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 essential fSFReRFEEUCIB AUSLAME WaRY MdiEdiialintegrated

circuit devices are constructed on the same wafer and groups of integrated
circuit devices are separated into individual integrated circuit die. In order to

iR RIS ah. intielgkated circuit die with other circuitry, it is common to mount it
on a leadframe or on a multi-chip module substrate that is surrounded by a
numbethPresatiinyYsoEsEr cdiee raalioAdRg jpadeRapageesen individually
connected in a wire bonding operation to the lead fingers of the leadframe
using extremely fine gold (Au) or aluminum (Al) wires. The assemblies are

R aRIGER BRihdividually encapsulating them in molded plastic, epoxy,

or ceramic bodies. One approach to putting more integrated circuit dies in a
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adhesive or in combinatign with inorganic spacers of material such as silicon
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perfoinhdorow wipiedyséickage because of decreased thermal performance due

to the yRaRINYHoEMAVRINEH LY AHARiTDE QSRR ALREHVS TR IRALROCater

spacers. As'the number of dies in the stack increases, thermal resistance

i Sheues ot 15t egetist et aepupiekay iR i ‘é‘tﬁ%ﬁed circuit die.
manufactiagtedsteAnetheiapproaCiisdn pidt Moy ednegiatethCitcit digsnon to
side-by-side in g.single packa ut this results in kages takin large
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Banaier opRdRIRGliaR) RAHATRIBRCS %@QM%J%&%S&{?&Q{EE%Q%M% (Au) or

been long sought, but prior developments have not taught or suggested any
SPIHIIHR EHo Mes, SBniieriahictsedhspomeimech Avdnon ety cacipydeing them
skileridd pre@itepoxy, 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 integrated

circuit Seidtinesytbéhiesearisdtenesdhiry ahciritdgratet gifchitt paickalgectapments have not
meﬁgget@myﬁ;aga&mugnwr@ugmmiaﬁéet@m@aﬁbﬂi@ﬂg%w@Hg\@ﬁlded

for Integration of passive components in keeping with the increased demand
fB?%?\E)lfﬁ shi &Rt connections in memory and mixed signal/digital signal
processing devices. This reduces the size of the integrated circuit package,
and minimizes problems such as high fabrication cost, poor heat transfer,

and decreased electricR! QTQEH QFé“é}FaW‘éﬁ%B‘a? ents of the invention

have c(;IJger advanteﬁ%es in adeHon to.or mﬁE ce of t ose mentlmded above.
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resenf invention: FIG. 2B is a cross-sectional view of the structure of FIG
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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
cross-§¥gtidhalsvievicat af fauiesiaisthRispiipaiitedosined direototiangdthvithodl{hird

andRedestal BRIRRS FiGerfiBnis an isometric view of the structure of FIG.
4C; FIG. 5A is a view of an integrated circuit wafer formed in accordance wi
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a fifth ‘BioddithdAEosttetsras Sttt dhtidi s BB 4 ¢ rakensitipHas vidwB;
of the FIGCREIrasof Eiéss-SAtiakanvaleng hine-8BpdhtefritedaGdsiadie with body and
c(rigssstﬁ,e%gt%ln%l_ view of an E-shape integrated circuit die with body and
Becfestaff portions; FIG. 5D is an isometric view of the structure of FIG. 5C;
FIG. 6hl{s diewnobandmteyened diectiimoraferfbimetin accordance with a

sixth gpebodiment akther Q@ﬁﬁ&rﬁ%@ pHien: FiRrBised fIasSsReqtonalyieWurth
of the structure of FIG. 6A taken along line 6B--6B; FIG. 6C is a

PR Qi A RGO i YeRtibe integrated circuit die with body and
pedestEipamians cfols sl dsahniéso ek G viewreo b Girus ke rod1bhe 114 B--4B;

FIG. 71;%3} gtolsss-sectional view of an -sfhige_eid;%t&%[gﬁedecli{t%égagg Q%tha(ﬂg;with

a crgss-sectional view of a tou
FIG 8 is a cross-sectional view of & stacked t-s ape Integrated circuit die

pedkagepeditkipastivasand active components; FIG. 9 is a cross-sectional

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

packadtSFid. 4 £ i¥ighc i daiegiied Gistibra St kB b ihficerdigpse with a fifth
pidgaatedtairahiit gisepaakagewyith passive and active components using

e D I R I ST PR e
solder Bénds$: 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 integrated circuit
die pddkagEwiith arPsctigdaBmpenedit usmg wirddnsnaingraRicil®isdie package

cressxetianalvaw bl lRisae e SeWider SoaRe integrated circuit
die package with active components using solder bonding; FIG. 16 is a

cross-§8atidAa! Welv oo StaiRe TieKaedinteymadd Blrehipgil sk sirgith dic
astiecaitpanantgeusimgselder bonding; and FIG. 17 is a cross-sectional

view o iple stacked T-shape integrated circuit die pac '
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ORRRBANGBOUT THE INVENTION In the present invention, semiconductor
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number of integrated circuits in and on the top. The bottom of the integrated
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ndividual iIfegsatad aliceitdies vonBlapeg@planar with the integrated circuit
wafer defines a horizontal plane with the top of the wafer carrying the

integratct difdhitsERT thel BettariT b i WHRBI LERheHrcbaBe (s iFfhcifit die
padagtal pbiionplefihr dniegpatediciicui citleBbldamgpheres 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. IA, therein is

shown an integé(?l'sep MB&@Q@%%%E@%@MW 101 and

formed in accordance wi present invention. The

wafer %9%"'5&PJ&%UQ‘R%&%&%&%%&&%%@??‘dfktﬁna?o‘é’é@eﬁ‘ﬁ%gﬁ?rﬁdaﬁi[ﬁéé§§ated
105 face down on the mounting tape 101. The bottom of the wafer 100 is
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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 by integrated
girehiteickd Diopheop e theawafeichon. Afdrans skolvitfuitheonnspasedfepmbdiarallel,
the.wader QG ds removed from the initial mounting tape and mounted on the
mounting tape 101. These saw guides 104 are not only to serve as reference
locatiohSTOH It oG e dreedsl gufeh 80 35° Bl ARGI3 B A REARs ! of the
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the singulation process, the wafer 100 will be mechanically separated by a
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fulhihigkhe ssefstaeawafan1 0thasiwell asopostionattvagglatitheoracesager 100 by a
areas 102. Referring nqw to FIG therein is shown a cross-sectional view
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pedestal portion 112. The L-shape integrated circuit die 108 has a L-shape
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side and has a rectangular cross-section perpendicular to the defined

gﬁ%dl‘éﬂ&]ﬁegi@@!’&]é‘?@r ﬁﬁ’glﬁov(zr bs T 16D theherisrensind AitidbrTEaiestFas

ob2he miirueiure aiprdtessdCihidracssshapadntagrated. cibaiidire1dGisation process,
omprised.of the body portion 110 having a singulation side 111 angd the.

