.2 MAY 2006 (JAS)/TWCT/1 219/ 018 ENHANCED CHI P SCALE PACKAGE FOR FLI P CHI PS
BACKGROUND OF THE | NVENTI ON The present invention generally rel aggﬁ (ﬁ
integrated circuits, and particularly 5 relates to chip scale p ng §1g of
flip chip integrated circuits. Packaging technol ogy represents an enabling
el ement in the ongoing microelectronics revol ution.(JASYMTAYEHHA1¥A1&i rcuits
have shrunk, so too have the physical packages carrying these devices.
Various techniques are used to mnimze the physical space required for
_integrated circuitENEANCED GidiFodmidEa PACKASE RORGAIP R1IFShi gh nunber 10 of
si gnal connections associated with dense integrated circuit devices. Common
approaches include various chip-on-glass and chi p-on-board technol ogies.
In these, an integrated circuit die is nounted directly on a primry
circuit substrate, coverBBACKGROUND OMTHEMVERMQNt of epoxy or resin.
While offering certain advantages in high-vol ume manufacturing
envi r onnment s, Thepregerdtimenton gendraliyarelatesdo drftedratetimirsuitsatind pantitalary
significant challenges on handling and testing. O her approaches strike a
bal arice ietttewerchiphscaiecdckaging offtinl chibdntpg@tdd dglits. consi der ati ons of handl i ng
and testing. So-called "chip scal e packages" (CSPs) attenpt to provide
physi cal packBagkagingdschinology regiresknts arcemdblidyg elemenhinthe ongoiegsi ng t he t ot al
physi cal size substantially beyond that of the actual die. ldeally, such
pack agesmicersidotrodids asvolutiash] Azdntpgratdadireutidihdve shturk| sptoohiade tige pleisieii vel y
robust protection for the die itself. Chip scale packaging techni ques may
i ncor porpdokadds caroirgthéscdaddesg Waritid lechhies arbiuped &ciimirhizg Yhe gitysical egr at ed
circuit die having connections on its top-side is literally flipped over
;fa?/td moundpeate uplirde feramegiatedpeiuits|andts acsbniracdaté tHednaeasingly high Hunbear i ous
circuit elenments within the die. In a CSP incorporating flip chip
t echitol ogf\sigrahcormeetipratazdodiated witbwiehsel intedrated lcirgiiedbvizeer and nount ed
top-side down to a chip carrier. 1 2 MAY 2006
Common approaches include various chip-on-glass and chip-on-board

technologies. In these, an integrated circuit die is mounted directly on a primary circuit
substrate, covered only by a minimal amount of epoxy or resin. While offering certain
advantages in high-volume manufacturing environments, integrated circuit devices of
16 this nature place significant challenges on handling and testing.
Other approaches strike a balance between physical size and the practical

considerations of handling and testing. So-called "chip scale packages" (CSPs) attempt

I‘\».:s..«/

to provide physical packaging for integrated circuit die without increasing the total
physical size substantially beyond that of the actual die. Ideally, such packages remain
20  as small as possible while still providing relatively robust protection for the die itself.

Chip scale packaging techniques may incorporate flip chip technology. With flip
chip technology, an integrated circuit die having connections on its top-side is literally
flipped over and mounted upside down to provide more direct interconnection to various
circuit elements within the die. In a CSP incorporating flip chip technology, an integrated

25 circuit die is flipped over and mounted top-side down to a chip carrier.




. (JAS)/ TW CT/ 1219/ 018 The chip carrier functions nuch like a printed circuit
board, providing a rigid platformthat can be readily handl ed and easily
‘mounted to a larger circuit board carrying other electrical or dldft3tnic
circuits. Essentially, the chip carrier provides practical access to the
el ectrical interconnections of the flip chip it carr (&S)YTV/OIHI29&I018, t he
chip carrier conprises a substrate having a top |layer providing a nunber
of conductive pads matched to the electrical connections of the flip chip.

The flip chi phe shiplepgiec flrictiorsiueh ideta prirdéd girdoibded, providingsa tigid | ayer .
Signal traces fromthe top |ayer pads are typically routed down through
t he subsplationn that carsbé ceadiyhéradier andiéasily beiuhteo tb ayagepciauit desrdacasgingof
conductive pads corresponding to the signal connections 10 of the flip chip
mount ed oibet dlectrion-os ietbetronic tineuitsu rsserdiaty, tk# thbp tamesprovides bocticah | ayer
pads have an expanded spacing or "pitch" as conpared to the top |ayer
connect i agress ¢0 theadddtiidahinterdarmiegiivresrd thesflip Chiptittoaimieg. pr ocesses. Commonl vy,
the bottom | ayer pads carry solder balls or the like, that allow the CSP
t o beb sol der edypically, {heidir garderreomptisdsa s absratenispvirary topuayeriprevidisgcani que,
such as refl ow soldering. 15 Wiile CSPs incorporating flip chip technol ogy
provi de owpbertafrohdwdivé padsmathed tp thkiejdetricalzamectiordef treciip vhip] &het i | |
mai ntaining a small overall size, they are not without potential
di sadvanfipgbip.is poysielizEpt e|eckivalebdrived ftd this ©bilgyer.nBighaliraves friopmtheitdgh t he
integrated circuit die helps mnimze connection inpedance, the overall
connect i ager padsenta typicalie tovberhdsirgthedughahe sbstratd todtsdiottomrigyer. he mary
circuit board on which the 20 CSP is nounted may still be excessive. The
smal | si kettoph ldybepro@iResra\setbismnbactare pdis aclvenpbadieg totheaignal ednniettiorisher mal
performance. The relatively high thermal inpedance of conventional CSPs
can He pafthe dip chip mopnteb ltethettops-side dftighsubetirter WHtleatmeslaké bettom Bayér MAY 2006
(JAS) I TW CT/ 1219/ 018 BRI EF SUMVARY OF THE | NVENTI ON

pads have an expanded spacing or "pitch" as compared to the top layer connections to

facilitate design and manufacturing processes. Commonly, the bottom layer pads carry
solder balls or the like, that allow the CSP to be soldered to a primary circuit board using
any suitable technique, such as reflow soldering.

