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WO 2005/112583 PCT/US2005/016521 INTEGRATED BALL AND VIA
PACKAGE AND FORMATION PROCESS CROSS-REFERENCES TO
ATED APPLICATIONS 5 [0001] The present application is related to

%EL
WO 2063/ L12583 Rfe/US2005/016521

and clairmis priority from U.S. Provisional Application Serial
601570,704, filed May 12, 2004, and from U.S. Provisional Application
Serial No. 60/660,486, filed March 9, 2005, which are incorporated herein

by raiSTERGROANMETEBHELY. AND B DA\FATHEAGE-AND ¥ (OB AFEON
present invention relates to techniques for processing semiconductor
devices, and more particularly, to %&9@ or providing an electrical
connection to a semiconductor device through a carrier structure. 15
BACKGROUND OF THE INVENTION [0003] In the processing and
packaging of SERISHHIRRBR ABNIESSTR BERBGA I AHERES AN (MEgrated

cifcnit device (e.q., a semiconad {e.0 . ted.o ‘o
R LS LI DD o

begnelivation Serjibbin G0A%7 e itteddMrorhZ0idpandr e BEShBrpyisierpl
iﬁ%&h@%ﬁ%@ﬁ? RPeERELSHAER OB PINeECaHitbeaid. SRk herein

c

balls are conductively 'coupl’ed (e.g., using a solder reflow process) to
conarierag’ pfthed pr¥sdvias on the bottom surface of the printed circuit
board. Wire bonds conductively couple (1) contact pads of the plated vias
on the top surface of the printed circuit board with (2) a portion of the

integrated circuit device (e grcpntact Badsetreimiegrated circuit
device). 25 Thus, the, contact pads of the integrated circuit device ar

B0V GHTRLRS SRR TSSIRET SR T GG H R BT REtS G SR b R oter
pritaeespidnaajchriRaC4lyUnfeiiately feytbwdingent i eatipabcessingon to a
and Kﬁa%(ﬁ‘gin gf integéateql cgggérds?r\{gces suffers from excessive costs

art GRS Protaes §

tthermore. eFél(r:Effical performance is often
compromised due to these complex processes and 30 material sets. For
example, the multi-layer printed circuit board used to support the

intergrated circuit devi%egéﬁ%%o% 8%%@5& the solder ball

material and
[0003] In the processing and packaging of semiconductor devices (¢.g., BGA

devices), an integrated circuit device (e.g., a semiconductor die or chip) is often
mounted on a top surface of a multi-layer printed circuit board, where the printed
circuit board includes plated vias that extend from the top surface of the printed circuit
board to a bottom surface of the printed circuit board. Solder balls are conductively
coupled (e.g., using a solder reflow process) to contact pads of the plated vias on the
botiom surface of the printed circuit board. Wire bonds conductively couple (1) contact
pads of the plated vias on the top surface of the printed circuit board with (2) a portion
of the integrated circuit device (e.g., contact pads on the integrated circuit device).
Thus, the contact pads of the integrated circuit device are conductively coupled to the

solder balls through the plated vias of the printed circuit board.

[0004] Unfortunately, such conventional processing and packaging of integrated
circuit devices suffers from excessive costs and complex processes. Furthermore,
electrical performance is often compromised due to these complex processes and

material sets. For example, the multi-layer printed circuit board used to support the



the associated reflow process also tend to be quite expensive. [00051
Thus, it would be desirable to provide a method of processing
semiconductor/integrated circuit devices that overcomes one or more of
the above-recited deficiencies. BRIEF SUMMARY OF THE INVENTION
intd0RMG] diicarcerdiapcecdth@baspeeisdi-an ikvertomdherg:isharmpiaedA and
th methootl §g)f ocessin a[semic pc};’Ject%Etg%yiice, tge method comprising
et?isé%ctléipe o, B%Wﬂ’ﬁ'uegsaa Seliedh u&or”de\}?ggséuepported by a carrier
[00stFLcture, thieusaritervetdture definibdea tplupabitydof viasfrtbml a dif sprocessing
sen%‘;%f%gc%‘}' ?e@%@ LRTMCHMg Adiagentdne, %5“6%8%9%‘% BL JEVIHI Brecited
second surfacé of the carrier structure; extending a conductor through one
defgdictiéevias such that a first end of the conductor at least partially extends
below the second surface, wherein the plurality of vias defined by the
carrier structure areﬁg‘gg-defined rior to the extending step; forming a free

air ball at the first BReFSF the D4 %@Fgﬁ@%V&@E xtending;

jooawing thenfrrediahed widleastpsstiolydn GtV iBesSeeoREd a method
surface; and electrically ¢ u‘plin another portion of the| conductor to a .

of BEHTSASF thes B Bt e feeTYB00B AP IAPERAIA N SHBbAImERdIRe @

sermiaihdcof prodessimgparsenticendueior deviceeipraddied. shetmethdthing

plifgides providing asemiconductar device. supported by 8, CAINEL i conductor
Sfrlctire. The Carfier structure defines a plurahty of vids Trom & first

degefare efcthel safrier sirbetoroiaditicenirthesemitgndvetdndevideoiazh one of

theS&G0 @g_cﬁ%ﬂ‘ﬁ% @Js%%&%mﬁé IRHEEHE aﬁﬁﬁs%@faﬂﬁ&%m %qgﬁw the second

extending a conductor through one of the vias such ‘that a first end of the
- suidesivel hbrerie B tesastusalifiany estclidasehiththeasaeiona sirans, prerdefined prior

1o TRethed dsodrpludes slesthically coupling anatbey BertioBRkitRe FARAUGIOL ep
to a portion of the semiconductor device. 100071 In example