R T B g G B S o Eines 100

sihighlaiibausiblesh nartivireos ile Sudnthivdnsthet ShdevafahE0 ashagbanregiate ghrough

glecuitdie 108, frem the singulation sides 111 and 113 may also be

singulation sides that are coplanar. Referring now to FIG. 2A, therein is

shownRiCTteg PR ¢iFdHit Wafdiostid Mctintel 2 siaiolRtier taper26h dnl-shape
fatepettincacanrdianos with a sesopemiodianant pfdheappeasit lim/emtion.-shape

The wafer.200 wit defined saw guides 204 is nted with integr .
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om of the wafer 200 is also processed by a mechanical 5
Referring now to FIG. 1D, therein is shown an isometric view of the structure of FIG.

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 deeper recessed
areas, 20ch psshving beatdvad. tiaforne ssavnd sidesi 20araeapésb rgrsshed oirid 203

tha RRriphsralab e piari28akyreauriingihe yalen2QQ with kRRONEMind 203

side down_on a mounting tape (not shown). A process, such as sawing,
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directio U ape cross-sections 1n_the pe rection.
now %Onl'—q l%ﬁereln IS shown a cross-secl]i)oﬁpéﬁnV|ew of'a semi-C-shape

integrdtetbeinguiodicod0Swith théredyipertion 2 tosnttqimdestad portibastaurcpure of
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the pedestal portion 214. The semi-C-shape integrated circuit die 208 has a
JemicpaiehRy dROSE b ipkRaines ©f Jife"BHctid findd'ps By Ao aEcess.
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defined .singulation side. Referri w. to FIG. 2D, therejn.is shown an .
I O BIRR BT T AR ARl ot 830N Aborion
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the singulation side 211, The pedestal portion 214 has a singulation side 215
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HoarsemiicinSIaRa, 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 are on the top
ofieaeighier 00 dist2Pretiefinder ssineulaidus 8de ahid thi botinZsSprovesdey be

by OrachARicRkRL GRemisialdpeans, such as sawing or etching, to form
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byfsasoingalaoantingsi306parabel tatand petpendikutamto thearecassag tape (not
reas.302. Referring,now to FIG, 3B, therein is shown a cross-sectional view
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singulation side and has a rectangular cross-section perpendicular to the

definerising imtBrrenvedehigkrettis hBw 16HielGOSDP IR G S BRURIPRRTOCCSS,
tseweteic30ewilf b enstiigivigyoidplae 36y Theoceshapa indegraied Liwuliie 306
308 js comprised of the b ortion 310 havi ingulation side 311 and
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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 top

of the Refkaringoaxitle PHedéinditsaw gilieles a0 iga e ionbiris st éysemd in
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AR AR D06 R PERS S RETH & THIflal TR 519551 MR @ hrib DI B ke (not
showaling tepeed sudihesersavg, Juite O arguiiet aoky dhcaedveiassiefereaea not

L%%%%‘Z’&%f{%df ”’H{%%r“?‘ﬁ%el?c%st%e@gre%8#9%1%”95%834 Ut 2150 0. allOW i des 404
accurate singu flon O?H: e waler 8nby d process, sucn as sawing, aI%ng
lirefonosipdraivefts AW pamenditdiemtththmitiecoxssedteréaps 402 modmM@Bon the

H&lﬁlfﬁ{gﬁﬁy@f@ha‘ﬂﬁl&é%ﬂ}v%@&%@lﬁ B‘é‘f%[ieglﬁ%"s@v%@-é@réﬁ&%@aﬁms for
shown a cross-sectional view of the structure of FIG. 4A taken along line

ming hherohstet 26054 Chivt' BloRRsdsa Witk Me frsrangngrtadng of the wafer

rocesbsed gieas 402 and 403isepamaiediin woprpeesseddhisknessasiehitheto the
water 300, Diyand g singliation proGess, s waler 290 will be .

mec anlcaeify separated by a process, sucltas sgwmg, along lines 406 which
will cuRgéthingportion BfGhéButhenokiredwwhtheravases Dl asewelf & structure of

PREtIONS HaHaRiRa;fiesk Bndsecandyeeesardi aGas f QRoetdA0RilR IREMird and

die having four pedestals. Referring now to FIG. 4C, therein is shown a

sred dectish AR BF AT AR patREiTd AP intetFdiEckhEtitsRe theguRfen 400-
ohogypo it hiionnddvg prdestal particinshd re showilyFaphpedesial process,
ortions 412 are defined he intersection of the first and second , recesse
T e e AT bR BRI EERREES e
thad dinf®d a06:1 Thepfotivnp eblosthl bhdine imtbspatadiretassit die @@ haml#03 to form
CRbARG RS -peflionparallel to one of the lines 406 defining at least one

singulation side and has a C-shape cross-section perpendicular to the
defineRSifGRRABH KUFSte tn BiRETebichodind SrRsearganst WosSise &pgrpedestal-

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 the 8 body
pottide 400 4HY mdviag Rdrigedativansiddes 413 capianarititiththangnigtitatigdes 411.
sidesidblaidibsidoayiptiensides:AitrrgCcarRnalowithiibe singwatiomsidesately

413 that are immediately below; i.e., all four sides have coplanar singulation
bRiRY: Reralroyristes bk coBA ARSI Eh an integrated circuit wafer
500 foRmferife aceardBitte withdadiith enbadimenicafitdeipresenifénd@ntionned in
L%E%%S‘}gg &{{ﬁ“'ﬁ 0%, 8&ian s fop gr}t&% Waler:30 f’%‘é?@{e Slned S8, on
guides 504 and the bottom Is process y mechanical of chemical means,
Hickhrssdwingior etthimdh torddefmepasedeideart, Yhralethdireettpardspeeressed by

