1 APPARATUS FOR PACKAGE REDUCTION | N STACKED CH P AND BOARD ASSEMBLI ES
BACKGROUND OF THE | NVENTION 5 [0001] Field of the Invention: The present
invention relates to a nethod and apparatus for increasing integrated '
circuit density. In particular, the present invention relates to a nethod
and apparatus for sem conductor package volunme and height reduction with
enhanced reliability and sinplificati onlof the fabrication process for
?tg(alée;j sechongugoE:hdi ce. 10 [0002] State of the Art: Chip-On-Board

" ") or Boar ip ("BOC t echnol o S attach a

seni conductor die to a A& AMTéTﬁﬂB?R&%@EngF%ﬁ? myed circuit board
("PCB') and may be ef IRCYBACKHD CHIR ANDBOARD ASH LIESr e bondi ng, and
t ape aut omat ed bondi ng (" TAB"). [0003] Fl i p-chip attachrrent general ly
consists of electrically and nmech | | g a sem conductor die

by its active surface to aBé& pattern of discrete
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conductye el eThitf) | REIEBES PtJ%S:er ﬁtt V6Bh ARl fo Afeaanagal |y
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i nstead begagliasReSRE inciddsing énteghtet @ircsit batsitat b pa'ﬂncallm ghepetseniGoveitioni ve

el ements may conprise mnute conductive bunp bal I f
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The senj C Qladikat sefiddn8udtor dibsls el ectri cal | y and nmechanically connected to
the carrier substrate by, for exanple, reflow ng conductive blz
ﬁ@?&ct ric

sol der &0 curi n@%ﬁhdtﬁi@ﬂé&h@ﬂé&iﬂﬂr&@oﬁfﬂl( (é(aB BpagdrfpChip
underfill m @Hg{l }sgﬁﬁg#?fﬁﬁac eg 8%]2}0\#\? uct(;[rrzi? e? sm Jﬁcﬁﬁ%ﬁ hﬁﬁted

O
substrate 1t on an ttO ennance tke nmec I cal

attachment .gfuit heurd (@ dB”) b€ @R bE effectéditisiag Aipechip APAAMeWY, wdrdtmndinggarsind TAB
attachment techniques generally begin with attaching a sem conductor die

b)éhl ts backa];slhadmmarbed‘tbmldm(f‘EAB”bf a carrier substrate with an appropriate
adhesive, suc ?300%[]‘| efF:I%)-(éillI? gttésc it ge%grlaﬂ$rc:on51stg of élgétﬁéﬁly%dqﬁé}ﬁalﬂﬁeﬂﬁfs I's

15 attaching a semiconductor die by its active surface to a carrier substrate using a pattern of

discrete conductive elements therebetween. The conductive elements are generally
disposed on the active surface of the die during fabrication, but may instead be disposed
on the carrier substrate. The discrete conductive elements may comprise minute
conductive bumps, balls or columns of various configurations. Each conductive element

20 is placed corresponding to superimposed, mutually aligned locations of bond pads (or
other /O locations) on the semiconductor die and terminals on the carrier substrate. The
semiconductor die is thus electrically and mechanically connected to the carrier substrate
by, for example, reflowing conductive bumps of solder or curing conductive or
conductor-filled epoxy bumps. A dielectric underfill may then be disposed between the

25 die and the carrier substrate for environmental protection and to enhance the mechanical
attachment of the die to the carrier substrate.

[0004] Wire bonding and TAB attachment techniques generally begin with |
attaching a semiconductor die by its back side to the surface of a carrier substrate with an
appropriate adhesive, such as an epoxy or silver solder. A plurality of fine wires 1s

30 discretely attached to bond pads on the semiconductor die and then extended and bonded
to corresponding terminal pads on a carrier substrate. The bond wires are generally

attached through one of three conventional wire bonding techniques: ultrasonic bonding



30 discretely attached to bond pads on the sem conductor die and then

ext ended and bonded to corresponding term nal pads on a carrier substrate.
The bond wires are generally attached through one of three conventional

wi re bonding techniques: ultrasonic bonding 2 - using a conbination of
pressure and ultrasonic vibration bursts to forma netallurgical cold
wel d; thernoconpression bonding - using,a conbination of pressure and
elﬁ%ated_ ten?erature to forma weld; and thernosoni c bonding - using a

conmbi nation of pressure, elevatedt eratyre, and ultgasonic vibration
bursts. A dPengeeembinaiiRipfuesipic gy gaggmav raqn ﬁ%toof‘m&ﬁdwa ?Cglhen be

appl i ed t Ocﬁrg%e?(ﬁtthér&%cgr}q@?lssn\f%{ ?%Sgﬂkg-u@ﬁ{ég%&rﬁtﬁﬁ?ﬁo&lrbfﬁ@sure%ﬁ@§1e95tedmt al

| eads carried onh’an | nsu a polyrm are attached to the

bond pads gngehus esrtozeraweldoindthemesidnic Gondiageonsing g combinatian ofyprdssuon t he
carrier substrate. [0005] Hi gher perfornance, |ower cost, increased

mi ni at ur i zaleveed smpetiteenindridinasenicanbratorchiras. Aolirlsgrisgnempsdpgtsugh asa
integrated circuits are _ongoin 0ad i new
gener at i n§1?18‘f’nei ‘?{tegﬁzf}é]f‘léﬁﬁgflrl)g%f’gllegdr% 3‘%? (Fétqger%&e?e g%al%{ed ,orilltq %ggi%ﬁﬂn@’ of

conponent s ey &ast rhdallleddlk icidded oh g MmdubRids tipe sdecieapsyihide e astdodt@thei n
t echnol ogy even though the functionality of the products increases. For

exanpl e, ohondpads andhessmicerducter ilic and sprsspeadiag jermined pads andhe CHEET ease i n
conmponents for every product 15 generation over the previous generation
havi ng equﬁk}ba?‘FQWt functionality. [0006] In integrated circuit packaging, in

addition to compgypspt Hij i BAnance UbiveE sl utitast @ plnatuaigidnast dermonstrat ed
an increase in sem gondggét*g;re chip density on a si ngl e substrate or_ board,

resul ting fcompomamts ami(;gtpat@t patksgign density of trtesritad cisewts grriongoing gpalsiaf dhgt
increase in integrated circuit density.. However. reater | i it
20 density CP@PB"@gB’a’Pﬁ@" Rkl ﬁ%‘&ﬁ%"g}s %f mtqg\é\%ecg?}tctu%té)rg %&Seérgﬁr&gdﬁsg(%ﬁgeeg; ;'f gl
avai | abl e fn‘afnbEIh(gf cg?ﬂﬂidﬁéﬂt@gséafto S ERAFME tRs B ERrdABe dudtaradigicesibst r at e.

