnBls each other. This
st aggered configuration can reduce eeI egt I ci?c%‘ﬁ%lﬁaf/%gleé%dg ‘a“*ﬁ‘ﬁy %hﬁéar%ei ose

physi cal proxi mRageofihe speidopdugtor padhigss s agder B seiolkdi pgsificht y APplFERN sdRRr—
applied to the IO(;%g]s 0i n_each one of the previously described enbodi ments of
the sem conductOr"p&EKaGRHY fOMMepl diged 1 the abrbaiavere thi seiceriducten packsiggd es of

the present i nwuadrbi RBwveed ? semiconductor package and a printed circuit board.

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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10 DECEMBER 2004 18 The nethod for manufacturing the present invention

w Il now be discussed using as an exanpl e sem conduct or pacirDECEMBER2004
first enmbodi nent of a sem conductor package constructed in accordance with
the principles of the present invention. 5 Referring back to FI GURE 2,
there is shown sem conductor package 6@g To manufacture sem conduct or
package 60, first, sem conductor chip 61 is attached to paddle 62 by using
an adhesive. Note, inThheetbwhocomict:dng paglkageinodntibhRilsiowttd sRpkadiemat |

t he sem conduct or chlg ze rlrEL{)orted by | eads instead of a paddle and so the
seni conduct or chip*of IR ORdUS PP BATkAR FO- it Ifiest sebediment Ivéd teoicohdacioeads
at this step. 10pAk ANRUGE 61 ta paddle 62, the
semi conductor chi p %%E?[{s%%%&igt?(rgfﬁgﬁggggnﬁ %P‘ea t Pré%’ra%“yﬁ*ﬁ\n a wires 64
using any wire bonding nethod known in the art. A sealing nmaterial 65 is
then nmelted and poured onto | ead franme 69, sem conductor chip 61, and
wires 64. The seal i ngR¥feitieg bk (6 FIGURE Hethord i obwth temiconinkton petkadaatodeTo

After the harde rocess xcess sealing material 65 is trimed off
ei ther 15 manuaIn':n53}&3{%1?(’%%e Serﬂ‘%’?“ g ‘E"F'faﬁ?rgégrsgé@w?{’ém%tcmpﬁé159’}1&%@64 forpeddld eads

63 are al so tri ngveg) ust hl‘&@hé’vélﬂ@ xposed.portj.o
| eads 63 are then co‘;astngci11 or él ectrgpllngt e%nuco;mﬁtog J%Qa e(())glﬂ]gﬁl %Hf?glle?{g

mat eri al such asthe fsomlceodampt gshipt isnspporgd| gy 1&@E 1hslii&.d segi %ﬂmgug&jogo packages
of the second, third, and fifth enbodi nents, if t semnm conduct or

packages are to SS‘EIC%‘E‘IHE‘R%H“P Sfrthe, gfeth embetliment éfa@ldtbemﬂawhgi totiplexslant howtdpe 20
performedy The fgte a afe be| on the sane date as
t he prese:ﬂ appl | cg)t{v?%%ga% doﬁ‘ﬁltc%)?gﬁl ncoF0 &eé’l BY° PEPEditE 4 PE Svhol |y

rewitten entir @Ieytrlhéhyesbmected RCleadd 6B Giaawthes a&ids.ﬁg Qﬂawhre%ﬁctu%r mdIONBRA 3 ed by
reference therei NN 10 DECEMBER 2004 19
1 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.




Attorney DocketTitle of ApplicationFirst Naned No. I nventor

45475- 00015Sem conduct or Package Havi ngKi| Chin Lee increas@dDECEMBER2004
Strength 45475-00015C anp and Heat Bl ock Assenbly forYoung Suk Chung Wre
Bondi ng a Sem conductor Package Assenbly 45475-00018Near Chip Size