A1832:207 of BR-PRUPMahdhe afer 200y is IUhEE RPCRSSSA LY MeRNBRISRY, first

or chemical means, such as sawing or etching, to form spaced-apart,

Frraikd, detontPrecdbsdiwtion L Hisawiss 7Lt is urdise rerratedsRe nsrhapical or
bsnavutl Mehareupiatallevang af diffeignico depthpawidnpas, seeand, recessectessed

areasspQ3-feeper into the waler 200, than the firstrepessed arggs 5g%fTJ}Fferem
Irst recessed areas 0% a(]SO separate t%e secon recessea areasabu 3.1t
dhishid wishnibrettthad thecsed end 9850 paeiprefbermattnpOl tththdpbripeacbed

QfelligsonaiffeaH0: Py LQUNHag B1e WERRRNHD ds hatorsside.dovypen a

mounting tape (not shown). A process, such as sawing, forms the saw

guides SO U SR RS RF SHEIIFRO D O4risnpiy HmTH A0y g maeperal of the
Ginceits0b0S anotapif the wietersd00ytftar thetsawigeidesSo4 aaredaimethpe (not
the wafer 500 is removed from the initial mounting t d mounted on th

i B8 S A B o S Rty P B ERR o
ihoationstioedfoymitegrates duriss e aredsrc02 e 503 Mut Aftso tes alvvguides 504

RIS NRUANEN RItRE MAIREISROPYHE RIRGPSRoHE 85HSAMINGo@eRon the

lines 506 parallel to and perpendicular to the recessed areas 502 and 503.

RERSFH I HRSW 8 FIBSS 15 e RVSREWIPA UL sefionicirewn s rations for
SirHGhgrehofrebdSseddrdakemnalangdn)edBisoBo ThewvataihORiigshtwiof the wafer

ssed with the second recessed areas 503 separated by unprocesse
B R eI et gt o ot SOBERARERC o he
singatativpap Adeems! 10@ wafer 500 will be mechanically separated by a

ProcesRe RUGh.a% RAY IR, HIBNGIRGS; S A WHUREVSPAIERNS RS ddlstructure of
thickness of the wafer 500.

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 define the two first
padestiinpvficid Ha9 arsdttheudacanspediestar sl 819 baddiied pypgulation
deptkeof 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 oRE T hBRTAtbH SidPa i s S hoRtB AR AP ErdsLigB &Idhe structure of FIG.
pErp@heiEtiapto ithex thedihecain did atisns swipereRefelt ng dopoitoh | &.03Rying a

therein.is sh n isometric view of the structure of FIG., 5C.. The E-shape .
B e
Siuespldonr sich B¢ bingidatien firde Ahl ScboddgseslebparipridhdBEsingylaion side

SRR SRS ALIRONARAT MSIE STIRUAIONAUR: Shher AU RES Gl
portion 514 has a singulation side 515 coplanar with the singulation side
{92 §ﬁ%§toﬂﬁh@%8tﬁ@%i&§ of BRI EISh e sintblratels éfdunldigsygalse be
fepnlthiesidgulatioarsiclgsabaid, 513, and 515 may also be singulation sides

that arg coplanar. Referring .now to FIG, 6A, therein i own. an inte d ..
cicut ST B el o e 3 A e S B 68 i
prewdandavetitionixmtenptadichentcefitbcpssant irethentopsirhedyvalern 6 GO vith on

predsiinechsan Quiges SR04 prANCHAM IR ARASIRARY vRRFRANIEA sed by

chemical means, such as sawing or etching, to form spaced-apart, parallel,
FRaBid! 06 S8EH IMABUIGUSE ADASY HRPTHESIRG hideetacsrsapart, parallel,
pefgsnedareomd the peripheral of the wafer 600 by mounting the wafer 600

with ‘t%tbs%P.tol’éi‘bse"?%‘?ﬁtgé"{ﬁgt?ﬁ‘egar&‘?g%ﬁg%@%&%ee(”O‘fo%*ﬁg ) o PRRsesS h%lrje%hof the
as sawing, rorms tne saw guiaes allgned V\?I{ﬁ saw sflree S {noP snown
defineeddpinteepaiiod diecwite60Homitoptobdtiowafdy 00N Aftar thiriang tape (not

ghidas 6Q4rar&dotmads N Waler 8R0S (emoyRAs WM e katalMAWiRG:s (not

tape and mounted on the mounglﬁ?)g tape 601. These saw guides 604 are not
Sty fo LelhuR &y iBRRFEHECIBUARAIS 13t [9BPhitg tridFWsselabasBogviget 604

atsadamatiipwaeeiisaiensingtialioadofrthe taiara0thbynfinprapgesadsmebingsl on the

sawing, along Jine SOG parallel to erpendicular to the recessed areas
o B e R A R R B L R g o
StrongrthofefdSe bikaakeld? aton gliin e 6H 8 BecTnaasaferl 80 isfsheownfer 600 by a

Bf&&%?,sﬁQHV£§1SQ&ﬁJ£C£§§§ﬂI@se§(§6 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 shown a
cross-Settiomalngeiodfle TaBhHseciintegianad eilcuictic 68 wWitheasbaeyre of FIG.
gertinn 6t andianedestalPartian 6¢2is e prbane tmtggﬁ§?&%@ﬁ(ﬂfﬁving a
608 has a T-sh?aﬁe cross-section parallel to one of the lines 606 defmnc(iﬂ;ﬁ? at
R SifR il e eiiatH AT g Y Redstneulaiivns e fbel gy with
thethia glefineckigirgulatite saefasetht O Refading mew-hdpkGneRrathecaituisdie 608
hown an isgmetric view of t ructure of FIG, . The T-shape integrated
T s T M RO e e PERS T e
611 aritetheipedestaiopbBiror 6RmEvIng kosingukitiehssitie®l Yieoplinar Withape
}Hﬁgﬁﬁi&}lﬁt&ﬁ &1@%;@% eTm.S'ﬂ%SLQ&Ebg iﬁ%@kﬁﬁé@%&ﬁm%m&@ 700 includes a
integrated circuit die 608 from the sm(?%ulatlon sides 611 and 613 may also be
BisytratiaResiied that drdubpikhdr REIEHInG KO 18 Frtshel T amrsnid t©
saciassisechbnahyviewrof and ssldapbalintAyy aieshgircoit gie paekdgey/ OéhnEbred to
-shape integrat ircuit di ckage 700 includes a package substrate 702
Wﬁ%u%%ﬁoéléagg)rrrs@:}&(%&rﬂgso?é%? balls 704 through 707 connected to various
through eohbeotsiessTheé theldestoalde7 b8llthrbagh W7 hrevresbetiely represent a