15 While CSPs incorporating flip chip technology provide opportunities for managing
high O count devices while still maintaining a small overall size, they are not without

potential disadvantages. For example, while the flip chip interconnection with the

N’

integrated circuit die helps minimize connection impedance, the overall connection
impedance between signal points on the die and a primary circuit board on which the
20  CSP is mounted may still be excessive. The small size of the CSP may also be a
disadvantage in terms of its thermal performance. The relatively high thermal
impedance of conventional CSPs can be particularly problematic in high-performance

devices.




.,The present invention provides a chip scale package adapted to carry a flip
chip integrated circuit die, and incorporates certain features enhancing
the electrical and thermal performance of the package. A flip cRiMAY 2006
integrated circuit die nmounts to a 5 correspondi ng set of connection pads
on the top layer of a chip carrier. The top |ayer p&hsS)AM/CIVT219488 such
that the signal and ground interconnections between the chip carrier and a
flip chipitself are interleaved. This interleaving creates a

si gnal - ground- signal transBREE BUMMARY OFr THE INMENTIONt ed to carry

hi gh-frequency signals with mnimal |oss and interference. The alternating
si gnal and gr%ﬁbﬁdraserﬁrie‘(ﬂﬁﬂgnpr@lifésmnmmsbabmkage adapted teecaroya flipgbip to a
bottom | ayer of the chip carrier where they are termnated in solder ball
connect i Brrgrated caeiedie,andrinconporatpstcedaiotiegiumarenhancingtha etedtrital gndti r cui t
board. Preserving the signal and ground interleaving on all signal |ayers
of the ctiepnalarerfogmanaeiafitivd paskage.ol dlipséhymintegrata ciragt diethosintgrtala pat h

i npedances. The bottom | ayer of the chip carrier further conprises a

cent ral i eercespooding set ofcennecion hads omitleude fayer ofuanthép carfies oFteatiop dayet t her mal "
vias termnating in the top layer of the chip carrier. These thermal vias
provi de badscarecamaoged suchghatitbe bighalsew grbwnd ioferéampectiona detween thethipm | ayer
ground plane with I ow el ectrical and thermal inpedances. The | ow t her nal

i npedanceargér anka fihehipetself mesintdricaves. HEd intarieaging treatdsoansignalmgrodral-f 1ip chip
device into the bottom!layer ground plane. The bottom | ayer ground pl ane
further signgrtiapemissiodlinasirbeturecddapteldde ratrphlgh-ffeguendyysdredd with atdmal

el.ectrically connecting the ground plane to the primary circuit board.

fT se soIOdeand;a!ter&remeeéltﬁeyeltemamﬁgslghhimrgrgmnrdj qinavetione ardiutdat dovar y
circuit and thus conplete the low electrical and thermal inpedance paths

f r om0 t hsomdie tipdayasfto albettoranayiee of thd cRiphaYtict@d@rd thagard Whaihaisdlin/ 018 BRI EF
SUMVRARY OF THE DRAWNGS Fig. 1 is a diagramof a chip scale flip chip
package saldentisillyconmecionnsubledonmphntingrths ehip darviee td & primary circuit board.

Preserving the signal and ground interleaving on all signal layers of the chip carrier
minimizes cross-signal coupling and signal path impedances.
The bottom layer of the chip carrier further comprises a centralized ground plane
15 that includes a number of so-called “thermal” vias terminating in the top layer of the chip
carrier. These thermal vias provide interconnection paths between the top layer and the
bottom layer ground plane with low electrical and thermal impedances. The low thermal
) impedance of the thermal vias allows heat energy to flow from the flip chip device into
the bottom layer ground plane. The bottom layer ground plane further comprises a
20 number of solder balls for physically and electrically connecting the ground plane to the
primary circuit board. These solder balls directly connect the ground plane to the
primary circuit and thus complete the fow electrical and thermal impedance paths from

the top side of the carrier.




 Fig..2 is a sinplified diagramof the alternating signal and ground

transm ssion 5 line structure of the package assenbly of Fig. 1. Fig. 3 is
-a sinplified diagram of selected thermal nmanagenent features of MY 2006
package assenbly of Fig. 1. Fig. 4 is a nore detail ed side view of the chip
carrier used in the chip package of Fig. 1. 10 Fig. Q{AS/TAWOTXEIBIEBY
top-side signal layer of the chip carrier. Fig. 6 is an exenplary

bottom si de signal |ayer corresponding to the top-side signal layer Fig. 5
Fig. 7 is a graph of measurBRIBF SUBIMARY OF THEPDRRWINGS exenpl ary enbodi nent
of the package assenbly of Fig. 1. 15 Fig. 8 is a graph of neasured

refl ection | ofiy. fids adzgrax ehg thip wcaleiipdihipepdckafie afdemblyin ddcgrdafice witla gr aph
of nodel ed thermal perfornmance for the exenplary enbodinment of Fig. 7. 20
DETAI LEDpf2s&@Rh¥ERticN OF THE I NVENTION Fig. 1 illustrates a chip scale
package assenbly in accordance with the present invention that is

general |y ref Eigr 2ds & siniplified diagraresfahe Siterhbitihgasigrairbhy gbundtmansmigsioa  chi p
carrier 10, and a flip chip integrated circuit die 12. In use, the assenbly