[0007] One netho ncreasing Integrated circuit density is to stack dice
verti cal | y.tedinSogPaverthoudghtthe fiBRGordlithef the pBdpats dmreases. j Koseaamplsy 911 thgo,

1991 to Farnworth, teaches copbipning a pair of dice mounted on o sin
sides of a AVEEEe-RUHS aPRFPXHBth@&Pa Qi:,pcgﬁemt ﬁ‘é“rre%fién R R Qrggli)cﬁe ugper
surfaceg SOfgehQ‘Qti(ln?@\%? ¥ prifiBud S@EratibARByiME BqivilbhtFhinctionality.

[0006] In integrated circuit packaging, in addition to component reduction,
surface mount technology has demonstrated an increase in semiconductor chip density on
a single substrate or board, resulting from more compact designs and form factors and a
significant increase in integrated circuit density. However, greater integrated circuit

20 density is becoming significantly limited by the space or “real estate” available for the
mounting of semiconductor dice on a carrier substrate.

[0007] One method of increasing integrated circuit density is to stack dice
vertically. U.S. Patent 5,012,323 (“the '323 patent™), issued April 30, 1991 to Farmworth,
teaches combining a pair of dice mounted on opposing sides of a lead frame. An upper,

25 smaller die is back-bonded to the upper surfaces of the leads of the lead frame via a first
adhesively coated, insulated film layer. A lower, larger die is face-bonded to the lower
surface of the lead frame at a die-bonding region via a second, adhesively coated,
insulative, film layer. The wire-bonding pads on both the upper die and lower die are
interconnected with the ends of their associated lead extensions with gold or aluminum

30 bond wires. The lower die must be slightly larger than the upper die in order for the die

pads to be accessible from above through a bonding window in the lead frame such that



adhesively coated, insulated filmlayer. A lower, larger die is face-bonded
to the lower surface of the lead franme at a die-bonding region via a
second, adhesively coated, insulative, filmlayer. The w re-bondi ng pads
on both the upper die and lower die are interconnected with the ends of
their associated | ead extensions with gold or alum num 30 bond wires. The

| oner die nust be slightly |arger than t,he upper die in order for the die
pads to be accessible from above through a bonding window in the |lead frane
such that 3 wire connectlons can be made to the | ead extenglons Thi s

arr angerrenwlfﬁ&@nfé?cﬁﬁljlscﬁan |n%3518\ﬁ%ﬂ1€a16"§1 PR p L B FEENSFHDF ST, due to
the requireaent Van 5frg ma&/r(]ﬁ?& é’ﬁf fa%gg?l { Afie tfthe P %ﬁ%n@t%ﬂ@llf%i‘enlt Spdiframe

confi gurat ! 6h ang a SO to- execu Wre ng protocol. 5

[ 0008] U. SqicBad omtewhalomMed leall SatREoMig@htidn ankbddbntiawtBadifficulemedxesuta
mul tiple stacked die device containing up to four stacked dice supported
on a di e- amirgbengiadgraoel. a | ead frame, the assenbly purportedly not

bona- pact of ealltOR] o e dr &St thaNth f, |BAE BT eadBl MEGRL D | 00

profile of sﬁaaeeddﬁé/a&@cd &n@&mhguﬁ% Rr sthoiea-di@) ®ippoedl Gt adikiangevrddle dfs made
10 possible by a | ow | oop-profile wre bonding operation and di sp03|t| on of

adhesi ve | a)lr@dsﬁranh:tethmsvsmbie putpackds ndt @@eedm\/éwéxelghsaf thep-gyent ipgle die

relatlvely I bon res.t ctric conn K e to the
| ead franeP o d ‘gwgefsmhe &P?(g%ae‘%s 9L F2 s‘iégaﬁﬁe%lfe k: Sgé;?oa%%? geq? g-l(;lﬁ itate
shorting d&'éat’ix%lybf%ﬁﬂpr%feeoﬁm@@@/iwﬁ h&ﬁe\%ﬂqg'm;déle&bl'eﬁﬂce stééléﬂg wﬁi@h lis hedgii r es
t he use of spacers between the dice. 15 [0009] U.S. Patent 323, 060,

i ssued JOngo&ihle b9 9Jlowdoﬁmgaﬁleewirabondingamn@tmn@ndrﬁ!ﬁppslélhil pf néimuv@ IayREst
contai ns stacked die iices,_the termnals o ich are wire
bonded to CH Y lﬂ?‘eastt?é’ij‘ﬁ‘:{ dicg By §¥%rn§a]€j Feélulfgw %ge@%gﬁe%}dowum& scussed
with Ball, 1&&&31 btr the stla&l&ﬂ RN e 188 fihRe ETIRGE [dngdohd Wi iédasé he
stacked die b % to the substrate. Fogal also requires the use of

spacers betrgsitancehad dlagéacﬂZt@te[sihOﬂﬁlE due § b@at wine sEeapuringSneapdulstians, 398 to

Taki ar et al " Taki ar t eac st acked dice.having bond wires extending to
each ot her A&?Fd(ﬁ%r?%rqsé}éﬁi‘éseé’tf%%?%@%ef‘%‘?en ﬁ% fi&r such as a | ead frane.

However , s Taki ar [@6@? has. phent™ 92 650, RkudCRGe DONHOWILS €8 gal et al., teaches a

multichip module that contains stacked die devices, the terminals or bond pads of which

—_A

are wire bonded to a substrate or to adjacent die devices. However, as discussed with
Ball, Fogal requires long bond wires to electrically connect the stacked die bond pads to
the substrate. Fogal also requires the use of spacers between the dice.

20 [0010] U.S. Patent 5,422,435 and 5,495,398 to Takiar et al. (“Takiar”) teach
stacked dice having bond wires extending to each other and to the leads of a carrier
member such as a lead frame. However, Takiar also has the problem of long bond wires,
as well as requiring specific sized or custom designed dice to achieve a properly stacked
combination.