GORBECtRIRIFANI MARAUSHRISARS BrasiahwiAQ- It Willbe o dassiard: thatdine

each solder ball or bond wire shown in the FIGs. represent a number of

Ub BV B ANV GARTIRIEE S, BF 5B RHENBINVE Babrade dhsstpider balls, the
bahandirg, dndarsaydarslineasheperpe rdictdardadbendrosmsantion&uviesy, the BGA
shqwn. The solder balls,.the. bond wires, and bond balls are genericall
SR T EESCRLR Sr rcRa S kel BRSPS IS SNSRI cap form
viiffe reprstypaxcefapaickiaget ehsbuicalindndoetord thanddgadtasmpackdees

types of H}&%@%%&Hé‘é&ﬂ%&%ﬁ%&é@%@ﬂé%@% and feed|esmpackaogs. 720
A die 720 is bonded to the package substrate 702 by an adhesive 722. The

Q&Y PSSR sEb iR e LRmRIdOru do #Rms g s fered dnatiedify Bond
veifesrezh teoasea ehie dBord witRshiddshiounecitthed®, 720 to the through

condugtors 708. An L-shape integrated circuit die 730 is the same as the . . .
e b Rl e PR R MR T SBRl 8RR cireui
recdSedf drka 713 overs thesdienF@OviThes necessdchmre@313avanahichdige720.  The

RAAE cpERers o AN Iad CRRRRS ARV BN Gl Corfe WRICh JRAGR$RG. 7, which
pedestal stability. The L-shape integrated circuit die 730 bonded to the
tRrBgh 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. Referring now to FIG.
8, therdindssyownnerress2dechiomtadbewdbed vstdekéel theghgkeeimbgrated02 and

cirewit 9&&%@%&@%&%&9@&%@@%@9@&%%@ RANSIESHY BENH-$HRPG24 and
pac

integrated circuit die application age 800 has a package substrate 802
{178t IREEHEESolder balls 804 through 812 connected to various through
conductati e soldaivbatin§den806, BAHeBED bG LD, adidsBd? 8 ®E to the package

respecti nnected tothrough conductqrs 814, 8 6, 817,818, and
T D T A S P T b 0
subyicaretigoRehrrendagidhe sstionally boredaerivsttie$hfough conductors

814 andhS13AyoRRd Wike< Baftiand 3836 IRSREAUVEIYhAL HE-330 i RPRAGHY ircuit
component, is connected by an adhesive 832 to the package substrate 802.

e QAN 850 SdoitARtiRashRIs Barfisesah 16 SHnBL i rdiai aoThe
tecesvdauscthsoughehnductqiarsucingk dheriteiaughcontuelors 818. An

L-shapg infeqgrated circuit die 840 js same he.L-shaped integrat
ot Tt Shees IR M SERR 0 i BAORES IR v an
tibedizc880. a1 He pededaiseaitie &8 andmaihih neod the War € Wrtarrgledhesinisetdas The

SHQWR D 45 - SRen P BAREHIE ARl SHAUlLEIB 84Q 48 BARAEShIOHISs 844 and
ackage substrate 802 by an adhesive 842 at its pedestal portion 843 and to

18 tOPTSF R dies e BiF &t ted REeN A4 OrRipes v ine b sisoy gy enausigly 815
bedagdbesive esri erireakdeiiace sugiedatucBonedjes 8ddband wi46 Lpnnegchlso

the L-shape integrated circuit dig, 840 respectively to the through co %ﬁlctors
T e e B g R e A BB on
wires 4moldigoaipouidt8pOon et thimpdssivadthn ponant@apentshe encapsulate

kisharsuinisaird € Eaui-ie-R4R Ayarld ggmpound 850 is then formed

around the various com&onents to encapsulate the various components on
the paBRATE MRt 4d BOS: RETEiRG IR thoEs e HRBRENCN Shiyiprked semi-C-
chiossiaeglinnalcvevi aiamiacke dEERNTHL- Shafe Inpgiated AHCitdie die package
kage 900. The semi-C-shape integrated circulit di ka includes
O e o g o e B o R ST T o
various throgh reahdtatorsTiktheddéddrabali209020008 | @101 Ad20 @ arspectively

ERRRE&GHY &Mhrough 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 semi-C-shape
integradteteEineuicdicoddoid thhemmeasabana aetiledsioaple ismpfatddpeiniegrated

BiR AP&ief falRag2D1 B is handsshio tbgidie A2 by gradhese: A8 haaRoTboo
pedestal portion 933 and to the T%ackage substrate 902 by an adhesive 934

Helpilsn g pRagsess) SORIGEE 9982 PRYSenleershalbe IREgMIRts il gRneessed to
imgonnectedbyonondoniresR36 kdialB200nd dnp buvid wires 088 4e teepectively

through uctars 917. The rece 937 .of the semi-C- shape
R il D BTIOR 808 0 e bond wires 024 of
the die®0d0.1A2thbldardasiioubriradinis s fienh@eR Mounaiiissivai®izs Bond wires

COMNQAGALS 4R *NCADSY IR NEYAHPLSHBRERRONBNES AR HIEHBAFKRALE 1026 to the
substrate 902. 12 Referring now to FIG. 10, therein is shown a stacked

HBETB CMESHAE integrated circuit die package 1000. The double
semi-Cashiapadniiegraigst dicygiadie paakade: 1000 inchsdesa packagemi-C-shape

substrate 1002 having s Is 1004 through 1012 connected to ious ..
THESRIARnE AR g SO OF) B e R i DR SRR SRS BIRHS i
redpidetivelyordAnkbreantedmoveghBdradcorie1die 4020 162 BdaGragdond pedestal

@ﬁi@é@@@s@?%%@lé&@qm?kqg@ arbsiatecla0d dna adhesiveid 8221030 is
ond wires 1024 connect the die 1020 to the through conductors 1015 and