8 i s 5 culitestrudtirg ofitHegqeltkabecdssemblyicf tFig.d. anot her circuit, usually |arger
circuit board, referred 25 to herein as the primary circuit board 14. 4 2

MAY 2006 (JAB. 3W &£Sindifiéd Bidgrafher stieetctihamyal hrainagempht fahtusesasiyhd ype of
integrated circuit (1C, including digital, analog, or m xed-signal ICs.
The di e p2ckagelagsienblaofFig. of el ectrical connections on its top-side
surface, which are generally inplenented as a set of solder bunps 16. The

sol der bunps Efg. piox niee detaliedside Wi tHeothipredrtisousides tHd &ap package of
i.nt erconnecti on between
3 Fig. 1.
10 Fig. 5 is an exemplary top-side signal layer of the chip carrier.
Fig. 6 is an exemplary bottom-side signal layer corresponding to the top-side
signal layer Fig. 5
Fig. 7 is a graph of measured transmission loss for an exemplary embodiment of
the package assembly of Fig. 1.
15 Fig. 8 is a graph of measured reflection loss fbr the exemplary embodiment of
Fig. 7.
Fig. 9 is a graph of modeled thermal performance for the exemplary embodiment

- of Fig. 7.

20 DETAILED DESCRIPTION OF THE INVENTION
Fig. 1 illustrates a chip scale package assembly in accordance with the present
invention that is generally referred to by the numeral 8. The assembly 8 comprises a
chip carrier 10, and a flip chip integrated circuit die 12. In use, the assembly 8 is
customarily attached or mounted to another circuit, usually larger circuit board, referred

25  to herein as the primary circuit board 14.




.5 nuttiple signal and ground connections on the die 12 and the carrier 10.
The die is referred to as a "flip chip" because it is flipped over,

sol der-bunp side down for attachment to the chip carrier 10. |m ggn®oRl
the set of solder bunps 16 formeither a grid array or a perineter array
of contact points. For the purposes of this di scussi UASHTVE/CTétR18418bunps
16 are assuned to conprise a set of alternating signal and ground 10
connections to the die 12 and are sol dered to correspondi ng pads-di scussed
| at er-on t heThegiesiZimapbe ebsentiallyr argrtyddof icfeteted ércult PICYyinduding digital,
under-fill 18 is used to seal the interface between the die 12 and the
carrier #&gGalod e ruxedysigyal dCs.cThd dig4l 200cindks Hsd1ef elpstiitalconhdrtioassritbl y 8, but
is a comon part of the environment in which the assenbly 8 is used.

Typi cal | toptdide purfarar which arugdncbmignsiplefeniet! a0mpstios e6ldér Humpst B8] Ther cui t
board (PCB), sonetines referred to as a printed wring board (PWB) that

i ncl udessaldgr bumdset6 rbvidaicegtaat ihts for Ghakirgy elPamed irfieipdiriedtion bstweeet ors, and
ot her types of electrical, or electro-nechanical devices. Generally,

el ect5 i calultipie gigrexd ane gtound chphewtions om thetdie MR aAd Gfe ddngsrelootTerdigigvi ces (not
shown) and the die 12 is desired. Thus, the carrier 10 provides a

mechani sreféreed tl ascd ffiipcetip"ybeanuseZOis pipped @vkt, Yoldetplrhp side iewndsi ous si gnal s
of interest and ground connections on the die 12 wth the primary circuit

board l4attddnenehiata theichipGar@s 100 lIn géreralnhierset of oiee bdebaib fbai sither aacts as a
thermal conduit between the die 12 and the primary circuit board 14. The

primary giid atéy olwpsindiér airdedifcoRRicspdiftsa FoPRe piirpdset of MY distdsbienaperier 10
rovides a low thermal inpedance connection for the die 12. 25 The carrier

{10} conpr seider NYILHE drats@ed Widphbrizsla $2 ofalfdn@itilg sighai shddgreesy | ani nate,
such as bismaleimde triazine (BT), or may be sone other material with 5 2

MAY PD06cdrhaSlionsWb @d did 12/hliGrapplbonetite terrsdpandifg phdSt-Hissusded nagdesh or
desired. The substrate 20 has a top side 22 and a bottom side 24. The top

side 22 ihedbpidide oattei @iddr 10a)CFten28n 8pckyeors6dinl QRderami 8 it ay& toal WBi | e the
bottom side 24 includes a signal layer 30 and a sol der mask | ayer 32.
interface between the die 12 and the carrier 10.
The primary circuit 14 board is not part of the assembly 8, but is a common part
of the environment in which the assembly 8 is used. Typically the primary circuit board
15 14 comprises a printed circuit board (PCB), sometimes referred to as a printed wiring
board (PWB) that includes any number of integrated circuits, power supplies, -
connectors, and other types of electrical, or electro-mechanical devices. Generally,
) electrical interconnection between one or more of these other devices (not shown) and
the die 12 is desired. Thus, the carrier 10 provides a mechanism for electrically and
20  physically coupling the various signals of interest and ground connections on the die 12
with the primary circuit board 14. The carrier 10, as will be shown in more detail later,
acts as a thermal conduit between the die 12 and the primary circuit board 14. The
primary circuit board 14 itself acts as a heat sink to which the carrier 10 provides a low
thermal impedance connection for the die 12.
25 The carrier 10 comprises a substrate 20, which may be a rigid, resin-based
laminate, such as bismaleimide triazine (BT), or may be some other material with