25 [0011] U.S. Patent 5,973,403, issued Oct. 26, 1999 to Wark, teaches stacked
dice on a PCB. A first die is flip-chip mounted on the PCB, a second die is back side
bonded on the first die, and bond wires extend from the second die to the PCB.
However, Wark also has the problem of long bond wires and the excessive and
somewhat complex processing steps of both underfilling the first flip-chip mounted die

30 and encapsulating the second die connected with bond wires.



as well as requiring specific sized or custom designed dice to achieve a
properly stacked conbination. 25 [0011] U S. Patent 5,973,403, issued Cct.
26, 1999 to Wark, teaches stacked dice on a PCB. Afirst die is flip-chip
mounted on the PCB, a second die is back side bonded on the first die, and
bond wires extend fromthe second die to the PCB. However, Wark al so has
the problemof [ong bond wires and the gxceSS|ve and sonewhat conplex
processi ng steps of both underfilling the first f||p Chlp nount ed di e

and encapsul ati t he_second di e connect

Pat ent 6, 051, 87@%1?-15 sUe¥ Bagant p, 0§887§GWCE@PN]<|1§>@0§ afn ‘ﬁﬁ@tl a(%%%l’?’eac hes
mltiple siagied, u%@ﬁé HaBl suﬂ@a'té}%a\%n EitHeLRd: &@Pe&&aanr%%tﬁ %iRBdnditle

bondi ng ues re some dice are ted on opp05|ng
substrate %Hﬂ@cdhﬁp tehmﬁaf&]s Wh&é@i)lﬁéﬂlcelai’e wvothted bﬁoppbsargtsabﬂmnssmfaccbevel op a
fairly straightforward 5 technique and resultin senlconducto devi
assenbly for i n[ﬂﬂéalsl Aherefregt woeld beiadvantegeodsiodevglopp f W@B’ﬁ@&hfw cked

sem conduc di ce ducin t catin
The assenblSPAEEHEFIRT BRI A dtnrhy q B AE DR g ed LERAL B2 1 10
conmer ci al lnsayarbabksly sMdted yerﬂeas‘ducﬁﬁdm%eyg\le@whenuﬂsw ofprécely stemt i on
techni ques. 10" BRI EF SUNNARY OF THE | NVENTI 0014] The present invention
Ei el ates }3 o fax fatwidatiog thedisseppdy mqunlflmthnn@hlbergdwgng 4%@@'@}5’&?’6@ & cui t

ensity by reduci n acka e hej a i t he S

steps for F@BE %YC@ BG bi]eyd?rgc éseSé%B cghia] ”%?'lggfganb?{clgt?ﬁgntl on

i ncl udes ay, ggod and apparatus for reducing the helght of a plurality
of vertlcal acked i nt erposer substrates, each interposer substrate
havi ng &0 Ieast one sem conductor die nounted thereon. The present

i nvention further |ncludeig§£2§£@&&g 2 es having dice
nmounted thereto, each die Qﬁﬁgﬁiéiigﬁgﬁﬁi%gﬁto conductive traces
of its associat iﬁblﬁmt t%@é&fenﬁﬂbé{t{oﬁtraa&x 1M FR (AN Afpar#ls fd?Qddadasibize

present inventi at | east two oppositely facing interposer
integrated circuit density by reducing package height and reducing the number of process

steps for fabricating a semiconductor die assembly. The present invention includes a

15 method and apparatus for reducing the height of a plurality of vertically stacked
interposer substrates, each interposer substrate having at least one semiconductor die
mounted thereon. The present invention further includes stacking interposer substrates
having dice mounted thereto, each die being electrically connected to conductive traces
of its associated interposer substrate by wire bonding,.

20 [0015] The present invention includes at least two oppositely facing interposer
substrates, each having secured thereto by its active surface at least one semiconductor
die with a portion of its active surface and bond pads thereof exposed through an opening
in the interposer substrate and wire bonds extending from the bond pads and looped
through the opening to conductive terminals of a first set adjacent the opening and on the

25 opposite side of the interposer substrate from the at least one semiconductor die. The
opposing interposer substrates are mutually electrically connected on their terminal sides
by a plurality of conductive elements which extends transversely therebetween and
electrically connects terminals of a second set on each interposer substrate and laterally
offset from the first terminal set, conductive traces extending between associated

30 terminals of the two sets on the same interposer substrate. A third terminal set on a die

side of one of the interposer substrates carries a like second plurality of conductive



substrates, each having secured thereto by its active surface at |east one
sem conductor die with a portion of its active surface and bond pads

t her eof exposed through an opening in the interposer substrate and wire
bonds extending fromthe bond pads and | ooped through the opening to
conductive termnals of a first set adjacent the opening and on the 25
opposite side of the interposer substra%e fromthe at | east one

sem conductor die. The opposing interpdser substrates are nutually

electrically connected on their term nal sides _ by Zﬁgl ur al il? of .
conduct i veelements f¥tending sAnsyeeselydEom fgh gyepessr subsHatedpietl pepl i fgonecting

el ectrical opnects term s of &PQ et hALERP QS5

substrate g%&?ch? elpél Ofer%{?fb?tgietgs@raom ‘%g |ra§ef ‘Aflggrlgrsnglﬁg lfslet, gonduc?{ive
traces extgndiritg iPALERONPESSE btRdndéhtioar m nal s of the two sets on the
sanme interposer substrate. Athird termnal set on a die side of one of

the interposer W8I r dtcesrdingrtp ons cambpdimenteltbe arepeninyention. ¢p cxpRigdct i ve 5

el ement s_ ext endi transversely fromthat .inte er

el ectri cal PYFUEB Hﬁg’@talcﬁij"f S‘Ff?ge 8?%&%%?%&%?%%%%&%@ & {t?‘g’[tégtsté %%ﬁléérgasre Tier
substrat e. oMraeSEHRANiailPelrbdiyTaca abdhd duBktafitidIStlatetally alig@ldswitlenceimpassed by
the invention. [00161 According to one enbodi nent of the present invention,

an exposedpartipoof theracte surfacaof atleass andthar sewfcondudteralie attashed wranethisHuct or

die attached to an jnterpose subst at stantially,directly faces and
i s subst anfYREFIRPOP lé‘Feéﬁ"f)sﬁr S&ﬁ%?%g’&ﬁ%\j:‘?lﬁﬁaﬁ?%@s%g S )c%}? #‘%Onﬁltéﬁfrycfsﬁlg active
surface of g sxﬂaééﬁéingaplfem w8 PRI OF e Wir&bHd! 186 dn bRotBaini@ydiment