Of G Y B R AT AP BV e "SRR face:
andleviegrioglydes@iiiniegnatre chicuibaleyiceruppadeddy @ cariettion of the

s }%H:ua re. The carrier structure defines a plurality of vial from a first

LfRREE A S&rrier structure adjacent the integrated circuit device to a
[0EEedNnd surfacsofpheccdrodnsirisctunestlibde §pmicondyctordevicdualsodevice

is IS{%'%@& aIﬂleurI%lnj.H{OQ{ ?9&9&%%’:%\!%‘?5 QfstQ%igglﬂﬂﬂ%Qrﬁevice supported by a
carrier structure. The carrier structure defines a plurality of vias from a first surface of the
carrier structure adjacent the semiconductor device to a second surface of the carrier
structure. The method also includes extending a conductor through one of the vias such
that a first end of the conductor at least partially extends below the second surface. The
method also includes electrically coupling another portion of the conductor to a portion

of the semiconductor device.
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extends through one of the vias such that a first end of each conductor at
least partially extends below the second surface, and another portion of
each conductor is electrically coupled to a portion of the integrated circuit
device. [00051 In example embodiments, a method of processing a
[Oﬂﬂemicondu_ﬁtwﬁmﬁ% dm PsOMEaCk, Tzh%éﬁﬁib@ddﬂ@bdﬁslpéowdmg\aded The
semi ortldu%‘{gr dewc T’gportedtgglfr 1 arrier, §tr&Jct.ure The (;tacrln%V e
St etines a p?u ity Bt VIASHToMm afirst suitacs of the camer & ©4M*
strigtiuretUrec adjaice aﬁﬂama@mmmpmuewé@t@ drseco ﬁdsswf&ce of timecarrier
e AL RLEIE o H 50U A 0 RS PSRRI ST ORIALE A5 e
roug

ap ura ty of t sina flrst surface o e template. The method

Thwmw@%@@ﬁm@‘céﬁalmuvel@éﬁﬂam@réﬂbea§tcp@mlaﬂws\fvﬁmh theéhg supthiectors
extdi® MESHed Al inglides aligning: theisemiganduciot Heyies: abQR Aartially

the template such that at least a portion of the plurality of vias align with

eX PR dEIRRE Bifetsconth EartIV A ElIHabRUIPhEhrethotP BIaS Ricglsstrically
cowied hondingoa tirshendghacgenductanviesone of the conductive contacts,
wire bondin sec end of the conductor to a portion.of the

O o S ROl S DU e B B SCTRMCapr device
is pf(méSSJrTQha smasthodnﬂuhtcbassdmmehng m@mlﬁﬂmﬁbetmeihadelrmkn;ﬂmd by a
a2l 8 semiconducior devise-supparied by & SaUTer SUUEG, Te, e
carrer structure defines a plurality of from-a first surface of the carrier
carstpuctoreiad Jadmﬁmhéi@emmmddmd@mm tty st swoond sunflreecoftivecarrier
swh@fier AT YEE: AGPRRMRINGCARIASE o RIoVIdecbrmiaN: 3l \Rasha ReWaRn:

of the vias adjacent the second surface of the carrier structure. The
in iEsodarse s rire bbhRIFE RO ral ity fies dorriia SPIwHE oftRBCtS
at ﬁ@ﬂ%@ﬁé{@y&%ﬁ%@@e&r&n yirehendinga sesond rrd Af tie GROGUAION IS Btor
portion of the semiconductor device. [00101 In example embodiments, a
deYishfilBKYuctor device is provided. The semiconductor device includes an
integrated circuit device supported by a carrier structure. The carrier
structure defines a plurality of vias from a first surface of the carrier
structure adjacent the integrated circuit device to a second surface of the
carrier structure. The semiconductor device also includes a plurality of
conductive contacts positioned

2a



adjacent the second surface of the carrier structure. Each of the
conductive contacts is at least partially aligned with a respective one of
the plurality of vias. The semiconductor device also includes a plurality of
conductors. Each of the conductors extends at least partially through one

theQbthaatasucA ficstenchafeaali conduciphitiondictively cowpleetive@ive ones
respective one of the copductive contacts, and a second end of each

o B RIS BT Ay LRI 1% dEF IO o Yhe SR EBhduiiey end of &

cordinice. (BRIEFODESCRIRICON CmiiHE DRAWINGS A9 L1 teThal end of the

colfYERNRR.I5 ek Rrsiaed diam e (oliqwing detailed description when
read In connection with t e‘a‘ccompanylng'drawing. It is emphasized that,

[0688¢ording to cm@mpmﬁtmewﬁeavaﬁ@eé fé&tm%@i&ﬁesmmﬂh@l&ﬁ@‘ device

is [RRGAR: PR HREOATANLIBE HMENFILASLEHRENRIHSIEANI§F MG ed by a

arbitrarily epranded or reduced for clarity. Included in the drawing are the

cafgoHtG G UTES <8O D BRETE 1858% pCeIEy 0b 511 B5om 2 fBish o) fags of the

cal§ed SRRV ghacwirgdepaad samisoaeuetofdevieein aceesclaneehwWithrier
an exemplary embodiment, of the pr %egt invention; 0013% Fi hz IS asige
SUYEECof A o8 %ﬁ&&?&t&%ﬁi?é’ﬁ%ﬂ@%@ SN AANEHLDPARIARL e vias adjacent

theaaeordaneewit ar exataplancembadimenhof thsopresehkinventiontife a first

enbO S R8RS 218 Hustations, of a,wir -sbaor?ad'&‘fﬁeogﬁ{%%‘?xnafé’%cond end of
processing a semiconductor dévice in accordance with an exemplary
theernbdiditmetagidtiepresbatemiamiontofoBlletig. 4 is a side view of an

jofgapsulated wire, bonded semicendyciar devige. Wit stacked g&%"viﬁ%‘.dsfhe
in accordance with an exemplary embodiment of the present 1

seifigerdisioTobMEE Figguges-Sin altlogiasdicWs bl priscesunngaiseritich efrier

strcBERICRRAMGION sHeMIGR I RECORJANGENIEh ARexampIaRt sirhedinent Qfrier
the present invention; [0017] Figs. 6A-6D are side views of another

: tion; [0017] ] .
STRFBEE SSIRG BB RBT S SERHESRUTESH R iRAAEERIAHE SR Sisuowre:
Thexesmplantembarivienieh the prsent ihRinyestiotiductive contacts positioned

adjacent the second surface of the carrier structure. Each of the conductive contacts is at
least partially aligned with a respective one of the plurality of vias. The semiconductor
device also includes a plurality of conductors. Each of the conductors extends at least
partially through one of the vias. A first end of each conductor is conductively coupled to
a respective one of the conductive contacts, and a second end of each conductor is

conductively coupled to a portion of the semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The invention is best understood from the following detailed description
when read in connection with the accompanying drawing. It is emphasized that,
according to common practice, the various features of the drawing are not to scale. On
the contrary, the dimensions of the various features are arbitrarily expanded or reduced

for clarity. Included in the drawing are the following figures:



[00181 Fig. 7 is a flow diagram illustrating a method of processing a
semiconductor/integrated circuit device in accordance with an exemplary

embodiment of the present invention; [0019] Fig. 8 is a flo%g@ﬁg%{; 016521
r7in egra?e(]i )
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Ifustrating another method of processing a 20 semiconducto

cijgsizylevice iInALeRISIARGEM Va8 parmPlaniembedinenticeflithecordance
nt invention; and 9 is a flaw diagram illustrating yet

020] Fj
glg%s{ﬁ@’fl ﬁ%‘&iﬂ%’ﬁ%ﬁ%‘é@&%‘?ﬂ{fﬁ R FEBHdBEEPkegrated circuit device

in rdance with ap exemplary embodiment, of the present inyention. . .
A e toR TN B B N R BT AR GERp Sevice i
heveordthesteith useminplady etobabries afitheniegeatanvertiort;, device are
intended to refer to any device (bare die or packaged) having

sdatibindbgions drdipertiddhustreticas afdiesicthopimgkagedideveretessing a
Further, the terms.may be used 30 interchangeably. Eurther tilg he ter
SRS R A R S R G o e
P@V#82005/016521 integrated circuit device (e.g., a chip or die may be
processed in that it is mounted to a carrier or substrate, wire bonded to

elBttEal Conthsts, mg.yiqeozﬂqmmulﬁe@em;qhen@ﬁf@@mmim gevice
! n%@;ﬂg&gci&f S5k b AAYiR ABAMALNEe @ﬁﬁ?aﬁ%%@&&l‘i@ﬁﬂ%&i&ﬁ&ﬁ%&’% present

signal (e.g., signal, power or ground) from a 5 semiconductor device or a
supgrcarrier, and is not limited to any particular configuration. For
example, a contacstré)ad may be a conductive area on a semiconductor

cHPEBnfi§ire d do Ve aewida viera of anRmresRiBg opTkeivR el 3 ¥onemdyrier

MaK%RE & ONFEEHINGAIE B aGRENR EAbSHBSIRALT gRIfiesRdiarrRIVe
another end of a wire bonded loop. 10 [0023] As will be explained through

vqﬂmﬁ eX§RPRNGERROGINNR defano e pRIGRSRLIDYSALeR pravides
cost efficient packaged semiconductor devices (and cost. efficien

MBI OREERTY AeatarRtEr Bererefasianb Fhﬂfé%\?isﬁ%

invention;

[0018] Fig. 7 is a flow diagram illustrating a method of processing a
semiconductor/integrated circuit device in accordance with an exemplary embodiment

of the present invention;

fo019] Fig. 8 is a flow diagram illusirating another method of processing a
semiconductor/integrated circuit device in accordance with an exemplary embodiment

of the present invention; and

[0020] Fig. 9 is a flow diagram illustrating yet another method of processing a
“ semiconductor/iniegrated circuit device in accordance with an exemplary embodiment

of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0021] As used herein, the terms semiconductor device and integrated circuit device
are intended to refer to any device (bare die or packaged) having semiconductor
properties such as a die, chip, packaged device, etc. Further, the terms may be used

interchangeably. Further still, the term semiconductor device may refer to a processed



particular applicability to packaged semiconductor devices that utilize
conductive balls/spheres on a surface thereof for providing electrical

“@%&9{1\%&@ the packaged 15 device (e.g., BGA devices); hP&‘ﬁM%foJ% 6521
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present invention is not limited thereto. According to certain exemplary
efmbedirnepieatl heipr¢aentiokipniadic may Singrecqsadasshi)ibis mounted o a
conductive stand-off.(e.qg. nductive ball or sphere) may be formed at
R e e R . ot (2 wire) may

be formed, throygh a. via in the carrier structure, and, (3 ' opnask:
SO s Wy B B R B R AR S R
Farthesedcedratingitocedeive exienpl ey e sipodipenes of thapdd Son 2

Inyend Rssdimensinal Rrckaging niereepned it diferannsizes
of %Igﬁ%g{}gru gtégé%%lgig\}g?%t%erconnectioh (e.g., for different%{i%lc demands)

isqordiguestiofo 0Bm] ek punldsapeiiret Rt BREBAcoRdURESE GERAQE 100.

Sséﬁlﬁfaﬂﬁﬂ&tﬁfcﬂ%%ﬂfi&@e@é iRchide siRIRDsRIER R deuieR k0 (@ ftact
a semiconductor %Plée\&'supported by carrier structure 102. Although .
inbeg e Peif RSt 1R R AIRFSHSR SH MR Wi R treTt IBFRABARATT
CUiesSirGHIRerHed idbis not limited thereto, as another structure may be
provided therebetween. Further, although integrated circuit device 104 is

illpsérated A8 walshReES deviaensiagkeadeyieamisigy enplodatisnnfbelow, the
dies/chips on top of one another) 30 may be supported on carrier sfructure
e S S S
thegfig brthaetaudiesSirociuie paeoidindntocthdepiese Nt hevertion inSenton has

2005/112583 PCT/MS2005 . ' .
c én%flr%uc gL Splgﬁgﬁ?/ﬂg%f a% ac. EmL 9&?&%&@5@%&“&&%@ &H&ﬁ%ﬁ@a

01,
m% F%(fé:onfo?guratlons and may include any of
a halislsphaématesaier Greexdrqipiovading deavdate auachah Be gackaged
PR ORI IR SUDBIAIRS Bl FRIABNGCRIT R BAMRYEL.
as wi xplained heréin, carrier structure 102 may desirably be
falrcondia pioceitpiplexama sTienpedisnrate of Sirrgeint B5ealighpie single

cq!lrfiﬁ{@gw9%%9&3&@&@@@@@%@@)@@[%%@2 %Elg@% éﬁkﬁmﬁrﬁﬁlﬁﬁél%frmed at
polystyrene, polyurethane, polyimide, etc.). rier strycture
defipEH bl BB S IERBE: A%t ondaiteR faa{“frét*&a}ffa%égmd

adjaeapk hieglated circaitsdevice:, U 10)(@) meeaandcsstface awapdmiinnay be

provided on the semiconductor die.