5




.:As wi,| | be shown later, the top-side signal layer 26 includes a nunber of
connection 5 points (pads) for interconnecting to the sol der bunﬁzgﬁ? @E
-the die 12, while the bottom side signal layer 30 includes a nu g
connection points (pads) for electrically coupling the die 12 to the
appropriate connections on the primary circuit board(J&B)YTWET/ 210048 nmasks
28 and 32 generally cover the top and bottom signal |ayers 26 and 30,
respectively, while |leaving certain electrical connections on these |ayers

exposed agprdfridte eHgdctefiftsRiRYREE otdubiral eThe beitrat?Rsd & wpssideeeen t he
carrier 10 and the primary circuit board 12 are conpl eted using sol der

bal I s 34asdabetdardic . tThestog Bile 22nAkigdeslinsignal yee2é bada sakier maek nal  sol der
balls 36. The thernal solder balls 36 provide |ow thermal inpedance

coupl i ngiahet 3% avhila throbdtmm Sitd 24 MohRE ahidial BiyBK3Band4 sbibier eask lagsr 320 15
and the primary circuit board 14. The carrier 10 al so includes

char act ens il S steowH Iatep the Rip-ife SigRAItAe? 26 idi@iRela nunfie? @F tdnnebidnveen t he
die 12 and associated circuitry on the primary circuit board 14. This good

si gnag i phirEI(bhds)dbrintecohRéctinit®thehiokied bempe 16 @nape diet 12, ahilsingnatiom-
frequencies up to and in excess of 6 GHz with 0.5 dB of insertion loss. O

course, &iBgkigrbl l%rmﬁaﬁdes?@n@ﬂwf&%ozﬁméﬂtim' bin&apads) MGeddidafly the die 12,
particul arly at operating frequenci es. he foll ow ng di scussion and

acconpanysdiling titodia AR thtHidpedPriateLottingbtion@ dhUhe Bribrytdieuit Bedrei1ar The t hat
contribute to its excellent electrical and thernmal performance. Fig. 2 is a

si mpl i i gsldechgdi@tdscardedy sRMIR oA thé tdp ¥hdafitioredigrd) layarbd dddisd,r ates the
el ectrical coupling it provideS between the die 12 and the primary circuit

baard 14respbativeRbwhiPleslifl§ ceraif bldchRalahhbeiond OnitRsdeUgpss axsoted@f t op- si de
pads 40. This set of top-side pads 40 provide electrical connections for
t he ¢orrgssqadi ng set of solder bunps 16 on the 6 2 MAY 2006

(JAS)/ TWCT/1219/018 die 12. In this exenplary enbodi nent, the top-side
pads 40 are dirf@papdcdl Bnd BRclRA-®hAECtiohs 8BMAlechWEEardér 1008 MEAREAH i n an

perimeter array of alternating signal and ground
circuit board 12 are completed using solder balls 34 corresponding to signal and ground
connections and thermal solder balls 36. The thermal solder balls 36 provide low
thermal impedance coupling between a bottom-side planar heat sink 38 of the carrier 10
15  and the primary circuit board 14.
The carrier 10 also includes characteristics contributing to electrical signal
integrity between the die 12 and associated circuitry on the primary circuit board 14.
wi This good signal integrity allows the ftip chip die 12 to operate at signal frequencies up to
and in excess of 6 GHz with 0.5 dB of insertion loss. Of course, thermal management
20 becomes a significant concern for the die 12, particularly at GHz operating frequencies.
The following discussion and accompanying diagrams highlight several features of the
carrier 10 that contribute to its excellent electrical and thermal performance.
Fig. 2 is a simplified schematic representation of the carrier 10, and illustrates the
electrical coupling it provides between the die 12 and the primary circuit board 14. The
25  top side 22 of the carrier 10 includes a set of top-side pads 40. This set of top-side pads
40 provide electrical connections for the corresponding set of solder bumps 16 on the

6




_.connections, in accordance with the signal and ground connections on the
die 12. The bottomside 24 of the carrier 10 includes a set of bottomside
-pads 42, arranged here as 5 an outer array of bottom side pads 4%%}4%%[}5%

i nner array of bottom side pads 42B. Respective ones of the top-side pads
40 connect with respective ones of the bottomside ASYTRICITHNM200/h8
correspondi ng conductive paths 44. The solder balls 34 shown in Fig. 1 are
i ndividually attached to the bottomside pads 42 for coupling to

cor r espogidiig etheréxengidry eaiboaiidmn tBe @h-$ide padd 40ane didpossdd in thotapesidel. Thus,
a top-side 10 pad 40, along with correspondi ng conductive path 44,

bott om Sihiﬁﬁal naer 48, andnhramged &1 an parirhetedarrdyosfaltetmatih@Sibhial @ad gesumaect i on