er

superi nposed 1 nterpo substrate, the height of the gap between the two
i nt er poser of tehstseattiegerion mn exposelasrtiompitbe attivetsvifagerof@t leasfeongi re bond

| o th nmbodi t.10 aof th t o At >
por £ on of SPRICRMAT A Ak OGN e g ree A RohabieelY P e he
to an int eﬁ&@%i%&hg%%@g?f?%&ﬁ%'e%dsl‘.d AbiRA O Ihef RECSstlce b atdtast | east

partially [at rom an exposed portion of the active surface of
at | east anothbebppampEbsonimited seniiemklecdosdimiattached ¢e anothiir éntarpossriselbistiate,

anot her interposer substrate, the height of the gap between t i,nt er poser
subst r at es theneightof thesrenbervasa iﬂi‘“Fngﬁ‘T"?Sg’é%qutﬁﬁgs ! §g’\§/il?sgan8\é\ﬁ81_ng Sg%aﬁé’ Pght but
less 1hag two, ,Jd 1§(§}Lllléi§ﬁ%9{ fass th%{jfw?&' TR RAbttchemBsERRAL of theWREd ON, an
exposed portion of the active surface of at |east one seniconductor die
attached t anwhtibntadreapsed pottiast ofaheactivb stmeiodlat iadione s¢rhigofidustes dien exposed
portion of the . . . .
attached to an interposer substrate substantially directly faces an exposed portion of the
active surface of another semiconductor die attached to another interposer substrate but is
completely laterally offset therefrom, the height of the gap between the interposer
20 substrates being at least the wire bond loop height. Thus, wire bond height may be
minimized, depending upon the opening alignment technique selected. In all of the
embodiments, a flowable dielectric material may be disposed within the gap to
substantially encapsulate both the wire bonds electrically connecting the opposing die
and substrates and the discrete conductive elements connecting the terminals of the
25 second sets on the two interposer substrates. Further, a flowable dielectric material may

be introduced between the lowermost interposer substrate of an assembly and a carrier

substrate to substantially encapsulate the second plurality of conductive elements.



active surface of another sem conductor die attached to another interposer
substrate but is conpletely laterally offset therefrom the height of the
gap between the interposer 20 substrates being at |east the wire bond | oop
hei ght. Thus, wire bond height may be minimnmzed, depending upon the
openi ng alignnent technique selected. In all of the enbodinents, a

fl owabl e dielectric material nay be disposed within the gap to
substantial ly encapsul ate both the wire bonds electrically connectlng t he
opposi ng di e and substrates and t he dlscr- )
connecting t he BRAERDE IIONOBEH s 8ser
substrates. Fur I i ced

bet ween t he Iomgﬁgﬁktﬁhébl ?é@?qgﬁ%gﬁéét&w gﬁlggggﬁ%“gﬁgﬁgﬁgfggyrler
substrate §iesibist Roth itiad dda@ﬂczﬁaswnah of tHedns@tion evhph takah irt yonjinctomeitht i ve
el ements. 6 BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NGS [0017]
The net hodtherddavipgamdetpiniof the present invention will be nore fully

understopod fro d il crip. t aken

conj unct? on mn?h%qghe%h? Jﬁﬁ'g? “,"l%e mf%g%gfgéﬁg%%%qi ; % 1(d) arg
simpli fi edeGhofifeae dlds@Rdlg & in@tl@d%ff vértichllySdtadkifp0 eliebiially ¢dnhecingahdng a
met hod of vertically stacking, electrically connecting and filling the

gaps bet Weﬁﬂmgj thc: gapscbatwe,endmﬁ@@tl}édoﬂmﬁf@d pempses gustrates.cach BHERE Mavi ng a

sem conduct or, attache cordange Wt esent
i nvention; ST‘B‘GR uctey gie ajt dl%edgtﬁ f?p It‘ﬁcg%c ’gh@ ?Sglﬁmaflbe\%}tlg\gl\i of a
variation of theygjpf StF GLDishR hﬂgd"érossl ie‘cﬁ&idl HNer draffatiobl the Sracked
i nt er poser subs rates aV|ng multiple dice attached to each interposer

su bslt r ]atl @d einbodiewat, dlamtmtulxg vértically stmcksdamterpwemhstmes hodepmuitiplg dige j s a
sinplified cr sectional view, of t | |

vertically ag%“i‘@i é‘deqchﬂ‘gii@%“‘é rsuév%r@?t ?Ihéscég%ﬂ’a‘fﬁ ‘ﬁ@‘ &‘terﬁ?%ggttm}ﬁ%ﬁtéﬁélr ?;I "
lateral |y offse (%02?!) 37{? i{&?sctf'ﬁﬁ!lpilh@& EoQs- sécﬂoﬁﬁ%@@f‘@&c%& mbdEmpstesent
i nvention; and 0

G 4°1s asinplif cross-sectional view of a
vari ati on ¢lfiusttaingeatcdly seckedlinterposer substrates hemmgat\last patipllylaterallyladset

i nterposer substrates having sybstanti superi.nposed dice attached
thereto, i Wiscadashedibaete; npaceordangeauth CP?{R?‘éfﬁtth lg%?t“ | LED DESCRI PTI ON OF

THE | NV%%‘IT I ON [0021] FIG. 4 is a simplified cross-sectional view of a variation of the second

embodiment, illustrating vertically stacked interposer substrates having substantially

superimposed dice attached thereto, in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

20 [0022] Embodiments of the present invention will be hereinafter described with
reference to the accompanying drawings. It should be understood that the illustrations
are not meant to be actual views of any particular apparatus and/or method, but are
merely idealized representations which are employed to more clearly and fully depict the
present invention than would otherwise be possible. Additionally, elements and features

25 common between the figures retain the same reference numeral designation.

