INTEGRATED CIRCUIT DIE WITH PEDESTAL TECHNICAL FIELD The
present invention relates generally to semiconductor packages.
BACKGROUND ART In the electronics industry, as products such as cell
phones and camcorders become smaller and smaller, increased
miniaturization of integrated circuit (IC) packages has become more and
more critical. At the same time, higher performance and lower cost have
become essenighfprRewtRIOSYRISUYPSHY v IYPREICHRY integrated
circuit devices are constructed on the same wafer and groups of
integrated circuit devices are separated into individual integrated circuit
e, | o interface an integrated circuit die with other circuitry, it is
TECm%%%%Qunt it on a leadframe or on a multi-chip module substrate
that.is surrounded by a number of lead fingers. Each die has bonding
padCHRAE 72 (RN L SEBF L P A KRRk B eration to
the lead fingers of the leadframe using extremely fine gold (Au) or
aluminum (Al) wires. The assemblies are then packaged by individually
BAGrEESLRIEhG RHem in molded plastic, epoxy, or ceramic bodies. One
approach to putting more integrated circuit dies in a single package
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combination with inorganic spacers of material such as silicon (Si),
more apshimere CHittal. Urifdieuiaatempchigheking Raverssiyditatsr pest have become

esseREATAONARCS RIdngspackage because of decreased thermal performance
due to the inability to remove heat through the organic adhesive and/or
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igh manufacturing cost. Another approach is to put more integrated
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the size of the integrated circuit packa%]e tends to create additional

of legehFpgrs wilinehstienkas honding pPady Briciiedhpeitividyely rayetisdsn a wire

bondhhepe-RieR I bavaIbeesIoNG SRYIbdRUERN i de \QIeamEntaiaysid (Au) or
not taught or suggested any solutions and, thus, solutions to these

alunB aUes 1o hBcatstanblins asc dherk farkassd gy individually encapsulating them

in molded plastic, epoxy, or ceramic bodies.

One approach to putting more integrated circuit dies in a single package involves
stacking the dies with space between the dies for wire bonding. The space is achieved by
means of a thick layer of organic adhesive or in combination with inorganic spacers of
material such as silicon (Si), ceramic, or metal. Unfortunately, the stacking adversely affects
the performance of the package because of decreased thermal performance due to the
inability to remove heat through the organic adhesive and/or inorganic spacers. As the
number of dies in the stack increases, thermal resistance increases at a faster rate. Further,
such stacked dies have a high manufacturing cost.

Another approach is to put more integrated circuit dies side-by-side in a single
package but this results in packages taking up large areas on the printed circuit boards.

Each attempt to reduce the size of the integrated circuit package tends to create

additional problems with cost, heat transfer, and electrical performance.



DISCLOSURE OF THE INVENTION The present invention provides an

integrated circuit die having a body portion having a singulation side and

a pedestal portion extending from the body portion and having a

singulation side coplanar with the singulation side of the body portion. The
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signal/digital signal processing devices. This reduces the size of the

integrated circuit package, and minimizes problems such as high
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die magyuritimg eape sed Ifovmmiate gaset orariceaokisg athias esnibvodivn dnt vipteand output

thron%ﬁ?ﬁﬁ‘lttiigl%e&g Bl RedS I8 RS REGH th%"Y)Pﬁé's“k?v%t%%e‘Qrvo‘?l&{ts in keeping
G.IAt of an

' A taken along line 1B--1B; FIG. 1C isa cross-sectional vi .
with| thhapwiensgstatstneirdufiodienpith bodyaiteltpedertalipastiohsnFm®ry Dyl mixed
signAIEATICUIG et QNG SIHGIE Of TR 1GHEIS 10 I8 WEWMOT ARk grated circuit

integrated Circuit wafer mounted on mounting tape and formed in
packageoriih selnitizasserdnenampsdire i gi thdpeatient dasiernion; e, paisfer, and

decrb%&&@é&ﬁ@ﬁ%%’?ﬁlﬁﬂﬁﬂé&f the structure of FIG. 2A taken along line

2B--2B; FIG. is a cross-sectional view of a C-shape integrated circuit
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formed in accordance with a third"embodiment of the present invention;
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a view of an integrated circuit wafer mounted on mounting tape and
formed in accordance with a first embodiment of the present invention;

FIG. 1B is a cross-sectional view of the structure of FIG. 1A taken along line 1B--1B;

FIG. 1C is a cross-sectional view of an L-shape integrated circuit die with body and
pedestal portions;

FIG. 1D is an isometric view of the structure of FIG. 1C;

FIG. 2A is a view of an integrated circuit wafer mounted on mounting tape and
formed in accordance with a second embodiment of the present invention;

FIG. 2B is a cross-sectional view of the structure of FIG. 2A taken along line 2B--2B;

FIG. 2C is a cross-sectional view of a C-shape integrated circuit die with body and
pedestal portions;

FIG. 2D is an isometric view of structure of FIG. 2C;



pedestal portions; FIG. 3D is an isometric view of the structure of FIG. 3C;
FIG. 4A is a view of an integrated circuit wafer formed in accordance with
a fourth embodiment of the present invention; FIG. 4B is a cross-sectional
view of the structure of FIG. 4A taken along line 4B--4B; FIG. 4Cis a

crosgsseptiqnal view ef adaufeprdesiarahanaiviagraied sirgbdbei@ntdRyith a third
body and pedestal portions; FIG. 4D is an isometric view of the structure

embggigient aEthe pyessRt MY SHERNof an integrated circuit wafer formed in

acqquslasreswithadif emedinentl theRiesenriyetiondnl @oRrB1i83B--3B;
cross-sectional view of the structure of FIG. 5A taken along line 5B--5B;

B--5B;
FIGISCIS dSchoeessatastinarlidiroPhs E-shapse HESEH A $Erutitliaviiitrpody and
peddifdy@fidnpedestal portions; FIG. 5D is an isometric view of the structure
of FIG. 5C; FIG. 6A is a view of an integrated circuit wafer formed in

accdfitatiidsarrsarastiie Wnkodihe s wrte YrElentfrvention: FIG. 6B is
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FIG. 6C is a cross-sectional view of a T-shape integrated circuit die with

embpdimentof he REESSNHBIYISHLIEIG. 6D is an isometric view of the structure

of FIG. 88 ifdGrosdsecttnssaestiondkWewalirad LFsiapa talearali§th line 4B--4B;
circuit die package; FIG 8 is a cross-sectional view of a stacked L-shape = .
intgd%té&%ﬁeu%q%-i?&&&&@bvwwhoﬁasﬁwéwﬁ%%‘r.é}éaesm&ﬁﬁ@mﬂff@.t glie with
bodysandcpessseegliefiehyiew of a stacked semi-C-shape integrated circuit die
package; FIG. 10 is a ¢ross-sectional view of a stacked double
seﬁé-@ﬂéﬁ)&%ﬁ@ﬁﬁf&w&ﬁ‘&ﬂ? thFeSBHERHGé’,Ia IEFéa f‘L@is a cross-sectional
viemGf 8 stacked senst-enshagedriegiated inceit fdiendnakageonitiice with a fifth
passive a gactive components using wire bonds; 3 FIG. 12 is a
embe%‘&-@&% RATGEN BISUEMiI-C-shape integrated circuit die package

witReasIve akebactivericampaneoisthisingisiie andisnldarthiadsiong line 5B--5B;

FIG. 5C is a cross-sectional view of an E-shape integrated circuit die with body and
pedestal portions;

FIG. 5D is an isometric view of the structure of FIG. 5C;

FIG. 6A is a view of an integrated circuit wafer formed in accordance with a sixth
embodiment of the present invention;

FIG. 6B is a cross-sectional view of the structure of FIG. 6A taken along line 6B--6B;

FIG. 6C is a cross-sectional view of a T-shape integrated circuit die with body and
pedestal portions;

FIG. 6D is an isometric view of the structure of FIG. 6C;

FIG. 7 is a cross-sectional view of an L-shape integrated circuit die package;

FIG 8 is a cross-sectional view of a stacked L-shape integrated circuit die package
with passive and active components;

FIG. 9 is a cross-sectional view of a stacked semi-C-shape integrated circuit die
package;

FIG. 10 is a cross-sectional view of a stacked double semi-C-shape integrated circuit
die package;

FIG. 11 is a cross-sectional view of a stacked semi-C-shape integrated circuit die

package with passive and active components using wire bonds;



FIG. 13A is a cross-sectional view of a four-pedestal-shape integrated
circuit die package with an active component; FIG. 13B is a horizontal
cross-sectional view of the structure of FIG. 13A taken along line 13B
13B; FIG. 14 is a cross-sectional view of a stacked semi-C-shape

intggatad iUt gig-seackagievdth an ASHNE-COMPRNERNENRIRA WiFSuit die package
. bonding; FIG. 15 is a cross-sectional view of a multiple stacked
withgpasiis_and ACriViSOraRI IR Ut & FaARdo WRhbeete components

usipgssoldar RORCiAEEsEIERtdRalS AGI0sE-geflionRlieNY- s stagkefted circuit die

T-shape integrated circuit die package with active components using
packagfiai B SRARGYQAPIRNCEY is a cross-sectional view of a multiple stacked
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using solder bonding. BEST MODE FOR CARRYING OUT THE

line INGENTION In the present invention, semiconductor wafers are
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integrated circuits in and on the top, The bottom of the integrated circuit
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. and a pedestal. portion extending from the body portion and having a
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Sirgalatienistbe arecassby widicbthainiredarethapiGutt yrafed &diMidgid package
. into individual integrated circul'?tgdi S. A plane coplanar with the integrated

with 4e£iyie GRARRCAEHS A8 A NIEHParFidR=ARith the top of the wafer carrying
theritegraied citsuditsashine attonm ehigpwaleckheinD- gHgsesgegraied circuit die

form the pedestal portions of the integrated circuit die. Solder spheres
Packg B U LIS A ViR ARE e b It BB er bumps and below

a package substrate are referred to as solder balls. Referring now to FIG.

