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Brief Description of the Related Art

[02] Integrated circuit (IC) packages, particularly area array packages such as ball
grid arrays (BGA) and land grid arrays (LGA), often contain sophisticated electrical
subsystems to connect the many components of a die to a device or circuit board. Over
the years, package designers have struggled to keep pace with a modern trend toward
higher pin counts brought about by higher integration of feature sets. At the same time,
dice have continued to shrink in physical size due in part to significant improvements in
wafer processing technology. Complex digital signal processor (DSP), for instance,
commonly contain several hundred electrical leads. In an effort to keep pace with these
improvements, fundamental changes are needed in the way chips are packaged.

[03] Package designers have tried to accommodate diminishing die size and growing

pin counts in a number of ways. One technique involves miniaturizing the physical size



of each bond finger. But there is a lower Iimt to the
size of a bond finger-the smallest bond wire is
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SUMMARY OF THE DISCLOSURE
[06] Disclosed is a method and an area array package for accommodating a small
minimum die. The area array package of the present disclosure utilizes wire bond
technology and has a substrate with a plurality of bond fingers located around the
periphery of the substrate. A plurality of bond islands are located between the bond
fingers and a plurality of bond pads on a die attached to the substrate. Bonding wires

make the appropriate electrical connections between the bond fingers, the bond islands,



multiple wire bonds. [07] In one enbodi nent, the
substrate is a lamnate substrate having a plurality
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and wherein: [09] FIG 1 is a block diagramof an area
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FIG 2 is a block diagramof an area array package in
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di sclosure; [13] FIG 5 is a schematic diagramof a

top netal layer of a chip scale package (CSP)

substrate in accordance with an enbodi nment of the
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4 [14] FIG 6 is a schematic diagram of a bottom net al
[OBRY €TheOflisélogilte pvitiCadwe Heagdsadbed in greater detail with reference to the

preferred embodiments illustrated in the accompanying drawings, in which like
elements bear like reference numerals, and wherein:

[09] FIG. 1 is a block diagram of an area array package in accordance with the prior
art;

[10] FIG. 2 is a block diagram of an area array package in accordance with an
embodiment of the present disclosure;

[11] FIG. 3 is a diagram of an area array package arranged in a stacked 2-dice
configuration according to an embodiment of the present disclosure;

[12] FIG. 4 is a diagram of a depopulated BGA in accordance with an embodiment of
the present disclosure;

[13] FIG. 5 is a schematic diagram of a top metal layer of a chip scale package (CSP)

substrate in accordance with an embodiment of the present disclosure;



(CSP) substrate further in accordance with the
enbodi nrent shown in FIG 5; [15] FIG 7 is a schematic
waelcagomrsnf the top netal [ayer of FIG 5 supePCTpsmeo23405
atop the bottomnetal |ayer #f FIG 6; [16] FIG 8 is
a side elevation view showi ng a cross-section of the
[14} edl6r Gay apmbémaiec diagraatobr tattere métahlaperesfenchip scale package
di sclosure; [17] FIG 9 is a flow diagram of a nethod
(0SP) s aaTadidriin gccordingd withtheaubbdithest shownds FAGARNCE
with the present disclosure; and [18] FIG 10 is a
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_Substrate 105 includes a plurality of bond fingers
in poPrdangy widrprasenhdiselagirene or nore bond wires 104
between the bond fingers 103, 107 and the die bond
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rapidly than t ity 105 to
accommodat e an equal nunmber of bond fingers 103, 107.
Moreover, the trend toward die mniaturization and

the a t ti-chi ckages further strain the
curregﬁﬁﬁgﬂgigyﬁﬁéKngﬁﬂﬁpﬁ?[20] Bond finger geonetry
and bond finger |ocation on substrate 105 present .

[181 hdflG. drlawdgewsdl@gram ef pr hrge agpy package QB ipaecordanee with the
narrow shape of a typical bond finger 103 can limt
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further away fromdie 101 than others, for exanple
a plurality of bond fingers 103, 107 for attaching one or more bond wires 104 between

the bond fingers 103, 107 and the die bond pads 102. The number of die bond pads 102
corresponds to the number of signal I/Os on die 101 that require connectivity to the
printed wiring board (PWB) on which package 100 is deployed. The need to increase
the number of die bond pads 102 is increasing more rapidly than the ability of substrate
105 to accommodate an equal number of bond fingers 103, 107. Moreover, the trend
toward die miniaturization and the advent of multi-chip packages further strain the
current bond finger count.