[0023] A method and apparatus of a first embodiment of the present invention
is shown in FIGs. 1(a) - 1(d). FIG. 1(a) illustrates a simplified cross-sectional view of a
first interposer substrate 120 having a first semiconductor device or die (“first die”) 130
attached thereto by its active surface 132 to provide a first assembly 110. The first
30 interposer substrate 120 is a substrate that may comprise a flexible material, such as a

polymer tape or resin, or a rigid material, such as silicon, ceramic, glass, semiconductor



20 [0022] Enbodi nents of the present invention will be hereinafter
described with reference to the acconpanying drawi ngs. It should be
understood that the illustrations are not meant to be actual views of any
particul ar apparatus and/or nethod, but are nerely idealized
representations which are enployed to nore clearly and fully depict the
present invention than woul d otherw se be possible. Additionally, elenents
and features 25 common between the figures retain the sane reference
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having a f sem conduct or device or rst die'

t hereto bylﬁﬁﬁltﬁ@fdrﬁﬂ)m&aﬁﬁetbﬁﬂlgho provide a first asserrbly 110. The
first 30 interposer substrate 120 is a substrate that may rise

f1 exi bl e mat er i H1024k udhdigectaic adbesyyeeor at@p‘bleoﬁidqd@éjh?ﬁlv%ﬁap%lmﬁy ¢ aroyidedr i al |

such as con m c m con I fibe
ami nat o sttthoattof At BRsieqnd ik EBRIUE £ pufFRLEuheloRind 18 AN o D!
i ncl udes afd Eﬁé?§é&f1%%rlﬁ%n%ﬂﬁe@ m@@amweqiaw viged fosta@dallyaoierg an
opening 126 in formof a slof theret hr oug 002& A di el ectrl C

adhesi ve othesedmdbiuefasd Hedofgbih Sest véerpa?&ésmyaﬂﬁé%r irstgbel 13Gistdiregtor t | on of

t he second s ce 12 surrou d| n Q i
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[0026] FIG. 1(b) depicts a simplified cross- sectlc;nal view of a stacked in-

process interposer assembly 105 including the first assembly 110 mounted to a second
assembly 110'. The second assembly 110" in the first embodiment of the present
invention is preferably structured substantially the same as the first assembly 110.

20 Similar to the first assembly 110, the second assembly includes a second interposer
substrate 120" having a first surface 122" and second opposing surface 124' and a second
semiconductor device or die (“second die”) 130" having an active surface 132" which is
attached to the second surface 124' of the second interposer substrate 120". The second
assembly 110" also includes wire bonds 140" electrically connecting terminals of the

25 second interposer substrate 120' and bond pads of second die 130".

[0027] Mounting the first and second assemblies 110 and 110’ together is
accomplished by flipping the second assembly 110’ so that the first surface 122' of the
second interposer substrate 120" directly opposes or faces the first surface 122 of the first
interposer substrate 120, the active surfaces 132 and 132" thus also facing each other. In

30 this manner, the second assembly 110" may be mounted and bonded to the first assembly

110 by a plurality of discrete conductive elements 150 formed of a lead/tin solder or



process interposer assenbly 105 including the first assenbly 110 nounted to
a second assenbly 110'. The second assenbly 110" in the first enbodi nent
of the present invention is preferably structured substantially the sanme
as the first assenbly 110. 20 Simlar to the first assenbly 110, the second
assenbly includes a second interposer substrate 120' having a first
surface 122' and second opposing surfacg 124' and a second sem conductor
device or die ("second die") 130" having an active surface 132" which is
attached to the second surface 124' qof the second. inferposer substrate

120' . The «@dustive oxsenduster-filled epgry ol?ﬁﬂémaéglp VP rBtg%\nglgii%re:%ee' ectrically
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the wire bonds 140 and 140" extend from bond pads of first and second dice 130 and 130'
respectively to the first surfaces 122 and 122" of the first and second interposer substrates
120 and 120", the wire bonds 140 and 140' exhibiting a wire bond loop height Hy. The
wire bond loop height Hj is the distance, for example, that the wire bonds 140 or 140'
20 extend above the first surface 122 or 122' of their associated interposer substrate 120 or
120", as shown in FIG. 1(b). According to the first embodiment of the present invention,
the gap height H; must be greater than the wire bond loop height Hy. However, it is
preferred that the gap height H; be at least twice the wire bond loop height H, to prevent
opposing, substantially superimposed wire bonds 140 and 140' from making contact and
25 causing electrical shorts. As a precautionary measure against such shorting, the wire
bonds 140 and 140' may have previously applied thereto a low viscosity-type dielectric
resin film before stacked interposer assembly 105 is assembled. This film will mutually
insulate the wire bonds 140 and 140' and substantially eliminate electrical shorts that may
otherwise have the potential to occur between the opposing wire bonds 140 and 140' of

30 the first and second assemblies 110 and 110", particularly if gap 160 is of marginal height
with respect to the height of the wire bond loops.



assenblies 120 and 120" provides a gap 160 therebetween having a height Hi
which is 15 defined by the height of the discrete conductive el ements 150.
As preV|oust set forth, the wire bonds 140 and 140" extend from bond pads
of first and second dice 130 and 130" respectively to the first surfaces
122 and 122' of the first and second interposer substrates 120 and 120',
the wire bonds 140 and 140" exhibiting @ wire bond |oop height H2. The

wire bond | oop height H2 is the distancé, for exanple, that the wire bonds
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110 and 11Qhe fillet matontaldgs. Snch efficiency may be optimized by a person of ordinary skill in
the art manipulating the viscosity and surface tension of the filler material to
accommodate the height of the gap 160. Another consideration to promote filling
efficiency is in the method used to fill the gap 160. Such methods for filling the gap 160
20 may include, but are not limited to, injecting, alone or in combination with pressurized
and vacuum-assist methods. For example, filling the gap 160 may be accomplished by
applying the filler material 170 from a dispenser nozzle 175, which may comprise a
needle. The dispenser nozzle 175 may fill the gap 160 by dispensing dielectric filler
material 170 at either one side edge 112 or two adjacent side edges (such as side edge
25 112 in combination with an edge facing the reader) of the stacked interposer assembly
105. The dielectric filler material 170 may then be allowed to freely flow and fill the gap
160 as a result of capillary forces between the first and second assemblies 110 and 110"
The stacked interposer assembly 105 may be tilted downward away from dispenser
nozzle 175 to employ a gravity assist to flow. Further, in utilizing the one-sided or two-