IA, therein is shown an integrated circuit wafer 100 mounted on mounting

tape 101 angfgrmein AgeordengerniiNg eiempedinanieide present

invention. The wafer 100 with predefined saw guides 104 is mounted with
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of the warer 100 is then processed by 4 mechanical or chemical means,
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the i]f@ggrated circuit wafer is then processed by mechanical or chemical means to form
integrated circuit die comprised of a body portion having a singulation side and a pedestal
portion extending from the body portion and having a singulation side coplanar with the
singulation side of the body portion. Singulation is the process by which the integrated
circuit wafer is divided into individual integrated circuit dies.

A plane coplanar with the integrated circuit wafer defines a horizontal plane with the
top of the wafer carrying the integrated circuits and the bottom of the wafer being processed
to form the pedestal portions of the integrated circuit die. Solder spheres below an integrated
circuit die are referred to as solder bumps and below a package substrate are referred to as
solder balls.

Referring now to FIG. 1A, therein is shown an integrated circuit wafer 100 mounted
on mounting tape 101 and formed in accordance with a first embodiment of the present
invention. The wafer 100 with predefined saw guides 104 is mounted with integrated circuits

105 face down on the mounting tape 101. The bottom of the wafer 100 is then processed by



It should be noted that the saw guides 104 are preformed around the

peripheral of the wafer 100 by mounting the wafer 100 with its bottom

side down on a mounting tape (not shown). A process, such as sawing,

forms the saw guides 104 aligned with saw streets (not shown) defined
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104 are formed, the wafer 100 is removed from the initial mounting tape
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Referring now to FIG. 1D, therein is shown an isometric view of the structure of FIG.

-shape

1C. The L-shape integrated circuit die 108 is comprised of the body portion 110 having a
singulation side 111 and the pedestal portion 112 having a singulation side 113 coplanar with
the singulation side 111. The sides on the other side of the L-shape integrated circuit die 108
from the singulation sides 111 and 113 may also be singulation sides that are coplanar.
Referring now to FIG. 2A, therein is shown an integrated circuit wafer 200 mounted
on mounting tape 201 and formed in accordance with a second embodiment of the present
invention. The wafer 200 with predefined saw guides 204 is mounted with integrated circuits
205 facing down on the mounting tape 201. The bottom of the wafer 200 is then processed
by a mechanical or chemical means, such as sawing or etching, to form first spaced-apart,

parallel, recessed areas 202. The bottom of the wafer 200 is also processed by a mechanical



means, such as sawing or etching, to form second spaced-apart, parallel,
recessed areas 203 that are adjacent to and parallel to the recessed
areas 202. The recessed areas 202 and 203 are of a different depth and
different widths from each other with the embodiment shown having

meafiEQRBH IRCESSRE Jeasiz. 18 $banlskbsnaaipdtibalie sawmiouidesedQ4l arcas 203

are preformed around the peripheral of the wafer 200 by mounting the
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streets (not shown) defined by integrated circuits 205 on top of the wafer

havipg geopts reressed i ifarte®2204 are formed, the wafer 200 is removed from
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the lines 206 which will cut both a partion of the full thickness of the wafer .
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diredtidnl en e thigfiglit-kh SO0 s3-cE0s6nsaatina pkmend RfutasdmicGoshape
integrated circuit di 8 with a hody portion 210 and pedestal portigns
SR BRI o Ko b R b ot SR D (e structure of
FIG thiskakéhanoiel prousta porminnwdfdr 20@ iseivive shepsddtegratbd aicesmitd areas
die 208(51

sa semi-C-ah pe cross-section ra#! éto one of the lines 206

202 SR BN B S A G e WAL 0o U SRR process.
the wefgepelicwidl be thectieficetysiegutatédnbsidepilefssringmaw o, abhg the lines

therein i§.shown an isometric view of the structure of FI?. §§ The :
206 S DENR S R G i 18 SRR AL BFIFE 0l @ porin
thro@dliOthavéogssadsinens@on side 211 and the pedestal portion 212 having a

sing{u tion side 2t1% pﬁ?% with the singulation sid?.213{. The fadestalC h

poRtTS1E ALY SGlighon iGN 41 208 % BaT AP S Gt C-shape
integitteditculihéi s RiEss wntihebotyep@idendf thaseprdestahapeaions 212 and 214. In the
configuration shown, the pedestal portion 212 is thicker than the pedestal portion 214. The
semi-C-shape integrated circuit die 208 has a semi-C-shape cross-section parallel to one of
the lines 206 defining at least one singulation side and has a rectangular cross-section
perpendicular to the defined singulation side.

Referring now to FIG. 2D, therein is shown an isometric view of the structure of FIG.
2C. The semi-C-shape integrated circuit die 208 is comprised of the body portion 210 having
a singulation side 211 and the pedestal portion 212 having a singulation side 213 coplanar
with the singulation side 211. The pedestal portion 214 has a singulation side 215 also

coplanar with the singulation side 211. The sides on the other side of the semi-C-shape



6 integrated circuit die 208 from the singulation sides 211, 213, and 215
may also be singulation sides that are coplanar. Referring now to FIG.
3A, therein is shown an integrated circuit wafer 300 formed in accordance
with a third embodiment of the present invention. Integrated circuits 305

integ@t@c@nciR@itonief the wafer 3Q0 withupresiefingel sam guites Q¢ ansl they also be
_ bottom is processed by mechanical or chemical means, such as sawing
singplatipn sy St b AT SPEBALapart, parallel, recessed areas 302. It should
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the wafer 300 by mounting the wafer 300 with its bottom side down on a
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circuits 305 on top of the wafer 300. After the saw guides 304 are formed,
mechapiGaliar SBRMLCALTSORS FEAR dib SATHRENBUTERIGSaiR SHB mdRsstanar- parallel,

recetb@l mauarBorg tape 301. These saw guides 304 are not only to serve as
reference locations for forming the recessed areas 302, but also to allow
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therein is shown a_cross-sectional view of the structure\rﬁ?f FIG. 3A taken
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urinfgthe siggulation_process, the wafer 300 will be mechanical
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o G o S AR e FE R R o s
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312 and 314. The recessed area 302 defines the first and second pedestal portions 312 and
314. The C-shape integrated circuit die 308 has a C-shape cross-section parallel to one of the
lines 306 defining at least one singulation side and has a rectangular cross-section
perpendicular to the defined singulation surface.

Referring now to FIG. 3D, therein is shown an isometric view of the structure of FIG.

3C. The C-shape integrated circuit die 308 is comprised of the body portion 310 having a
singulation side 311 and the first pedestal portion 312 having a singulation side 313 coplanar
with the singulation side 313. The second pedestal portion 314 has a singulation side 315 also
coplanar with the singulation side 311. The sides on the other side of the C-shape integrated
circuit die 308 from the singulation sides 311, 313, and 315 may also be singulation sides that

are coplanar.



circuit die 308 from the singulation sides 311, 313, and 315 may also be
singulation sides that are coplanar. 7 Referring now to FIG. 4A, therein is
shown an integrated circuit wafer 400 formed in accordance with a fourth
embodiment of the present invention. Integrated circuits 405 are on the

toprefithenyaiak 40 1uth Rredatined savnaidas#PARIGHRAIPAUAN 490 formed in

processed by mechanical or chemical means, such as sawing or etchin
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side down on a mounting tape (not shown). A process, such as sawing,

secopghrssaive Sairag it e AR o4 ihrax srtBe R Atk PSHRAIcCY &R gach other.