[20] Bond finger geometry and bond finger location on substrate 105 present other
drawbacks of the prior art. For example, the narrow shape of a typical bond finger 103

can limit the angle at which a wire can be bonded to a bond finger 103. As well, the



corner bond finger 107, can exceed wire |length
restrictions. [21] The package and net hod of the
w@e@gem26i scl osure overconme these and ot her PCHURNOKE23405
inherent in current area arrs;ay packages exenplified in
FIG1, by pulling in, or repositioning, a portion of
plactmentr ofagorse bomdl fihgerg dnshearagvayr &ami dig 181 phan athetsy faif example
bond islands, with each bond island bei ng capabl e of
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[24] Die 201 is bonded to substrate 205 using, for
hetefis bdnbesefdas seitdbley forpaciticing, high gin-sountigdieakinyll minimum die size,
positioned generally in the center of substrate 205 in
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[25CF/FLIJ&2 gqgla%%gcﬂ(ogiagrgm of an area array package 200 in accordance with the

present disclosure. Area array package 200 comprises die 201, die bond pads 202
located around the periphery of the die, bond fingers 203, 207 generally located around
the periphery of the substrate 205, bond islands 206 located between the bond fingers
203, 207 and bond pads 202, and bond wires 204 for electrically connecting the die
bond pads 202, bond islands 206 and bond fingers 203, 207.

[24] Die 201 is bonded to substrate 205 using, for instance, an epoxy adhesive, and is
usually positioned generally in the center of substrate 205 in an area reserved for a die
bond, referred to herein as the die attach area. Substrate 205 is configured to

accommodate at least one semiconductor IC or chip, such as an application specific



integrated circuit (ASIC), a nenory circuit, or a

digital signal processor (DSP). However, the package
waea4oebnd of the present disclosure are not PCHUSEO3/023405

to a particular type of 1Ce6nor is package 200

limted to a particular die 201 geonetry or bond pad
inte@atedr ciange ARIC), suckenzxyt dircuitouar @ digieal wigral peocassdre (DSP).

pads exenplified in FIG 2. [25] Area array package
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onfiguration, wherein die 201 is nounted on the side
FIéfzsubst rate 205 containing the package |eads. Still
ot her possible arrangenents may be utilized and may
[2F]nclArge arpy PiackagniZ2Ng agi shoppicopidincesingte gt 20 emounted to a top
attachnment area, as well as recessing die 201 in a
sideaofi supsteate 208 dn ari‘die-spit E@dizucdtionudat thist @rad@&merft2the bond pads
Substrate 205 is the chip carrier for area array

20RaFkB8 2020 Fng APwaRINRIISE fr@3NthdredLEidalvicep P FHIGPRe Other
Wth a particul ar assenbly, such as plastic, ceramc,
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Pagkage JRadsaynSEH 9ty lg giransemenfsaey R Hileed gl may include
pat hs, such as netallized vias, and traces to couple

positigeinggliel 80 atikesgter bE Husattaghympntaares @is deall dsatiebessingidier 201 in a
bond i sl ands 206 and bond fingers 203. [27] Package

cadifPcrested oh alsurfadecd stibstentes209g] e di e configuration. For
exanpl e, substrate 205 can conprise nmultiple die
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polyimide tape, taking into account such phenomena as the material’s thermal

expansion of die 201 and of the printed wiring board (PWB) on which the package is
ultimately deployed. In one embodiment, for example, substrate 205 may comprise a
multi-layer laminate design, which includes layer to layer conduction paths, such as
metallized vias, and traces to couple under-side package leads, such as solder balls, with
bond islands 206 and bond fingers 203.

[27] Package 200 is not limited to a single die configuration. For example, substrate
205 can comprise multiple die attach areas for mounting multiple die, such as in a multi-

chip module. In particular, the package and method of the present disclosure are ideal



for use in packaging 3D chi p nodul es. For exanpl e,
substrate 205 can accommbdate a plurality of die, by
wG@r@eking die onto a single die attachment ar eBCEHES2003/023405
shown in FIG 3. [28] A network of first-I|evel
di e-to-substrate contacts is typically fornmed by
fot oseiaqrackaging PP whal inpgulef. Benmwkawiptes sulBOrdtet Aatcan ancommodate a
bet ween each of die bond pad 202 to a bond finger 203
pliatiat eienytsekinghid smbea stipld dieaittadditenp b@a @ thown in FIG. 3.
di scl osure contenpl ates any avail able bond type or
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of package performance and thermal managenent in m nd.
any2®jailpple boaertape prdschnislue0o maisr beeslecirieal sogpgction digtween the
departure fromthe prior art technique of adding
baaddiatls 302 bnd bodl fingege?@3, tinclbdiag albaH ad ywetlpe bded] aad nidtyasonic or
of bond fingers. Rather than packing in extra bond

thédnitg e¢SmpredforPackRgehaidd SEtARM bohd thiethody @6&Naterials include
di scl osure create a network of bond islands 206
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Offrglg;ebogﬁ fi n?er el rk 203 istigul.l dinto bring
B S AP HRIPHISE 387 BHEETYY 8" %01.  [30] In
ot her enbodi nent he bond fingers 203 that remain .
28] e‘g‘%o‘H{PYf Parkase 2@‘5356??8%%% i deparige fiogp g prior art
enabl e even smaller die 201 acconmmodati on, and
tegtovgueq 0k nddips Additionpl bordl fingews ROthe| dregdysrowdad array of bond.
exanple, in one inplenentation bond finger 203
fircsepso p Ragter amanapatkingcnétreabomh fiagerbothd packger and? Bi8thawddof the
bond i sl ands produce an area array package 200
prépe Bis€lofire 2ELRAREROHN Bf Bord R12485 206 Rzl Betvwzen the bond pads
mllinmeters on a side. Wiereas, using the in-line bond
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[30] In another embodiment, the bond fingers 203 that remain after bond finger

depopulation can be staggered to enable even smaller die 201 accommodation, and
consequently shorter bond wire 204 lengths. For example, in one implementation bond
finger 203 depopulation and a combination of bond fingers 203 and bond islands
produce an area array package 200 capable of accommodating a die 201 measuring 6
millimeters on a side. Whereas, using the in-line bond finger configuration of the prior
art shown in FIG. 1, the minimum square die achievable was 8 millimeter on a side,

based on a maximum wire length.



