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i nvention relates to the field of high performance integrated cir

packagi n
been pac
t her mal

execution speed of mcroprocessors plac

ART Backgr ound Traditionally, nj r
ﬁ’é’g’ggngﬁ ceramc pin grid array packages becauwﬁgﬁ
performance requirenents. Mre ?geci fically, the high instruction

two limtations on the design of

packaging for mcroprocessors. First, since power consunption is
function of the e PR FORMANEEINTG ‘ﬁ:g)éfﬁ%’ﬁﬁ &Poroces .
operate at high 1nstruction execution spée the conservation of energy

is one limtation placed on the design of packaging for m croprocessors.

Second,

t he hi gh

the packaging to mnimze the tinme for renoving and supplying the

transi ent power supply _
transi ent Vcc supply cumSeiss . )
allow the circuit nodes to charge and di scharge as quickly as possible.

the transient ground and t
ALEADXRNEION die, in orde

1. Field of the Invention
The present invention relates to the field of high performance
integrated circuit packaging.

2. Art Background

Traditionally, microprocessors have been packaged in ceramic pin
grid array packages because of electrical and thermal performance
requirements. More specifically, the high instruction execution speed of
microprocessors places two limitations on the design of packaging for
microprocessors. First, since power consumption is a function of the
instruction execution speed and since microprocessors operate at high
instruction execution speeds, the conservation of 'energy is one limitation
placed on the design of packagmg for n'ucroprocessors Second, the high
instruction execution speed of microprocessors requn'es the packagmg to
minimize the time for removing and supplying the transient power supply
currents (e.g., the transient ground and the transient Vcc supply éurrents)
to the microprocessor die, in order to éllow the circuit nodes to charge and

discharge as quickly as possible.

The conservation of energy and time constraints can both be satisfied
by providing. the éhoﬁest paths from the printéd circuit (PC) board to the die
for the power supply signals (e.g. the ground supply signal and the V¢
supply signél). In other words, energy 1s _éonsewed by minimizing the
distance that the power supply signals have to traverse from the PC board to

cuit

sors have

rical
a

Sors

he
r to

and

I nstruction execution speed of m croprocessors requires

L



The conservation of energy and tinme constraints can both be satisfied by
provi ditfrg—the shortest paths fromthe printed circuit (PC) board to the die
f.or the power supply signals (e.g. the ground supply signal and the V[err]

supply signal). In other words, energy is conserved by mnimzing the
di stance t hat woRs2388er supply signals have to traverse fromlf"FFé'g. gﬂ@%rd
to WD 96/ 23320
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because the power supply signals encounter |ess obstE%Jct Lgns éi . e,.,

resi stance andhe dirbesaiase) the posyer SURPHY signplsecaynter less obstrpgtions i€y vi ng
and renoving the transient Wwer .S r . t he
die is also m"ﬁ?‘ﬁ'iai‘gﬁaﬂé ’ﬁfiﬁ&ﬁpﬁ)ﬁé%émys @%@h&%ﬁ%ﬁﬂﬁ é%?‘&
signal s have tgQ it . P30 -ﬂpc,irh&tgifﬁ, the PC bodrd tb'tRepPast ,
m croprocessorag’%{ﬁ&glégrﬁf‘%ac gigégas%t Iayﬂ*> ceramc ;gri‘n' egri d %rrr ay
packages, becgiisgs hise miriflizel by Winithizing the distirwet that the péwepsupplysuppl y
signal paths (fromthe PC board to the die) often cannot be successfully

i npl enent ed | signdishave tetravérse froma ghe BC masd goithe dig-t net hod for

shortening the power signal paths is the placenent of capacitive electrical
pl anes within the package.. These capaci ti ve.el ectrjcal, pl aRes.(which are
also called thin | Q&)éﬁeg’éﬁa&“ﬁ - P@J&Hﬁé’%d’afgaﬁ’?e&ﬁgﬁ%fngﬁ
signals, and thus ' a 2& B a1 {ore foP ghotéinPehaui ckly
accessed by ”@H(ﬁrgé Qi@agﬁpa%lé%f %#&ﬁ%@eﬁﬁ 'capasgﬁﬁ@g e ec‘t’ri ca?' pl anes
can only be iryg‘g@;e‘m ysi%‘ha? hehy (FioRe thedPC Bohed toite, dig)oftére oarrivtibet y of
i npl ementi ng capacitive e ecFri cal planes depends on the m ni num
separati on di siuzoessfullypimplemented ircbthey éypesaif paekagingh Quevprionatt gr ound
pl ane and the dielectric constant L L ' ..
method for shortening the power signal paths is the placement of capacitive
electrical planes within the package. These capacitive electrical planes
(which are also called thin layer capacitors) are connected to the power
supply signals, and thus provide a local on-chip power source that can be

quickly accessed by the die.

Unfortunately, capacitive electrical plares can only be implemented
in a few types of materials, The feasibility of implementing capacitive
electrical planes depends on the minimum separation distance that can be
achieved between each power and ground plane and the dielectric constant
of the package. Thus, since ceramic packages have high dielectric constants
and provide for small separation distances, capacitive electrical planes can
be implemented in ceramic packages. However, as mentioned above,
capacitive electrical planes cannot be implemented in all types of packages.
For example, the cheaper plastic package technology cannot use capacitive
electrical planes to shorten the power supply signal paths, because plastic
packages have a low dielectric constant and cannot provide small separation

distances between adjacent electrical planes.



of the package. Thus, since ceram c packages have high dielectric constants
and provide for small separation distances, capacitive electrical planes
can Dbe irnplenented i n"ceram c packages. However, as nentioned above,
capacitive electrical planes cannot be inplenmented in all types of

packageswbﬁpﬁgsﬁxarrpl e, the cheaper plastic package techpelfshéosdpnot use
capacitive electrical planes to shorten the power supply signal paths,

because plastic packages have a 1ow diejectric constant and cannot provide

smal | separation distances between adjacent elect ri_ cal pI anes. WO
96/ 23320 Another grior art solution for shb‘rt’eriin%th‘e ipaths of the EEOWezP CT/ US96/ 00400
3 Anot her prior art solution for shoftening the paths of the power

suppl y sisgpplyssighalsds o nrduntichip capritorsoos thepadiagparditiecouple to coupl e
these capacitors to the power supply si q_nal s so that these capacitors act
as | ocal thesercapeciterstethe powensupply signals so thatheserapheitors agt as expensi ve, -

this priqr art solution ingreases th rQcessi ng .cost of the . .
i cropr 08%@3599?“30 P°weﬁ)ﬁi‘é‘&ﬁ%?ﬁ Pg,ﬁ\qulumpacx gereRemsye, this, ovi de a
packagi n t ﬂ@ﬂ 154 f@' Joc ] - ‘QQHJ' d cost
effecti v%liﬁc%gg%r venziﬁg%{:;y Aty rrgsﬁ{rggéﬁqi%g?ri?%c{cﬂ’g&fomr& supply signals
fromthe PC board to the die. Mre specifically, a packaging method and
appar at us f or Corzeguerthis $6woiild be desiesble td provide ladpae geméthodshor t est
power signal paths fromthe PC board to the die wthout the use of _
capaci t i \andeipparatusdfor phigropro¢essoxsithetimosmdd ibesti effectivelytconsenveal | t ypes of
ackagin and wit hout the use Qf chip capacitor whi ch are expensive).