by intagadesk ittt siA0 thoRARR:afdhcsoatat 480Nited theuwsRWH@Ydasheral of the
404 are formed, the wafer 400 is removed from the initial mounting tape

wafer 400 By iros i th vt frtidg apdu gt bpieus %&%m&gmemﬂgg tape (not

shovaily 10 sRIM8AsUehereRsrilacabons tae fanminuitbeoecassrRd arprsAP3treets (not
and 483, b@t also to allow accurate singulation of the wafer 400 by a

shovgi, 86584 eh HE AN G in 2 40 P8RS i pétpehtiesray gides 404

are thenseCcassethicasA2ramd waSrdhisiermaigiandiaving faps pedestisied on the
Referring now to FIG. 4B, therein ia shown a cross-sectional view of the

moughiie iR 6t FiGT HFACSRENSAIGNY Thé %i8-1RB O eI AFEY 40 T B, ocations for

fornfiigC@esedesit thedirgana dseenrshredcassediareasdidtanthdl@tion of the wafer
eparated t%/ unprocessed, thickgg%s/ffs of IQE wafer 400. During the
ro

400 Ao BHYTY ahaaNdter A0t suitl'sé %rP&‘ﬁ?l]z?I'Iyt%e &t ‘&’W%?“lar to the
recef¥aLe%9s ST hrAssaWings alang divesAQpawbietpyddseilt both a portion of
the_full thickness of fer 400 as well as portions through the first and
o TRE R ik 35 et Ags 1T B MU oL BBt gtcture of
FIG Refeikgh naivh o 6 4BC ABergineissaifiewioa &rasersachieraissewahahe first and
four-pedestal- sh integrated circuit die 408 with a body portion 410 an
SO B O i A P DL P NG it g er 400.
Durilny tihe vibgidedtnpaicie, fitkt aattsaoondilrécesretiaaieadydiEpanetd®3 afprocess,
FIG. 4A. The,cros -seci‘

' [ view i llel f the li .. Th
sy S e BT Rt Bt S 015 AR Rk b ull Hickiess of the

waf@ress-seeitinppoaliehstthangothibditnesd & cdefintbesaideasisor® and 403 to form
A di Zhn%lat' nrsid§ arall?l has a C-shape cross-section perpendicular to the
detie sollﬁg%‘f fiof Surface in one region and a rectangular cross-section
Referring now to FIG. 4C, therein is shown a cross-sectional view of a four-pedestal-

shape integrated circuit die 408 with a body portion 410 and two pedestal portions 412
shown. Four pedestal portions 412 are defined by the intersection of the first and second
recessed areas 402 and 403 of FIG. 4A. The cross-sectional view is parallel to one of the lines
406. The four-pedestal-shape integrated circuit die 408 has a C-shape cross-section parallel
to one of the lines 406 defining at least one singulation side and has a C-shape cross-section
perpendicular to the defined singulation surface in one region and a rectangular cross-section
in another region.

Referring now to FIG. 4D, therein is shown an isometric view of the structure of FIG.
4C. The four-pedestal-shape integrated circuit die 408 is comprised of the body portion 410

having singulation sides 411 and four pedestal portions 412 extending from the corners of the



in another region. Referring now to FIG. 4D, therein is shown an isometric
view of the structure of FIG. 4C. The four-pedestal-shape integrated
circuit die 408 is comprised of the body portion 410 having singulation
sides 411 and four pedestal portions 412 extending from the corners of

bodyRrd0ayopaiiandite sneavsosriegulriieBsiidas 1B erplanaimithisRes 411,

singulation sides 411. The singulation sides 411 are coplanar with the

The singulation sitkss U1 ikaacnanntdddhayinaibiionsidsh tdr ditfedrndpenediately

beloGORIANaN $NGUlationasigesp ReIE LN RAVNGIEIS. SA, therein is shown an
integrated circuit wafer 500 formed in accordance with a fifth embodiment

of HRefFrERRAP IR AT SMtdBrEREiEHeens 8BanraBisdiREcip i e 00 formed in
acconRiRleS0ANtH predebsdehsanog uidas &odtanctttiR ROURFLIS RHOSRSS R INS are on

mechanical or chemical means, such as sawin%or etching, to form

the (4P b s pfep a9yt edsdineds s euddss > Otand dhis R siame svararessed by

mecRAdgl rthennearessad bycneshaniaal @retehpinicalireasacsdGp@s, parallel, first
sawing or etchingr to form spaced-apart, parallel, second recessed areas

recewi§d. aFhs il andt BE PR MU 4S5 8B 2 HB6R RIS spdIBY ageBpnical or

cherfliéf@ranhmiepths, AiththgssecendhiigcassrimIgrs&OspdReperlnn teond recessed
wafer 500 than the first recessed areas 502, The first recess&igreas 502
areas, a3 TG HESHNd RSSRAGSEESSES Areds B3 RGRISIAT6ePABELS thad @ different

deptBavw@tidies L04nar ecpesfedrard ar0anibéper paripieralgétiseowaiartBOBiY recessed
mounting the wafer 500 with ifs bottom side chown on moungng tape gnot
areagRlgyn ) 1K BRICSEES A4S %‘%ﬁ%{ TR AR EHAR g RS 564 dfghed’-

with savstneet (Ebthshdwr)welings Bydnirgpadesteisguits bRSIRNJaRpAEral of the

th fer 500. After the saw guides 504 are formed, the wafer 500 is,
watqu a0 By PRSI HIE Hh Y RiEL IR G b s R HRABLS SV ATRHRe tape (ot
shoviape AG¥roddreseusAvskidasH>harenotonlyirkiaerod abgetdrandesaw streets (not
locatians fqQr forming the reces areas 502 and 50 ut also to allow .
SO P L AL S S Oty G Bl LB ey uides 504
are RIangdlinks HaGpamiel eaodadefpendicuiaitiol theurrigssgd aiehsdirted on the
and 503. I}(@ferr' now to FIG. 5§§%therein is ?érllown a cross-section

| .
mOuii e Druchra o B &SR TS GR) T S8 S5 ThaSlarBF st Lions for
fornshgwhe peocasseshoniils tNeasaciyzd bigcdssad alleasLovrsepangidation of the wafer

so pIERSE et esses i ale 5000 LIS T MSECSSCARERS o o
recesedanatad by anprikss, such as sawing, along lines 506, which cut

porﬁigf%?rﬁfgt rI‘l%\fvultlo H&k%%?sﬁgrg]r? i\évglﬁ%()v?log cross-sectional view of the structure of
FIG. 5A taken along line 5B--5B. The wafer 500 is shown processed with the second
recessed areas 503 separated by unprocessed thicknesses of the wafer 500 and by the first
recessed areas 502. During the singulation process, the wafer 500 will be mechanically
separated by a process, such as sawing, along lines 506, which cut portions of the full
thickness of the wafer 500.

Referring now to FIG. 5C, therein is shown a cross-sectional view of an E-shape
integrated circuit die 508 with a body portion 510, two first pedestal portions 512, and a
second pedestal portion 514 that is shorter than the two first pedestal portions 512. The first
recessed areas 502 define the two first pedestal portions 512 and the second pedestal portion
514 is defined by depth of the second recessed area 503. The E-shape integrated circuit die

508 has an E-shape cross-section parallel to one of the lines 506 defining at least one



Referring now to FIG. 5C, therein is shown a cross-sectional view of an
E-shape integrated circuit die 508 with a body portion 510, two first
pedestal portions 512, and a second pedestal portion 514 that is shorter
than the two first pedestal portions 512. The first recessed areas 502

sing@Rfing thestwrifitst pedasaiahnar @5@5&&1@3%&@%@%@ RedestRirRdiomgulation
514 is defined by depth of the second recessed area 503. The E-shape
surfaagegrated circuit die 508 has an E-shape cross-section parallel to one of

therites 0661 BIPYRIBAshQBR B ShoaalioRssfeRNARNAS Ahe structure of FIG.
recta%gular cross-section perpendicular to the defined singulation

SC. slbabssirprethisgrad (&6 dsp (R diciAmp EnehvAl dhafnte Rt op having a

singtiMioH Weddre 1af i th S Erstha EssbaRE JplegAtper 6k K iEnd0PRB dSsingulation sides
comprised of the body portion 510 having a singulation side 511 and the

S13 genlanny wibdha segdatinhyrtons sAHEY Ry ey Sitfbhas singulation side

515 coplanar with tne singulation side SLIL. Arthirdipedestaldertion $dé bAsR E-shape
singulation side 515 coplanar with the singulation side 511. The sides on

i gA I o1 (N LMD AP B 08 oK 5 1 may also be

Singﬁjgg@ﬂagj@@:’,jﬁegrébﬁpﬁ};ar.and 515 may also be singulation sides that
are coplanar. Referrin now&g‘éF!G, 6A, therein is shown an integrated

cir@ LRGS0 YR HEBRARPWAR SesURbUEHERRLARO formed in

accopdesentinieniiam #negiateshCHEUIs HO&aenoBntioa. taptettheafeniee0s are on
with predefined saw guides 604 and the bottom is proce
8?a% h @ﬁ\‘iﬁ

db )
the top M B CREhiRA st ringsL RS -a&@?miﬁéﬁe}tﬂyﬁnm processed by

mecBdcedorpaidnfigibligtagcarsedsaseampoa. dialiaglddeoriegdbat-thart, parallel,
sa%qj guideqs 04 are preformed around the peripheral of the wafer 600 by
recessiedt #isay e wafer 600 with its bottom side down on a mounting tape (not

shovhbuMbeeessd shighlrsssavingiciosoasdizepseiorgididleso00d tkignetbheral of the
wi w streets (not shown) defined by jntegrated ciycuits 605 on top of
watd TR, O R Lt BB B s (R eh BRbiTLne tape (not
showalmoxgstdtess, theindialawy) tioghiape: and poideieshonligacdneithtiagy streets (not
ta 1. These saw quides 604 are not only to serve as reference .
sho SR SRR RIF hE Ao o R SR el NG Al guides 604
are fingedatibe ahtbe 0afes 6O E facersimtieh aswawiy gapdangl linesnted on the
606 parallel to erpendicylar tQ the recessed areas 602. Referrin )
mou i CULR THETEE SHETEh COd B T Aoy b AT gpions for
fornfrh@ 1o rtakevedilongs 602 5Bt GBo TThelvafercoGfiis shgwatjpiooéssedvutith 600 by a

the recessed areas . .
process, SUch s sawing, along lines 606 parallel to and perpendicular to the recessed areas

602.