[31] O her advantages of the present disclosure
i ncl ude an overall reduction in wre |ength and
w@aokageedi nensi on. For exanple, | ab results fRPCT/ES2003/023405
mllinmeter square die package 200 showed a reduced
corner bond wire 204 length of 3.11 mllineters, down
[31]r oDtherddlvanthgds nftthe presputi disclésorebmnbidé ian geeralO8duction in wire
pl acenent as di scl osed herein. In the sanme exanple,
lerfith B palkhgd dikheidon2 GlbrixBRPR, b M@dtsI fofl dCRhillineter bfuare die
nm square package, down from a | 5nm square package.
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In a stacke confirguration I n accordance

wi t h.an..enmbodi nent , of t r nt disclosure. The .
froff, P SgBITERG i PR 4 pon R aDP GlaesRn g fafiosslidiesig, In the
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Samme SHARPlen @n pfevler%h pagkage 20R«dimenson avay 1guced tp, 2 tfemm square
principal die 301 includes bond pads 302 | ocated
paclragadbwinizoperliSpine squasé padkegepri nci pal die 301. The
package includes a plurality of bond fingers 303
[32joc &#1ed 3aik audidgtane op @ani ke birapfpatitage 390hstangéd in A stacked die
plurality of bond islands 306 are | ocated between the

coRBEH RGOSR a80%dandd WitlPdferhhGtiRemb ihd198dcht 8@dosiBeNthe Backage
wres 304 electrically connect the bond pads 302, 32
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. package. The stacked die configuration shown in FlIG

indudagybondarads 3¢ legated geanae the @eEplstn @f Ithe@sngipy die 301. 'The
therefore a common bond island 306 can be used to

packdge in¢ledgsomplurdity pf dwnd fongerse303 bwated aroundethd iperipfieggof the
The presence of secondary die 317 often nmeans that one

subdtraf)r & HeaRydEHondiidandsB3 b padscaBdbewwddn thebond padse302, 320
connected to a bond finger 303 or to a bond island

and ¥ borREGRIEE3ONHoRAASeS304 BlcBirichily SGnett tBELBAM Pads 302, 320
fingers 3 than the bond pads 302 ‘of principal die
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may be provided with the disclosed package. The stacked die configuration shown in
FIG. 3 may share the same power and ground leads and therefore a common bond island
306 can be used to make the power or ground connections for the die.

[33] The presence of secondary die 317 often means that one or more secondary die
bond pads 320 will need to be connected to a bond finger 303 or to a bond island 306.
Because bond pads 320 are further from bond fingers 303 than the bond pads 302 of

principal die 301, staggering a percentage of bond fingers 303 to form bond islands 306

results in the bond fingers 303 moving closer to the die attach area, which may help to



mnimze wire |lengths for those wire connections
termnating at the secondary die wire pads 320. [34]
woeigom2ey to FIG 2, the bond finger depopul ap@DNS2003/023405
percentage is usually no nooe than about 40% of the
total bond finger count of the substrate when
mihitniké #irederichte forthoed witk aheasieds leem@iating knthersecondary die wire
enbodi ment, a nunber of bond islands 206 are pl aced
paddwode the ring formed by the bond fingers 203. The
nunber of bond islands 206 is a function of bond
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finger count. [35] A bond island 206 is substantially
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[3%pplA bead @?anéfZ%hlé spagaisdy largey lnﬁb%dﬁ'@l?éuﬁé?ﬁdaﬁeé theRga bond
206, being larger than a typical bond finger 203, can
fingerc af%ndThe compargpivelynilargeb sizdsof A bgnst ¢dind @06 Oﬁffrrg eseveral
203 is large enough to accomopdate just two wire

adbPanges. [BondaRlah@S206 din bo sapRERXIYBbSiYnel G kubiars205 to be
204 can be nounted to a single bond island 206 of the

neﬁ}r t‘lﬁ atfLR ﬁfeggldrtﬁat Wi li‘@b&%ﬂﬁéﬁéth?t:arpg@ H8ninfi8dd. bW‘?[‘é bond length

206 is dependent upon Tsland size, as wel

cogerrabnq%j ar% 1chfa§lgrqgllp89ant fglnlgo %qulr@s%atthat 1%1%6%2&%%2’ or ground

esent dISC osure

nor e tlos e configuratjon an
cugRaide peRom QS L %32’8 B2 ABTREY fiep 3505935851 bond
PCT/ US2003/ 023405
wires 204 carrying other signals, such as control signals and data, depending on the

application of the package.