P J ge)nergy and time in delivering 8\e powgr sup%qy signafs‘ Erom the PC bmu‘ci3 ' )

to the die. More specifically, a packaging method and apparatus for

microprocessors is needed that would provide the shortest power signal |

paths from the PC board to the die without the use of capacitive electrical

planes (which cannot be implemented in all types of packaging) and

without the use of chip ‘capacitors (which are expensive). -
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SUMVARY OF THE | NVENTI ON "It is an object of the present invention to
provi de a packagi ng met hod and apparatus for m croprocessors that woul d
cost effecti vMBP6@3erve energy and time in delivering powePCI(H53$/0p400
signals fromthe PC board to the die. Mire speC|f|caIIy It is an object of
the present invention to provide a packagi ng 4net hod and apparatus for

m croprocessors that would pWWr signal paths from
the PC board to the die with . | ectrical planes and
w t hout the use of chip capacitors. These and ot her objects of the
present invention I r%%n RIC rcuit
package which is pﬁace éggdr???ﬁ?’ ?F@tﬁ%ﬁoggé)ﬁgoar diia p%.ﬁﬁa?%?hﬁeqh%
perfornmance paRd aPét&s«'fmfhﬁéb %@hﬁﬁélﬂhﬂ‘béﬁﬂrcosﬂéffé&ﬁr&f c&ﬂéeﬂﬁea
netallized die pad and a first netal ring, surrounding thi's netallized die
pad, are posi enenggcanditimenintdelivering priwermapply signals fromsthe RE hoard tog
electrically couple to the PC hoard to recel ve respectively a first power

suppl y si gnal thendiea Moze spedifically, it is anobjecy of the Rresent t ien teiprevi di e
Is then affixed t the.rr%g\%llzddle&ﬁgig This inteqr ed circuit g

a LI ra;] p(ﬁwer a?ﬁg??“& b%?ﬁ “%‘&E%’ﬁfi m%’ Ef‘b‘ﬁ f ]E)ondt
a i ch regheskl PIS&F\’ g}bgn i irs
Iron=3t al ring. Conse%usg‘(r:?t y gpwl Ze Pgﬁ&gﬂttﬂ tﬁ?l rst rret a ring

operate as a igé éfcﬂmﬁﬁvéélé&h\é hﬂésﬁ?ﬁvﬁﬂ&ﬁﬁ&hduﬁ@%&hﬁi@am&sane
coupling the first and the second power supply signals comng fromthe PC

board to the first _and the second power supply signal bond pads on the
i nt egrat ed circui t These and other objects of the present invention are accomplished by

a high performance integrated circuit package which is placed on a printed
circuit (PC) board. This high pérformance package has a first dielectric -léyer,
on top of which a metallized die pad and a first metal ring, surrounding this
metallized die pad, are positioned. The metallized die pad and the first
metal ring electrically couple to the PC boafd to receive respectively a first
power supply signal and a second power supply signal. An integrated
circuit die is then affixed to the metallized die pad. This integrated circuit
die has a first power supply signal bond pad and a second power supply
signal bond pad, which respectively are coupled to the metallized die pad
and the first metal ring. Consequently, the metallized die pad and the first
metal ring operate as a first power supply plane and a second power supply
plane coupling the first and the sgépr_l_ql power supply signals coming from
the PC board to the first and the second power supply signal bond pads on

the integrated circuit die.
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BRI'EF DESCRIPITON OF THE DRAW NGS The obj ects and advantages of the

present invention will becone nore readily apparent to those ordinarily
ski | | edg i1 art after reviewing the follow ng detail lescr i btion and
accomgwypﬁ}aﬁygtr'aw ngs, wherein: Figure 1 presentlg'q.z'i&?op vl ew of a
ball grid array package for one enbodi rﬁnt of the present invention;
Figure 2 presents a side cross- sectlona view of the ball grid array
package of Figure 1 ; ' - S AT arged cross-sectional
view of the ball grid a y JUr ' Figure 4 presents
the high performance integrated circuit. package of the present invention
housi ng a m Thewbjeesand adivantages of the pwspnsmmﬁpntwﬂl becinten WO

96/ 23320 . - PCT/ US96/ 00400
more readily apparent to those ordmanly skilled in the art after rev1ewmg

the followmg detailed descnpnon and accompanymg drawmgs, wherem

'Figure 1 presents a top view ._of a ball grid array package for one

embodiment of the present invention;

Figure 2 presents a side cross-sectional view of the ball gi'id'afray
package of Figure 1;

Figure 3 presents an enlarged cross-sectional view of the bé_ll grid
array package of Figure 1. . o

Figure 4 presents the high performance integrated circuit package of

the present invention housing a microprocessor of a general purpose

computer system.



6 - The present invention provides an integrated circuit packagi ng
met hod and apparetds that takes advantage of the hi-gh performance qualities
of; ball grid array (BGA) packages. More specifically, since solder balls
can be affixed to integrated circuit packages with relatively snal

di stances (e.WO%/Z2%hi|s) between adjacent balls, BGA packag§§mﬁﬁmﬂmﬂmhigh
sol der ball density. In turn, the high solder ball density of BGA packages
allow themto have a relatively small size. fis described bel ow, the package
design of the present invention then utilizes the high solder ball density

and smal | size of BGA pagkage roNide [ 1. supply signal
pat hs. In the & %mgc QMM expl anati on

nunerous details are set forth in order to provide a thorough understandi ng

of the present inw ' FaRA j A de! Bircii LIled in
the art that theseﬁg%gg#f\c det g{op?fgrv‘gﬂéﬁo?prﬁteg@, |?ée<§ I'n ‘ngglga o°practice
the inventi onmektited axd ratib thatUgRed Advirthgovf i KighGidrfirntmce! t he
invention is with respect to BGA packages, it will be understood by one
skill ed in thqualitiestdfdmallgrid grriay (BGA) packuges. Merespesifically, incessnlden

i npl enent the, present ipvention if their pin density and adjacent pin

spaci ng are cbapfanbea He piegra ﬁ%ﬁ-?&ﬁ@%]‘.’ﬁ%}éﬁé‘iaﬁﬁﬁl}' s@dki ng of BGA

et hag. and ﬁpﬁme?g?%%f i BefREe it PALE,HCR nefhod TR RRND ..
01 “the pr osento oy aay HERSNA" RiAE ISgh Soldel il Hensity bf BOA pRAGEET 0" T

pl astic packaghowshessey hdveta telitivély saallsizereAb debcribed] belows ttie palagei on
that is set forth in Figures 1-3, it is to be understood that package 10
may be conposdesign of the present invention then utilizes the high solder ball density

and small size of BGA packages to provide the shortest power supply signal
paths. | |

In the following description, for purposes of explanation numerous
details are set forth in order to provide a thorough understanding of the
present invéhtion. However, it w111 be apparent to one skilled in the art
that these specific details are not required in order to practice the invention.
For example, although the following description of the invention is with
respect to BGA packages, it will be uhderstood by one skilled in the art that

‘pin grid array (PGA) packages can be used to implement the present
invention if their pin .dens_i_ty and adjacent pin spacing are comparable to

the ball density and adjacent ball spacing of BGA packages.

Figures 1-3 present one embodiment of the packaging method and
apparatus of the present invention. As shown in these figures, plastic
package 10 houses an integrated circuit 12, which in one embodiment of the
present invention is a microprocessor. In addition, ﬂthou_gh a plastic
package is described for the embodiment of the present invention that is set

forth in Figures 1-3, it is to be understood that package 10 may be composed
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of material. Package 10 has a plurality of connectors 14 which aré affixed
to the bottom surface of the package. These connectors formcontacts with
met al paQﬁ% aPC board, and thereby coupl e package 10 ?En? P poar d.
For the enbodinment of the present invention that is set Torth I n F gures
1-3, the connectors are solder balls. ver, ‘as nentioned before, other
types of connectors (e.g., pins) can be used if their density and adjacent

SPaci Ny agfeotherBed o ndteriall ' ke adli | ing of BGA
packages. eIi;g,rk t he %alng:)ag?hn%entg@g?é %*éﬁéﬁglg?]?&?%ﬁllgrﬁgﬁgt Fi gures
1-3 set favetaffixezhtotigebotforh aarfabeof the paka ge.t These ¢onreetordforth €l ectric
material: first dielectric layer 16, second dielectric layer 18, and third
di el ect r icontagjewithometah pads on @PGC board; andfthetebyfdouple piakage 10 ite thayer of
package first_nmetallized die pad 22 i.s affixed to package 10. |In one
enmbodi ne?f‘%-b’Pa cFpF the embp %‘Fﬂti‘gfrf?‘efﬂrﬁiql‘tr!ﬁ%q‘?’t@ﬂtéﬁ getdorthoim i s affi xed
t o packa tNRO LDALT Onepr Sy This die pad ig,electrically
and t her gr?g yescg%hg‘%%% sg’?%{*eb??ﬁt zgmgﬁw[roag Etegﬁg“ﬁétbik?'& ed pad 26,
whi ch i s gih F onmectérs i, 'rr?ﬁg), AT Qfseliif Bleif & ﬁsl ' 16. In
turn, through”sol gereobal Iéslgt1(4§ _ouplcggq![eo seclg_a{(flﬂgta iﬁzﬂe%a%gé&%, first

net al | i zespading aredoipacable e the balhdénsist ambadjacentitallspatigadf BGAL he PC
board. In the enbodi nent of the present invention that is set forth in
Fi gures pagkagese first power supply signal is the core ground supply signal
V[err]. However, it is to be understood that the first power supply signal

M cr opr acessoFohith pBeathe of e BB ivBRfod mAMigprat B8 sk "0 25 by
forth, package 10 has the following three layers of dielectric material: first
dielectric layer 16, second dielectric layer 18, and third dielectric layer 20. On
the top surface of the first dielectric layer of package 10, first metallized die
pad 22 is affixed to package 10. In one embodiment of 'the:'prés'ent. |
invention, first metallized die pad 22 is affixed to package 10 througha
lamination process. This die pad is electrically and thermally connected
through plated vias 24 to second metallized pad 26, which is attached to the
bottom surface of first dielectric layer 16. In turn, through solder balls 14a
coupled to second metallized pad 26, first metallized die pad 22 couples to a
first power supply signal on the PC board. In the embodiment of the

present invention that is set forth in Figures 1-3, the first power supply
signal is the core ground supply signal Vgs. However, it is to be understood
that the first power supply signal can be any one of a number of different
types of power supply signals. ..