{0024] Further, according to certain exemplary embodiments of the present invention,
a three-dimensional packaging interconnect with different sizes of balls for second

level interconnection (e.g., for different pitch demands) is provided.

[0025] Fig. 1 is a side view of semiconductor device 100. Semiconducior device 100
includes integrated circuit device 104 (e.g., a semiconductor die) supported by carrier
structure 102. Although integrated circuit device 104 is illustrated as being in direct
contact with carrier structure 102, it is not limited thereto, as another structure may be
provided therebetween. Further, although integrated circuit device 104 is illustrated as
a single device, stacked devices (e.g., a plurality of dies/chips on top of ene another)
may be supported on carrier structure 102, where one or more of the stacked devices is

conductively coupled through the carrier structure according to the present invention.



integrated circuit device 104. Apertures 102a are not necessarily of any
particular 10 shape. In Fig. 1 apertures 102a are shown as having a

Wtk(?%%%g Ig%gpe to accommodate a wire bonding tool (as W”L%‘f/ﬁ%%@)ﬂ?&n
elow), bu o

they are not limited to such a configuration. [002

Cﬁﬂﬁﬁfﬁv@a?ﬁ&? PS8 RElydineomAesialsis el assgnltibepppamfigurations
aluminum, palladium, alloys thereof, etc.) is_provided from inte%rlglc ed

cheimas e desa0n IR S PRTTRY J USRI 102 Rigre” MY

. iviore
spesgifigatvd shisuaadettiveipaiindiudes, acooetativedratir] Bowever, @ will be

solidjfied free air ball) and ire 108 extending.theref i

AL TS  SURE Mo B e g R B RO Yl anc
5 ?aﬁﬁgg;ﬁﬁgrmmummfd@iwﬂ@& Rrefestblyiwenddoivebsal 106 is

ormed from. a portio wire [ '

f| gﬂr?gr%eﬁl?@lasﬁﬁ Sﬁﬁ% .f,%éf—’ & AP g}%g(@éﬁyg@g‘éi %eﬁ?ﬁé?ﬁ&ﬁ?ﬁfﬁde, etc.).

n wan e tonstruction of

semicanductar device 1 il ad i :
oI il e ML I AUBBEE PRI STE e Rin(Plom (1)
serfilsbstfrordaviseiteyied iy is desemiitdjosiAirserondsrmiasn atatofrom

ﬁ%ﬁ%@z&gp lLSirateddn 9. A EXGRRUMEL SeRIRREMEIN HEYIEE ddicular

es encapsulant 110 which encapsulates integrated circuit device

10 1emnsoriator 28ervssaki aaporiBN bR BHATE fVERTEHH TR 0D e ARt 2
a ginoipsenicondustondaviagifkQ beldd?) iadiusiratesbinifigad Ricina

_certafi_n circumstances it is practical to process the semiconductor devices
incQAEEFR % rmat. For example, a plurality of integrated circuit devices

may be processed on a Jg{ger carrier structure ang]gsinggl%ted erefrom

aft@A%Rle WireBBPEiNG RALbiREr 3075 BRI g 2l ReER &GN AP
compaiem[QRBIigsaIBAsIEilusteats B prrtidadfannietbpdiel gprock ssirige
a iconductor device, At Fig. 3A,. a jon of a wir [ L
15 RO Ly aha e e e Do S A SR e
bndirigetodts306oteiurioabiller0B6a), 3olE SdIwhichahembe wWodgh
2 PASSAAE fISiIneHh BYAMLE DARFUGIRA!AARAEH(S) ML MR diBdevice 104
which eftects the movement of wire 304 through the passage defined b
witeghoneintgabpadobiniegrated circuit device 104). Preferably, conductive bal?li% is
formed from a portion of wire 108 using, for example, an electronic_ flame-off wand
20 (i.e., EFO wand). Details of the construction of semiconductor device 100 will be

explained in greater detail below, for example, in connection with Figs. 3A-3E.

[0029] Fig. 2 illustrates semiconductor device 112 which is substantially similar to
semiconductor device 100 illustrated in Fig. 1 except that semiconductor device 112
includes encapsulant 110 which encapsulates integrated circuit device 104, conductor

25 108, and a portion of conductive ball 106.

[6030] While a single semiconductor device (100 or 112) is illustrated in Figs. 102, in
certain circumstances it is practical to process the semiconductor devices in an array
format. For example, a plurality of integrated circuit devices may be processed on a
larger carrier structure and singulated therefrom after the wire bonding or other

30 processing (e.g., encapsulation) is complete.

[0031] Figs. 3A-3E illustrate a portion of a method of processing a semiconductor

device. At Fig. 3A, a portion of a wire bonding system is illustrated including (1) wire
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[0032] In Fig. 3A, wire bonding tool 306 is moved in a generally downward
direction 5 such that a portion of wire 304 is extended through aperture

w%ozzoas ﬁgns%d by carrier structure 302, Wlth wire clamp 308 b%?/&%{%qﬂlﬁn
position.”Apertures 302a may be formed in any of a number of ways. For

BARRIEIINEI B @YD iRy nOBR t PRare BPa LR ekilindsbiefarghtheassnge
bonding operations commences. Alternatlveily, a(%ﬁrtures 30%% tn(gfl beV ent
féﬁ@é?ﬂ% BY WiESRAmding ok W ARG H R SHTRARY SHSPHoH ™ ﬁ[yélb%ﬁn o
|3 Figke3BA R iKeHelp AR Z08:Sildba wlesbdndbsitiool, Xergy 310

(provided by an EFO wand or the like) is applied to an end of wire 304 to
fogua fleerniripalls30des aainy eobpruling tneidaf igratseliytdovardsithdirection
lower surface of cagrier cture 302, In Fig, 3C, withwiye ¢l j