Referring now to FIG. 6B, therein is shown a cross-sectional view of the structure of
FIG. 6A taken along line 6B--6B. The wafer 600 is shown processed with the recessed areas
602 separated by unprocessed thicknesses of the wafer 600. During the singulation process,
the wafer 600 will be mechanically separated by a process, such as sawing, along lines 606
which will cut through the center of the recessed areas 602.

Referring now to FIG. 6C, therein is shown a cross-sectional view of a T-shape
integrated circuit die 608 with a body portion 610 and a pedestal portion 612. The T-shape
integrated circuit die 608 has a T-shape cross-section parallel to one of the lines 606 defining
at least one singulation side and has rectangular cross-sections perpendicular to the defined

singulation surface.
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602 separated by unprocessed thicknesses of the wafer 600. During the
singulation process, the wafer 600 will be mechanically separated by a
process, such as sawing, along lines 606 which will cut through the
center of the recessed areas 602. Referring now to FIG. 6C, therein is

shawRAiasswesaabyematm TssheRa JntRerast Gifskibeid oAt Witk of FIG.
a body portion 610 and a pedestal portion 612. The T-shape integrated

6C. Gibeutrahersoiisgiaied drapb droseSichismpraielatidhs ROy thriinrSEBdraving a
singdRfidingidatdeashanBesieat i ¢ %66 AMdhamEL ARSI Ok 920t PSanar with

perpendicular to the defined sinrgulation surface. 10 Referring now to.

FIG.
the sz HARRGIAIS SHdwr Bh Sl B R b ol i datbatericepesdigeuit die 608

fromltIEARLURIESH 318k @1quihdie 180846 sREBisRd htda biady thertiendptinar.
having a. singulation side 611 and the pedestal portion 612 having a

SinBEIRHSRESTHE 6 103 ELiahal WA e CRBOIISFPSiae S 1ona naediget ah L-shape
intedhRAtbRESIOE Op AR EcSTTDETIRIED ataSk Gircuiteie 60&:ifrom fhgage 700 includes a

singulation sides 611 and 613 may also be singulation sides that are

packagisthaT# ARG R teRIGTAYRafN rOLoNRk dRssteuamAlf grapected to

vari@fsoidowiapshdntegkatadhiseLit i packagiréfh TOR Arshapectiienraigthected to
circuit dieXackaQ]%e 700 includes a package substrate 702 with ball grid

through cPAdBAYrs dieHBangh7 0Wthrough 707 connected to various through

conghielioss.uhbderselste rhaabschid Idvobgh of boadevies BeeHYEly GRITTeRiedpresent a
Eo thrgoug conductors 708 through 710, It will be understood that each di
numygs 4 9545 PBGH BRI G CsSet & PREFABESBPLHferxtending

in ad@yis oihr@u@hCcpagiaticslRrioand visassetiamackagesiolsirate solder balls, the

xtending, jn arr or linearly perpendicular to the cross-sectional view
boncGiiTin, SR B B SO TG B RS Bnd iy the BGA
packigie e ecfpaasnaing eandietionstypasthepibieaBGAeaaickhgenductors that can form
.representative of different types of package electrical cggndyctors that can
vari g S AE b R SR U PLCE G RIS R e
leadlelss PrkagesdAl dieth2pisiboodatdeabe7package sdhsiratg Y02 Dye die 720
g)n adhesivet7%2~The ie 720 ma%b .an in%e rated.cir?uit %ie Oéa die. Bond
may RS A ST UG E AR JURRTRE S 5584 W R RN IsEr§ 40 as a die. Bon
wiresgnAeohiie i 420 1o0tlhe ther diighgborudidaiamss/IR. An L-shape integrated

circuit die, 730 is the same as.t -shaped integrated circuit die 108 of .
B R T g e 8 R et
die _teeesﬁe?d@rel_a)mﬂx mpdsav@qsquar&ldwnecssse(amgéememma alsesh'gevv?_ﬁo. The
in EIG. 7 ich increase l%edestal Stabl|lt¥l.g ilét&eCL-shapeslrSlL%%gt?rg lgir(sj:ug which

recesdslgdﬂs% " eraa% geﬁ aé% corners or a orners a

increase pedestal stability. The L-shape integrated circuit die 730 bonded to the through
conductors 709 at its pedestal portion 733. Bond wires 724 connect he L-shape integrated
circuit die 730 to the through conductors 710.

A mold compound 740 is then formed around the various components to encapsulate
the various components on the package substrate 702.

Referring now to FIG. 8, therein is shown a cross-sectional view of a stacked L-shape
integrated circuit die package 800 with passive and active components. The L-shape
integrated circuit die application package 800 has a package substrate 802 that includes
solder balls 804 through 812 connected to various through conductors. The solder balls 804,
806, 807, 809, 810, and 812 are respectively connected to through conductors 814, 815, 816,
817, 818, and 819.
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conductors 709 at its pedestal portion 733. Bond wires 724 connect he
L-shape integrated circuit die 730 to the through conductors 710. A mold
compound 740 is then formed around the various components to
encapsulate the various components on the package substrate 702.

ReferiRgnovs e bientB e ebhike 8 WaiR GkRSS2386tABhYVIEWiBstrate 802 and
stacked L-shape integrated circuit die package 800 with passive an

. d
can benpdieepHysientstahe | thentpenshiegrdtsdiosir&bit ard bpibxdhsnd wires 824 and
826,R86kagR &P0 has a package substrate 802 that includes solder balls 804

throu%he812 connected to various through conductors. The solder balls

804 65 HHABAYI I OWRAISTS dfcARLSEIERBY, 2Britbetsrs 8 tRrBud Package

subsGARABEIOrTBd 4dBdHy 8382 Ald cBABIANERILD blilnps BRASIYE CQHNEANRNhe die 830
820 is bonded by adhesive 822 to the package substrate 802 and can be

to vaSinpsAIQrEd iraaisiors e b thsuonah codus 1 shkP 815 by bond

wirgs §24nhapel isidGrdieanariiMelio/8aieiS 3kt amhactyereompeRatitegrated circuit
connected bg an adhesive 832 to the package substrate 802. The

die L0 &did @32 31 0y RaNE QideV Blnts s e5asest et 8ty thetfieddm§30. The

rece$Sevarior 84 niabigR[RNIUGINNS osUEblas dba¢hRuabwandraNrs, 818. An
L-shape integrated circuit die 840 is the same as the L-shaped integrated

cirddIf bidhiB8 BY gt e s ehifs o Sitib it BARARS rbcaRakd s sy tglfate 802 by an

adheaiey 8he siaSgiciaepoeaessad andadht Ry havalR SqUANR ©F AMgeek 845. The
corner as shown in FIG. 8. The L-shaﬁie inqtfgrated circuit die 840 is

adheshyes %oaﬂﬁﬁ%écwaa § & 863 iy agiesials b putiadrs 844 and
846 pertien 8A3akichie ihe iendf theudielB3XN0YRpcathesive B43hbiagh conductors 815

esives 842 and 845 may be adhesive or thermal interface materials.
and Qe R v b b RRLE e PSS TP R B may also
interk@spectitlypiesthe dbrigiglaamiuaianh S Lshapd Birdioe dendt\wieesi1826,
the thro$?geh conducicgg 815, and the gond W'rehs 844.may also 1
intéhdBRIELHROPAL SvR BdhTRoismeg 26o4nd The Y2ERUDp SRSyt encapsulate
the ‘eirzuit dignPdtefisvalthepathapnsu8sas 8N formed around the various
co nents to encapsulate the various components on the package .
AR i i B G e GG G100 hahsemi-C-
shapeientei ftctadkadt sEnpicksapointairatechcitGuliagic ipagkagd 900uil lige package
semi-C-shape integrated circyit.die package 900.jncludes a package
900 JiifErero0E KaKog COTARS he Gt LG ST ST CTBeD aigganected to
varidhsoﬂgb@ndunﬂnEofEhe Tatdeolalishal4, 3G, A1), andl 2hd &E2 are respectively
connreec gc? %I\tll?rlgugh conductors 914, 915, 916, and 917.
A die 920, an active component, is bonded to the package substrate 902 by an

adhesive 922. The die 920 is connected by bond wires 924 to the through conductors 914 and
by bond wires 924 to the through conductors 916.