Microprocessor die 12 is then attached to first metallized die pad 22 by
an eleétrically and thermally conductive adhesive. Microprocessor die 12
contains a plurality of bond pads including core ground bond pads 28,
peripheral ground bond pads 30, core Vcc bond pads 32, p'e'i‘iphefal Vee




an electrically and thermally conductive adhesive. M croprocessor die 12
contains a-plurality of bendg—pads including core ground bond pads 28,

peri pheral ground bond pads 30, core V[err] bond pads 32, peripheral V[err]
WD 96/ 23320 :
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and i ndivi dual signal bond pads 36. The core ground bond pads are all
shorted together by wire bonding themto die gad 22. Thus, a shortest

el ectrical (i.e.,_ lowest inductance) path fromthe core ground bond pads on

the die to t heberst pags brandimdiyidual gignal bond padsi6. HHhe epre graundbond hed

th h first | i dj d.22 | 24 4. _ tal L, d 26, d

S0l der bal | o (B8RS e A dherleR BRRNEF py iRE RRRdieRIBRR torei Rad 2o Wfieasny "
‘ e 1 . . ;

ggct ﬁgte :Lffou%hc?rﬁ%elrreg ai i ?igeé'dﬁpa gﬂbdr}ﬁ ot F?ﬁ%{rgﬁﬁ}%g%ﬁ%%? esI 2198

first dielectrpsdd & e dfe tothe céi nd% gigflaXon e PG beard isng 38b of
the first set of netal rings are electrically and thernmall'y connected

t oget her t hr ouegtablished dhvough ficst metallized diepddi22puias 24 sevondimetallizedm si de
first nmetal ring, couples to econd_power supply,. signal on the PC board.
In the embodi r@?ﬁz@fm‘*]@lﬂ?’égﬁliﬁl%vgﬁ@iﬁ?ﬂﬁi’@ is ingependant of thalie size,
1-3, the second power s ly signal is the core V[err] supply signal.
However, it is?® p\éﬁqﬁé St ood that the second power supply signal can be
any one of a nunber of different types of power supply signals. The core
V[err] bond pads onpidkagsh0aly ieRidRs's fitsEsetof ntéthl HAEY 38 that SUAOLAL the Wi re
bonding themto the top first nmetal ring. Thus, a short electrical (i.e., a
| ow i nduct ancenepallived pads bhdotivthe tdpeand battom sidedof first dieledtric layet 6. cor e
Vcc supply signal on the PC board is established through top first netal
ring 38a, vi aslapsidesting3Ba prd bottom side ring 38b of the first set of metal rings are

electrically and thermally connected together through plated vias 40.
Through solder balls 14b, the botto_m side first metal ring couples to a

second power supply signal on the PC board. In the embodiment of the
present inverition that is set forth in.Fig_uzes 1-3, the second p_ower.s.upply
signal IS the core Vcc supply signal. However, it is to be understood that
the second power supply signal can be any one of a number of different
types of power supply signals. The core Vcc bond pads on the
microprocessor die are all shorted together by wire bonding them to the top
first metal ring. Thus, a short electrical (i.e., a2 low inductance) path from
the core Vce bond pads on the die to the core Ve supply signal on the PC
board is established through top first metal ring 38a, vias 40, bottom first
metal ring 38b, and the solder balls 14b. '

As further shown in the figures, package 10 also includes second set
of metal rings 42 that surround the metallized pads and first set of metal
rings on both the top and bottom surfaces of 'thé first dielectric layer 16. Top
side ring 42a and bottom side ring 42b of the second set of metal rings are
electrically and thermally con_nected together through plated vias 44._ The



metal ring 38b, and the solder balls 14b. _ As further shown in the
figures, package 10 also includes second set of nmetal rings 42 that
surround the netallized pads and first set of metal rings on both the top
and bottom surfaces of the first dielectric |ayer 16. Top side ring 42a and
bott om Si,§6edssstd 42b of the second set of netal rings a cally and
t her mal Fvggconn?gt ed together through pI ated vi as 44. Thé’%rﬁk%ﬁdn

96/ 23320
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v ough 2oy o 8 ph SRl Brig ol t%*?ﬁ?‘e’%’*"?%d PR Yo el or ot che

present iheROboard threughsoklr balls tic that kg dftsched-13.it.t BietHehi 1 d power supply
signal is the per| pheral ground supply signal V[err]. However, it is to be

under st cembodimentref Plus?m\navem!mptl)atssgebforﬂambles)ehef a nunber of
differen pes of ppl | ‘The peripheral ground bond
pads on MRPU’FB&PEP@F U]dF P S%H F’%MWB@'& al i re bondi ng
themto C his_.nanner the cond set of netal
ri ngs ishg ggFoégs@ﬂ%eﬂﬁﬁgjs %&P&%ﬂ‘ff%ﬁm fRIR€ die to the

peri pher g Bﬁ@BFQrﬁiﬁWéryofsdlffoﬂnt &*ﬁ&%ﬁ Hgnaieebodi ment of t he

present inrvention provides periph onnectlons in order to
i sol ate the power supplies that are used by the m croprocessor's core
activities (€The petipberalgréund bmdqnaﬂsrm)thbrmmcbpmcéssoi- diecare albwer suppl i es
that are used for the mcrqoprocessor's peripheral activities (e.qg.

communi cshartad tagetheshyswirehonding | them to the top second metal ring. In this

manner, the second set of metal rings is used to couple the penphetal

ground bond pads on the die to the penpheral ground supply signal on the
PC board. This embodiment of the present mvenhon provides peripheral
power supply connections in order to isolate the power supphes that are
used by the mlcroprocessor s core actwmes (eg. instruction executions) -
from the "noisier” power supplies that are used for the mlCI‘OPI'OCeSSOI' 5.

peripheral activities (e.g., communication with other devices).

As further shown_hin the figures, package 10 also has two rows of bond
fingers. The first row of bond fingers 46 is-placed on the top surface of the
first dielectric layer 16 (which constitutes a first lower bonding shelf) along
with the metallized die pad 22, first top metal ring 38a, and second top metal
ring 42a. The first row of bond fingers 46 has a number of individual signal
bond fingers which are used for individual signal connections. More
specifically, a specific signal bond pad on the microprocessor die can be
coupled to a specific signal éoming from the PC board through wire bonding
the specific sighal bond pad to a specific signal finger; in turn, the spécific '
signal finger couples to an individual trace that traverses along the length
or width of the package (i.e., traverses élorfg’ either a portion of the length or
width of the package or the entire length or width of the package) to an



. As further shown in the figures, package 10 al so has two rows of bond
fingers. The first-row of bond fingers 46 is placed on the top surface of
the first dielectric layer 16 (which constitutes a first |ower bonding
shelf) along with the netallized die pad 22, first top netal ring 38a, and
second top meW@%2BNY 42a. The first row of bond fingers 46 i?é?"&’%r of
i'ndi vi dual signal bond fingers which are used for individual signal
connections. Mire specifically, a specific sﬂgnal bond pad on the

m cr oprocessor, di e .can be coupl ed t specific.signal comng fromthe PC
board t hrough WF‘EdBanWr‘Pd‘_‘fﬁ'g 1%%&‘?%?@0@%5&&?1 that, v 5&’%9615&’ .
signal finger; ig@.t ' e specific signal finger couples to an individual
trace that tra?ﬁeﬁ‘seeléﬁg%%% the length-or width of the package (i.e.,
traverses along either a portion of the length or width of the package or
the entire | ength Gecthd rbwdf bond Res98is placd&lon the top KfA® ofihe third