ByPBEiEireC T8 tHE St Jhg I WHEGE Y 406, BY et airscl Sifhpe the die
nagrarad eicesktIdEy I30eiSithessaine-aaphamsamitdd-shape diateggate ddificithtly
ie 208 of FIG. 2D but is ded to the kage substrate 1002 at a first , . .
G AR R rerudihe) ME L R0 8 BeR Bl il B

sedond pedestal portion 1033 by an adhesive 1034. The first semi-C-shape

integra}@&&i@&%@?@%é%n@?ﬁ@@tﬁ%m gﬁgn@mrﬁﬁtﬂco%ﬁlgoaMe semi-C-shape
conductors 1014 and by bond wires 1038 to the die 1020. The recess 1037

BYERENFstisatiidee SAR P8 ittegrate tiRantelidorGsyis Wfidichtivt ded'a portion
clear theahaapeviires L024nofttheneipadidge. sibarhecese213 isdoayale@eatpedestal

both inside, ends. A second semi-C-shape integrated circuit die 1040 is.th :
R g IO s S AL S PSR B Foo o
bontgeddoiehédidicl 0020aby Piest pedestdl4dontidrbyl bdddbyigry d@hediveéhtohpugh

anchtedhe RaskagR suRSaig 1002 ALRRCRNH-OREETRELAESIR 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 clear
the béndisviré201 0260 thecaliep 2020, TFheondedds 10 Paskbes slduteatchbtA2 by an

INRde 8N4 ATROIRCOMPRUBAREORA 15 HiRD farmad 2raymd ﬁ%dﬁ%r&ﬂﬁuctor 1114

components to encapsulate the various components on the package

apb By hned Hirss ﬁ@l‘éfﬁﬁl@f ARrES esedurrihblin is shown a cross-sectional

view ohgpstackedsponenCr$h@panibtagrade 1§iteuwidedieopackagef kAOQisviti20 by an
ssive active components usi ire bonds e semi-C- e )

e e e SRRSO S AR 1G ARTHCTESRRT hond wires

11¥papdvihtpsolder balls 1104 through 1112. The solder balls 1104, 1106,

1110, @@Qxﬁ-@-@h@ﬁ% fﬁég%?éﬁ’&%&@ﬂféqqmimﬂm%gQs%@%iﬁi%ssﬂép%‘lntegrated
1115, 1116, and 1117. 13 A die 1120, an active component, is bonded to the

pacrade darAiE 1382 Hy shouiidsite ©or whditib! 14 sb3diebRrdsiabngyion
bosnid byires aih24vio thexthraughieo paticiar dubldatand wy Hantbugeesetd2d podestal

the thro onductor 1116. A passijye companent 1130 can be.optionall .
S R e (M0 TS OOt IR RL D SRR IR M 140 i
compopeie 1k3didslddhivcheddomine diktd 2RA vydooretigdrés thel B4oaall qor@igetor

ff\l??‘%&i‘ﬁ)ﬁh@ﬂ%siﬁ‘i%.raﬁg freuit die %@&Q E%ﬂthSQHI% ﬁﬁe@@t&?@é@f%ﬁ@?ﬁto is
integrated circuit die 208 of FIG, 2D but is bonded to the top of the die 1120

stTSGiratiydlger i Jertidls Bord1ir b 280 dhredier k2 And e trre5aldkdgarther has
seMastrateatd 02dat a longer second pedestal portion 1143 by an adhesive

1144. The semi-C:-shape integrated cjrcuit dje 1140 is connected tq,the die .
1120 ) BT LA A EECBRACEIe (R NGt Ear o T
bhoHouwirg s magpIhe Iredess 1147 of the semi-C-shape integrated circuit die

114013, suificisnibsARen 36 slarnthehendoiend 129.98 U&%lﬂé%elﬂsztg-eﬁpﬁpsulate
e

recess 1147 further has bevels at each end. In the embodiment shown, t
HSnaware SomPshly hie BAHEE e b8 e bHd wires 1146 using an
interpaseedihgGotv maic:ampaeirch 14 Stbisnthenoforsaatbaouied Ui tamodSshape

components to encapsula e.various components on the package
T R ol e S B RE e g
bimdsof BheemmucS-sthapeintegrated 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 balls

12614 by 206:dhpgige dRd21 b tartheaxjsketi/ e hpHioin d étedatoatpagrjrsecond pedestal

ﬁ@fﬂ%cl@f@ Q@%ﬁah%@évé-aé@é{anﬂlé%%l—é—%ﬁ ziggﬁa%ng?&ﬁocfiQGIMO can be

package substrate 1202 by an underfill material 1222 containing ball bumps
PRNAI FARFSEHE e PROYYr e BIBLRARG] AifPHELPt s F b ranRsted to
the paakagecadhstiate 21202y bheddverd? 2048, albhecebascted7byr hbedemii- €S shape

1224 ta the thrqu nductors 1214 and by bond wires 122 h gro
R e R A P B RS R
tod bithevdieal 22ais9can adhesive 1232. The passive component 1230 can

be optionaliv conpsHiad i9otheitie L0 olRNANEES L 23thpBnents to encapsulate

semi-C-shape integrated circuit die 1240 is the same as the semi-C-shape
IRfeGriRByCceRRaReaib wobotaekes o msitts BAded to the top of the die 1220
at a firgiepetestabportiofiGl413 24 Heyean iacdhesivea 1242 apctithiheipackage four-

substrate 1202 at a longer second pedes ortion 1243 by an adhesiv.
B B A R B e IR A AR ARRARC e four
potmtEdteuno tHegriedivecatmioamekaze230bintor wiredkdgA@ibatdtis 1302 having

congesiad oihgdr %PQEHQQ!MHG&@H& b2kl R IRk s, THRI GSRES balls

1247 of the semi-C-shape integrated circuit die 1240 is sufficiently deeg to
L% 9% AR 1526 (Rt VER B S Hh O BB AR AR A 1315,

m3olsl eedmpound 1250 is then formed around the various components to

encapsulate various onents on a substrate .12 .
erorad o 0 I BB e e R AR EE Loz ol 0
peHbstalshegedihrceradedisiFclii Hieng okl 2860 Wit 4 thetivgh conductors (not