A semi-C-shape integrated circuit die 930 is the same as the semi-C-shape integrated
circuit die 208 of FIG. 2D but is bonded to the die 920 by an adhesive 932 at a short pedestal
portion 933 and to the package substrate 902 by an adhesive 934 at a long pedestal portion
935. The semi-C-shape integrated circuit die 930 is connected by bond wires 936 to die 920
and by bond wires 938 to the through conductors 917. The recessed area 937 of the semi-C-
shape integrated circuit die 930 is sufficiently deep to clear the bond wires 924 of the die 920.

A mold compound 940 is then formed around the various components to encapsulate

the various components on the package substrate 902.
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connected to through conductors 914, 915, 916, and 917. A die 920, an
active component, is bonded to the package substrate 902 by an
adhesive 922. The die 920 is connected by bond wires 924 to the through
conductors 914 and by bond wires 924 to the through conductors 916. A

Se@%ﬁﬁhg%%‘i@@?@d GirgiidiaHdimthacara asdhe §@fﬁll@sﬂa§9%tegrated
integrated circuit die 208 of FIG. 2D but is bonded to the die 920 by an

circujydisipackaseal XP8hothscdeubls pimidn @@@%mgraﬁ%ip%i&%a@éhe package 1000
inchfiRSH eI byBR Athasye B3dal adang padestabmomiengR3F iPheonnected to

semi-C-shape integrated circuit die 930 is connected bé bond wires 936 to

variels g5eughd By HORE wirds 68136 bREsH g EdnallttBrsed 7 0Fpere respectively

conl&%6836thaseehLdh @idhesseGo$hape! B)tegratedy circuit die 930 is
suff|C|entI§ deep to clear the bond wires 924 of the die 920. A m

cortgBEni8at Ronss 18 ireprakagh b dte ity &wa&ﬁéﬁm& 822. Bond wires

102406apsuIaie dhe NRIoWSEMHRENEN EABUIBrPACKEIMEUDS BRI Wides| 2026 to the
Referring now to FIG. 10, therein is shown a stacked double

thro‘é%l?wﬂoédé‘ﬁ%%]iﬂtlégrated circuit die package 1000. The double

semi-Grshapgiintepsptethedsrit dicipackage 100 iIngleidama packadRmi-C-shape
substrate 1002 havm% solder balls 1004 through 1012 connected to

integrateg iR t8hAhdiErs FhEWoRBPRASE Polhs, PAskaZS 610 ity LPeoat a first

pedediel [Rsipoatively spanecrinthosagheandhetans M21atld thodé1kcand pedestal
1017, A die 1020 |s honded to the package substrate 1002 by n.adhesive
Pomfazboﬁooﬁa firedhdgsa k%gﬁqecﬁﬁf it 1920%° B%HFBE%YHE rfaifetbdic 1030 is

conrﬂ:@ﬂeﬂ dyddayibaviewirescl 2 thtodhieiubuatigh Dﬂradd(]i?rsdrﬁﬂ-@u%sﬂﬂ%8 to the die

j-C-shape i ircuit die 1030 is the same as the semj-C-sh
102 S Al T 58 DS e SRS HEdetIos i a0  Sbificiently
deepstaddsiatent Boa@indrbisstopedeshal giortior0 1 0Fk bycass a0Besiveel03d anbbth inside

to the die 1020 at a shorter second pedestal portion 1033 by an adhesive

“NP51034. The first semi-C-shape integrated circuit die 1030 is connected by

bonrd swirasl 14236-10-thepeonciigtocd tQtdindid hy4mnd thiresndOas dg: themi-C- shape
e T A L TN AR MR S oo
1041 be¢ mcassei%?lmnemﬂe@ ahbqﬁfcm@ldswmt&eA GeTaind seovind- Bh%ee pedestal
o S R IR RS 0 5 S e PSS 0
conrfeottidno 1104 1diy doradbevad OdZarnd4e thelporkagel substra@4802tat through
conﬁlcst%COTg llg)nq%e@gge%%t%ﬁ of the second semi-C-shape integrated circuit die 1040 is
sufficiently deep to clear the bond wires 1026 of the die 1020. The recess 1047 is beveled at
both inside ends.

A mold compound 1050 is then formed around the various components to encapsulate
the various components on the package substrate 1002.

Referring now to FIG. 11, therein is shown a cross-sectional view of a stacked semi-
C-shape integrated circuit die package 1100 with passive and active components using wire
bonds. The semi-C-shape integrated circuit die application package 1100 includes a package
substrate 1102 having solder balls 1104 through 1112. The solder balls 1104, 1106, 1110,
and 1112 are respectively connected to through conductors 1114, 1115, 1116, and 1117.
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portion 1043 by an adhesive 1044. The second semi-C-shape integrated
circuit die 1040 is connected to the die 1020 by bond wires 1046 and by
bond wires 1048 to the through conductors 1017. The recess 1047 of the
second semi-C-shape integrated circuit die 1040 is sufficiently deep to

clgagibe pomndayitreidO26:apsherlied B3AddheraressadRdt isgualediab2 by an
both inside ends. A mold compound 1050 is then formed around the

adhegittol P2onBeHisntd 48 isfegpsaistbhondndiss Loatiorbridimghgonductor 1114
and BRokAdSeRStIatEd R2RaieRrRadRwiq FI6. 11, therein is shown a

cross-sectional view of a stacked semj- C-shape integrated circuit die

packBFEYECORRANEASSAR AR Beopd ey Sivaded Qi apeolbRdhe #4&0 by an

adheS8MIHG3shapadnjegnistedsifsoncaicl applicatinmpackasarklfR inchodBs Bond wires
113LEacka e substrate 1102 having solder balls 1104 through 1112. The

Bt 5%Hs 1104, 1106, 1110, and 1112 are respectively connected to

thraugheandugiermibiided Eikouil 4161 Pid Hke/sahde Asige kbR @BIRgUMategrated
companent, is bonded to the package substrate 1102 tg{ﬁn adhesive

cirevh 915 Je i1t ZPIL WO BY BriRuireia £ kbAhat thridiiyRedestal portion

114 copdactadnbiig and ynhapdiveireskdzs debtiathnowghgantiigieor dekbb@ddedestal
passive c%:ynpone 1130 can be gptionally bonded to the top of the die.
ath

POrtipR20 by a V331 9he pRRSIVERHpBHRNAFSEE L SifuleliGo! 140 is

confé@edieol #:20dy pora wiresnd Ideand 44.36d Assesméetsbaperiategi@ienl conductor
circuit die 1140 is the same as the semi-C-shape integrated circuit die )
111 D eSS s Vo 6t a5 R e YE06 G GEFEE guetafe 1140 i

suffipiiion dédg bolyleaan adhrsivevidd 2 apel 40 the dadkage JHestsates1OP dtrther has
b Ionegeﬁgsecond pedestal portion 1143 by an adhesive 1144. The
evelsphicecfafle integrated circuit die 1140 is connected to the die 1120 by

bomgl tvir e bdditnandsisooanneeteshipvihe drm ghepnducinieditd foshO®dd wires
114 ires 1148. The reﬁjgg 1147 of the semi-C-shape integrated circuit die
HBGSOINRERERTH 'de€p to clear the bond wires 1126 of the die 1120.

Tha eotsschigaufidthissohashbeveimed eachetid Varibesembpdivgsto encapsulate
shown, the bond wire%lm may g)e conﬂig d to the bond wires 1146
au

the VALIRHS SYMRARSBES™ PSR SHiES 150 is then formed around
theRediolig GRWAOTES 10, ehaapsidaleowneavatistisecasiad Reswsodn ieeni-C-shape

inte%gc‘%f_%gcﬁﬁ)%sé{%%%%%%i2§§r%?{@?§ﬁ%%\é\é ta%c'iz Ia(é;ﬁ\:!'ez é(t)rr]neprglilréli% Su@?nvgnwaltre and solder
bonds. The semi-C-shape integrated circuit die package 1200 includes a package substrate
1202 having solder balls 1204 through 1212 connected to various through conductors. The
solder balls 1204, 1206, 1210, and 1212 are respectively connected to through conductors
1214, 1215, 1216, and 1217.

A die 1220 is bonded to the package substrate 1202 by an underfill material 1222
containing ball bumps 1223 connecting the die 1220 to electrical and heat transfer conductors
on the package substrate 1202. The die 1220 is also connected by bond wires 1224 to the
through conductors 1214 and by bond wires 1226 to the through conductors 1216.

A passive component 1230 can be optionally bonded to the top of the die 1220 by an
adhesive 1232. The passive component 1230 can be optionally connected to the die 1220 by
bond wires 1234.