PCT/ US96/ 00400 ' 10 individual
via and an i ndlieledtrid layet 2@ (canstitutirigha secondi highehbondiogishelf), svbichlitself t he
PC board. . Second row of bond fjingers 48 is_placed on the top
surface of thdspepitiongdanctoprefdthe geeand diefectriclayer;l -nﬁ*i‘éﬂﬁ’é@dﬁcﬁsﬂiﬂ?&

| ayer To. f“/‘i'sf 5ot i thied oI, BOEEs Sitabii B i leeabe bl :tyreiri
et al ring aodSEap PIEFTiNY S BebcRd fop inflal KRG O8] dhd Bt ion G bR OO ond.

and third di el faegers 46) Iy additivrG efseeind avdntiifd® didédtria layers arecdffded erapckage
by a predeterm ned anount so as to allowthe die pad, top netal rays, and
first row of Khedeftrabaxis of théypackage by predetermingchamount sl as tovaléwithed

fi i ncl udes two t f bong fi
| N9ETS 1 NE U Sie pad, top metal rays, and first row of bond fingers to be exposed.

~ The second row of bond fingers includes two types of bond fingers.
The first type of bond fingers are fourth power supply bond fingers 50,
which are shown in Figure 1 as the longer bond fingers. These fourth
power supply bond fingers traverse the edge of the cavity formed by first,
second, and third dielectric layers and couple to metallized plane 54 which
is positioned in between the top surface of the second dielectric layer and
the bottom surface of the third dielectric layer. This metallized plane
through at least one via couples to at least one solder ball, which in turn
couples to a fourth power supply signal on the PC board. In this manner, |
metallized plane 54 shorts all fourth power supply fingers to the fourth
power supply signal. | o -

In the embodiment of the present invention that is set forth in
-Figures 1-3, the foufth pow_er' supply signal is the peripheral Vcc supply
signal (Vcep). However, it is to be understood that the fourth power
supply signal can be any one of a number of differeht types of power supply
signals. In addition, as mentioned before, this embodiment of the present

invention provides peripheral Vcc supply signal connections in order to



The first type of bond fingers are fourth power supply bond fingers 50,

whi ch are shown in Figure 1 as the | onger bond fingers. These fourth power _
Supply bond fingers traverse the edge of the cavity forned by first, .
second, and third dielectric layers and couple to netallized plane 54 whi ch
i's posrmzbn between the top surface of the second gié@ebéshs ' ayer and .
the bottomsurface of the third dielectric layer. This netallized plane
through at | east one via couples to at {heast one solder ball, which in turn
coupl es to a fourth power supply signal on the PC board. In this manner,
metal | i W fisud Wfe adtivities dfit ers to the fourth
power sup Iy Si gna?C fs%hhln the‘dgntggdl ment of t feﬂgresent I nvention

t hat |smeropmeésorrfroxﬁrtgar'nemierBVddﬁmpplyrsﬁ@ﬂw ferthdl y signal is the
peri pheral V[ err] supply signal (V[err]) However, it is to be understood
that t h@eripheral aativities of the micogregessosn be any one of a nunber of
different types of power supply signals. In addition, as nentioned before,

;irrigﬁalerrtc)gﬁine m‘%%ém?lﬁa Brefgfl%hepnvs%mlon 5 \é&ggs éje% Rﬁeral ‘M err] supply

PCT/ USQQ{%% er%]e separate the
V[err] ply Sl gthﬁ use%r?or the Cor%er%gtsp\}:l\ctl}xggaof frhd (]:Oroprocessor

from t hdondcfigeas.” Howeéver, RUS P Ve Undetdtood Behtiiftalieheatier i pheral activities
of the mcroprocessor. .. I'n the enbodi nent .of the present invention

that is emh ofithe gmsat inventioncthesecond row affbdrahfingemger s al so

i nclude a second. type of bo fingers. wever, ‘it 'is to be undérstood that
in al te,cggf include gxely the fou.rtﬂ powgr supply bond fingers. In the

embodiment set forth in Figures 1-3, the second type of bond fingers on the

second row are additional individual signal bond fingers 52, whereby each
specific signal finger couples a specific signal bond pad on the
microprocessor die to a specific signal coming from the PC board through a
wire interconnect, a particular trace (traversing the length or width of the
package), a particular via, and a parficular solder ball. In this enbodiment,.
the second row of individual signal bond fingers are provided in order to
allow adjacent individual signal bond pads on the die to couple to
individual signal bond fingers. More specifically, since currently the
minimum spacing that can be achieved between individual bond fingers is
200 microns, while the minimum separation that can be achieved between
individual bond pads is 100 microns, this embodiment of the present
invention provides a second row of signal fingers so as to allow adjacent
individual signal bond pads to couple to individual signal bond fingers.
Finally, package 10 has plaStic top 56 that further forms (alohg with the first,
second, and third dielectric layers) the cavity in which a moldmg compound

encapsulent is poured in order to enclose the top of the BGA package

Figure 4 presents the high pe_rformance integrated circuit package of

the present invention housing a microprocessor of a general purpose



enbodi nents of the present invention, the second row of bond fingers could
i nclude -enly the—fourth power—supply bond fingers. Tn the enbodi nent S§&t
f.orth in Figures 1-3, the second type of bond fingers on the second row are
addi tional individual signal bond fingers 52, whereby each specific signal
finger coupl WO9233&cific signal bond pad on the nicroproceSSEUSHHMEM0," 5
specific signal conming fromthe PC board through a wire interconnect, a
particular trace (traversing the length or ¥dth of . the package), a

particular via, and a partigcular solder Joall. In this enbogjnent, the
specond r ow ofCOMPRteE si%ﬁp‘%%%m‘s’f W‘HFBW%E@ éHn’ggT‘E’éFét o allow
adj acent i ndivi | 1Sk I : | L0gl . cual
siJgnaI bond Pﬁé‘ﬁ?‘l*}g’&g (ggggﬁﬁgﬁ&%?ﬁ%%%%%%ﬁ%@é&ﬁ%&mﬂ sSpaci ng

that can be geHopMBcbRiitfepRodcsbriadiabe 68 b i Wity biEndDferbrifof 70, Whi | &
the m ni mum gpar ation that can b? achieved betweén ' ndi vi dual bond’ pads is
100 m crons, ahHimemoby 2 nHigherfdrmapce stictoprocessor package 68 deaplessecond r ow

of signal fingers so as to allow adjacent individual signal bond pads to
coupl e to i namigroprecesspyhé to bus 84 in gydersto communicate;pewerjsupply signals ast i c

top 56 that further f . ith the first. s ! t.hi rd _
i 6l cctri e | AP PABCE BUPPY TERAA DBV BN IPRIPEEB S0 IR ent | <

d i : : = . ' 4
Present s t he RPita B Fuf 8E, FOP the BrBoalEncbr MR HHEAH invention shoulhC ¢
i nvention hoygeué evﬁsm%hgrésﬁﬁoﬂbc@sseﬁaﬂ@hea\w%@nf | power M%;gfl 23320

PCT/ US96/ 00400 conp

system As shtgnﬂ?méﬁm?ﬂ.gﬂbwevenﬁpiﬁbrbemm that iroaltersative pr i nt ed
circuit (PC) board 62 and includes bus 64, mcroprocessor 66, hi :

h
per f or mance emhasimentssebthe preRenfdnyention, Micraprosessos 66 can dto 70,
and MY 7 eiory 78 Sht Powid supply sighal §aerslor Y0 iR R S

buses. In addition, in alternative embodiments of the present invention,

power supply signal generator 70 is not positioned on PC board 62 in order
to couple to bus 64. o