Sem conduct or Sean Ti not hy Crowl ey Package 45475-00019Sem conduct or
PackageSean Ti nothy Crowl ey 45475-0004®St ackabl e Semi conduct or Package
andSean Tinmothy Crowl ey Method for Manufacturing Same 45475- 00024Met hod of
and Appar at us fcrf*l‘-?yuwgD%etLee ManiitladtapplicagenSem cohduct MlirsPa@kdges
45475- 00028Sem d&¥duct or Padkage Havi ngSung Si k Jahg | npriewedr Adhesi veness
and Ground Bondi ng454?>§167@1500CM%@hﬂe‘@sﬂﬁwmckag&l@admarreYoung Suk
Chung Assenbl y anéfbihodof “R‘?EFﬂﬁfiﬁ‘%&‘qeiJP'atSLqengihq t hus believed that the
operation and cdnstTGEtGh ch1 € Arserbifes onYannd Juk Chyeg appar ent from
t he foregoi ng ddscription of @ ?‘?%’dd“é‘ﬁ rrpl al:y embodi nents. 1t| 5 will
be obvious to a [permmGGtEoT Eeilf%&i Ssie}f}seml n—the—art_that various changes
and nodificatigns may be magehe Ctorﬁuc?r depalr%e?%lla“‘fﬂfyaﬁ‘f“f{%e spifrit and
the scope of the¢ iayEqpbiom. Semiconductor Package

Sean Timothy Crowley

45475-00020 Stackable Semiconductor Package and | Sean Timothy Crowley
Method for Manufacturing Same
45475-00024 Method of and Apparatus for Hyung Ju Lee
Manufacturing Semiconductor
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
5 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.

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

10 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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Al t hough a preferred enbodi rent of the nethod and apparatus of the present
10 invention has been illustrated in the acconpanyi ng dr awyQUBEQEMBER 2004
described in the foregoing detailed description, it will be understood that
the invention is not limted to the enbodinent disclosed, but is capable
of nunerous rearrangenents, nodifications, and substitutions w thout
departing fromthe spirit of the i nverf¥ on as set forth and defined by the
followi ng clains. 15 10 DECEMBER 2004 20 CLAARISWHAT IS CLAIMED IS 1. A
sem conduct or package for a sem conductor chip, said sem conductor package
5 conprising: 10 a lead frane having a plurality of |eads, each one of said
plurality of leads bhaysngdsait@Repoktion formng a part of a top surface of
sai d sem conductor package and a bottom portion resting flush against a
bott om surface of saiAdsesémhdondyadkege PAEkagenartr Bl 8 thishuibeneuki h: a
plurality of electrical paths electrically connecting said sem conductor
chip to sald pl ufIPl'{%8 of | eads; and sealing naterial securing said |ead

franme, said sem conductor, ghij nd. said pluyrality of electrical paths. 15
2. The seniconductor pac kafalfg:j‘;’ae(J %?mec aéﬁ“gnaflh\ﬁll‘g’r‘g'l??%é?“ﬂ ong gipaidrPifEite ety uct ed

with a chip padgdkieg Basp peidk BRiOMS 848 (SEsi yush.agai nst said bottom
surface of said sem conductor 5%9& 3 ,f}ﬁ.féﬂaéség)&%&;% ﬁccgﬂglftof) a@%&ﬁ%"%‘
claim 1 wherei n ®ipd podion potitg fush agaieas botain Siahdd of said semiconductor package and

being flush therewith;

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.




20 plurality of |eads rest against a part of said top surface of said

sem conduct or chip. 4. The sem conduct or package of cl ai m M1O\DECEMBER 2004
top portion of each one of said plurality of |leads extends generally
perpendicularly fromsaid top surface of said sem conductor chip. 25 5.
The sem conduct ar package of claim 1 wherei#%aid top portion and said
bottom portion of said plurality of |eads are electroplated. 10 DECEMBER
2004 210 ‘6. The sem conductor package of claim 1l wherein said plurality of
el ectrical paths are a plurality of wires. 5 7. The sem conductor package

of claim6 wherei6 saiTkk Rhiebhtibypetagebedihi ﬁrﬁelrény saldcpﬁmgwc(gf*e}égtnxm 5&%& a%r e
sel ected fron1thgmgroup consi sting o? sil ver, | um num he
sem conduct or grefitndt vademi m 2 wherein sai d pIurallty of | eads are
arranged in at |east one single line surrounding said paddle. 10 15 9. A