between the die 12 and the primary circuit board 14. Each conductive path

44 typi cédringclidhe| MdrRBodahePwih the Sgibed bioand catrRcldngbrspesirs12.i Thd he
top-side signal layer 26 coupling i1ts corresponding top-side pad 40 to a

via 48, byttint5ide 29 \oF ecaribreloasdilidesal $at ot:@acbmbidégaﬁgu_ﬁ, drfirgeo heidws
substrate 20. A bottomside 15 conductive trace 50 typically disposed in

the It t gogterlgrra) SMdltohAigs pads £BUahESN Inher Atray of BBitbM-side padsesamondi ng one
of the bottomside pads 42. In the exenplary arrangenent, the outer and

i nner arrays Réshetifdonas dfehPRPSidAFRAIsUTLchaEst WitkSRSSdctivebiles dfaren par al | el
rows of staggered pads 42 in an alternating signal and ground arrangenent

al ong eapdiionh-eide Phdé A2 tHHaldH &irekBondiig cEriletie paies PAL Tige 28ldébagdat hei r
correspondi ng bottom si de pads 42 preserve the alternating signal and

ground cgmme?] 12HTE HUDAARINY B8Rl th HesbHRA!-YBE Badd €2 fireogpimglider bunmps 16
and the top-side pads 40. This arrangenent interposes a ground-carrying

{conduct | a&r@abﬁuigglelebﬁbmﬁnéétaﬂgbnw;sﬁﬁh cPaliloefd 14 Tihes, & thgkshat i ng
Signal and ground connection arrangenent between the die 12 and the

pri My y ﬁédwianor@qﬁﬂdc&fbsp@mﬁ %daztimtﬁaa,ﬁ%nesﬁdéeamzebﬂsemeerved by
e

noting t "S" and "G' designations in the illustration, corresponding to
signal apsh 3 Wﬁﬂarﬁ&@%ﬂé&['c@ﬁﬁecﬁbﬁ%@ﬁ@emﬁ‘é Yie 12 ahdYAe pRAEH circuit board

(JAS)/ TW CT/ 1219/ 018
14. Each conductive path 44 typically includes a top-side conductive trace 46 disposed
in the top-side signal layer 26 coupling its corresponding fop-side pad 40 to a via 48,
which provides an electrically conductive path through the substrate 20. A bottom-side
15 conductive trace 50 typically disposed in the bottom-side signal layer 30 couples the via
48 fo a corresponding one of the bottom-side pads 42.
in the exemplary arrangement, the outer and inner arrays of bottom-side pads
) 42A and 42B, respectively, form parallel rows of staggered pads 42 in an alternating
signal and ground arrangement along each side of the carrier 10. The conductive paths
20 44 and their corresponding bottom side pads 42 preserve the altemating signal and
ground connection arrangement established befween the die’s solder bumps 16 and the
top-side pads 40. This arrangement interposes a ground-carrying conductive path 44
between signal-carrying paths 44. This alternating signal and ground connection
arrangement between the die 12 and the primary circuit board 14 provided by the carrier
25 10 may be observed by noting the “S” and “G” designations in the illustration,
corresponding to signal and ground connections, respectively.

7




. n effect, the alternating signal and ground top-side and bottom si de pads
40 and 42, respectively, and the correspondi ng interconnecting conductive
‘paths 44, provide a transmission line structure for electrical2t8hdGti ons
between the die 12 and the circuit board 14, which mnimzes signal cross
talk. Cross talk mnimzation contributes to the 5 &3 TW/GI/1219018hi p
scal e package assenbly 8 of the present invention supporting operation of
the flip chip die 12 at frequencies in excess of 6 GHz with 0.5 dB of
i nsertion | odseffadbttiee slfmbatingrsigratasdieund tap-sighe and bytiont-sigleiadg darnd
illustrates a limted nunber of top- side pads 40 and bottom si de pads 42.
The ext edAR, respediivell, amidttbe natréspynding irdércamtbctigy corlicthaetas 44 sovidyabe
establ i shed depends on the total nunber of pads 40 and 42, 10 and the
connect i banguaissien line structire ddrededticabz@mettions beblhgen 16k iy 13 aad theadregibnt ri but e
to the ability of the chip scal e package assenbly 8 to support operation
at such hogild 4 edichmuniedzestsignal 8ross talis t Cake talis mirdmhbtief cdritiatesiddhd | onal
features relating both to signal integrity and thermal managenent. The top
si de 22 abilitytdfi¢hecehip seale ffckiage beskmsbln 8 wbthatprégenaireentoh supbortiagei vi ng t he
die 12. The perineter of the 15 nounting area 52 is generally defined by

t he arr agpeahtivropfthe fip ghipddie 40 of Fequdricles i Exceel of 6 HAWIGE0 bIt® srahsertions 54
are disposed within the nounting area 52 and connect with the bottomside

pl anar hiess. dlotekthatfor fhe saké of simphigiyathy dergeadiivetrates aheniteatiuaibes otiep-
conprises a ground plane 38, which is typically inplenmented as a copper

pl ane onsidh@adbd0 tadbeitela-skié ds e Thaleident tohhithalterhatingiirecbed to