Thus, the .present_ _irlvenﬁon__hﬁs numerous advantages. For
exaniple, by using the shortest paths from the die to the PC board as the
power supply signal paths (i.e., by using the balls near the center of the
package for Ve and gmuﬁd coﬁnections), the present iniiention lowers the
power lbop inductance without using on-chip capacitors and capacitive
electrical planes. In addition, 'since.this' design uses the balls near the center
of the package for power suéply connectlons and the balls from the outer
rows of the package for the signal connections, the signal routing on the PC
board is simplified (i.e., additional routing layers are not needed to route the
balls near the center of the _pac.kage). Furthermore, the method and
apparatus of the present invention minimizes the multiple metal and
substrate layers by placing the die pad, and first and second top metal rings
on one bonding shelf (i.e., the first bonding shelf), which thereby makes



m croprocessor 66 to bus 64 in order to conmuni cate power supply signals
"and non-power supply signals between m croprocessor 66_and devices coupled

to bus 64. For the enbodi nent of the present invention shown in Figure 4,
bus 64 coupl es m croprocessor 66 to nenory 72 and power supply signal

gener at or, s$ﬁgﬂever, it is to be understood that in al pgf e

enbodi nmen égo the present invention, mcroprocessor 66 can be coupled to
menmory 72 and power supply signal generajpr 70 through two different buses
In addition, in alternative enbodi ments of the present invention, power
SUPPI Y S gkah o8iAE Memetdl ririgs GH HRORIp! g0 B I pRKaRO AL Ale 10y O7 der 1O
coupl e to bus 64. Thus, the present in__ntign hag_nﬁnerous

advant agesignkbtomxeotions, by using the shortest paths fromthe die to the PC
board as the power supply signal paths (i e., by using the -balls near the
center of the ackﬁgg for Vlerr] and_ ground connpections), the present

i nvention | oneitvilhie eopgnized $hat the aboye describechinventionmaynbeni p capacitors
and capacitive. el ectrical .anes. In.addifio since, this design uses the
Dol | hearmbRaiedk e Bpete S5is, yiHRUE dobRBINE AT B BAREEE | ns and  he
balls fro 0, ediB&&éiﬁ-Fe I [ ections, the
signal rou Iﬁgag%ﬁa?%%téﬁ%ﬁ 'o‘gr'%lgi s sinp 1.fl{og.gx%#;§é$;,aﬁg§g\gtﬁﬁggal routing

| ayers ar gegteiptivRedifsvelis with i@petictotapackae Havingetws bbAding sHelvespackage) .
Furthernore, the method and apparatus of the present invention mnimzes

t he nul ti jtiwilhbe aindarstoed bytore skilled, in thebart ghatcalteynative embodimentand fir st

and second_top, netal rings an onetegor.]di ng shelf (i.e., the first bonding
shel f), wef the inventiey inglude integra ges having only one

PCT/ US96/ 9 8,‘.‘&913 shelf. For instance, one embodgin_ient of the present inveiifion has

only one bonding.she.lf (1) because, instead of fourth power supply bond
fmgers 50 and metalliz_éd plane 54, it uses a -thi_rd.set-;-of. metal rings
surrounding second set of metal rmgs 42 to -tl'.ouple. fourth power supply
bond pads 34 to the fourth power supply on the PC board, and (2) because:it
uses only one row of signal bond fingers (i.e., first row of signal bond fingers
46), surrounding metallized die pad 22, first top metal rmga6a, second top
metal ring 42a, and the third top metal ring, to couple individual signal
bond pads on the die to"indiﬁdual 'si’gna'l_s on the PC board. Thus, while
certain exemplary embodiments have been described and shown in the
accompanying drawings, it is to be understoodthat the invention is not to
be limited by the foregoing illustrative details, but rather is o be defined by
the appended claims. I DR



areas outside the metal rings on the top side of the packagmlﬂljﬂlluwﬁlmﬁml
si gnal connections: —t+t—wi | | be recogni zed that the

i avention may be enbodied in other specific forms w thout departing Trom

the spirit or essential characteristics of the disclosure. For exanple,

al t hough the J¥986230 on above is with respect to a package hBGPH§g3W9°
bondi ng shelves, it will be understood by one skilled in the art that
alternative enbodi ments of the invention i ncMide integrated circuit
packages having only one bonding shelf. For instance, one enbodi nent of the
present invention has only one bonding 1) because, instead of fourth
power supply bond fingers 50 and netall?ﬂ@gﬁgéane 54, it uses a third set
of metal rings surrounding second set of nmetal rings 42 to couple fourth
power supply bgnghipads 34 to the fourth power supply on the PC board, and
(2) because it uses only one row of signal bond fingers (i.e., first row of
signal bond fingers 46), surrounding netallized die pad 22, first top netal
ring 36a, second top nmetal ring 42a, and the third top netal ring, to
coupl e individual signal bond pads on the die to individual signals on the

PC board. Thus, while certain exemplary e di pents haye beep descri bed and
shown in the a&om%%%ﬁfm,mﬁ?ﬁgg%m S9upHEg to A
invention is nQt.to,be |im ' Ll u ative details, but
rather i o bdHted AR PER Boltd ek for et o ineelbdd (ki A, B,
PCT/ US96/ 00400 integrated circuit die having a first power supply signal bond]]fhd and a

second power supply signal bond pad, the package comprising:

a) a first dielectric layer; |

'b) a metallized die pad for electrically coupling to the PC board to
receive a first power supply signal, said metallized die pad affixed to the first
dielectric layer, said metallized die pad for housing sald integrated circuit
die and for coupling to said-_.f_irst powersupply signal bond pad; and

) a first metal ring surrounding the metallized die pad, said first
metal ring for electrically coupling to the PC board to receive a second
power supply signal and fbt_- couplmg to said second power supply signal
bond pad. | |

2. The high performance integrated circuit package of claim 1, wherein
the integrated circuit die further has a third powe_f supply signal bond pad,
the package further compris.ing a second metal ring surroﬁnding the first
metal ring, said second metal ring for electrically coupling to the PC board to
receive a third power supply signal and for coupling to said third power

supply signal bond pad.



I claim 1. A high performance inte (rﬂ [ ' kage for
coupling to a printed circuit (PC board aﬂ‘"ﬂﬁ Mlm:ﬂ“"m I nt egr at ed
cTTcuit di €, the integrated circuit die having a“fifst® pdwer supply
signal bond pad and a second power supply signal bond pad, the package
conpri si a) a first dielectric |ayer; fggmus a
netalliz %%’l’%’ pad for electrically coupling to the PC bl'ocz'irgu to lmrecei ve a
first power supply signal, said netall 'i d die pad affixed to the first
dielectric layer, said netallized die pad for housing said integrated
circuit die and for coupling to said first power supply signal bond pad;
and c) a first netal ring surrounding the netallized die pad,
said first netal ring for electrically coupling to the PC board to receive
a second3. poThe }ﬁghme;fmmé integrdted cironit ipackageoofSclaiin 2¢ ehizgleipover suppl y
signal bond pad. The high perfornmance integrated circuit
package ¢he mtagmtqd Cmﬁdlmfum hastafirst nen-powensupply signal bosd has a third

retal 1B ;i e Seﬁ%ss”' Sggth  fomppiings paé;saﬂfe»# o G e e aé?ﬁgl“?or
s S?\;{IC#&J’¥%‘$’ e i, b2 S0 PP Sbﬂdfﬁf?ﬁmﬁvﬁémﬁm%” e

finger for rec_elvmg a first non-power supply signal from the PC board and

for coupling to said first non-power supply signal bond pad.

4.  The high performance integrated circuit package of claim 3, wherein
the integrated circuit die further has a fourth power supply signal bond pad,
the package further comprising:

a) a second dielectric layer pbsiﬁoﬁéd on top of the first di electnc
layer so as to expose the metallized die pad, the metal rings, and the first
row of bond fingers; and

'b)  asecond row of bond fingers positionéfl on the second
dielectric layer, the second row of bond finger having a second bond finger
for receiving a fourth power supply signal from the PC board and for
coupling to said fourth power supply signal bond pad.