[36] A single bond island 206, being larger than a typical bond finger 203, can
accommodate multiple wire bonds. A typical bond finger 203 is large enough to
accommodate just two wire bonds. In contrast, up to approximately eight wires 204 can
be mounted to a single bond island 206 of the present disclosure. The number of bonds
per bond island 206 is dependent upon island size, as well as the bonding technology
and equipment. As a result, according to the present disclosure, a designer has more

options in designing wire bond configuration and placement to optimize signal strength,



10 package configuration, and to mnimze
interference. Unlike the narrow shape of a bond
wo povge122203, the surface geonmetry of a bond i sPERUSRD0H023405
all ows bond wires 204 to beloaffixed to the bond
island 206 at a nunber of different angles, thereby
packageemsfiggrabiondand &l nfifiznipd avenfarenicef | Enilike Ithe pamowphape of a
the surface of die 201. [37] The package of the
boRdEmeat 208, 8@ Rsfate gédn@ty dfalbandfislandi2@6 hllowdisordagiteseddd to be
processing of an I1Cinto an area array package

affi o tﬁ{:( BEn@ i eIV at of nubdisek 39 ﬁiffe?&g%ngfeg{tﬁ%lﬂ?tiﬂc@&sing bond

e package to a PWB. In one enbodi nen e area
r IS a .Or. GA,, FI 4 4] rates a
paggggélﬂcg?l%ﬁ%&blh%%mﬁh&Su&a%eoort:p o ggfs a pair of outer

sol der ball ro 412. Located inward, of the outer

[(34b1 cihe Baes s thepresstl hslaten f éHHi‘bletglg?F dise rigyfhe gpack-end
depopul ated sol der balls 414. Centrally l|ocated on the

preedssing af en (IS into aeaen atray gackage gemngrising agleguerkef| pagkage leads
416. Each row of solder balls 414 is arranged to form

foa npahtind theopackage toca PR &s oac embddicent,rthé asal abay ibalBGA or
grid 416. In this enbodinent, every other row of

LGA! deIG. bediiugtrhies tth@epaphldici I5GRe0D. dBPE Y| cohPEis€ a pair of outer
renmoved to allow greater design flexibility, except

soll &k blllhg)ev%uiﬁ' ﬂ&#eﬁ%ﬁw%@%ﬁ@o&tw s%lf{f?‘ﬂaﬁ? ¢ 33 Yre an additional

col nci des w t'h_ the ring of staggered bond fingers 203
OBV AR S50 30 ERRPuPRpeh I ' B8 i o
coBiHEHITS St o6 DAl ite ecB el St e A Beamapged to form

exanpl e, small spherical bunps of solder attached to
a setbftaoacentio 5qeares aroand sentral splsier bel is4 0. I Y93 cmbediment,
consequence of packaging a high pin-count die is the
everybthéeroat odRolder ballseit the @aild aatbeen dbgdpulniat oacnovedny allow
a growing array of bond fingers and package |leads in

orfhtielesigh eRkRlitys RxEPIEbLUR Biter tOw AP BEURKS kHi¥ irbY- generally
As a result, a package's second-|evel interconnect

. . . N of
o DS O L8RP g 0Tl BELERIBE oo
2(%re sheets. The package di scl osed herein WO

04/ 012262 PCT/ US2003/ 023405

[38] Trace routing and via placement are made easier by the elimination of excess
solder balls which might otherwise act as obstacles. Solder balls can be, for example,
small spherical bumps of solder attached to substrate 205 by an eutectic bond or paste.

[39] One consequence of packaging a high pin-count die is the proliferation of
electrical paths that must accompany a growing atray of bond fingers and package leads
in order to establish complete die-to-PWB connectivity. As a result, a package’s
second-level interconnect system may comprise an intricate metal patchwork of traces

and vias patterned layer by layer onto one or more sheets. The package disclosed herein



11 provides inproved trace routing and via pl acenent,

which is shown with reference to netalization |ayers
wG@hewo122 FIl Gs 5-7. [40] FIG 5 is an exanpl arBCT/US2003/023405

schematic diagramof a top mgtal |ayer 500 of a chip

scal e package (CSP) substrate in accordance with the
prpvidseithprdved krastiratinglabd via platdmiatty whieh ibehelvii imigieteerence to

503, bond islands 506, a network of via pads 504, and

méthBzaAohasers Hovd inG8Gs Siye network of via pads 504 is
part of the second-Ilevel interconnection systemthat

B R BB 0

er. froma mul
SC%&%C?& 0 TCSPY ol bttt T oS ArSShCisplopws.  FIG. 5
T" shaped. The bondable area of a bond i sl and

lllsﬁ@tq%hvnéafﬂggers@@&e hendviglapds 206 b netearlsof viaspads 384 anddigattach
positioning and sol der mask di nensions. The bond

argss baSd sTHs0 Betaoslo of nid pads Hxt & paelabvihe Isecdndreeddlisterconnection
surface. Hence, bond islands 506 can al so include a

syvtem thxt sriodlideg codcatigibty bdﬁﬁe@ﬂb?trﬁﬁhlelayércﬂooc‘aﬁiﬂﬂﬁélidlﬂ@ bal array
internedi ate or bottomnetal [ayer (not shown) of the

of 0S4 S @‘bg mdtfAdhyer!s6o nﬁy 'bla |0H§ Hy@% Frémaa Rl By 13%810Bstrate.