30 sided dispense method, the dielectric filler material 170, when of an appropriate

viscosity, pushes and removes the air from the gap 160 as the filler material 170 fills the



addi ti onal nechani cal bond between the first and second assenblies 110 and
110'. The filler material 170 may conprise a flowable polyneric material,
such as an epoxy or an acrylic resin, and may contain inert filler
material therein to reduce cost. [0030] To pronote filling the gap 160
efficiently and effectively, it is necessary 15 to fill the gap 160 in a
m ni mal anount of tinme w thout voids or(ﬁir pockets formng in the filler
material 170. Such efficiency may be opklnized by a person of ordinary
skill in the art manipulating the viscosity. and urface.t%psion of the
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application of t ectric filler material 170, it may be cured by
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and 130'. Tbenddiiag eatkdddnenmagsassenitilp b0t @miladtive taces of the carrier substrate
180. Discrete conductive elements 182 may comprise any of the materials or
combinations thereof previously mentioned with respect to discrete conductive elements
150 and may be of any suitable configuration.
20 [0033] Further, as shown in FIG. 1(d), once the stacked interposer assembly
105 is bonded to the carrier substrate 180 via the conductive elements 182, as previously
set forth, next, a dielectric underfill material 186 may optionally be applied to fill a gap
184 therebetween. As previously discussed with respect to filling the gap 160 between
the first assembly 110 and second assembly 110", the gap 184 may be similarly filled,
25 employing any method known to one of ordinary skill in the art. Further, gap 184 must
be at least a height H3 equal to or greater than the thickness of the first die 130 or second
die 130' (depending upon which die is disposed between the lowermost interposer
substrate and carrier substrate 180).
[0034] Therefore, it is apparent that the above-described stacked multi-die
30 assembly 100, having gap 160 at a minimum height H; due to the absence of a die

between the adjacent interposer substrates 120 and 120", results in a substantial decrease



provides an additional sealant between each die and its associ ated

i nterposer substrate fromthe environment. Further, it provides an

addi tional mechanical bond between each 10 die and its associated

i nterposer substrate to help distribute |oading and thermal stress. [0032]
As shown in FIG 1(d), a stacked multi-die assenbly 100 conprises the
stacked interposer assenbly 105 attached to a carrier substrate 180 such as
a PCBwith a plurality of discrete conductive elenents 182 therebetween.
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[0036] A second embodiment 300 of the present invention is illustrated in FIG.

3, depicting a partial simplified cross-sectional view of stacked interposer assembly 305
having multiple first and second dice 330 and 330' respectively attached to each of first
and second interposer substrates 320 and 320'. The second embodiment is similar to the

20 first embodiment except the openings 326 and 326' in the first and second assemblies 310
and 310' include a staggered, or laterally offset, opening arrangement 390 so that the
openings 326 and 326' in the opposing first and second interposer substrates 320 and 320'
are not directly aligned and facing each other in mutual superimposition. As a result, the
wire bonds 340, for example, in the first assembly 310 do not directly face and cannot

25 contact the wire bonds 340" in the second assembly 310". Significantly, the staggered or
laterally offset opening configuration 390 reduces the necessary height H, of the gap 360
to be the same or only slightly larger than the wire bond loop height H, since opposing
but laterally offset wire bonds 340 and 340’ cannot contact each other. As shown in FIG.
3, the first and second interposer substrates 320 and 320' may each include multiple

30 openings 326 and 326' in the staggered opening configuration 390 for attaching multiple

first and second dice 330 and 330’ to the first and second interposer substrates 320 and



S provided in one process step of filling the gap 160 with the dielectric

filler material 170. In sum the present invention provides a nethod and

apparatus that provides increased circuit density while al so reducing the
nunber of fabrication steps. [0035] A variation 200 of the first enbodi nent
of the present inventionis illustrated in FIG 2, depicting a sinplified
cross-sectional view of stacked interp r 10 assenbly 205 having multiple
first and second dice 230 and 230" respéctively attached to each of first

and second interposer substrates 220 and 220", This variagtion is simlar to
the st acketROvuilternatively dactist gndisseondintsiraser sub 32@)@6‘9 3? Y ‘falcﬁ st and
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and second 1 nterposer 320" and 320" may each
between the wire bond loop height H, and twice the wire bond loop height H,

(H,<H;<2H,). As in the previous embodiments and alternatives thereof, it is well
appreciated that this structure offers the same advantages of increased integrated circuit
density with a reduced package height as well as reducing the number of process steps.

20 [0038] The present invention also contemplates that an entire die secured to an
interposer substrate may be over-molded for complete encapsulation of the sides and
back side thereof, or may not be encapsulated whatsoever. Further, use of a dielectric
underfill material between adjacent interposer substrates may be omitted if desired,
although use thereof is currently preferred. Additional openings may be formed in the

25 interposer substrates to facilitate introduction of the dielectric underfill material or
avoidance of bubbles or voids. Further, one or more additional dice or other electrical
components may be secured to the interposer assembly on the top side thereof (as to be
mounted to a carrier substrate and electrically connected to the interposer assembly as
known in the art).

30 [0039] While the present invention has been disclosed in terms of certain

illustrated embodiments, those of ordinary skill in the art will recognize and appreciate



i nclude only one opening in the staggered opening configuration 390. It is
notabl e that the second enbodi nent of the present invention includes the
sanme advantages as that discussed in the first enbodi nent and,
additionally, the second enbodi ment includes a 5 mnimzed required gap

hei ght between the interposer substrates to pronote a reduced package

hei ght for a high circuit density. [0034] A variation 400 of the second
enbodiment is illustrated in FIG 4, which depicts a partial sinplified
cross-sectional view of stacked jnterposer. assenbly 405 .havi mul tiple
first and thetthainvgnisen ot splimieb A&iég%% felgions a&f‘%‘}i"@ﬂé‘é‘u%s tPiqﬁ%t and 10
second i nterposer_su 20 #Eﬁh hahd Lsfmem |l ar to the
second en%ﬁ‘gﬁ?gﬁfn Soé)@lc%;éér’)nt?St @%ﬁg?fﬁ%@%t‘g%}goeu} gg— opeg/niﬁél%lq%%%?lpgur ation 490

i ncl udes oRPERIJAGs cRABN Agsin4 Fbmiidy, 426urepfrommi arleleynballingmme thay be gpmbietly f ace
each other. In particular, the opposing openings 426 and 426' are

pr ef er abl ywith shpse oéanateertwhile remaipingigip ghe ssape O%B%}ﬂvﬁ’@n‘?ns directly aligned
and facugg at | east a portion of an opposing opening. Wth 15 this
particul-ar staggered opening configuration 490, the height HL of the gap
460 maybe between the wire bond | oop height H2 and twice the wire bond

| oop height H2 (H2<H1<2H2). As in the previous enbodi nents and
alternatives thereof, it is well appreciated that this structure offers