5. The hlgh performance mtegrated circuit package of claim 4 further

compnsmg

a) a third dielectric layer positioned in between the first and the

second dielectric layers; and



supply signal bond pad. VIO 96/23320 lllIIIIIIIIHIIIIIIHIIMIIIII

hi gh perfornmance integrated circuit package of claim 2, wherei f the
integrated circuit die further has a first non-power supply si gnal bond
pad, the pacQ¥M#0 her conprising a first row of bond fi ngRFISUHEMMBUNdI ng
the second netal ring, said first row of bond fingers having a first bond
finger for receiving a first non- povver suppllﬁ signal fromthe PC board and

for coupling to sahd first n- r supply S| gbﬁal bond pad. : The
hi gh performance Mt egralElp W@GMWdﬂ@

I ntegrated ci ) bond pad,
t he package fdl’l}(ri eﬁ’%c%nﬁ%ﬁfge?%ga%e&lﬂ%%&ﬂng lﬂﬂﬁ&%ﬂ‘é fé‘é&hlﬂ?‘ﬁ"?}yer

ositioned o ayer so as to expose the
p Nsud dgfqual‘?o ﬁla%bc&ldfb&ﬁ %ggeﬂh y p

metal lized die he metal rings, e first row of bond fingers; and
b) a second row of bond fingers p03|t|oned on the second dielectric

| ayer, the second row of bond finger having a second bond finger for
receiving a fourth power supply signal fromthe PC board and for

6.  The high performance integrated circuit package of claim 5, wherein
the integrated circuit die further has a second non-power supply signal bond
pad, the second row of bond fingers further having a third bond finger for
receiving a second non-power supply signal from the PC board and for
coupling to said second non-power supply signal bond pad.

7.  The high performance integrated circuit package of claim 5, wherein

said integrated circuit is a microprocessor.

8.  The high performance integrated circuit package of claim 5, wherein
said package is a ball grid array package.

9. A high performance integrated circuit package for coupling to a
printed circuit (PC) board, the package comprising: |

a) a first dielectric layer;

b) a metallized die pad for electrically coupling to the PC board to
receive a first power supply signal, said metallized die pad affixed to the first

dielectric layer;



coupling to said fourth power supply sign ﬂ 5. The hi gh
performance integrated circuit package of ﬂ“lmmum u|||1|u“|com:_)ri si ng:

a) athird dielectric |l ayer positioned i*n Betweeh tShe*first and the
second dielectric layers; and WO 96/ 23320

PCT/ US%G@,%PQW : 0O - b) a
netal lized plane positioned in between the second and t%cr}l?ﬁw electric

| ayers, said netallized plane for coupli B9 said fourth power supply signal
to said second bond finger. 6. Th& hi gh perfornmance integrated

circuit package of _cl.ai her ei gl o ated gircuit die further has
a second non-%gwer aguppl%égfi%'uﬁb%lﬁ%%giﬁ %;éeé‘)}cgﬁﬁ?lamﬁﬂ’zﬁgnd fingers
further Iy pad so dsitolestpbss sl pbiticteos fHe'meRABed dif padSsaa eg&[}e& ower supply
si gnal frompt he PC boegt?d ang for coupling to sal selcongﬂin n- power supply

si gnal beirdujsatie having a first power supply signal bond pad and a second power

supply signal bond pad, said first power supply signal bond pad coupled to
the exposed portion of said metallized die pad; and

d) a first metal ring surrounding the metallized die pad, said first
metal ring for electrically coupling to the PC board to receive a second
power supply signal, said second power supply signal bond pad coupled to
the first metal ring. | :

10.  The high performance integrated circuit package of claim 9, wherein
the integrated circuit die further has a third power supply signal bond pad,
the package further comprising a second metal ring surrounding the first
metal ring, said second metal ring for electrically coupling to the PC board to
receive a third power supply signal, said third power supply signal bond pad
coupled to the second metal ring.

11.  The high performance integrated circuit package of claim 10, wherein
the integrated circuit die further has a first non-power supply signal bond
pad, the package further comprising a first row of bond fingers surrounding
the second metal ring, said first row of bond fingers having a first bond
finger for receiving a first non-power supply signal from the PC board, said
first non-power supply signal bond pad coupled to said first bond finger.



7. The high performance integrated circuit package of clai Hmmmlllll
said integrated-eircuit is—am croprocessor. 8. The hi

integrated circuit package of claimb5, wherein said package is 4 pal I gfid”

array package. 9. A high performance integrated circuit package for
coupling to aweSeRBRY circuit (PC) board, the package conpri BEFYS9%
a) a first dielectric |ayer; ' b) a netallized die pad for

electrically coupling to the PC board to recBve a first power supply
signal, said netallized di ergad affixed to the first dielectric |ayer;
WO 96/ 23320 12.  The high performance integrated circuit package of claim 11, wherein

PCT/ US96/ 0040 . i e _ 17 )
i ntegrated ci %ﬁﬂ*&ﬁ“&%ﬁgﬁ‘!‘ disfprther has afpurth ppwer sunply signal B%‘A(?aéo as
to expose a p ' ﬁﬂﬁ-ne?% ' ] die pad, said integrated circuit die
having a fi rs?ﬁ%g\agﬁ%upp y Slg{réa "bdnd pad and a second power supply
signal bond pad, said first power supply signal bond pad coupled to

a)  asecond dielectric layer positioned on top of the first dielectric

an

layer so as to expose the metallized die pad, the metal rings, and the first
row of bond fingers;

b)  a third dielectric layer positioned on top of the second dielectric
layer so as to expose the metallized die pad, the metal rings, and the first
row of bond fingers; and

c) a second row of bond fingers positioned on the third dielectric
layer, the second row of bond fiﬁger having a second bond finger for
receiving a fourth power supply signal, said second bond finger coupled to
said fourth power supply signal bond pad. '

13.  The high performance integrated circuit package of claim 12 further
comprising a metallized plane positioned in between the second and third
dielectric layers, said metallized plane for coupling said fourth power supply
signal to said second bond finger.

14.  The high performance integréted circuit package of claim 13, whérein
the integrated circuit die further has a second non-power supply signal bond
pad, the second row of bond fjnéers further having a third bdnd finger for
receiving a second non-power supply signal from the PC board, said third
bond finger coupled to said second non-power supply signal bond pad.



the exposed portion of said netallized die p a first
nmetal ring surrounding the netallized die paimw"ﬂ"l“"ﬂllllWL ring for
electrically coupling to the PC board to recei *ve®a Secdbnd pdwer supply
signal, said second power supply signal bond pad coupled to the first netal
ring. e high performance integrated circuit pa e of claim9,
wher ei n t#&?‘ﬁg@rat ed circuit die further has a third poﬁ%ﬁg%ﬂﬁw si gnal
bond pad, the package further conprising ]i% second netal ring surroundi ng
the first netal ring, said second netal ri°ng for electrically coupling to
the PC board to receive a third power supply signal, said third power.
supply signal bond pad coupled to the second netal ring. 11. The high
performance integrated circuit package of claim 10, wherein the integrated
circuit dits.furThehighperformiride iRfigriededircuitnpackagh of dlaifCry] viiidteir he
package further comprising a first row of bond fingers surroundi ng the
second nets;ﬁdmmgratgdlcucmtnsammwprbcmou fingers having a first bond
finger for receiving a first non-power supply signal fromthe PC board,
said first non-power supply S|gnal bond pad coupled to said first bond
finger. WD 96/ 23320 a S oo

PCT/ US96/ 00400

16.  The high performance integrated circuit package of claim 13, wherein

said package is a ball grid array package.

17. A high performance integrated circuit package for couplmg toa
printed circuit (PC) board, the package compnsmg

a) a first dielectric layer having a top and a bottom surface;

b) a top metallized die pad affixed to the top surface of the fn'st« _
dielectric layer;

<) a bottom metallized pad for electrically coupling to the PC
board to receive a first power supply signal, said bottom metaﬂized pad
affixed to the bottom surface of the first dielectric layer and electrically
coupled to the top metallized die pad;

d)  an integrated circuit die positioned on top of said top
metallized die pad so as to expose a portion of the top metallized die pad,
said integrated circuit die having a first power' supply signal bond pad and a
second power supply signal bond pad said first power supply signal bond
pad coupled to the exposed portlon of said top metallized d1e pad



18 12. The high performance integrated ci rcuit packége w

wherein -the. |nt-egrat ed et++retdit die further has a fourth pgﬂm"ﬂ [I"""Ill"l"l
si gnal’ bond pad,: the: package further conprising: decdnds *

dielectric l:ayer p03|t|oned on top of the first diel ectric Iayer so as to

expos€e the neweoloknmesl 'die pad, the netal rings, and the firs®PCT/US¥N0R bond

fingers; ' b) a third dielectric layer positioned on top of t he
second dielectric |layer so as to expose the20etallized die pad, the netal
rings, and the first row of bond fingers; and c) a second row

of bond fingers poe)tloaetdpdnstmmihmmlsmmhmhnglthe td»}a;mtallxzeddsepadﬁ r ow
of bond finger having a second bond finger for ecei fourth power
suppl y si gnal th %a?—"d’“gd&)ﬂ? myﬁ}m&Po%@ﬁ#é&“PE?d t’r’B%‘?‘h‘nﬁ@}\ﬂngsuppl y
si gnal bond pa 13. The high performance integrated circuit package

of claim 12 f&PFher conprising a netallized plane positioned in between
the second and third dielectric layers, said netallized plane for coupling

sai d fourth power guppl ¥ botioft fikstiRetabiifig o eRetriRalg cbisp H%tothel’ClAf- The
hi gh performance integrated circuit package of claim 13, erein the

i ntegrated ci board tolreceiverd sevontl powersuppiyisignal, pmddvottom]ﬁr;t metph gingbond
pad, the second row of bond fingers further havi ngmca third bond finger for

receiving a séumeunding tabettemgpetallized pad and eleckricatiy sowpled tosthegtophi r d

bond fi nger c%ugtl ren% atlongal d second non- power supply signal bond pad.