of a chip scal € packageé substrate further iIn

[4@;? tom yer aég%tS | nc[%ggjgﬁgnf‘aégotma llllzﬁgﬁgzj?h 88@’“&-%26 area of a

sol der IIs 609. So bal | pads 608 ar.e
o riEPaT 1 Po EisheeAagEE S REcRFIORNES s Gbe g bpniag and
ad 608 is a_via pad electrlcally coupled to a via
SOSE’&HEE dizpeRsiensp ﬁﬁ bnd|iggrds %@cﬁlscamluﬂﬁéméalrbeﬂ%ﬂw lpadable
end of a pad 608 accommobdates a sol der ball (not
susfacaantlenceFb@hd B)andT Heod ernddsoeindludé atviveegaidiiey thibaigh the substrate
pads 608 align with the depopul ated ball grid array

fotlefinet @t amintdriaedite Gditas thetalllagdr (nS43BWAN) & the Substrate.
superi nposed top and bottom | ayer imge shown in FlIG

[4%] Fiq@;u ARk rae® aBtoBAlalsr 66tP g?%ﬁ:rht?;}ﬁ@alé 29&’%3& (cs d)Gsubstrate

ating trace routing’can b

Pl
quM?r ' %chgiaﬁﬁéawmpt%glqh fnrfe%t %ﬁowﬁ ?djg net Bc%goélg ?ayer 600

re an e r i cal conn

m'%‘g %Q%Sql%{rvbtaﬂaﬁff‘% 23 8h feﬂlénfp fﬁggrgtr@gtrﬁoéaﬁo Keg g?#'eg@se%% are

to bond islands 206 to be electrlcally pl at ed.
generally dog bone shaped, wherein the narrow end of a pad 608 is a via pad electrically

coupled to a via pad 504 from top metal layer 500, and wherein the wide end of a pad
608 accommodates a solder ball (not shown in FIG. 6). The wide end of the solder ball
pads 608 align with the depopulated ball grid array depicted in FIG. 4, and as further
shown in the superimposed top and bottom layer image shown in FIG. 7. Redundant
solder balls 609 are also shown in FIG. 6. Plating trace routing can be further facilitated
by strategically positioning pairs of adjacent solder balls that share an electrical
connection to upper layers of the substrate. The redundant solder balls 609 allow a path

for the inner solder balls connected to bond islands 206 to be electrically plated.
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si de el evation view show ng a cross-section of a
waelephoyre area array package 800. Die 801 i s poOUOS®A3/023405

in a "die-up" configurationipnto substrate 805. Bond

pads 802 near the perineter of die 801 are coupled to
[43]onFIGS8 éndlsid8@evatish Yiewlshowingfd crgey-scB8063 ofis deygoiaea array

wi res 804. A depopul ated network of solder balls 810

paatage 800 C®id 0 LRURbESedSHRS RS &MFighfutibh oftoatibdtdid BO5. Bond
board 850. Finally, enclosure 820 "conpl etes package

pa§s 9(2 fﬂrtﬂglpghﬂgte? Q)\fldﬁé) g(g]ggfeE% (H%osur A (g'%nllsﬁ%s %%6 %%% (teo bond
finge) P e B é”f?f%ﬁ%ﬁmntd?% s ek @'f‘st%defsb% 810

be deployed. [44] FIG 9 is a flow dia rantof a t hod
elecically conptet subisHgteaB03 e printadnWiing Rraed Spo Emaawe%tlclosure 820
array package as disclosed herein. In step 902, the
complesdsr paackaps 800sbyrroviding emvaronfeotalirand. metfemivab Protatteon to
can conprise, for exanple, a plurality of layers (see
padita@®.8005-Ehkldshit 820afiayBe hide bakpok;t fsinormatdridlardepadding upon
substrate. Next, at step 904, one or nore die are

th@él}{pﬁ%tﬁﬂl 4 etnbﬁ‘oﬁ’lﬁgl?ttlﬁ %ﬁ:h%bl@&e%@o%jfbe&e' déBloged.an

ctic bond. At step 906, the die is wire bonded to

the FREP§ 4L AbRw t?ita She& a991§ h gﬂg coﬁﬁn(ﬂﬂﬂnégg h%uﬁﬂgum die

he ‘sub3t'F ate encapsu a or enV|ro

nmechani cal otect cl os es 0s
in &, ARG i il Reres TR ¥1tee%lhﬂt83%§' cﬂ‘?]&led and

exanpl e, an epoxy nol ding conpound using a tran
mamyfewmgd pFoe ahstratg can pemprsgeforggymple, wblaahtgp%bygt ésee FIGS.