A semi-C-shape integrated circuit die 1240 is the same as the semi-C-shape integrated

circuit die 208 of FIG. 2D but is bonded to the top of the die 1220 at a first pedestal portion
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integrated circuit die package 1200 with passive and active components
using wire and solder bonds. The semi-C-shape integrated circuit die
package 1200 includes a package substrate 1202 having solder balls
1204 through 1212 connected to various through conductors. The solder

124 PaNs20dh ka6 1121 Qnand 1l dR1e seshmstively iconnactethiRdhrUeRd pedestal
conductors 1214, 1215, 1216, and 1217. A die 1220 is bonded to the

portigackat RuKrathordo fan JRdettihiadiar 10 RLraisHirHE 19 1240 can be
optiHIIPS i3t 60 16 BdiPskthe dienid2e i 1Plseicabandvieatitran sied is connected to

conductors on the package substrate 1202. The die 1220 is also

the gAnErERPByobdidl wre 1 PoA4oHES thtdtigh Idintrsetsrd 421 Atathy 5gmi-C-shape

inted2aid Wirast1R26 tadhe taradeneRadus e S1éad thorbPASSINRSANMPBE e die 1220
1230 caigege optionally bonded to the top of the die 1220 by an adhesive

and hasdbevelieahgadhi@domponent 1230 can be optionally connected to the

dieAl 22ddyohpechwiresolid 3de A roanidarshapeniiegiaie ddgitpuitedis b242apsulate
is the same as the semi-C-shape integrated circuit die 208 of FIG. 2D but

the variuiS COPRORTBERN SReReciace 536540 i edestal portion 14 1241 by
an Relesie Add2aneit thepagkaer sybsiaia k22 -selangarl see@ndf a four-
pf%g_eﬁtal portion 1243 by an adhesive 1244. Thq%semi-c;-shape integrate% _
pedesialiibene 15gs 5Bl aﬂ?ﬁk&%%éét%% Y HhahASENR SIRRS8SBht The four
pedel?@l%‘p@ﬁﬂgg\ﬁif&ﬁ clgdtﬁt @ﬁfﬂ@&@gaeggmﬁ?ﬁgestbrwc g‘ﬁmmscméswoz having
1217 nd wires 1248. The recess 1247 of the semi-C-shape
SOId?ﬁté@Uﬁ%/éggéﬁr%ﬁﬁ“@?é i%h%ﬁg@mrsﬁemwé%l&t qug ﬁf&%ﬁa%vir@ié%er balls
130401 thexlie3182@nand makersisaieigh eitcfdnoldieonppossididadi is314, 1315,

131 hen fg#rgﬁd around the various components to encapsulate the various
c?l’?fﬂ) ts on the package substrate 1202. Referring now to FIG. 13A,

theseitidsi Shovid b sdedsts et paak ygevwiisardaui3pedsstal-siiapeéve 1322. The die

|ntegrated circuit die ackag}ei%%zfoo ith an gctive c onent. Thlg four-
132 b R Y RS Al vtk e BAEIEE 5 et o peggeuctors (not
shovswbistratepadaihavisgasoldepballs 1304 through 1312 connected to

vag’?;s throldght io ductors. The solder balls %0,’;’@4 06, 1310, g{d 312 destal

are YASBERRVERAEHARE A B DGR DAt Arore 138 Y418 25 B fofigpedestal-
shapt3ihfeghacia t320iisdord8doD Fne. pébkage isubsitkie ABubypaieadkeshdd by an

1322 g%ﬁ die 1320 is co nec:tedﬁI bopd wires 13ﬁé ré]’gﬁg #)o d wires
e B HSRREIE T Ao NS ok LUl 5! he four
pedestal-shape integrated circuit die 1330 to the through conductors 1314 and to the through
conductors 1317, respectively. The recess 1337 of the four-pedestal-shape integrated circuit
die 1320 is sufficiently deep to clear the bond wires 1324 and 1326, and may have square or
angled corners as shown in FIG. 13A. An optional conductive material 1338 is placed
between the die 1320 and the four-pedestal-shape integrated circuit die 1330 for improved
heat conduction therebetween.

A mold compound 1340 is then formed around the various components to encapsulate
the various components on the package substrate 1302.
Referring now to FIG. 13B, therein is shown a horizontal cross-sectional view of the

structure of FIG. 13A taken along line 13B—13B. The bond wires 1324 and 1326 also
extend between the four pedestals 1331 to allow the die 1320 to fit closely into the recess

1337 between the four pedestals 1331 to form a compact stack.
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A four-pedestal-shape integrated circuit die 1330 is the same as the
four-pedestal- shape integrated circuit die 408 of FIG. 4D but is bonded at
four pedestals 1331 by an adhesive 1332 to the package substrate 1302.
Bond wires 1334 and 1336 connect the four- pedestal-shape integrated

cirguifyslient33QEpstosdhravaiecongeptonsdatat ane{aithade8I9R FIG. 3D would

conductors 1317, respectively. The recess 1337 of the

haverthe 3EfesiatssirsenRehardy itifdGi die exomidhatniasting discpdsmeath would

havdhg Bengnwirgsd 324 3nshd826, nd MardsyesAuRI e RNEASE BOHIERIIs to the

as shown in FIG. 13A. An optional conductive material 1338 is placed

thropgh serdrfiertiie 1320 and the four-pedestal-shape integrated circuit die

133 ferrinpprovedo aat. condiehicin tResebRveaRoA-BeeltbRIMAOKNES an E-shape
1340 is then formed around the various components to encapsulate the

integratrdhGlicHth g 8ATkas the BatiBge SeHh SEPIRSIREGING Rawrging. The E-

shapklfatcb3Bednaieintidishpavkaa N onigoniRl cIess-pRckenakiiRwaf th®?2 having solder
structure of FIG. 13A taken along line 13B 13B. The bond wires 1324 an

balls, 53t faroughid A herReriethiorddripustuianeh $99deciarsw ﬂwféldféééﬂls 1404,

14060 ft 1g)osaly 1At the: reepssivdy chatuean iheniouspedagialed3BUm 1415, 1416,
form a compact stack. 15 It will be understood that the C-shape integrated
and L35t die 308 of FIG. 3D would have the same cross-section as shown in

FIG\ 43A1az0eptBbada@ntactivepdikadarpaatt wooltdbaveatthegvemater The die
to accom mogi

te bond wires ar. would have to have bond balls to the .
142015ty egh @&@%mmrﬂg“%‘mtg’%u r.Of&}&ﬁ@?&Hﬁgfghﬁ%ﬁ ang by bond wires

1426103630 cbRRL Mi—cefran H-®hape integrated circuit die package 1400
with an active component, using wire bonding. The E- shape jntegrated .
bt BB RS A ENI o bULB S <t A Habos Wbt g et cireui
die $EdlsA#04.throwah ik48chaan ne eirdpie Martousbinras gl e Rt utidrsad igird pedestal
solder balls 14 1406, 1410, and 141 respectively connected .
POrRS L bl AR RS TR L A10 A ChEr AU B ot 1420
at a Yhefpackagesubst peld4lpoytian adBesiyead 4dBesine Di86 14B6hib wires 1438 and

ted b d wires 1424 to the th tors 1415 and b
143 e LB ARG Lo e T 1e, A BECHERG s 414 and

141 Ginesfiedieyd430Thdhecsased asdhda B Ehdpkdiegigiednciautedigrb08 dt 1430 are
FIG. 5D but is bgonded to the package, substrate 1402 at first and third

ST A N E Tt SRS by F2ditioy SRR VBO A a5 4F aneled

cornanchialibe/top 6idhd 4lie 1420

A mold compound 1440 is then formed around the various components to encapsulate
the various components on the package substrate 1402.

Referring now to FIG. 15, therein is shown a cross-sectional view of a multiple stack,
E-shape integrated circuit die package 1500 with an active component using wire bonding.
The E-shape integrated circuit die package 1500 includes a package substrate 1502 having
solder balls 1504 through 1512 connected to various through conductors. The solder balls
1504, 1506, 1510, and 1512 are respectively connected to through conductors 1514, 1515,
1516, and 1517.