18. The hxgh performance mtegrated circuit package of claim 17, wherein
the integrated circuit die further has a third power supply signal bond pad,
the package further comprising:

| a)  a top second metal ring sufroﬁnding the top first metal ring,
the third power supply signal bond pad coupled to the top second metal
ring; and

b)  abottom second metal ting for electriéal‘ly coupling to the PC
board to receive a third power supply signal, said bottom second metal ring
surrounding the bottom first metal ring and coupled to the top second
metal ring. |

19.  The high performance integrated circuit package of claim 18, wherein
the integrated circuit die further has a first non-power supply signal bond
pad, the package further comprising a first row of bond fingers surrounding
the top second metal ring, said first row of bond fingers having a first bond
finger for receiving a first non-power supply signal from the PC board, said
first non-power supply signal bond pad coupled to said first bond finger.
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15 The

high perfornance i ntegrated circéittpatkage *of claim 1

BT Hign &HEE h HASI BEEN

integrated circuit is a mcroprocessor. 16. The hi gh [REPLACBBNCE
I ntegrated ci rgowt package of claim 13, wherein said package s a tatt I d

array p

17. A high performance integrated &ECF

coupling to a printed circuit (PC) board, the package conpri sing:

ckage for

a) a first dielectric layer having a2 op and a bottom surface;

b) atop netallized die pad affixed to the top surface of the first
dielectric |ayer; c) a bottomnetal lized pad for electrically
coupling to the PC board to receive a first power supply signal, said

bott om npg.al | TRE higR Performance integfated circuit package of claim 19, wherein

the integrated circuit die further has a fourth power supply signal bond pad,
the package further compnsmg '

a) a second dielectric layér_positioned on top of the top surface of
the first dielectric layer so as to expose the top metallized die pad, the top -
metal rings, and the first row of bond fingers;

b) a third dielectric layer positionéd on top of the second dielectric
layer so as to expose the tbp metallized die pad, the top metal rings, and the
first row of bond fingers; and ' I -

c) a second row of bond fingers positioned on top of the third
dielectric layer, the second row of bond finger havmg a second bond ﬁnger
for receiving a fourth power supply signal, said second bond finger coupled
to said fourth power supply signal bond pad.

21.  The high performance integrated circuit package of claim 20 further
comprising a metallized plane positioned in between the second and third
dielectric layers, said metallized plane for coupiing said fourth power supply

signal to said second bond finger.

22.  The high performance integrated circuit package of claim 21, wherein
the integrated circuit die further has a second non-power supply signal bond
pad, the second row of bond fingers further having a third bond finger for

Thls Sheet Has Been Repl

- (AT !lll



mtegrated ¢’ rcult dle p05|t|oned on top i sald top “metal | iz B’Lﬁ% pso
as to expose a ‘poftion of the top netallized die pad, said i..W"'

circuit di e hoioesz3sof | F'st power supply signal bond pad and a’(smsomhapnv\er
supply signal bond pad, said first power supply signal bond pad coupled to

the exposed portion of said top netallized di22 pad; - WD 96/ 23320
PCT/ US96/ 00400 20 e) a
top first netaleceiving s secondmiomypontee supplynsignall ﬁramcthdlﬂc beatd, sdid thirdond
power supply signal bond pad, coupled to the top first metal ring; and

f) a bot t onband fingercoupled tpysaid seeonctRen-pamey suppin slagalthpnsimadvc boar d
to receive a second power supply signal, said bottomfirst netal ring
surroundi ng the bottomnetal lized pad and el ectrically coupled to the top
first netal ring. 18. The high performance integrated circuit package
of claim 17, wherein the integrated circuit die further has a third power

supply signal 28nd Tedhighhperfoeiate ﬁwgt&l@ﬂ cireliitpaekage of claim 21, wherein

said integrated circuit is a microprocessor.

24.  The high performance integrated circuit _packag_e-of claim 21, wherein
said package is a ball grid array package.

25. A computer system positioned on a printed circuit (PC) board, said

computer system comprising:
a) a bus;
b) a memory coupled to said bus; and

¢}  a high performance integrated circuit package coupled to said
bus and to said PC board, said package including:

a first dielectric layer having a top and a bottom surface;
a top metallized die pad affixed to the top surface of the first
dielectric layer; '

a _Bottom metalhzed pad for electrically cbupli_ng to the PC
board to receiw}e a first power sup'plj signal, sald bdﬁom metallized pad .
affixed to the bottom surface of the first dielectric layer and electrically
coupled to the top metallized die pad;

- This Sheet Has Been Re
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a)  a top second. net aI ring summﬂmwm f| rst metal ring, the
t hi rd power_supply signal bond p top gecond-netal _ring
and - b) a bottom second fetal Tidyg fsor el ectr} A8IS SAEBLIPIASBEEND
the PC board to receive a third povver supply signal, $aid REFLAGERecond
met al r%sg%&?roundi ng the bottomfirst netal ring an' coupted—to—tte—t
second i ng 19. The hi gh performance int 96190499 ¢ cui t

package of claim 18, wherein the. inteqrated circuit die further has a

first non-power supply signal bond pad? the package further conprising a

first row of bond fi, ur.r oLl the d rretal ring, sai d
first row of bond 3 ‘ﬂ'g%ﬁ’gteﬁ éil' &s erP receiving a first
non POYSheRNBIAR Ao & RJ@:&JSE? | Qper suppl y
si gnal boﬁd pad c% c?to sal ‘r%sdt}ﬁ o?i’dﬂﬁ &Jlﬁied]&el?d’,\e The
hi gh persairt naegammemaam wﬁ:sp?s«ageupﬁl %h@-ldlfbéﬁ %rq the

ou

integrated circuit die further rth ‘power supply®signal bond pad,
t he paclsegend powee supplysignal rbg:nd pad said first power supply s1gnal bond

pad coupled to the exposed portlon of sald top metalllzed dle pad

a top first metal ring surrounding the top metallized die pad,
the second power supply signal bond pad coupled to the top first metal ring;

and

a bottom first metal ring for electricall'y-: coupling to the PC
board to receive a second power supply signal, said bottom first metal ring
surrounding the bottom metallized pad and electrically coupled to the top
first metal ring. ' B

26.  The computer system of claim 25, wherein the integrated circuit die
further has a third power supply signal bond pad, the package further

comprising:

a) a top second metal nng surrounding the top first metal ring,
the third power supply signal bond pad coupled to the top second metal

ring; and

b) a bottom second metal ring for electrically coupling to the PC
board to receive a third power supply signal, said bottom second metal ring
surrounding the bottom first metal ring and coupled"fo the top second

metal ring.

This Sheet Has Been Replaced .

L




Pl rst “di ol aotric layer 20'-223;32%2‘53”5 ﬂlllflllﬂlﬂﬂllellllﬁﬂll‘m.;T;;Z{EET 443 BEEN |

metal rihgs; ‘and: the first row of bond fidgers a thi
di el ectrl c | ayer- positioned on top of the gecond di el ectrl d .M)'CBEE‘LACEE to
expose“‘t he t ogoWendshéized die pad, the top metal rings, and PREUSIG08400r o\
of bond fingers; and c) a second row of bond fingers positioned on
top of the third dielectric layer, the secong4row:of bond finger having a
second bond finger for receiving a fourth power supply signal, said second
lzagnng |[ tngelr3 cgglpl ted‘éiecwcoeﬁptﬁef systéim:pfomluniﬁ,pwhymghmintbgmtbcbemuxt diesr r ]

o be delete

further h]as a first non-power supply signal bond pad, the package further

comprising a first row of bond fingers surrounding the top second metal
ring, said first row of bond fingers having a first bond finger for receiving a
first non-power supply signal from the PC board, said first non-power
supply signal bond phd coup-led' to said first bond finger.