CRIRRORERE JheiQuaRadesialrshape integrated circuit die package 1300
includes a package substrate 1302 having solder balls 1304 through 1312

conne ldQUBRAASHSIIRSUGIF BBHILEISH! Hse!Sdftiy Bairgmesasy thesfyr-pedestal-
dinghel Bk2oaredespantivriyicoyiaaied 4D thiougbsasduttossr lxidstAB1HB31 by an

1316, a 7. A die 1320 js bon to the packa ubstr 1302 by an
e o B B S P e e B gour-
pidesi 1 3Raptoi it condudiors #ob Shabrmsh thadpeickadd! dulbdtrate through

L3R Rrctors 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

circuit Hiei13B0 yadthietandoightee Sdehaes Snexaetheir theiehtdtigh FIG. 3D would
RRNAMEIRRR LG Ss- IESRRCIVENW T REFREESA L33 PG fauRee s Rl aRaREwould

integrated CII’CUIt die 1320 is sufficiently deep to clear the bond wires 1324

e 132, InfifRd) AscEgfare Bndntiss comierd e ehiwhits PRad Pk Knthe
aptiogtat @ahductive material 1338 is placed between the die 1320 and the
four- peig(%stal sha mﬁg;aﬁd ircuit d|e 1330 fo&lorgl Srgc\{%da eat ¢ C%IE%IIJI
therebetween: ,& compoun 1330%8 tﬂen formed around the various
sopapderb A Y ém%@@té%?ewﬁn@ug%rymmmnmmm packeyaling. The E-
%%%Wﬂ%@gﬂa%&? cﬁ%ﬁ? m@gbz{&%&q G id3Riethe &%‘&&%@ RO fméth% solder

cross-sectional view of the structure of FIG. 13A taken along line 13B

b doRY Wragh 357 snaness8 Mshriskieoyshsean o gF‘]:?e%Pé%%&EﬂH%éio“

te@dlowt theadie 14320 te itk plos edyyintaibad® te ssroli g ¢ didiween theifaun 5, 1416,

%%:I?ﬂgls 1331 to form a compact stack. 15 It will be understood that the
-shape integrated circuit die 308 of FIG. 3D would have the same

cross-gediiohid8 shwudedh ©1Ge P3skesceptsthre dACACkvedisimtierhédth The die

oy @@N&&%@%ﬁ'Elﬁ‘!!ﬁ&zi%@@@mQl&’é‘%ﬁr&%dc%%%tefswwﬁdaﬂé\@ tGoH@\(ﬁres
bond balls to the through conductors. Referring now to FIG. 14, therein is

dfown Rerboudeeamiialeld B an E-shape integrated circuit die package
1400 mmamaﬁlmmmﬂmﬁmmgmesbﬁaduﬂga a'm&Eshqnemﬂatggtemedmuit

g';ﬁg'b% 4??41%%9‘(?19%]1 Qunqluries, acll(< Ak s lsjt%t. at 465‘ (f a""}%T I el e destal

rough 1412’ ¢onnected t8'var roug conductors
poftiensbkdfs m@M%@aesmmvw@m&eg &téZrenpéttiveny cotimaeoteel the die 1420

HRrOWa GOREMEIOHi At dde dAL Bordidh G 4 N6, 1 LA Aie 14460 i5oh@MdRd 1038 and
th%%)ackage substrate 1402 by an adhesive 1422. The die 1420 is

é&’t’é&%;}}’ﬁo‘ﬁdf\ﬁi’%g@éﬂ% therth e drColatherdhersan soaduciiypbhldt and
wings réﬁaﬁlmlgheThé%gélWrﬂbﬁqmiﬁﬁheAﬂ &rﬁiaanegﬁte,graﬁede1t4c4ware
0.is the same a emte ted cjr die, 508 fFIG 5D but
lﬁ% tl ﬂ1 ppta(l)c aege subgs (ge ik 4gt4e}|rs JI%%lhlrél peJ s%a? p%l%lrgnqsr angled
Mm_ra@ﬂjsm‘m ibp\Frespéctive adhesives 1432 and 1434 and to the top of the

die 14201014 compound 1440 is then formed around the various components to encapsulate

sﬂape

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 sufficiently deep to clear the

bond wireE-1Pg ariermdbeardings Wala stharemsr ariheB-sbapaantegrited circuit
ahowss it FIG - 91 vt elchgampennchdiddl isshienfesmed atQiiagd HagaiighRions

components to encapsulate the various components on the package )
dobkite! 17DY EESREAING ?ﬂim&er:|k§?%§?fh§%‘frﬂgdéﬂéwnt%?é%%%-ééecﬂié%%ﬁt its
viawgfcdenullpplastasks fn-shagie:integsate dBeifiduiticke Fackada 180 wvitht ale E-
ctive component usiy, ire banding. The E-shape dnteqgr ircuit die
SR TSR aBi iy ol
through $&paE&disndie e tervdeibiestirongh dendhaboesinrisesdldsewibils 1530 by

ip0fd B dehd AN 1912 aigraRRaLiLValY1senRERiadste MG solder bumps
conductors 1514, 1515, 1516, and 1517. A first die 1520 is bonded to the

batkagRstiishtes 359 BiF dndiHadhsmateRan EEREd Phieriitiv i tigmride a

kb roditadngla number of solder bumps 1524 connecting the first die 1520

to variqus through conductors. E-shape integrated circuit die,153Q is
e o A R A R R I 10 B ircess
id3he package substrate 1502 at its outer pedestal portions 1531 and 1533

by respeglive &%&%_W@?s%@@@tﬁé}ﬂfé&% QRMQ devieR & J&%ﬁ@@eﬁé@@ @lSsulate
center pedestal portion 1535 by an adhesive 1536. Bond wires 1538 and

PSIGEIROCIRA RS SR PRSI EhE Uit Ye 1530 to the through
conduetksridzl doaneh T8EG7 , 1 speciivelyshdvee aondsdieditalisibances {adkal T-
top of.the E-shape integrated circuijt die 1530 by an underfill material 1542,

P P oo s ol & R BT T . 1
senkclingapreinfegotnd diecuibdo rodkasELSHRA e lirtesr arslasir cuhstize1800 boving