T BB S0 T Sy St S e S I8 A s st
aitrbath:304a, watimyindreldnomaitgteclie8s miidortigeraissd Sl mayide formed
free air hall 304a s its I C ' r

huios 2o R S e b SN S AIRREMIL biched, or
aditedibefore dertaire bRudiis ARCERBEHPRERESSTIHA aaiNeln RIS id2e
! fres.AlL ol 3048 IS Melied dNRNR-RIA G MHEIWFR(Righ, a portion

of the

carrier is melted), thus being secured thereto. According to other

e 'a%‘?"[g?@@i%ﬁﬁl%@%%l%%%%%i@%%%@e&%éﬁ%&%ﬂ@@%ball

(6.g., free air Ball 304a) may be attached to the carrier structure at_the

th .
afrseifsLRINRAT Qe tBe kel meedie AGAROALY SedBaraform free air
aﬂﬁttma(\ﬁﬂ& Kﬁﬁ&h%ﬁdaﬁ%twa i.aélargﬁﬁs@mt?lmwsfam iofvteadrciest carrier
structure throu which the condu tive ters the pert re). .
pet et e R N e S PR
Stgitre 1Aretal $eisgnigmplatcick:3 3034 Figa SBrmwithifedemdingatiol 306 is
3Q4a in the seat ition, and with wire cla 08.i itian. ;
o otocd ooy A e AT AR AR SRR SR LGRS0 It i
cinuitideiicec@1)isopppntchiny epariarestidetuMosOetbreby. foeiag to

wire, oo ! Tel ' ' : ' ition, glies :
0 o\ G RSN chosaontion s
ohinkiediate dbeirdastia sUREBO(SER ABPEISDATSTERMSIH A5 BeRFES

loQp, 3461l 9aa0] gégoﬁiiiﬁgatosgiﬁey QW5 158NIGB B8 Al Qe VRS ALt invention,
Semiconductor device 400 includes integrated circuit device 404

StRIBEHDY ealldE-gerdias Al Bab 3P4a)apy be attached to the carrier structure at

the aperture using an adhesive, or an adhesive in addition to a tapered aperture (where
the aperture is larger at the surface of the carrier structure through which the conductive
ball enters the aperture). Alternative configurations for securing the conductive ball to

the carrier structure are also contemplated.

[0034] In Fig. 3D, with free air ball 304a in the seated position, and with wire clamp
308 in an open position, wire bonding tool 306 is manipulated to loop wire 304 towards
integrated circuit device 312 supported by carrier structure 302, thereby forming a wire
loop 316. In Fig. 3E, with wire clamp 308 in a closed position, after the end 3 14 of
wire loop 316 is wire bonded to a contact pad (not shown) of integrated circuit device

312, wire 304 is cut/torn from bonded wire loop 316.

[0035] Fig. 4 is a side view of semiconductor device 400. Semiconductor device 400

includes integrated circuit device 404 supported by carrier structure 402. Carrier
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7 WO 2005/112583 PCT/US2005/016521 structure 402 defines a number

of apertures 402a that extend from (1) a first surface adjacent integrated

circuit device 404 to (2) a second surface away from integr t(f ircui
EVice 404° Wire loops 408 (with conductive balls 406 cour%e‘Ce '/t ge%)e}%(})%lésn

axtend: i dbglwan SwreE Slaarsel G tkiea? fibro(igh Gostductive

balls 406) to bond 5 pqints 408a whigh are bonded.to cont.
e SR e R
iRGtidesceRe NIl k4 LdprHieh Entopsulatt se iy fafechursditisdiorextend

WG 2005/1

404, /wire loop 408 - - On
o %%‘é&%ﬂ £21090:428 00 A LMAR A GGG RAUIAMAS hond

, WiTe foops are "stack ve one another (one of
tipeintsirdSaopsidh atclbandgshiviatiyta saitsbatasbova)aicmrgard fEcbpevice
408 tg%%%%%%g@%@%%mféi GieRibSRRGSH. DAFKI0 e ReNBIRARSIEG

device Figs. 5A-5F illustrate an alternative exemplar

! Yy .
eimtbpabaresirast tHevine 40 oRdERREI IV IRP OB iASPTERR 0L fgrductive ball

epBodimgntis Rarticulady R yReRaslacgedballdscasiradtiktiend Gthe
side of the device. In Fig. 5A, semiconductor d vic% 500,is illuﬁ tf%d ;%Q;‘i’dea
AERSISRRIB A} BN AT R RIS RO R, D 9 TP B AUDLR

e

50 Carriemstyupticed badgefinemapeadures &84eethrethrough. (0037] In
Fig. 5B, stencil/template 506, which defines troughs 506a, is provided for

theoesPOrREY DIOSESBiIRG0f sealiennductordeiicesnBodithutive Hhalis 568
(e.g., gold, _copper, or A s that are preformed) are.positl
R A e
(ingludiag integratest tieBE deviea 502 dfiand bdiipdéraonireBhigjosdevice
positioned above template 506 s angert ToT AT} (o 8

cgﬁ fetive aatlﬁgs %@%ﬁ%g]%%%r%%%%&wre Io¥§s§%%%ﬂg?§]l\§vire on"é'lé’é
betwweters SORd GtiviersalsBOSSaAd e Borrapeiians FHtt SranibiPBBtegrated
circuit device 502. At Fig. 5E, encapsulant 512 is provided over integrated

cifeRaTHeicEis0tRantwitddop s, twlfisindpirsciubs 98misanenicrst for
d%%&é‘p;a%m@%E&geséﬁégp@&éage&m@ag&iegpmaa&%éelﬂai%cs@s raldedid,
r parated from

or otherwise’s template 506._!_0039] Figs. 6A-6D illustrate
anomher atédm hﬁ%t@y@m@gﬁ@gbgﬁmf ismgihat least partially within froughs

506a. AtTFig. 5C, semiconductor device 500 (including integrated circuit device 502
and carrier structure 504) is positioned above template 506 such that apertures 504a

align with conductive balls 508.

[0638] At Fig. 5D, wire loops 510 are wire bonded between conductive balls 508 and
contact pads (not shown) of integrated circuit device 502. At Fig. 5E, encapsulant 512
is provided over integrated circuit device 500 and wire loops 5 10 to form packaged
semiconductor device 514. At Fig. 5F, packaged semiconductor device 514 is de-

molded or otherwise separated from template 506.