28. The computer system of claim 27, wherein the integrated circuit die
further has a fourth power supply signal bond pad, the package further

comprising:

a) a second dielectric layer positioned on top of the top surface of
the first dielectric layer so as to expose the top metallized die pad, the top
metal rings, and the first row of bond fingers;

b) a third dielectric layer positioned on top of the second dielectric
layer so as to expose the top metallized die pad, the top metal rings, and the
first row of bond fingers; and

) a second row of bond fingers positioned on top of the third
dielectric layer, the second row of bond finger having a second bond finger
for receiving a fourth power supply mgnal said second bond finger coupled
to said fourth power supply signal bond pad.

29.  The computer system of claim 28 wherein the pﬁckage further
comprises a metallized plane positioned in between the second and third
dielectric layers, said metallized plane for coupling said fourth power supply
signal to said second bond finger. |
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second .non-power supply signal fromtheé PE bdard, said 2 %Hgﬁ}ﬂEﬁgﬂ%

coupl ed to said second non-power supply signal bond paf. REPRACED The

hi gh perforgsjﬁe integrated circuit package of claim 2 sai d

I nt egran uit is a mi Cropr ocessor. 24. The Righ pertor mnce
integrated circuit package of claim2l,,.wherein said package is a ball
grid array package. 25. A corrputzér system positioned on a printed
circuit (PC) board, said conputer system conprising: ' a) a bus;
b) a nenory coupled to said bus; and C) a hi gh perfornmance

integrated circuit package coupl ed -t 0 said bus and to said- PC board, said
package ggcl uthé@omputer system of claim 39, Wheréincthe Ghtcggated Xf¥cultagieng a top and
a bottom surface; - - - atop netallized die pad affixed to the
top surffurtherthashesecond moneposvercsupiply isignal bond pad, the second row of

bond fingers further h_aving a third bond finger for _receiving a second non-

power supply signal from the PC board, said third bond finger coupled to

said second non-power supply signal bond pad.

31.  The computer system of claim 30, wherein said integrated circuit is a

microprocessor.

32.  The computer system of claim 31, wherein said package is a ball grid
array package. | | |
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a bottomnetallized pad for electrically coupling to the PC board to

recerve a first power s | om net aftiTzed pad—=affi xed to
t he bottom surface of the first dielectric | ayer and el ectrically coupled
fo the tow’ilzed di e pad; " WD 96/ 23320

PCT/ US96/ PGHUS96/00400

an integrated circuit die positioned on top of said top netallized die pad
S0 as to expose a portlon of the topy -.alllzed die pad, said integrated
circuit di 3 B-OWe—S-HHIH S d.and a second power

supply si gnal bond pad iél d first power supply si gnal
S

t he expos¢d portion o d toso QQI | zed46 e pad; a top
first metal ring pLLAC " M die pad, the|second power
supply sig¢nal bopfd pad cd “'”””"U'tl"lll"“m ring;

a bottom{i r@fh . wHIBille! edt ¥ dallll MIcoupl 1™y tb the PC board to
receive ajlse O e “".’:‘.:‘.‘.':‘.‘S?.:::‘.E‘::‘.:ﬁ:!:"“'“ flrpR2retal ring

surroundi hg oo AL oAl L b upled to the top

\-

first metal fin % NI DR OSIRRER , , i e
Integrated circ =’ N o\oor NS v mgnﬁ pad,
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a) a top second netal ring surrounding the top first netal ring, the

t b~d—power suppl y si gna e @t TOTTIE T Op nd-metal ring;
and b) a bottom second netal ring for electrically coupling to
the PC board to receive a third power supply signal, said bottom second
met al ri nVeABIINdi ng the bottom first netal ring and coPEVEIP6RMRhe t op
second netal ring. WO 96/ 23320 _

PCT/ US96/ 00400 : 24  27. The:
¢onput er system of claim 26, wherei r?(l?e integrated circuit die further
has a first non-power supply signal bond pad, the package further
conprising a first row of bond fingers surrounding the top second net al
ring, said first row of bond fingers having a first bond finger for
receiving a first non-pgwer supply signal fromthe PC board, said first
non- power supply signal orﬁ pad coupled to said first bond finger.

28. The conputer systerh off claim27, wherein the integrated circuit die
further has a fourth pgws Jupply signal bond pad, the package further
conpri si ng: a $. second dielectric |ay podtioned on top of
the top surface ofpg th@\fllkst dielectric |ayer so gsed 0 Jexpose the top

netallized die pa®
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metal rings, and the first row of bonF "' , b) athird

dielectric layer positioned on top of Il mmmmuﬂ"m |H"1ct—:—4—e——l—%@¢—-se-as- to
expose the top netal lized die pad, the*top netdl rings, YERUACEMENT SHEET pw
of bond fingers; and c) a second row of bopd{fTTIgeTs—POST T} oped
on top of the third dielectric layer, the second row ¢f bq@g‘hwggﬁm hav| ng
a second bond finger for receiving a fourth power supgly srgnal; said

second bond finger coupled to said fourth power supply sighralbond pal.
29. The conputer system of claim 28 whgyein the packgge further
conprises a netallized plane positioned I'n between the
dielectric layers, said netallized plane for coupling said fourth power
SREE’EL%EDS{NQD /t23 Sa'hcljghs %%%ngr?cr:]éj ir];tlearqa?erad circuit package of claim 19, wherein

PCT/ US96/ 0048 integrated circuit die further has rth ly si rhe
conput er syst erlr|;l OP a::Fai r'1r10l2!9, valmgtr (?irna?r?efoiunt e%?vg?re%Jp8¥glgPt%P%?%d ?%Pt hheer has

a second norP3skage feidipen sorapiiging: bond pad, the second row of bond fi ngersI

further having a ghir inger, .for recei.ving a Seco non- powyer supply

signal fromthe bo% 38&2%4 (ﬁ"?qﬁ?tF"aq%{oP?ﬁ“}@E% eﬁﬁﬁpéﬁ%ﬁ @Bl@&oﬂﬂ |

non- power s thelfirsts dighedtri® daykrss as to expose the top metallized die pad, the top
metal rihgs, and the first row of bond fingers;

b)  a third dielectric layer positioned on top of the second dielectric
layer so as to expose the top metallized die pad, the top metal rings, and the
first row of bond fingers; and

c) a second row of bond ﬁngers positioned on top of the third
dielectric layer, the second row of bond finger having a second bond finger for
receiving a fourth power supply signal, said second bond finger coupled to said
fourth power supply signal bond pad.

comprising-a metallized plane positioned in between the second and third
dielectric layers, said-metallized plane for coupling said fourth power supply
signal to said second bond finge
'22.  The high performance integrated circuit package of claim 21, wherein
the integrated circuit die further has a second non-power supply signal bond

pad, the second row of bond fingers further having a third bond~finger

23-32 [to be deleted]




31" The éé?puter system of claim 30, wherein said integrated ciirO§i%6 ?s8a

M cTOpr OCESSOT . 32 e conputer systenrof —ctrarmm 3t —wherernm——sai—d

patkage is a ball grid array package. RTMP'S
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(57) Abstract

A  high performance
integrated circuit package (10)
placed on a printed circuit (PC)
board {56) and having a first
dielectric layer. On top of this
first dielectric layer a metallized
die pad (22) and a first mietal ring
(38a), surrounding this metallized
die pad, are positioned. The
metallized die pad and the first
metal ring ‘electrically couple
to the PC board to receive
respectively a first power supply
signal and a second power
supply signal.  An integrated
circuit die (12) is then affixed
to the metallized die pad. This
integrated circuit die (12) has a
first power supply signal bond
pad (28, 30) and a second power
supply signal bond pad (33, 34),
which respectively are coupled
fost ot ing, Consoquently, tho 48— L E AATERON
metallized dic pad and the first ' (=it bty o
metal ring operate as a first power
supply plane and a second power 48 12 48
supply plane coupling the first
and second power supply signals
coming from the PC board to the
first and second power supply signal bond pads on the integrated cireuit die.