/e.bectri cal ground, and which 20 enhances thernal performance of the carrier
1

N

10. Eachgtduad mahnedtiensrhap bt estiblishetiidepahdsorttwnotaniumbdior pagsntiapd 2 38 on
the bottomside 24 of the carrier 10. The thermal vias 54 act as | ow

t her il Bngéeaoanaedtioatpatteritisitated iSbkérapiantdnyy, conduct i ng heat generated by
the die 12 down into the ground plane 38, which acts as a heat sink for

the die 12. Beotmarseateasltohtibutend the abilbdof the ehip@ichleGrickage?issanblyt gy mal | y
bonded to the ground plane 38, the thernmal vias 54 also provide | ow
el ectri calipponeeation af socitigh fbfsericks. Fire 3filuspatBisevétiaPortRescSadditiAYl 2006
featurés relating both to signal integrity and thermal management. The top side 22 of
the carrier 10 includes a mounting area 52 for receiving the die 12. The perimeter of the
15 mounting area 52 is generally defined by the array of top-side pads 40 (see Fig. 2). One
or more thermal vias 54 are disposed within the mounting area 52 and connect with the
bottom-side planar heat sink 38. In this exemplary embodiment, the bottom-side
) comprises a ground plane 38, which is typically implemented as a copper plane on the
bottomn side 24 of the carrier 10 that is connected to electrical ground, and which
20  enhances thermal performance of the carrier 10.
Each thermal via 54 extends vertically down into the ground plane 38 on the
bottom side 24 of the carrier 10. The thermal vias 54 act as low thermal impedance heat
conduits, efficiently conducting heat generated by the die 12 down into the ground plane
38, which acts as a heat sink for the die 12. Because each thermal via 54 is electrically
25  and thermally bonded to the ground plane 38, the thermal vias 54 also provide low

electrical impedance ground paths for the flip chip die 12.

8




. (JAS)Y TW CT/ 1219/ 018 The ground plane 38 couples to the primary circuit
board 14 using a nunber of so-called thermal solder balls 36 that are
-directly coupled to the ground plane 38. In nmanufacturing, the cBiMA 2006
carrier 10 is soldered to the primary circuit board 14 using the therma
sol der balls 36, as well as the signal- and ground- caIASYTHMYCIHI2dB018al | s 34
that 5 are attached to the bottom side pads 42A and 42B. By directly
coupling the ground plane 38 to the primary circuit board 14 through the
t her mal sol deThéglduad panel38woupies td thie aimaancircdult @oaml 14 igredanomberadfhs ar e
establ i shed between the die 12 and the primary circuit board 14. The
primary so-taledtthdromal solder bally 36 tiedt wekedirdctly ovdipldtths grokind glankeast unes (not
shown) such as copper planes to which the thermal solder balls 36 may be
10 bondeghantfiagturidg, thowsip 2asiend isf soidbred thethy peiwasf citchie bpaakAgsirgsthenbl y 8
that illustrates the signal and ground vias 48, as well as the thernmal
Vi as 54. théanalsollier palss36} Qs welltae teosigeat avd drouedearesmpsskiardaiinegthan a set of
signal - and ground-carrying vias 48 that formportions of the conductive
pat hss 44a@i stiausedid thabbitam-sidbliesie 42Aamd42BaBy direuiy esdiplieg the geundespondi ng
ones of inner and outer bottomside pads 42A and 42B, respectively. The

si gnal apleng B8 ththeqwinizry tirdiithobfddN thisudhahd Bieraaideldendslistds, asve nmade with
the primary circuit board using solder balls 34, with one solder ball 34

at t achedeleetriegicind dhermizhignpRAbh & aths rensibblidiad DdtReéiirrme 12 bAs tHed
positi oned beneath the die 12 provide, as earlier noted, thermally

conduct i piemagtdrauit bedrd t1ae TeE @rithdny QicRit bBerdIraHadinBluds &ts 3%n héat Sihigng S
provides a nore detailed view of the top-side signal layer 26 in an

E%GWW ar featuipd @IvEsHc)@UciPhs Ebihet plahbsto Which tHaahé @il Sbider Had $64Rayatiee
electrically coupled to correspondi ng ones of the signal- and

gr ouf- chdrideldng vias 48 by the top-side traces 46, which form portions of
t he conductive paths 44. Fig. 5 also shows the thermal vias 54 centrally

posi tioned i npigde sht\@s h_BMESlified Bide AlewdfaRe Adckadd absdinblf sithatWRistrateeshd he
bottom si de signal |layer 30 corresponding to the top-side |ayer 26 of Fig.

5, and dsigh&ltaddighsuriuisy 4826 wallR€thd SrtAMaidsa. PRIp-418d pads 4ormed by the 9

o

interconnect with corresponding ones in a set of signal- and ground-carrying vias 48 that

form portions of the conductive paths 44 discussed earlier. These vias 48 are coupled to
15 corresponding ones of inner and outer bottom-side pads 42A and 42B, respectively.

The signal and ground connections from the bottom-side pads 42 are made with the

primary circuit board using solder balls 34, with one solder ball 34 attached to each of

the bottom-side pads 42. The thermal vias 54 positioned beneath the die 12 provide, as

R

earlier noted, thermally conductive paths from the die 12 into the ground plane 38.

20 Fig. 5 provides a more detailed view of the top-side signal layer 26 in an
exemplary implementation of the carrier 10. The top-side pads 40 are elecirically
coupled to corresponding ones of the signal- and ground-carrying vias 48 by the top-side
traces 46, which form portions of the conductive paths 44. Fig. 5 also shows the thermal
vias 54 centrally positioned inside the inner ring of vias 48.