[0039] Figs. 6A-6D illustrate another alternative exemplary embodiment of the
present invention, While not limited thereto, this embodiment is particularly usefui
when a large ball is desired at the BGA side of the device. Fig. 6A illustrates integrated
circuit device 600 supported by carrier structure 602. Carrier structure 602 defines

apertures 6022 below which are provided conductive contacts 604.
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present invention. While not limited thereto, this embodiment is particularly
useful when a large ball is desired at the BGA side of the device. Fig. 6A

illustrates integrated 30 circuit device 600 supported by carrj t
wé)zfo %a%rzﬁg’r structure 602 defines apertures 602a below WE:%rﬁﬁégrge&ﬂgﬁ?ﬁsn

g@}%jd ﬁ&r@éﬁ?ﬁ@ CORIBCIR R0 BIY Q2P0 F ARaBBom a plastic sheet. In
T/US2005/016521 [00401 For exam%Ie carrier structure 6?%?*?%%8%
e

forRseesmEns eoprishivesFRiber fie pitcRaxiRg disressd oRR SEFS
mayRe fisnosed anmeyHaraie ke dwieson hig: EArbttively etched

plastic sheet. The conductjye foil be selectjvely.etched o{ [
T B EES Al FELRS Hy Dle e B S e, o
oghenwise fermnad:inibelpidstresheebimfepertapsites 602a. [00411 In
Fig. 6B, wire loops 606 are wire bonded between conductive contacts 604

AR 4NtasmaEB(okshapnpaf integiatechdird bittdeviceo8d8:tinemignias 604
encapsulant 608 is provided.qver | f ircuit devi 0 j
O RO e B b i SRR B oY 4R R 6 St
s6leis rafividedrocess)cmaied dixweit 405660 0d sorrdaenyéQonkixEig:

thefely, tarming &%ﬁ@%%ﬁ%%g@%ﬁag deviR: AO0ARDBigS:) Tl Bwer

flow diagrams illustrating methods of processing a semiconductor device .
insadawr df oty s eoioeri U iRIFD L FRBBHIE R PRE BE RS cpriceRgotor device.
invention. More specifically, Fig. 7 relates generall% to the exemplary

stitetzire FitasTr-aras forigieramsiRusrating quethasw el BrotRS REthod of
Fig Z isBot:pdimiteshin thaiexackaarfigutationap hesenbsemplassf the
structures. Likewise, although Fig. S rele%ales generaé%to ﬁ.ge exemrolary
SRURSEHAE e &Rs FRGEDSALER 1fhd TREMGTETE. 18 1ot o
the gMaetGanfisseatiarpk thess axsmnphdry; stoueivee shemusthat efiffjg. 7 is not
although Fig. 9 relates_generall the exemplary structures.illusirateg i
NGB S TR G0 TR e D e e
ofrifaesecPice xenrplipistitatueanlitys motana tHystraichucBiging/ i Eettain
embodi the present.| | giggirmisgg&g st Woctures.
F?&%ﬁ’?fgbﬁa&?beﬁbﬁ?@e f%?eg)?%%%%%ﬂéb%\ﬁ er, or substituted. [0%%,%?3 ° _es
REfeinimgtibwitootsh SiedhpHatyysowssiing fewsaplgrcgretdiiypred m
a Figs. 6A-6D, the method of Fig. 9 is not limited to the exact configuration of these
exemplary structures. It is noteworthy that according to certain embodiments of the
present invention, flow diagram steps illustrated in Figs. 7-9 may be omitted,

rearranged in order, or substituted.

[0043] Referring now to the exemplary processing method of Fig. 7, at step 700, a
semiconductor device supported by a carrier structure is provided. For example, the
carrier structure may include any of a number of materials, and have a range of
thicknesses, so long as it satisfies the mechanical (and other requisite) qualities desired
of such a carrier structure. For example, because of its low cost and machinability,
sheet plastic is an exemplary material that may be used for the carrier structure. The
carrier structure defines a plurality of vias from a first surface of the carrier structure

adjacent the semiconductor device to a second surface of the carrier structure.

[0044] Further, 2 plurality of semiconductor devices may be processed at one time,

wherein a plurality of integrated circuit devices are supported by a relatively large
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semiconductor device supported by a carrier structure is provided. For
example, the 25 carrier structure may include any of a number of
materials, and have a range of thicknesses, so long as it satisfies.th
AECAHeA? (and other requisite) qualities desired of such a égﬁ?sezroeesmmszz

Stléw_ _@&E&ﬁﬁ%ﬁ&f}@ﬁeﬂ%@wﬁmﬁw&@&\éﬁ@%ﬁ egg}j.,m@hh aialilen shRelating
plastic is an exemplary material that may.be used far the carrier sjructure.
TR A LSBT Y A GTLL REMRAT B GAFECH of the
cassdestductordseagljacent the semiconductor device to a second

surface of the carrier structure. [0044[ Further, a plurality of semiconductor
deniass mayskp poacassadirtae timeyiwketaidiagiualjiy ohintdgnateg tool)
circuit devices are supparted by a relativelylarge 9 WO 2005/112

P PR TR P S B b SR b SRSl st
deuitie8yexenddtshondirgeenuhpstiatingt ated 706, |kEpethie eallrieformed at the
strugt Vi t Vi ldrality milﬁgﬁg!ﬂtcﬁgfgﬁf‘tﬁ.‘ﬁ :
[0%%%%5%[&2%8%6%&,&? %‘gn‘gz%%rlﬁeg’gﬁ,ﬁa wire g%%eﬁr?ding throughsa wire Frin

bentiar) Yib)ths sscond rudFeiabiligsne SFHERaPaeR H0% Grhid way b
the, GRRGICIREALISaR! sRartialy, Rxiendshriow the secondaurane oAt sleRir

704, a free air ball is formed at the first end of the conductor. At step 706,
thattéedaimBaat Isadt apmabidnsepartdiifecsheac:Withcthe second

surface of the carrier structure. At step 708 (which may be

cdRMfpofdiEaLEL Rt et BB HRERRCAREIRIAT S the?riaee it BN Fhile
thagé&&?i%ﬁ%ﬁhiWw%@i &ﬁ’@lﬁé mﬁ@ﬂmﬂ&ﬁa@aﬁag&@m&mmd of the
surrtace. t,step , anoiner ortion of the conductor .J., a

o B AF E OGRS Ot DI S SO econd end
dexide @@lzacantactpacd phdhe the mmnddctorrdevice). Aopeiagiple;

step 710 may include wirte,bonding a second end t r

- SR SR SRIC08 ST G080 BT R M E7 10 may
erbbotinedrs phthespiresei mmi&mefpstmg; mn ,bmmwtaq@oims
Maye D& MiewGchas Rrogessipg kAl e A Jarm 3, istouite 10eR BEMNESI of

two contact points (the conductive ball at the second surface of the carrier
stibefgreienidueiepdaiéedad of the semiconductor device).