RsRMIdE: A Tedlinie e Staek Theselder PHIBR ¢aRestieRdleRAWaYd BRIl
a larger first die 1520 in the recess 1537. A mold compound 1550 is then

fetPAPod AL thE UdritilS cB PER &rits t5BRtiaYsSnIcRBNEHE, dibiteueh conductors
cemposENtxH 06 e paskagmsubsirate 1502. Referring now to FIG. 16,

ther?i'lwisstsgl?é{l’é‘eé‘ocrog%és ﬁémaé"ﬂ% A e‘EF%’oTtﬁeSh?% nteqrated 1602 b
circuit die pac agenf16 with active components using s8fderbon Ing. Thé = ™
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, 1615, 1616,
1gder, hatsgl /dhrengh Finst epithesedirl dideus sROushoceaBGtare bbiieddey balls

q%zpq%@g@mbwme 6026 19sPaRtVE d;sezﬂeétgll oaterialsd 6R2 @ndch@% ors

he respective underfill materials 1622 and 1632 contain respective solder

Mjlr?'ipg7 824 Lvd 1634 {ficAdtbiiect the first and second dies 1620 and

1630 tﬁlmrmdgéhdsamgﬁecdnduetﬁﬂslﬂ%d’lﬁepaskwﬂsubstpamagéaﬂbs@rate 1702 by

Tsh elnt 4 e easteT |nt e

S SRR D N SRR R R B
éiﬁ?eswmzpa@wwmrbdéﬁj EELA| pdriioit perchagserthibetops enctrsecﬁmlt dies
anshseaondHis S %0 ARA AP X RANGSINES. Aad4 abd 84T @t its outer

recessed areas. Bond wires 1648 and 1649 connect the T-shape integrated

circuit 0id 1S 1B EREGHSUGH BRd] %Qdﬁstl?f‘e%ﬁ‘&“%lﬁﬂtﬁ%fgﬂ?é?d%ﬁ&féﬁg Gireuit die

Bmsldfaampau hdt 16béhik ihenhtoparkaearaibnehth e Marigus cabREME X its center
apaﬁ 10n ??4 a“ ¥ ?{ 'P ?I’E[S £ r@ttandeggoﬁl%gcﬁesﬁ%[{ edjf%r)(? by adhesives
err| g now 8717 Therin'is shown & cross-sectional view o

én?éék@dl T74hapusi mégrmemgdcﬁmad+eﬁmt§l<ag981l77(§@ withdétveowneigbndntkape

%@%&'@REQP&Q'WO@%&B&K&@ Jo§ﬁlﬁi9&§ﬁtﬁﬂréﬁﬁcﬁl@%s ieRagkage
1700 includes a Eackagae substrate 1702 havmgB 17 solder balls 170

througft fFbdoh Mt AWRSIGAIREY tHPRIGRCOBIR ST itk igiis/40 by an
ﬁﬂMﬁIl?&@teﬂD?nﬁOQ T:hZlﬂilﬁmdelZlizamﬂaﬁmeatmelybeemem&dﬁdaans 1754

throu d r 716 1717 718 First and .
R e 1 Mg o W R AR A A8 By it
despiackive underfill materials 1722 and 1732. The respective underfill
mate”%'%?c?@o%@uﬂc? $766901RIA FESReCiivaRAder RRYR éc?r%ﬁoﬁ&gs]tg%ﬂcapsulate

which connect the first and second dies 1720 and 1730 to various through
BSOS SIRRAR P HGE Rankagsatebitis 1A0F-shape integrated circuit die
1740 isvihie: sSamavastihehhsthapadniapeatectehjaditdie wals opdciGe 6Echuds, it is
POO de%ﬁfgrst O% Ck ey Se}ra ?V%JOHZIOP%/ I%Q adhes eveilga 121'1at It f;nter arent to
st portlon a?ﬁdrl the tops o E ﬁrs an second' dies 1754 3nd
me) Hylladhesheent 1V lighant thy 45 eivemp ukscrptesseticaredisgiBondswitesded to
}%ﬁ&@é%]sﬁ%ﬁ ﬁ%?ﬂﬁﬁleﬁ‘%Ea%ﬂ“@ﬁ%nk”%(?ﬁr%%qtﬁiﬁwﬁa@ 'ﬁﬂ-zv%ﬂﬁptmesco e of the
through conductors 1714 and 1719, respectlvely A third die 1750 is bonded

tBHEtb Brthe L %ﬁés|Fﬁb@%lﬂé??r@ﬂfbﬂﬁsdfé”f?ﬂéhﬁf%ﬁ?mpanymg 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 components on
tHaEREKEYd KM sikaddMED ASWhile the invention has been described in
conjunction with a specific best mode, it is to be understood that many
alternatives, modifepaitonsiranddiadaiiprisingtl be apparent to those skilled in
the artairﬂ)(l)i ht 9 igﬁet.éaxfzﬁjnre %{Qgrjr?a%scrisg) iogh@ccordingly, it is intended to
embraCe alf Such altern ives, odifica I0ns, and variations that fall within the

scope dfftsesti chodieeh claiendinglifraatthe edyaetineraid dpghewnsingtation side

accompanying, drawings aie da.RedpiasiRreied dnam ifustmtive and
non-limiting sense. 18 THE IN\%ENTION CLAIMED IS: 1. An integrated circuit
die comprisingie anbeitdaasiion thhy woc Risiad iatiaimsidehasid ehpddesigrtion and
ortion extending from the body. portion and having a.singujation side .
e S o S eh e DS RS s secom <
siera€ -shaipnedoin-staimnl awHesbirperadsodsciportionahidhthe pesesteliportioreross-
Q&fi@&{ ?aHéPWQEtﬂe'—sﬁQéﬁﬁ&f ORR-SEHHUBIF &i%i%ﬂPe cross-section, a
semi-C-shape cross-section, an E-shape cross-section, or a T-shape
cross-sectionmibeneraasdsationdpasaleliwih ihelsingulaieeiside eddhedracly and
Rorion. 2 Theiicarated plreuitdie as claimed nclaim & wherein, fe BOdYcoss
portion and’ the pe esta p rtion combined provufe a C-shape cross-section
srci e ptapguianlshspbdasosylatiootiote pé the hddvularttenthe singulation side of
the body portion. 4. The integrated circuit die as claimed in claim 1 further '
comprising a PIEiaRg s diopishiaedt heleE el beisaBerigattorality
bf Jdirsnteprated aitGuitdiR 89 CipdBedyipeetaim 1 further comprising: a
package substrate having a through conductor, the package substrate having
the pedestallpertiveratactiouitibestoslaimbd ibotanedfnsbtiornvetiversn the