is optional and includes the step to ball attach the
5-Bubsttcaathe laminatedstol foen a ahinstei substrdtal Nextyri siepa?04apneor more

utilize a network of lands in a land grid array. The

dieneansttcd!ts thpadkage usif@an Rehadpp! sryudctutadtia be@l i Aestep 906, the
product such as on board a wirel ess handset, for

dié is _ béllﬂdeﬁrfs Rhe Etﬁ)sg!&@ QUSE WS He GRS MREMhe die4§ﬂ tﬂél sibstrate

ust rates t esi gn thod for designing

o F%%a%%ﬁla%t?%'f O TSRS R P oo
er arra that 1ts i n-1

ch3pRing AR SHPPRIEIEBh A0} CPHES AR igrmiaue, fof eximplel S epoxy

molding compound using a transfer molding process, or the like, may be used. Step 910
is optional and includes the step to ball attach the substrate using solder balls in a ball
grid array or utilize a network of lands in a land grid array. The encapsulated package
can be deployed in a device or product, such as on board a wireless handset, for final
shipment to the customer or end-user.

[45] FIG. 10 illustrates the design method for designing the package disclosed herein.
Step 1002 includes the die size and I/O count determination. Step 1004 includes the
layout of the bond finger array that is in-line, and the determination of the maximum

wire length for the corner bond fingers. Next, as shown in step 1006, based on the wire



wire length for the corner bond fingers. Next, as
shown in step 1006, based on the wire WO 2004/012262
weEONAWE2603/ 023405 13 | engt h engi neeri ng | i m PEL/US283/023405
a determ nation is made of tiBe nunmber of bond fingers
that need to be staggered to neet the maximumwre
lengtin gh fineayivg limitatiaps or determimptiay & mpde D theammdeofof bed fingers
package and reduce package size. Next, at step 1008,

thitheed ta Bg tRdercB B thekt (HPemaxiaiugn Hitedlef gl dofstedi®atop to improve
bond islands. At step 1010 a ball configuration

pelid¥iatice! of td gﬁ:}kg% A re Qe Rk ade QAL 1 198K 04 sEé?ﬁlg@@pfﬂf staggered

i ngers, bon ands, and vias to create bes

and. easi est rout s of the trace pj.ace . otep . .
oo it FR el B P sl Db A ARSE P o ol Popfiguration
package and_ net hod for .acc dating small m ninumdje,
layqyt 43 Sxpatgdy oy opgERk é@é&lowg%@ami JIngERs; Band gslylsy ias to
drawbacks of the prior art by providing flexibility
cré¢ate theebesh ekd giasiest aputingghofpiba-teesarmlacementst  Hiepi b in¢lades the
die. In particular, the package and nethod are well
rosting &dthé eubsarai e having a 60 mcron pad pitch or
smaller. Additionally, the teachings of the present

[46] Scflﬁsl%ﬁcﬁagev Sl dOmbRed Fhi9kcefStodafing Hhall GinZhi de in area array
substrate for each new di e because bond i sl ands can

pagl?%%F Clte Hﬂ@zﬁlg/g S.gteqet%i E%rf:@rﬁé giré&léfﬁks At BRUGH thbeye providing

osure een shown an escribed w resp

G P P A T st P b et iy’ I particular,
detai|l nay be nade without departing fromthe, scope_of
the packpge aagdemathad st mEY suifed dpT Bedie hapmeon #Poirpep Pad pitch or

PCT/ US2003/ 023405 14 W claim 1. An area array
snpdlek ageldittanaflyi ©i rieachimgs Wishe presepfadiselgsuae @veidathe ddgh cost of
area for nmounting a die to the substrate, the die
customizing a substrate for each new die because bond islands can enhance package
design reuse.
[47] Although this disclosure has been shown and described with respect to specific
embodiments, those skilled in the art will understand that various changes in form and

detail may be made without departing from the scope of the package and method

described.



having a plurality of bond pads; at |east one bond

island | ocated on the substrate; and at | east one bond
waowee/0fxs2 connecti ng at | east one bond pad to BECT/USHE$/023405

one bond island. 2. The arga array package of claim

1, further conprising an encapsul ant for
weobMirhionnmental |y protecting the package. 3. The area

array package of claiml, further conprising a trace

for coupling at |east one bond island to a package

| ead | ocated on one side of the substrate. 4. The

areag arr ] Lofurther conprising a

viaqfor 2%h%?€éggfggk?%%géﬂ%%gngbnd island to the

packa | ead. 5. The area arr.a ackage ,of ai .

P eratEs e YIRS ardia i whb 18 PRRRrEd Ao dhEpisty. te di

the substrate that is opposite the side of the package
hayiag@.pleralityd bapéaadiir ay package of claim 3, wherein

the package lead is a solder ball included in a bal

gri cit dmstaone bBBAjsland. loddtel ar tha sabstiate; ppdkage of cl aim

3, wherein the package lead is a land included in a

| andit WaktorRBoad Wikér .coBnecliig aBlcagt dhertdyid paed kageleast one bond

claim1, further conprising at |east one bond finger
isthed. coupling a bond wire between at |east one bond

finger and at | east one bond pad. WO 2004/012262

PCT/,US2003/.02340 . .ar :

clait 8, TErraer ok oyt £ a3 rBASHBRR chlypgtant for

bond finger to.a package |lead. 10. The area array
enyienmaenialyy; Prefegiing We PAKa%er conprising a via for

coupling the bond finger to a package |lead. 11. The

ar ed- ar r ahhepaier atfeayoPackage raf1claygh ek efuitheh €oBPHSINE o2 drace for

conprises a
coupling at least one bond island to a package lead located on one side of the substrate.