sem conduct or package of claim2 mherein said plurality of |eads are

randomy dispersged i Thease%lcg)'ﬁ&l[ pa(c:]c ¢ oP ecﬁnmsgr ! Oe:rjegr}dh% tpﬁjéahgrt tgqecérfcally

met hod for stacking sem con pac ages,

physically and el (ﬁﬁdul’cﬂnﬁéahﬂeé/ar&Qfé&%@?rbrﬂ %e%ro‘ﬁﬁ%n@i&]nﬁ bE&Rf o@d fob Eifhinum.
sem conduct or package to a printed circuit board, said’ %lrst sem conduct or

package having a first plurality of |eads, each one of said first

plurality of Ieagf aﬁ& a first .sectjion exposed to a first top surface
of said first sentcontRFCFBIrOYuLKAgekgRf chinsBwhwen saidrbernlisy ofleads pra grranizads h

against a first bl@&ttléagpoﬁygutg?que Qlfrroﬁlﬁi'm%sgi!i[)adtdlc.sem conduct or package; 20 and
10 ' L

9. A semiconductor package of claim 2 wherein said plurality of leads are randomly

 dispersed in a plurality of lines surrounding said paddle.

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 electrically 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.




physically and electrically connecting a second sem conductor package to
said top of said first sem conductor package, said second sHhDEQEMBER 2004
package having a second plurality of leads in generally the sanme position
as said first plurality of leads. 25 11. The nethod for stacking

sem conduct or packages as in claim 10 wheréin said first semn conductor
package is soldered to said printed circuit board. 10 DECEMBER 2004 22 12.
A method for starking sembe@idiakng ARKAIES: Bakidds 6! & Bhik0 10hek&inNs,gai d
second sem conductor package is soldered to said first sem conductor
package. 13. A ngtdassenfieondyeinn pfckegeus foligred iseilifico muichdrctopaakage, conpri si ng
the steps of 5 attaching a sem conductor chip to a paddle of a | ead frane,
said lead frame having a plurality of |eads surroundi ng said paddl e;
electrically conpect iguaiedl riGIAAMHUGHRENLR 1.8, 8360 008 8L 2
plurality of leads via a plurality of wres; ap|5J yl%g a seaﬁlng material to
secure saisd seni conduct orattedhing a semicéhdi@8ckhipk a PiRIER 2 ®Adl r5@d, daidp loblf Bdniet Y Of
wres, said sealing material formng a top side and a bottom side of said
sem conduct or pd@KAHRPIUltY B lgads pyrpundieaceidoadd  each of said plurality of

| eads exposed to said tq ide of said seniconductor. .package and a second
section of each of sai de%[;tﬁ?% i Of/m%ﬁngi éﬂ‘gsse?“é%”t PRy FiiRsh ?fg'éiot‘?‘%t"fsséidd
bottom si de of sirslinsemdagOncigli@kity oP@pdsage; and trimmng off a portion of
said lead frane and said sealing material. 15 10 DECEMBER 2004 . 23

Repl acenent Page 2103200@2r8RACKABLE nBENSCONBIUCETER RACKAGE oANDy MailiHEd FOR
MANUFACTURI NG S@A{E

me, 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 said sealing material.
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ABSTRACT A stackabl e sem conductor package having a |lead frame, a plurality
of electrical paths, and a sealing nmaterial. The |eadframthBECEMBERR2004
of |eads, each one of the plurality of |eads having a top portion exposed
to a top surface of the sem conductor package and a bottom portion resting
flush with a bottom surface of the sem conductor package. In this manner,
the | eads extending fromthe top to the bo]ttom ﬁu;face of t[}g 4

sem conduct or package provide an el ectrical pat or connecting an
electrically pgweri ng a second seni cohduct or package stacked%‘?‘ﬁ%%&ﬁﬂea
first bottom sem conduct or package. FI GURE 3

STACKABLE SEMICONDUCTOR PACKAGE AND METHOD FOR
MANUFACTURING SAME

ABSTRACT

A stackable semiconductor package having a lead frame, a plurality of electrical
paths, and a sealing material. The leadframe has a plurality of leads, each one of the
plurality of leads having a top portion exposed to a top surface of the semiconductor _
package and a bottom portion resting flush with a bottom 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 bottom semiconductor package.

FIGURE 3