25 Fig. 6 illustrates the bottom-side signal layer 30 corresponding to the top-side
layer 26 of Fig. 5, and depicts the outer and inner rectangular perimeters formed by the

9




.2 MAY. 2006 (JAS)/ TWCT/ 1219/ 018 bottom si de pads 42A and 42B,
respectively. Respective ones of the conductive traces 50 form portions of
‘the conductive paths 44 and couple the bottomside pads 42 to 7 MAY 2008
correspondi ng ones of the vias 48. Note that a portion of the vias 48 are
arrayed about the perineter formed by the outer arr &ASHTVIHEM 1R1LH18e pads
42A, while a remaining 5 portion of the vias 48 are arrayed about the
inside of the perineter forned by the inner array of bottomside pads 42B.
Al so not bottdmasideipadadRAEnd 42Bgrespepliatly g Respebtise ghed of thatbmdutivestrazesser ved
bet ween the top-side signal |ayer 26 and the bottomside signal |ayer 30.
Fig. 6 f &0 fdwerpatigrisaf the duddooiveqaaisl 4ieargl coupidk the dottordSidegpedissi?das t he 10
arrangenent of the thermal vias 54 and thermal solder balls 36 relative to
t he groucstregpbadiag 8Bes dicthe viabdB. dlotatinhaea pofiioh lbéthgndasul areramayediabmitt om si de
conductive traces 50 are connected to the ground plane 38. These

connect i thepehimetdrdormezchiciae bhter etrag bf batim-sidepadasza, vitiiletdrenginngd
connections established between the die 12 and the primary <circuit board

14. 1% Fpertion of thewsdsr 48 v amagedialesht tirsiasitie onthe efimeterfdrmedayrtheinngd. The
diagramclearly shows that about 6 GHz and 17 GHz, the insertion loss is

-0.5 dB amay ofdbalidm-side pagc4 2B ehlgo ndlel thaithe bRsrmateesigRdgramndusgnadf t he
carrier 10 in high frequency flip chip applications ranging at least to 6
GHz, andpattssn isprabiresd bstvekn th 1P-sipasghalliaget 28 andihelbottein-dssigsalch as

t hose having cl ock speeds of about 2 to 3 GHz. The graph 20 assunes a 5 nm
X 5 mm siager3mr the carrier 10 using the top-side signal |layer 26 and the
/bgttomsi de signal |ayer 30 arrangenents shown in Figs. 5 and 6,

irgspectivel y. Fighe furtieir degivtsahe Baticin-gldetgrodridgsiaenss] shtefowdtidiz to 18 GHz,
while the vertical axis depicts transm ssion |oss magnitude in dB. As

shownp t eeasgEnsstit ofitheansmiahviasigh ahb thepmal scider balis B@talgtRa té B gloendl2 in the
primary circuit board 14 exhibits excellent transm ssion 25 perfornance,
wi th onl ylafle 38dRiotd thana Alinbenofl tees §rodRdcarringbéitord@ide conductive traces 50
are connected to the ground plane 38. These connections further reduce the electrical
impedance of the ground connections established between the die 12 and the primary
circuit board 14.
15 Fig. 7 illustrates measured insertion loss of the carrier 10. The diagram clearly
shows that about 6 GHz and 17 GHz, the insertion loss is -0.5 dB and -3 dB,
respectively. This performance enables use of the carrier 10 in high frequency flip chip‘
) applications ranging at [east to 6 GHz, and also enables use in high-speed digital
applications, such as those having clock speeds of about 2 to 3 GHz. The graph
20 assumes a 5 mm x 5 mm size for the carrier 10 using the top-side signal layer 26 and
the bottom-side signal layer 30 arrangements shown in Figs. 5 and 6, respectively. . The
horizontal axis plots frequency from 50 MMz to 18 GHz, while the vertical axis depicts
transmission loss magnitude in dB. As shown, fransmission loss through the carrier 10

between the die 12 in the primary circuit board 14 exhibits excellent transmission

25 performance, with only 0.5 dB of insertion loss up to 6 GHz,

10




.2 MAY 2006 (JAS)/TWCT/1219/018 O Fig. 8 depicts reflection loss for the
package assenbly 8 based on the sane inplenentation details on which Fig.
-7 is based. Again, the horizontal axis depicts frequency from 507 MAx g 18
GHz, while the vertical axis depicts reflection loss nmagnitude in dB. 5
Wiile Figs. 7 and 8 depict neasured el ectrical perf o(Jh8)agV/QT/1218/0d8ckage
assenbly 8, Fig. 9 illustrates nodel ed thernmal performance of the chip
scal e package 8 of the present invention inplenented in accordance with

the details oFigF8dspicts refettion lose fgrake gasMalb asserhiily Bdasphok digesanssenbl y t hat
omts the ground plane 38, the thernmal solder balls 36, and the thernal

vi as 54. imbemaretatiorcddtaiorswilien Fil, 3 isnpsbelde hgain) tHe! rofizbstaledxis ddpidtder mal
resistance for the die 12 in degrees centigrade per watt (CW. The thermnal

si mul at i pequends fromesd MBg o YRIGHI WA MetvRriitaPsiis espidts Seflcbhior (684N power

di ssipation is predicted as 1.54 Watts using industry-standard neasurenent
condi ti opggahiidetin@aBral W ndow. As shown, the |ow i npedance thermal paths
establ i shed between the die 12 and the primary circuit board 14 in the

package assemlhile Bigpf 7tahe spiepre Heabine RidcAtalferfoifshctofihd fackabe al
reduction in thermal resistance. In exenplary enbodi nents, the present