4. The area array package of claim 1, further comprising a via for coupling
at least one bond island to the package lead.

5. The area array package of claim 3, wherein the die attach area is located
on a side of the substrate that is opposite the side of the package lead.

6. The area array package of claim 3, wherein the package lead is a solder
ball included in a ball grid array (BGA).

7. The area array package of claim 3, wherein the package lead is a land
included in a land grid array (LGA).

8. The area array package of claim 1, further comprising at least one bond
finger for coupling a bond wire between at least one bond finger and at least one bond

pad.



plurality of die attach areas for nounting a plurality

of die. 12. The area array package of claim1, wherein
wWob®ipuzsirate is a lamnate substrate. 13. TPET/HSMA3/023405

array package of claim1, fygther conprising a

plurality of solder balls connected to the bond

| sl ands, ThBeargh usradyl pyckage sofl eleim Bl fusthbreicomptisiagt e drace for

inwardly froman edge of the substrate; and at | east

co ﬁlgtﬁgH&Qﬁﬁﬁ%ﬁ%g ﬁclﬁgéheaﬁo allow a path for the

ner sol der Dall s "connected to bond islands to be

eI eqlr | CaItheyara d uagranci% %e (')Iiﬂg%lg{ £ %Pﬁﬁé'r%é }ﬁl%gae\’u (g%{ %orlllpling

conpri si ng acha oca
surface of the substrate for nmounting a dle, a

th?,pg}cgﬂ;qug,tooqp@gﬂ%ekp gers patterned on the substrate

for termnating a plurality of bond wres;

pl urldt i t yThefarpoatray plelage gSaalaiar heWhersin He %&b@tﬁt@ &owprises a

for termnating a plurality of bond wres; and a
plymhalityadfidieyattath bomad favimamtiog aplwdlityetf deen one of the

plurality of bond fingers and a bond pad | ocated on a

top Burf auR Aka bhfy Phskagd of @ BIvARréhtBY sitRediadie Ofaminate
claim 14, further conprising an encl osure for

m@ﬁﬁ# osing the package WO 2004/ 012262 PCT/ US2003/ 023405
6. The area array package of claim 14, further

co r|S| a_ pluralit der
o eyl Bl oFHLE L T B o
cl aim 16, vvhereln a t one of t
sollisr bl gammesteftdo éh%i*?ﬁ islfnds. the sty § Hidergrals ping tocated
plurality of bond islands.. 18. The area array package
inwhrddy fpmm ansedge of th@equbetmtgranéuah tpast v gedundest sefder balhalsallow a

that forma land grid array (LG&GA).
path for the inner solder balls connected to bond islands to be electrically plated.

14.  The area array package, comprising:

a substrate;

a die attach area located on a surface of the substrate for mounting a die;

a plurality of bond fingers patterned on the substrate for terminating a plurality
of bond wires;

a plurality of bond islands patterned on the substrate for terminating a plurality
of bond wires; and

a plurality of bond wires coupled between one of the plurality of bond fingers
and a bond pad located on a top surface of the die.

15. The area array package of claim 14, further comprising an enclosure for

enclosing the package



19. The area array package of claim 18, wherein at

| east one of the plurality of lands is electrically
weowplexte1 o one of the plurality of bond i sl anB&T/UMN3/023405

An area array package, conpngsing; a substrate; means

for attaching a die to a surface of the substrate

mearls. f orThel &red nimaglpaykageo uyfl dlaign &4 bfumdier sbmpdsiog at plerality of

substrate to a bond pad |ocated on the die; and neans

sofdef bARThAFOAN 2 HAI GrilAGKAGEGAZ1. The area array package
of claim 20, wher€in the electrical coupling neans

C°”H‘7‘. ses&h% a%zyéxﬂ(?{ gz%érlﬁgéeomf?%wg%%l{e?én af Feast G & ﬁg@plurality

array’ package o rconprising nmea
cou

for, electricall l.ing a nd. fi.nger..on. t he
ot sifer BB fipc it tegn Sndor B Rt BF PR ds 1 age
of claim22, wherein the neans for electrically .
coupdiB ng Hheears paray insgkagetdf dlpm Abntrihgs cemppsing gsplyrality of
plurality of bonding wires. 24. The area array package
lapfs tipdt didmm 2 Byndvgisk atay (LB&A)neans for attaching a die
further includes a neans for attaching nultiple die.
25. 1A, metTHecthréDarrapfickggcofilg P8, nviedeintat thast, one of the plurality
conprising the steps of : providing a substrate; WO

of 4 i QAR a1 R upRARE 30 O8O Blurdiity b bHdGlaAdgli € attach

area onto thé substrate for nounting a die, the die
havijg at d...Locating at |east one
bond™i sl zﬁ%l‘n%%t%%a?Egc@ggggﬁlggsélflg’and connecting the
bon%ogglgd to the bond island with a wire bond. 26. The
net Jrat% ai m 25, further conprising the step of

encapsul ating the die.
means for attaching a die to a surface of the substrate

means for electrically coupling a bond island on the substrate to a bond pad
located on the die; and

means for enclosing said package.