[0047] At step 712, another conductor may be processed to be a second wire loop as
described above in steps 702, 704, 706, 708, and 710 such that the second wire loop is
positioned at least partially above the first wire loop, thus providing a space efficient

packaged semiconductor device.

[0048] At step 714, the semiconductor device (including the wire bonded conductor)

is encapsulated to provide a packaged semiconductor device.

[6049] Referring now to the exemplary processing method of Fig. 8, at stép 800 a
semiconductor device supported by a carrier structure is provided. The carrier structure
defines a plurality of vias from a first surface of the carrier structure adjacent the
semiconductor device to a second surface of the carrier structure. At step 802, a
template defining a plurality of troughs in a first surface of the template is provided. At
step 804, conductive contacts are located at least partially within the troughs. At step
806, the semiconductor device is aligned above the template such that at least a portion

of the plurality of vias align with respective ones of the conductive contacts. At step

10
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[00471 At step 712, another conductor maybe processed to be a second
wire loop as 20 described above in steps 702, 704, 706, 708, and 710
such that the second wire loop is positioned at least partiallﬁ‘above the

Wf?s’t%?r‘é%ggp, thus providing a space efficient packaged se 101506 4 Gl ke

deyige, {0484 A SLBRANL A RS BiLRRIHCIN AR VIR IRGIHRG AWM @nd at
bonded conductor) is encapsulated to provide a gackaged semiconductor

détred 19 prsand wérbnrARiTAER 9o BEESRG I hod of
Fi@nﬁc@ﬁcﬁmraﬁgi%e @@hgn,iacmdmtqrad@vm dse;ammlﬁy @ie(?&ﬂ?e (At step 812,
structure is provided. The catrier structyre defines a pluralit vias from

o PSR L B SH YT S L SRR L B U e e
tosa 4eheo et spribtedakthe @alusrsdevite (eloAt stéh 8082 aaidesmplates and
defining.a plurality of troughs in.a first surface of the template,is provided.
A e SR L e PP S B i the
troemteondecttedeB@6, the semiconductor device is aligned above the

template such that at least a portion of the plurality of vias align with
refi960livelefresny thw tofltustiveptomprorssAngwphvd WEIR2008 51589 2

PG bR &R BB ad 5 Le el -6eRIUHQr 3 WA BARARd:I0 shucture

one of the conductive contacts, and at step 810, a second end of the

colefnescrmbugliey pbrire ey gBrisr Br 1ot SerrrederRiRiei it §e a
cqetaebRacf higicemiaqpauEnIRMee AL el ShioniRe AQRIEAIIUGAIh

device and the wire bonded conductor are encapsulated, At step 5 814,

theBHRa RSt as A Rdh bt T e pamsdminerIRs da mey st beley ot
aneheanshiaive cortarisdfcaparaieddiorihe demplatariepsovidera For

packaged semjconductor device. [0050] Referri ow to,the e lar
AR RBHSHSRIET & e SERR0Y e i aRreied atdoent
suhpesteddoypdiacanfehstrurdier stiscprey middskoed aongostaichereokictive layer
dgﬂé‘fﬁeaeﬁi%@{%&&n" a8 Jror uai@%séo%?££%9ezﬂgs¥3§ ,rts‘?f;?ﬁ USEURa conductor
adjacent the semiconductor device to a second surtace of the carrier
stitBtuedondastép OB {ild chndnalise aurtid efd dtens Wher serose prgod)heg
cpeluEtive iSontaThiiRIYdSd AloNY Al leRs ABRRIPRREBRMAS: contact pad
adjacent the second surface of the carrier structure. For )
of the semiconductor device). At step 908, the semiconductor device and the wire
bonded conductors are encapsulated. At step 910, solder balls are electrically coupled

to a surface of the conductive contacts away from the carrier structure.

[0851] Through the methods described above, the present invention provides
significant improvement over conventional semiconductor processing techniques. For
example, a relatively expensive multi-layer printed circuit board with plated vias may
be avoided, and a simple carrier siructure (e.g., a plastic sheet) may be utilized.
Further, a substantial amount of soldering done in conventional processing may be
avoided, for example, using the wire bonding techniques disclosed herein. Further still,
through the techniques disclosed herein (e.g., by forming a second wire bond on the

semiconductor die), a smaller packaged device may be provided.

[0052] Other benefits of the present invention include reduced processing/assembly
costs, improved electrical performance (e.g., current capacity, resistance, and

inductance), and improved thermal petformance,

i1



example, a conductive layer (e.g., a copper foil or the like) may be
provided adjacent 15 the second surface of the carrier structure, and
selected Qortions of the conductive layer may be etched to form the

WA R ontacts. At step 904, a first end of a conductor fisWipg 0016521

bgogier togreRidhesrRtUalivAToNtAtS:AY SeR B0k rAsRaRRT arshdfin
the conductor is wire bﬁgégied to ortjon of the semic?nductor devi%e

(PEPPREBERA P B SO R PUORR o ARG IR B GHr s Of the carier
semicamne astondfaviceppas tthaaviemordoode diepadurtbiaandy below the

encapsulated. At step 910, solder balls are ctrically coupled .to
Sl el A ase b AR AUSLERERERHRBRIREAI® Sy pp
ThrsugiatyelicuetdosadeBeiietedbovd ythmressicnimeeetiongmonytlexhere the

Si i
N SR avr
beapdidadipretbobelay thgy®s be avoided, and a simple carrier structure
(e.g., a plastic sheet) may be utilized. Further, a substantial amount of
sdiffihg ddiheushdbaiieyrnsion ipibesisaiphanthdepaiteddigesin foresefempes to

usingthe Wik Papringreshrigussidisslosatiberein: fthetosb duavawn,
the techniques disclosed herein (e.g., by_formln% a second wire bond on

thB2bsmitsions croidieations mayde pardéigdh TREHEDFeoRIed sapee of
[0@&2 sheobenaliisaf ihe presantspuaniionsncksaregused
processinglassembly costs, improved electrical performance (e.g., current