A first die 1520 is bonded to the package substrate 1502 by an underfill material 1522.
The underfill material 1522 contains a number of solder bumps 1524 connecting the first die

1520 to various through conductors.
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at a shorter, center, third pedestal portion 1435 by an adhesive 1436.
Bond wires 1438 and 1439 connect the E-shape integrated circuit die
1430 to the through conductors 1414 and 1417, respectively. The
recessed areas 1437 of the E-shape integrated circuit die 1430 are

suffigignti-peantte eieardheuhomd Wirss 484 ange 1426 APdsHpY Ma¥Brated circuit

di fﬁéjare or angled carners as shown in FIG. 14. A mold compound 1440 is
1€

RfdtHedARIta bradrioubcaslBse S TN LA dialls anenagtssial portions

153 CARPOSENTS, ARhe PAckases RIDSIBate 025 RefaliRotROW 0o e 4R 1520 at its
therein is shown a cross-sectional view of a multiple stack, E-sh

g ape
centen perdeiBiRIFEOR é@%&a%g@&%%ﬁﬁ%%&a&mb%méﬁ% gRrmect the E-

shapeandindted BRJIESHRPS Buteg tRtadlisHit stidRaskacs 4 208 i3eudespactively.
package substrate 1502 having solder balls 1504 through 1512 = =
conhé&ctenddivatrifsitandi dorihedesret e fsiner Ba?rs%ritséﬂrf%@e 1530 by

an uh8dGilPRAEAR B respecieificrrnesier tedthuehondustpes dbddider bumps
1515, 1516, and 1517. A first die 1520 is bonded to the package

1544 pmpeeiing=hs 15p o sHadmiPricdbrdl-tBns migeraisasirnuh sk Ssipprovide a

multggletaiastacRkumber of solder bumps 1524 connecting the first die 1520 to
various through conductors. 16 An E-shape integrated circuit die 1530 is

the SEriR'S (U SRAPECHRB It MR HiP R 508268 ¢ 85 BB o) in the recess

153’honded to the package substrate 1502 at its outer pedestal portions 1531

and 1533 by respective adhesives 1532 and 1534 and to the top of the die
15%%?%?50%839@@&33@5 RibRE38 HELVS SBROBS R pR@psulate

the VkbidRestshibod8ntoonest faelagsbapgrinteggated circuit die 1530 to the
thr&légh conductors #ﬁéﬁl %nd 1517,.re§]§ectivelg. A second ie,1540fis ked T
bond TR Dt & SHAPE Th S ReRE Ar &It T4 by iS4, of @ stacked T-
shapdnaediiomtadal tlhé padlogendefiVihaieiial doAgcentaing i Rulvdes@lding. The
so|der bumps 1544 connecting the se %ﬁﬁ die 1540 to ;[iﬁle E-shape .
sackiL AR OSHAAE 190 p e | MBS SRR dofie 1602 havine
soldaubapl Los0ectiarudib 4 Motddreetedita largarsfiisiotich Iw2@uattie rairssolder balls
537.@| éd p srllLﬁ 1550.i @en formed .around the variou
1604, ol RS AR VAR S PR Sadlggh conductors
1614 uledtfate a0 1RefeligngndoMs 10. FIG. 16, therein is shown a
cross-sectional view.of 85% ckegzl - shape integrated, circuit die package
OB S o B Gt Soide: BOlahae fhe packiee SI6EEAE 1602 by
respective underfill materials 1622 and 1632. The respective underfill materials 1622 and
1632 contain respective solder bumps 1624 and 1634 which connect the first and second dies
1620 and 1630 to various through conductors in the package substrate 1602.
A T-shape integrated circuit die 1640 is the same as the T-shape integrated circuit die
608 of FIG. 6D but is bonded to the package substrate 1602 by an adhesive 1642 at its center
pedestal portion 1643 and to the tops of the first and second dies 1620 and 1630 by adhesives
1644 and 1645 at its outer recessed areas. Bond wires 1648 and 1649 connect the T-shape
integrated circuit die 1640 to the through conductors 1614 and 1619, respectively.
A mold compound 1650 is then formed around the various components to encapsulate
the various components on the package substrate 1602.
Referring now to FIG. 17, therein is shown a cross-sectional view of a stacked T-
shape integrated circuit die package 1700 with active components using solder bonding. The

stacked T-shape integrated circuit die package 1700 includes a package substrate 1702 having
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stacked T-shape integrated circuit die package 1600 includes a package
substrate 1602 having solder balls 1604 through 1612 connected to
various through conductors. The solder balls 1604, 1606, 1607, 1609,
1610, and 1612 are respectively connected to through conductors 1614,

solddioBasl 6164 Hebigh618ranshd&l&d kirshandssecomnchdisadlReand b der balls

are bonded to the package substrate 1602 by respective underfill

1704 4tNa15 0823 U 165D, andle IrbspatsivesDFfdBiy rrRiBreid 16 2hrqHgh conductors

1714632 $;artes) respectivg sadderipumps 1624 and 1634 which connect the
first and second dies 1620 and 1630 to various throu%? conductors in the

palitiheuisstond diso2l /2% b Bhwgrarmdd ithfiPaedesssitpstrate 1702 by

respS@NE asdheiil shaprintenratgeicireyit digh SR Ricklke Bladbatl isnRRRred 1722 and
to the package substrate 1602 b% an adhesive 1642 at its center pedestal

173 6p0tm EABcsHY G Sl thB o f 1hé ARt At skbishacansiedtabs Gt aedgecond dies

17200¥nAdhBIte s atitdd s iP 4ol i AUIe e pRSSa aiBasalBandavires
1648 and 1649 connect the T-shape integrated circuit die 1640 to the

thrOuGFRRROIEE8FaIS $ i % 1 & s Hee Ay 2 tholasEaRT BiwRIgEy Teuit die
608 AR mpadiatutaddhe thariikdeGRIeRRIRIS R ERGaRSMALRIHBe TATIgUSs center
components on the package suhstrate 1602. Referring now to FIG. 17, )
PR BOR b LIS SRR B OP SEACRAAS Epab D gadnesives
1744cif]ﬁuiu dheskag@isagr?ek?@@mw agdive @ﬁid@@vuems mimlgow@l bé@ﬁdm the T-shape
. The stacked T-shape integrated circuit die package 1700 includes
mte%aﬁéaa&cgﬁ@éﬁéﬁ%%ﬁw& BB 4 0 {ﬂ}guwffﬁe Y-
conpedtddiie vasta)ibsﬁdsﬂae@tbqaedqst@ﬂ‘shérl m%ﬁgideﬁtbgi’@e%MuﬁHi@,l 740 by an
1707, 1709, 1 and. 1712 are respectively connected to throu
e 5 42 7o B 7 EAAOUI T2 G afl Slighals 1754
conrdi@ng 186 tnd di307acetbandEdhaibenpaskadecsubntiatel 170 2ptovide a multiple
res%)eective underfill materials 1722 and 1732. The respective underfill

die W&terials 1722 and 1732 contain respective solder balls 1724 and 1734

whighnodmhoesiphenlirsTent seaofhdigiSarbird ted A3 rgdausts to encapsulate
through conductors in the package substrate 1702. A T-shape integrated
{ SRR

the vRQU GRARPIAERS BTG RASKES TR EHS Jd Yftegrated circuit die 608 of
FIGVBIL: bkt iavaonidachie tHeerpackaiedubstigiemdi7@? wiyhan pdbERI st mode, it is

1742 at its center pedestal portion 1743.and to the tops .of.the first and
0 bE M RY TSGR 1090 6} S EOOLEA9iy AR 190 MR lke spparent to
thoseedese dnatieasrtBanbinikesStiy 4B apdihg4R woipect thecdeostiapl, it is intended to
integrated circuit die 1740 tq.the through conductors 1714 and 1719,
e SRR S e LIS BSRAai REHER o e CRAAT e scope of th
includtelge i@k cirkllitdieets’ 46 Byrirherein or shown in the accompanying drawings are to

be interpreted in an illustrative and non-limiting sense.
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underfill material 1752. The adhesive 1752 contains a number of solder
balls 1754 connecting the third die 1750 to the T-shape integrated circuit
die 1740 to provide a multiple die stack. A mold compound 1760 is then
formed around the various components to encapsulate the various

THEMPEOReMNoothaaskage substrate 1702. While the invention has been
described in conjunction with a specific best mode, it is to be understood

that many alternatives, modifi(fations, and variations will be apparent to

those skill‘éa JAtEREL ﬁ‘}rﬁﬂﬁt of ﬁ?glgfbsrléléoing description. Accordingly, it

is intentiepbioioarmbvageaallgudiisliaridalives, modifications, and variations

that faIIwi% in the scoggo the .include clgims. All meliltée{ls set forth laf; i

herbiROF SRR 1Y the SR SYing Grat M SO R 6 e TRYATB raeSi F g Hon side

illustrativecapid o rviihn o g iagnBeiohs it &f NS/ B [faiC AIMED IS: 1.

An integrated circuit die comprising: a body portion having a singulation

sid2; and Alpedesisitpddtiomiextendintpinom thelbodyl potonnathe badingoation and
tne SAGHIANAN side Sopianar it dhe singulgtion.side of dhe LRANBOLION. 2:ccrion, a

ein eBratea Gircutt die Bs claimed in claim 1 wheremn the bo )Ppor on ’

semiafieshtiye pecsstiad portiem Eerivipnedossesdcieoa, loshapelamssresctierija, the cross-

sectiTiSEREF19; 't%%%?ﬁ?é‘ﬂ%ﬁ%&@?&&%ﬁ% o%%ﬁ?éfﬁ%.“o“’ an E-shape
cross-section, or a I-shape cross-section, the cross- section parallel with

the;singulgfion, side, 1 4le BREY;BALifed HE AR PISHLEEGURAIR AP portion and

claimed in claim I'wherein the body portion and the pedestal portion

the pestertih@e i iebigedinipeideons-sherionosaRation gt a et todwpe cross-
secrAGIARRBERAFIEIRY I{0 Lo scf,g! 15ggy porton. 4. The

integrated circuit die as claimed in claim 1 further comprising a plurality of

pedestal paytions #hihe GRIMEEOANGNAALY REEIAM: P-IRBNBHAREhg a plurality

circuit die as claimed in claim 1 further comprising: a package substrate
of peglestabraHirst ghted seineiso e RadkRE tieibstrate having the pedestal
portion attached thereto; and a bond connection between the body portion

and the thi8GINTBARIGBFYS. dihasiclabrattd cladtit e tscrammiring:

claimpdcieisoentRmpEisiRcing RagkagersubsliaieharingRkAERUAMbstrate having the
conductor, the package substrate having the
pedestal portion attached thereto; and

a bond connection between the body portion and the through conductor.