21.  The area array package of claim 20, wherein the electrical coupling
means comprises a plurality of bonding wires.

22.  The area array package of claim 20, further comprising means for
electrically coupling a bond finger on the substrate to the bond pad.

23.  The area array package of claim 22, wherein the means for electrically
coupling the bond finger to the bond pad comprises a plurality of bonding wires.

24.  The area array package of claim 23, wherein the means for attaching a
die further includes a means for attaching multiple die.

25. A method for making a high pin-count die, comprising the steps of :

providing a substrate;



27. The nmethod of claim?25, further conprising formng
a trace between the bond island and a package | ead

wo omavextenn t he substrate. 28. The nethod of cPE@I/DSDF3/023405
wherei n the package lead isia solder ball included in
a ball grid array (B&). 29. The nmethod of claim 27,
whefeinting helipatdchgeed @nel thesubsttan tbrimedntidgd diey the dik duading at
grid array (L&G). 30. The method of claim25, further

lesROORI Bondpaas he step of depositing a bond finger onto
t he substrate. 31. The nethod of claim 30, further

co IS j | tween the

bondb B a: o ghp Bt ls s Jul, o ot Cl i m

30, further c rising. the st of . form trace

bet REBRFHE tecaamp Jeie dond iindc ity 8 Witsinda s “Te

met hod of claim 32, wherein the package lead is a .

sol @ baihe methed afidan A5, furhen cogpmrigingthe step pEaycapgilating the

The nethod of claim 32, wherein the package lead is a
did.and in a land grid array (LGA). 35. The nethod of

claim25, further conprising the step of formng a

pl urgl i t yTiefmethed af tiaimh 28 feake0torhfitsigg fosmims #tri@rbetween the
nmounting a plurality of die. WO 2004/012262

boﬁgﬂmg%{&a%ﬁ@ﬁea@-l%czﬁ@d o HERLBGehid. Or providing an

area array package, conprising the steps of:

proviedi ngna RSN g ‘E%bnﬁ%g\%%ging{hg Pl fealll € 4 Solder bal

the Substrate;  wre ( _ substra

ks BB SBBES e, o9, 6 o on the, subs rate:
: St engf)f C"I(‘)h%prlné:t?lgd %f claim 27, wherein the package lead is a land included in a |
land grid array (LGA).

30.  The method of claim 25, further comprising the step of depositing a bond
finger onto the substrate.

31.  The method of claim 30, further comprising the step of bonding a wire
between the bond finger and the bond pad.

32.  The method of claim 30, further comprising the step of forming a trace
between the bond finger and a package lead.

33.  The method of claim 32, wherein the package lead is a solder ball
included in a ball grid array (BGA).

34.  The method of claim 32, wherein the package lead is a land in a land grid
array (LGA).

35.  The method of claim 25, further comprising the step of forming a

plurality of die attach areas on the substrate for mounting a plurality of die.



plurality of solder balls to one of a plurality of

bond islands | ocated on the substrate. 38. The net hod
w@booglos2ee 37, further conprising the step of cpupUsIvg3/623405

plurality of bond fingers |Iqgated on the substrate to

the solder balls or the bond islands. 39. A method of

desi3gni ngA aretlandefar proviayn gracicag errayparkagd, ogmphiging theseps of:
of: determning a die size and 1/0 count; |aying out

an ip@o\biaﬂ@m%{rgté;nger array; determ ning a maxi num
wire length for bond fingers |ocated at the corner of

a %%Qa{iggbﬁé %B%rﬂ&itﬂgsﬁﬁéﬁ‘a{éunber of bond fingers
£6 B8 agg

t hat nee ered to neét a maxinumwre

| engt.h constraint or, to.inprove performance of the
pacgﬁf@eego ‘P%&‘ﬁi%f?gmg?eaﬂ’&é@ﬁ’aﬁ@nd fingers to create
bond i sl ands; and | aying out a sol der ball
confengipsylatipg theoyiressnd g on hestbyrtof t he bond

fingers, bond islands or vias to create ease of
routi’ng ofhet metwdpbiackeimenits . further comprising the step of coupling a

plurality of solder balls to one of a plurality of bond islands located on the substrate.

38. The method of claim 37, further comprising the step of coupling a
plurality of bond fingers located on the substrate to the solder balls or the bond islands.

39. A method of designing an area array package comprising the steps of:

determining a die size and I/O count;

laying out an in-line bond finger array;

determining a maximum wire length for bond fingers located at the corner of a
substrate;

determining the number of bond fingers that need to be staggered to meet a
maximum wire length constraint or to improve performance of the package;

enlarging staggered bond fingers to create bond islands; and

laying out a solder ball configuration for optimal location of the bond fingers,

bond islands or vias to create ease of routing of trace placements.