. capacity, resistance, and inductance), and improved thermal
performance. 11 WO 2005/112583 PCT/LS2005/016521 [0053] The
present invention, while not limited thereto, is particularly useful in
peripheral area array applications, where the contacts on the lower
surface of the carrier structure (the surface opposite the semiconductor
die) are not directly below the semiconductor die, but are rather provided
about the periphery of the die. Such an 5 exemplary die may be a DRAM
die (i.e., dynamic random access memory), where the conductive
balls/spheres provided on the lower surface of the carrier structure are not
provided directly below the die. [0054] Although the invention is illustrated
and described herein with reference to
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specific embodiments, the invention is not intended to be limited to the
details shown. 10 Rather, various modifications may be made in the
details within the scope and range of equivalents of the claims and
without departing from the invention. 12 Clean Version of Claims
Corresponding to Issued U.S. Patent No. 7,442,641 1. A method of
processing a semiconductor device, the method comprising the steps of:
providifépapseenitunef fctomticivwesuppding dblpsaehbi8r BatentuYe, 2,641
carrier structure defining a plurality of vias from a first surface of the
carrier structure adjacent the semlconductor deV|ce to a second surface
ﬁ\e’&%‘?‘r‘i’ér"éﬁ%ﬁ?ﬁ@%&f@% %‘h Sor 5B %ﬁ%*wrm%gﬁ&sﬂwm of:
such héir Ed OF ﬁé?% Pé’éi%fj §ﬁ|§ %*E&igﬁﬁgrﬁeﬁ%w der
d

e d Jura ty Vi a zrst Sufr, carrier struciure adjacent the
sem conc}{mla %’evﬁ eln the Tlur I amefj]sm ﬁgafﬁ fiet

struct Ur%é%éﬁd %A‘Hﬁ d?%fo 6)%§§HQ@ U?% %%R’thg ing af 28 Al Qdhuctor
a%h‘?aﬂrﬁélﬁ Qx?d&%&guﬁﬁ%f sgrg(%p &8 Bgira%@\g% fined by
freg alfha ﬁéé%%ﬁéa#éffkﬁb&%@%% &éﬁl surface, and
electrlca%yn%lgralm@ﬁ%%@@ém ehahg @@Q@H@&@foﬁ%ﬁ@%@%@&ﬁ@@tendmg,
semiconguging deviee o2 bkhamathed-efislaindhwherginibeesten Qfrface; and
drawingdretticddas appiyingsneatipihefreetair chalhcthrthe ;Bﬁﬁth@df(@ﬁ.@alm
| wehereinitheedecicically coupling step includes wire bonding a second
end of the conductor to a contact pad of the semiconductor device. 4. The
méthbdrofiblalvf Sldumtherhcornpifisisigrthé dtepsoficudendinly andtiaeto the free air
chabiuctor through another of the vias such that a first end of the another
conductor at least partially extends below the second surface; forming
anotier al?fbféﬂuatit 91D Sicelseirierinsnel eo anMehdser s ensing a

O ERAEHTAM G, HRALHRTG e UHBERIFHRISNGiP A Rt Fratiaaty i

coniﬁlct w@ﬂ %tge(s? ?h l'%#rface and W|re bondlnig a second end of the
O er e

ar co I‘ISlﬂ
nou ort Du 1}0 T Of Lhe VlaS 5 rst end of the
another ¢ % Qruon, % (%8 uch] r deV|c ch tha e E
WH}% ﬁé’zp %cf“c% PféQsQ D& RERA lh M
another gony QE’gcé%ﬁ?ePﬂ étQPSQ@atc @%&%ﬁt@ 913/&11%995%8{1&’1"&%@991@ step of

fo&?ﬂ&f&lmg, and drawing the another free air bali at least partially in contact with the second
surface; and
wire bonding a second end of the another conductor t6 a portion of the
semiconductor device such that a wire loop formed during the step of wire bonding a second
end of the another conductor is positioned at least partially above another wire loop formed
during the step of wire bonding a second end of the conductor.

5. The method of claim 3 further comprising the step of encapsulating the semiconductor
device and the conductor after the step of electrically coupling.

6. The method of claim 1 wherein the step of drawing includes melting a portion of the
carrier structure in contact with the free air bail such that the free air ball is secured to the
carrier structure.

7. The method of claim [ wherein the step of drawing includes adhesively coupling the free
air ball and the carrier structure.

8. The method of claim I wherein the step of drawing includes drawing the free air ball at
least partially within one of the apertures adjacent the second surface, the aperture adjacent
the second surface being tapered. and adhesively coupling the free air ball and the carrier
structure at the tapered aperture.

9. The method of claim 1 wherein the step of providing includes providing a plurality of the

13



during the step of wire bonding a second end of the conductor. 5. The
method of claim 3 further comprising the step of encapsulating the
semiconductor device and the conductor after the step of electrically
coupling. 6. The method of claim | wherein the step of drawing includes
melting a portion of the carrier structure in contact with the free air ball
such that the free air ball is secured to the carrier structure. 7. The
methodrofuclaimiel isrere th<thaste piof trawind finthedesrauivegivislystep of dividing
coupting cherfrdercairbalplardithefcamiersingteu ey BeTHecntistivtsn of Jraitmcally
1§9HRk8th the step of drawing includes drawing the free air ball at least
partlally within one of the apertures adjacent the second surface, the

partlfe AEERE WE I dovBFE R thraREP LIPS YiliRedRe WS BaNisiRgoigeludes the
c&ﬁ Fﬁ" ?Hﬁ%fg%é;g W#F%‘Fﬁéfé RS St trEths thas espBRSEed SRR e first

al

4Wherein the step of providing includes prowdmg a

Hparél Od oigc?eml UCT’O eVICeS rilotvq I(l:g galc u ru%%g? meludes the
e S oD e T e 4 ﬁgﬁm atthe
ofSEMEARAELR %%g%ﬁ%@itgﬁéhmmg SlahLealig ot

method of claim 1 whereln the step of prowdmg includes prowdlng

includes the carrier structure to define the plurality of vias such that the

vias are tapered from the first surface to the second surface. 11. The

method of claim 10 wherein the step of providing includes providing

includes the carrier structure to define the plurality of vias such that the

vias have a larger opening at the first surface in comparison to a smaller
opening at the second surface. 14
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