t he sane advantages of increased integrated circuit density with a reduced
package height as well as reducing the nunber of process steps. 20 [0038]
The present invention also contenplates that an entire die secured to an

i nt erposer substrate may be over-nol ded for conpl ete encapsul ati on of the
sides and back side thereof, or may not be encapsul at ed what soever.
Further, use of a dielectric wunderfill material between adjacent

i nterposer substrates nmay be omtted if desired, although use thereof is
currently preferred. Additional openings may be forned in the 25 interposer
substrates to facilitate introduction of the dielectric underfill material
or avoi dance of bubbles or voids. Further, one or nore additional dice or
other electrical conponents nmay be secured to the interposer assenbly on
the top side thereof (as to be nounted to a carrier substrate and

el ectrically connected to the interposer assenbly as known in the art). 30
[0039] While the present invention has been disclosed in terns of certain



illustrated enbodi nents, those of ordinary skill in the art will recognize
and appreciate 13 that the invention is not so |limted. Additions,

del etions and nodifications to the disclosed enbodi nents nay be effected
wi t hout departing fromthe scope of the invention as clainmed herein.
Simlarly, features from one enbodi nent maybe conbined with those of
another while remaining within the scopg of the invention. 5 14 CLAI M5 What
is clained is: 5 1. An electronic device package, conprising: a first
substrate having a first surface and 3 g@ignd opposi ng surface; a second
substrate having a first surface and nd opposi ng surface, the first
surface of the second substrate adjacent to the first surface of the first
substrate; at |east one sem conductor die attached to the second opposing
surface of wHaeisfdldimked istO substrate; at | east another sem conductor die
attached to the second opposing surface of the second substrate; at |east
one bond wire extending fromthe at | east one sem conductor die attached to
the second opposing,susface of : i trate to the first surface of
t he firéf 15 sugstraégff§ 0‘%g§¥&gﬁ%%%é$%8%¥5§%%Te extending fromthe at

| east anot Rekst SERELGRVETON filgh firRté achestcotidopgosingsadaat; opposi ng surface of
the second substrate to the first surface of the second s b%Irate' and at
| east one ecexndisiltrats hawingta fist wrarnendietogechoRnesingsy 't’-ces{}j‘tef BRSUERSS he

first substrate 0 and .t first surface te and
electrically coﬂﬁé@@?ﬁ@dﬁﬁSW#%%¥mmqﬁBg@?%¥£m%%§e?ﬁ@ggg%§n sﬁﬁstrate. 2
The el ect r giegst SRY 5&GRicORRIRY @iditabhed tBtHe scbord diposiag smfacsiofitheafidi el ectri ¢

mat eri al di sposed between the first substrate and the second substrate and
encapsull@t isulsptrate;

at least another semiconductor die attached to the second opposing surface of the second

substrate;
at least one bond wire extending from the at least one semiconductor die attached to the
second opposing surface of the first substrate to the first surface of the first
15 substrate;
at least another bond wire extending from the at least another semiconductor die attached
to the second opposing surface of the second substrate to the first surface of the
second substrate; and
at least one conductive element extending between the first surface of the first substrate
20 and the first surface of the second substrate and electrically connecting the first

substrate and the second substrate.

2. The electronic device package of claim 1, further comprising a dielectric
material disposed between the first substrate and the second substrate and encapsulating
25 at least a portion of the at least one bond wire, the at least another bond wire, and the at

least one conductive element.

3. The electronic device package of claim 2, wherein the dielectric material

comprises a polymeric material.
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25 at least a portion of the at | east one bond wire, the at |east another
bond wire, and the at |east one conductive elenent. 3. The electronic
devi ce package of claim 2, wherein the dielectric material conprises a
polyneric material. 30 15 4. The el ectronic device package of claim 1,
wherein at |east one of the first substrate and the second substrate
conprises a substantially flexible nate;'al. 5. The el ectronic device
package of claim4, wherein the substantially 5 flexible materi al

conprises a polyner tape or resin. 6. The el ectronic. devic a f
claim1, whereift at NBaSkeCHNEC devigaRackgeqt Claélﬂt}sf” &t ai\ri%asfwge ‘éﬁ@%ﬁ{ﬁ
substrate j ' ol i ; dhg electronic
devi ce pac%g%gwg?ﬂﬁ § It% %}E@ﬁf%ﬁggéﬁ ké{?élﬂé&gggg%ﬁl:ag* Iﬂgal}girglieél Eg mat eri al
conprises one of silicon, ceramc, glass, sem conductor material, and a

gl ass- fiber lamnate. 8. The el ectronic device package of claim1l, wherein
at | east one of 3t he Zhe clpstronigdeviesRackegrPhild® 4a Nt ef%&'ﬁtsul?sé*ﬁ’é’laﬁgﬁnot her

bond wirg i;s_copated .w t . di e i i film 9. The el ectronic device
package %f ﬂgflglperﬁlit,en ucropjr@rsggcad#fg%g t%}éé glsllglgigl ectric material deposited on
at | east one of the opposing second surface of the first substrate 20 and

t he opposi ng second surface of the second substrate to at |eas artially

, t
encapsul ate at 6 eas{Theglecnic devies paskageph damdyu Fthsreiy pideash gng %@ng‘é%nd
sem conduct ar , dj e. . _The,electraonic .devi . .aim 1, further
conpri si ngfsgléstrﬁieraélfi]fg? iﬁpgﬁ ?‘il?s%?tegcérﬁlﬁ%%% usg Sc%? %lhggﬁgﬁlgchgid to the second

opposi ng surface of the first 25 substrate, each sem conductor die of the

first plurality of sem conductor dice having a bond wire extending.
therefréfth to thd.firJtheslactranie device hackpge of claimn twheren thegybstantially sigid

lurality of semiconductor dice attached,to th j f f
Phe second UG EpRPES-SaReR! SEFE HATRG oot s GO BRET Wit & 05 ©

fiber laminate.

8. The electronic device package of claim 1, wherein at least one of the at
15 least one bond wire and the at least another bond wire is coated with a dielectric resin

film.

0. The electronic device package of claim 1, further comprising a dielectric
material deposited on at least one of the opposing second surface of the first substrate
20 and the opposing second surface of the second substrate to at least partially encapsulate

at least one of the first semiconductor die and the second semiconductor die.