body ppripR3d B LG EAHHGI BondiCrin QA Aed S AR @Shaving the

claimed in claim 1 further comprising: a package substrate having a through

conductor, thepetlRgEsns&kehed eieg: i

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 package
substréte havihgitiieerped egralipdetivrrkitaehaucinerdtdushpaeyiisogiponent
on the pagkage %Hpsﬁléﬁ?éeﬁﬁrﬂ%Qﬁﬂﬁgﬁ%ﬂ%@&%,%@%ﬂ%@é@ﬁ%%&e having the

conductor, the passive component, and the body portion. 19 8. The

integrated cirdUIE WL RSB HAEPRY HISRCY further comprising: a package
substratglinalingtdie uglksopduatyrychedpadkage Bobspateohaadag the

pedesial portion attachied herelay & gl pf e, ableast paialglocated
under the bo y portion; an ond connections among the t rgugh

condugtors aqgkthadlfalit: f Higics TG e IRABEHSITCHIAIS AsEIAlMEhiBic at
claim 1 further comprising a die at least partially located under the body
(FartiBRr b Y b T e irfteieten Bt die

as claimed in.claim 1 further comprising,a die at least partially located over ..
the botl portih KGRI S R BorHLar o SCISror 11 I CRpE ¥ dic a
tirsupadiel bomptisinger shb bdgypontion med/hgiagsinyothtomgiden deieitegrated
circuit on the body portion; and a pedestal portion integral with and extending
down ftom theHBEF s SRS tHE I HEYBRESIBSortion having a singulation side
coplanabydifpdcosi ngulatiorigidatioh taébody portion. 12. The integrated

circuit die as clgimed in cIaJJ]‘r_g 1131 wherrclaipl‘tgle body portion and the pedestal

. an integrated circuit,on dy portion; and .. )
pOI"[IOﬂ comelgirne& prowde aL-S %g CI’OSS-SeCtIOH, a C-shape cross-section,

a semi-Qedhdperondiss-seicton, withEashapecedoss deetidmmor theTbsiapertion, the
cross-sectior, pIGhELUHiby ik ANaHIAtion.aIdes & B RATY RAHRNitBRation side

cross-section provided with a square or angled corner. 13. The integrated
circuit die as dinRANPERIPA- 11 wherein the body portion and the pedestal

ortion combined provide a C-shape cross-section or a rectangular-shape.
gross N5 b’ﬁle nﬁ)egrateg circuit Qhep s Aamed 1y el Wgerem%e%ogy pBrtlon 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 portion to
define a foursgadéstdipsheossintedrateth dichipdieross-sTHiwintey eatbdheipeLitoss-
die as claimed dnsrgiumild (iher SRRRHSHIGi & PECHRNS §) BstiRte A Vilddh&destal

through conductor, the package substrate having the pedestal portion

attached thef&td'®herein the body portion and the pedestal portion
combinedigrovider dritiigpearessisketinn, mdy-phapa arosstaekiibn ehe2fackage
semi-C-shapeu ggs&-.section, an E-shape cross-section, or a T-shape cross-
section paralfe With the singulation sides of the body portion and the pedestal
portiortt ahdigcatriedestabaroiaiiy |osterstingntiemtiieeborily pesrtion. ad abeittiedettsstal

the package suhsiraiscirshoieuRedsstal portion extending from the body
portion, the shorter pedestal portion attached to the die; and a bond

connetRIFbENREEHANBHETRP S5Oy Aea At iR CBAYERABICDS. The
integrated circyit.dje as claimed in claim. 11 further ¢ rising: a package
et it S e AR
pedestalppoitign witsictie dharmeto thieagbiahdupodytho niskagaduhsrpedestal the

portion combipgd AIPIAR R kisNRARUMRES WRGUAN 1R God)aRe P ERSRRIA s tal
a semi-C-shape cross-section, an E-shape cross-section, or a T-shape

cross- sectioRPBHPAIRATR the il dtioPRRITE B8 Body pRRSCHHE thRgion. a
pedestal poriiati;@-digpat deastspaitiallydoBaiesd rest fetdoadwpartioshand cross-

attached to the packa ubstrate .and the bo tion: and bond
o o ections e P ot RSO Eng fhe padsta
The integratempiiceuit die as claimed in claim 11 further comprising: a

package RUBSiale having drey IR EONAVBIRLy hisRACKRE BHRSI A& RaYiRBage

the pedestal portion attached thereto wherein the body portion and the
pedestal porttHESHBHES PraviediPr-ahtpe cross-section, a C-shape
Cross-$eati@bnigections 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 the through
conductor, theopissipaboashivaeide amdiheetsoely-ysetito mandleinyihithe gragakition
circuit die as sqggm@qlgwbg@rpo;goﬂgga%gggagggriggrtﬁ)ﬁmackage substrate

having through conductors, tﬂgﬁgackage substrate having the pedestal

portiorf &eRe kel R fiehody RUHASR A the pedestal 21
portl0rbemndomedtmvadeneg'fhsIﬂapeghroasis&etm@araﬂaimlitp diieie.

smgulalgon es ¢ ‘Eﬁtp%Q XuE’ téoarg 3l %VB §c amsltﬂP I%on a %Iurallty of

dies located under portion; an onnections amon
through mﬁagmwbgtmmhﬁénqgm@mﬁ@mﬂ@rtm aaehiptslegreted circuit die as

claimeg fmlf;.lﬁm% 1dwtben gemmmgtloﬁs@@és@ﬁ%%mﬁt{ﬁé%mvm&mﬁo define a

pedestal portion attached thereto; a plurality of additional pedestal portions
extending frofHREHS %ragﬁrfé’%{“f §if-pedestal-shape integrated
circuit digip a;da&lbmatadwldmytb@tbﬁdamwnmm arcdwithity tfealealilyaati

pedes als and b nd conne mon the di bstr te, and
the boh por%on 0. The r‘%t(gbera{ {gu c%}faéﬁ esg%sj.séa?lemeéhn c Ii%%urther
compriging a-gig ﬁ?eé‘%ﬁ%& Radiadlyilocated puethe.hedy @MH&”&HQMQ”Q de at

bond connection thereto. 22
least partially located over the body portion and having a bond connection thereto.
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