6. The integrated circuit die as claimed in claim 1 further comprising:

a package substrate having a through conductor, the package substrate having the
pedestal portion attached thereto;

a die at least partially located under the body portion; and

bond connections among the through conductor, the body portion, and the die.

7. The integrated circuit die as claimed in claim 1 further comprising:

a package substrate having a through conductor, the package substrate having the
pedestal portion attached thereto;

a passive component on the package substrate; and

bond connections among the through conductor, the passive component, and the body

portion.
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pedestal portion attached thereto; a die at least partially located under the
body portion; and bond connections among the through conductor, the

body portion, and the die. 7. The integrated circuit die as claimed in claim
1 further comprising: a package substrate having a through conductor, the

pagkage suhsthaderhuingdine dresiestahRartion atiachedrbiersigsiing:
passive component on the package substrate; and bond connections

ambig theth bkt iy hrdgh o i Mipoinpaskigmheudstipte having the

portion. 18&iedhepiasratestrigwceieras claimed in claim 1 further
comprisin%:}éalﬁackaqe substrate havir;gtthrou%h conductors, the package

subistitalite o diernt lsastratip s insHestrdre A BAdo P PR AR of die at

leapb Raciakvdacatagnendendirrbesy Redinorne dipadicanieeiens
among the through conductors and the plurality of die. 9. The integrated

cireuit die HseClajegedda clajnit ldfuriher gomprisintmdie AlrtiRasiopastislhe a die at

locate der the hod rtion and having a bond connection thereto. 10.
a2 DA PG CHELT: I OB A A% COMERL S

least partially located aver the Qody paortion and having g bgnd connection ..

thelbto, 10T Eh i AP Body M NG o die a
leastgpagiddtidocaide oanritite Hrate gaitionibod e fppd p at ttonnesttha thedestal

portion integral with and extending down from the body portion, the

pedéstal portiotegratddgiacsindidavorpsikiageoplanar with the singulation

side, af.th ttion. 2 infegrated circuit die as claimed in claim

11 %v%ged%rﬁoﬁ?gqﬁ}(%%gpgo%t%%%%%%ﬁggédestal portion combined provide a
L-shajieegrotst sactioronatl®-bhdp e wtoss-sedtion, a semi-C-shape

Cross- ' E-s rQssisectio 1-s S-sectl .
e B R o SOl DN Ch AR IO AECUGHy poron, the
provided wittestdpat®ohangigda corgelatis Jide dotdgnatedidirthstsaguestion side

claimed '%9'@%&%@9@%@{1 the body portion and the pedestal portion

combined provide ape cross-section or a rectangular-shape cross-

12. The integrated circuit die as claimed in claim 11 wherein the body portion and
the pedestal portion combined provide a L-shape cross-section, a C-shape cross-section, a
semi-C-shape cross-section, an E-shape cross-section, or a T-shape cross-section parallel with
the singulation sides of the body portion, the cross-section provided with a square or angled

corner.

13. The integrated circuit die as claimed in claim 11 wherein the body portion and
the pedestal portion combined provide a C-shape cross-section or a rectangular-shape cross-
section perpendicular to the singulation sides of the body portion and the pedestal portion, the

cross-section provided with a square or angled corner.

14. The integrated circuit die as claimed in claim 11 further comprising a plurality
of additional pedestal portions extending from the body portion to define a four-pedestal-

shape integrated circuit die.

15. The integrated circuit die as claimed in claim 11 further comprising:
a package substrate having a through conductor, the package substrate having the
pedestal portion attached thereto wherein the body portion and the pedestal

portion combined provide a L-shape cross-section, a C-shape cross-section, a
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section perpendicular to the singulation sides of the body portion and the
pedestal portion, the cross-section provided with a square or angled

corner. 14. The integrated circuit die as claimed in claim 11 further

comprising a plurality of additional pedestal portions extending from the

body portigimmiocdstifr afesy-refeataimshaprjetegsaiad Gitalitdie. ¥5shape cross-
The integrated circuit die as claimed in claim 11 further comprising: a

package SEEEARSIRAING D iGHGE LR EErS lethabrAy @ utiog e the pedestal
having thgopgsiestal portion attached thereto wherein the body portion

and the pedestal portion combined provide a L-shape cross-section, a
C-éhdfedtrisastantigHy dost <bmidsrhaRotyorerigbrii! ataehsdagethe package
cross-secigikt@fa T-shape cross- section parallel with the singulation

sides of the body portion and the pedestal portion; a die at least partiall

loctéBerisEerefs bwﬁmmfgﬁeia&afeﬂ@d%tﬁecﬁa%a%ms&mh?&% pedestal

shorter pesigstal pestpnexterding {ram the body portion, the shorter
pedestal portion attached to the die; and a bond connection between the

bodyP BB M PSR RIERRAYRSF 128 27 Ehin tBEASB S LSt Uie as
claimed in claim 11 further comprising: a package supstrate having a

bt et S e R
attacphsckilgersiibsibereiaving hodyopghioonanditie thedestalgpaiitrate having the
combined provide a L-shape cross-section, a C-shape cyoss-section, a
oG BT e s RS o, FOREAGR The pedesta
cross- segiwtiqpacatiedindth ghe, tlagulativap sides wfdtgohpdyCpdidien aod-section, a
the pedestal ;_)8[t' n; a die at Ietast pagi%l_y located under the bo((jj%;}ortion

and attached to tﬁll(“éaB%c‘f%B&Se's%%B’s‘ha%e AnefiRg (58 SEHISH: ARhortdaPe cross-

on
connectionsaonggdie thibubh condlacion, sidesbhatyipboiymatidihadlike pedestal
17. The interq[rated circuit die as claimed in claim 11 further comprising: a
package dhdtrde having a through conductor, the package substrate

havinticthe 1pedestalpyrtioceaidachéd therbtalyvipergiomthedathycheadtionthe package

and the pgggﬁ}gle pg(rltlt%@ gg(rlr}],bﬁgretgo ;r%\ril(ge a L-shape cross-section, a
C-shape cross-section, a

bond connections among the through conductor, the body portion, and the die.

17. The integrated circuit die as claimed in claim 11 further comprising:

a package substrate having a through conductor, the package substrate having the
pedestal portion attached thereto wherein the body portion and the pedestal
portion combined provide a L-shape cross-section, a C-shape cross-section, a
semi-C-shape cross-section, an E-shape cross-section, or a T-shape cross-
section parallel with the singulation sides of the body portion and the pedestal
portion;

a die on the package substrate and attached to the body portion;

a passive component on the die; and

bond connections among the through conductor, the passive component, and the body

portion.

18. The integrated circuit die as claimed in claim 11 further comprising:
a package substrate having through conductors, the package substrate having the

pedestal portion attached thereto wherein the body portion and the pedestal
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semi-C-shape cross-section, an E-shape cross-section, or a T-shape
cross- section parallel with the singulation sides of the body portion and
the pedestal portion; a die on the package substrate and attached to the
body portion; a passive component on the die; and bond connections

among thghieHgbEpRdH GRIvINEPRSBMS: CPMRB&aNn dachiRe WRfYhe singulation
portion. 18, The integrated circuit die as claimed in claim 11 further

comprisingfd&sidRaFedupettior M kg RFIEtBHPEsHRictors, the package
substiatgltneingidh o Redrsiab P en Atinsitrd thegeto wherein the body

portion and the pedestal 21 portion combined provide a T-shape

crodudsamsshian R Hirctunpehamusiassaf dhs BB PoRidtiand

thejpedestalcnartionicl Riksalityiohdi@ailacated under ithe ey pastigmgand
bond connections among the through conductors and the plurality of die.

19 2PRENAEE SPRRIEF IS Raing dhsPerisriRl gortion pechad EF Comprising: a
pagksigeasHpst addifaving thespe gosidineektiendataaies thepets; gophsiatidydefine a

of additional pedestal portions extending from the body portion to define a
four-pede R4-Rdprianthapa datrerAtest Al %€ located under the body

pho rztij@ﬁ: acrs]uimdthémsﬂ%@Eb@@%&ii@g@ﬁ&tw%IMemmdlﬁ@mgqﬁ&@@@mgﬂg
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least partially located over the body portion and having a bond connection thereto.
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