10.  The electronic device package of claim 1, further comprising:
a first plurality of semiconductor dice attached to the second opposing surface of the first
25 substrate, each semiconductor die of the first plurality of semiconductor dice
having a bond wire extending therefrom to the first surface of the first substrate;
and
a second plurality of semiconductor dice attached to the second opposing surface of the
second substrate, each semiconductor die of the second plurality of
30 semiconductor dice having a bond wire extending therefrom to the first surface of

the second substrate.



30 sem conductor dice having a bond wire extending therefromto the first
surface of the second substrate. 16 11. The el ectronic device package of
claim1l1, wherein the at |east one conductive el enent extendi ng between the
first surface of the first substrate and the first surface of the second
substrate conprises one of a netal, a netal alloy, and an anisotropically
conductive adhesive. 5 12. The eIectroni& devi ce package of claim1,
wherein the at | east one conductive el enent extending between the first
surface of the first substrate_and the firs%; urface of the, second

)
substrate conprikes El_“ﬂﬁﬂ?,%l?%‘ﬂ‘édqymelp,“]ﬁ&?}?,ff & o VG tgﬁatllﬁ‘im?ﬂ% el ectronic
devi ce packagg af. e%rﬁ Jpe;tenﬁilﬂg b6 ceh AP SLPEcAbE the Bpdt sPBMErateCAB MECHilsh ©

el enent at YACHEW ¢ € secontl opposing surface of the first substrate

conf i gur edgirthcs ORMRGEcniSuBdtRed coppriseden afea metak ageetdlallay,cadrier substrat e.
14. The el ectroni c device package of claim 13, wherein the at |east one 15
conduct i vearibesrapicallscondietive edhefiNe second opposing surface of the first
substrat§ conprises one of a netal, a netal alloy, and an anisotropically
conductive adhesive. 15. The el ectronic device package of claim 13, wherein

at | east one copductrhyglcek&iiBBEViEs prRiRbiichimNe whertmtheaplrastiong sur f ace of
the first substrate is 20 attached to the carrier substrate, and fﬁrther
conpri si ngcendiictvedement extendingdictveren thas Bt sustcaabhedig sphytate ‘g{‘}t}g‘f’ e and

the carrier substrate and capsul atin t. | east ort] f the at | east
one conduct? _eé’ltfg??esﬁfo WE%F@%C?IBPQ%%g&%@%&\ed&glpgglgph(gdgur ace of the first
substrate. 25 16. The el ectronic device package of claim 13, wherein the at
| east one conductive elenment attached to the second opposing surface of

the fir$0 substrate Thewlecirews davige Baskegeofisdgim 1, Buthsr compEgPE Ahleast pne The
el ectroni ¢ deyi ce packa f claiml erein the e ond 30
wire and t 58 tl]""e%@’fne’é &é‘iﬂ th]?meose\ﬁfn?dé\QpaPPélné ﬁgrg%caeg)ttfiﬂg @{ Sziﬁgtgar%gd on an

axi s ext en(é:l)ﬂﬁ’g&'t@d to connect the electronic device package to a carrier substrate.

14.  The electronic device package of claim 13, wherein the at least one
15 conductive element attached to the second opposing surface of the first substrate

comprises one of a metal, a metal alloy, and an anisotropically conductive adhesive.

15.  The electronic device package of claim 13, wherein at least one
conductive element attached to the second opposing surface of the first substrate is
20 attached to the carrier substrate, and further comprising a dielectric material disposed
between the first substrate and the carrier substrate and encapsulating at least a portion of
the at least one conductive element attached to the second opposing surface of the first

substrate.

25 16.  The electronic device package of claim 13, wherein the at least one
conductive element attached to the second opposing surface of the first substrate

comprises a discrete ball, bump, or column.

17.  The electronic device package of claim 1, wherein the at least one bond

30 wire and the at least another bond wire are substantially aligned on an axis extending



perpendicular to the first surface of the first substrate and the first
surface of the second substrate. 18. The el ectronic device package of
claim17, wherein: 5 the at | east one bond wire positioned between the
first substrate and the second substrate has a |oop height; the at |east
anot her bond w re positioned between the first substrate and the second
substrate has a | oop height; and whereiyy a transverse di stance between the
first surface of the first substrate and the first 10 surface of the
second substrate i s greater than e_sum of the_ |l oop hei ght t he at

| east one P@RendFula tohe ﬁrﬁtesur%%oéfg? G sgstrpigand the @régiur%ﬁ%?ﬁ%?a S‘E?(S’H@ wire.
19. The el ﬁﬁ)ts{r?t@i c device package of claiml, wherein the at | east one bond
wire and the 1 east another bond wire are at |east partially laterally
of fset fromone 15 another on an axis extendi ng perpendicular to the first
surface of the first substrate and the first surface of the second
substrate. 20. The elbeelegmmic daxiscqackaesiof gl /cVBSTRIN 9, wherein: the at

| " ; e . . q
substrars B0 e’ hePSRS MiZRERBRA e e b ShoRRhfi M scRlith IBRrREOnC
bet ween the firgis Sbpheighe and the second substrate has a | oop height;

and wherein a transverse di stance between the first surface of tBe first
substrate ghechtidast another bons jwire pesitionedihstwss dhritisstpbstrate and thegeeoifler t han

either of the lo hei.ghts of the at; 25 | east one bond wire and the at
| east anot her bSﬁ’%“@ﬁe#} Sgiod)pi@lé@sa%ldt han the sum of the |oop hei ght of the

at | eag '([) ONghHEAd tMinsRrHsthfe HefRRnhied BRE sefact bethatfirdteabdirateandtthefirsbond
WTre.
10 surface of the second substrate is greater than the sum of the loop height of the at

least one bond wire and the loop height of the at least another bond wire.

19.  The electronic device package of claim 1, wherein the at least one bond
wire and the at least another bond wire are at least partially laterally offset from one
15 another on an axis extending perpendicular to the first surface of the first substrate and

the first surface of the second substrate.

20.  The electronic device package of claim 19, wherein:
the at least one bond wire positioned between the first substrate and the second substrate
20 has a loop height;
the at least another bond wire positioned between the first substrate and the second
substrate has a loop height; and
wherein a transverse distance between the first surface of the first substrate and the first
surface of the second substrate is greater than either of the loop heights of the at
25 least one bond wire and the at least another bond wire and is less than the sum of
the loop height of the at least one bond wire and the loop height of the at least

another bond wire.
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