I nvent i ogsgeiiy 8lefig.® HdtRIGCAbEIRHERHS! perfifaitie)of thechptatde packagunt a flip
chip die 12 to a primary circuit board 14, and to provide |low electrical

and t her githe prazefABiRGsntioANMBRHIeARE iR atyreshdeitnthe ddilaBrFiph® arogr d 14. The
present invention is subject to variation in its inplenentation details and

20 as SU@cb'mpéreé!mﬁtﬁ%@mﬂ%ﬁﬁéﬁz&g’é@sséﬂ@!yﬂﬁéﬁiﬁ%é QEbUAEPMNROSB, HeOmbmeaidet ai | s
or exenplary enbodi nents only, and should not be construed as limting

.t he i nvegdli@iballs BB d@RIthe tRSmMBI ASEHL. TRY P8It Axis Hebictd hedelediuncidh bl
followi ng clains and the reasonable equivalents thereof. 11 2 MAY 2006

10 thermal resistance for the die 12 in degrees centigrade per watt (°C/W). The thermal
simulation model has been validated with measurements. Maximum power dissipation
is predicted as 1.54 Watts using industry-standard measurement conditions and thermal
window. As shown, the low impedance thermal paths established between the die 12
and the primary circuit board 14 in the package assembly 8 of the present invention

15  provide substantial reduction in thermal resistance.

In exemplary embodiments, the present invention provides a chip scale package
assembly 8 adapted to mount a flip chip die 12 to a primary circuit board 14, and o
) provide low electrical and thermal impedance connections between the die 12 and the
board 14. The present invention is subject to variation in its implementation details and

20  as such, the above discussion and accompanying drawings provide details for
exemplary embodiments only, and should not be construed as limiting the invention.
Indeed, the present invention is limited only by the following claims and the reasonable

equivalents thereof.

11




_(JAS)/ TW CT/ 1219/ 018 CLAIMS 1) What is clainmed is: 1. A chip scal e package
for connecting a flip chip die having alternating signal and ground
-connections to a primary circuit board, said chip scal e package cbMAY i§§ ng:
5 a substrate conprising a top side for nmounting the flip chip die and a
bottom side for nounting said substrate to the prinuas)aiw/cait21bodsd; a
set of top-side pads on said top side of said substrate, respective ones of
said top-side pads corresponding to respective ones of the substantially
alternating signal and ground connectipgns of the flip chip die; 10 a set of
bottom si de pads on said bottom side of said substrate for electrically
connect i WihavistdmimBgigri mary circuit board, respective ones in said set of
bott om si de pads corresponding to respective ones in said set of top-side
pads; ang, a phlbh? ddale prcks@db ednneetimph Ap i @18 Aty bRerabEty signd apdibstrat e
fromsaid top 15 side to said bottomside and electrically coupling
respect i y@uAdesnidttie @ a Fithar) iréBibosrdl 8 aRPdD $QId F5kEEE cy@pRH®E | N said
set of bottom side pads, said conductive paths arranged to naintain

al termating sh@npétraAdEorBipiitifa topUREBE MANALRSHLRR CHiS sieehidiasotohesidef sai d
t op- si de pads and respe%tive ones of said'ggrtoﬁ?éi%e pads. 20 25 2. The

chip scal e packagef®imdimfihdgsdid WrsstRtd1oAE BridBE GlcudBbardconduct i ve paths
conprises: a via extending through said substrate fromsaid top side to

sai d bottom shdgf ofdop-Site Pads oh 5B SHE bf S4id ulssiiate sePediRtorRRf siidsai d set
of top-side pads to said via; and
top-side pads corresponding to respective ones of the substantially
j alternating signal and ground connections of the flip chip die;
10 a set of bottom-side pads on said bottom side of said substrate for electrically
connecting with the primary circuit board, respective ones in said set of
bottom-side pads corresponding to respective ones in said set of top-side
pads; and
a plurality of conductive paths extending through said substrate from said top
15 side to said bottom side and electrically coupling respective ones in said

set of top-side pads to respective ones in said set of bottom-side pads,

said conductive paths arranged to maintain alternating signal and ground

.y

connections between respective ones of said top-side pads and

respective ones of said bottom-side pads.

20
2. The chip scale package of claim 1 wherein each one of said conductive paths
comprises:
a via extending through said substrate from said top side to said bottom side;
a top-side trace coupling a corresponding one in said set of top-side pads fo said
25 via; and

12




.12 2 'MAY 2006 (JAS)/ TWCT/1219/018 a bottomside trace coupling a
corresponding one in said set of bottomside pads to said via. 3. The chip
-scal e package of claim1 wherein said set of bottomside pads 5 c@ifiillbs
an inner array of bottom side pads and an outer array of bottom side pads,
both said inner and outer arrays of bottom side pads{&I)ANGEd/1RI9/018
alternating signal and ground connection pads. 4. The chip scal e package
of claim 3 wherein said conductive paths conprise 10 alternating signal
and ground t rabhstiorssidertradercespingtavemrespengieg bnevia saitbset iohbatitnuside pads de set
of pads and respective ones in said inner and outer sets of bottomside
pads. 5. The chip #wcsdickvipackage of claim 1 wherein said substrate further
conprises a top-side signal layer on said top side of said substrate, said
set of top-side pads 15 disposed on said top-side signal |ayer, and a
bottom side signal |layer on said bottom side of said substrate, said set
of bott o8 si déhgaltip sdals pasiedieat claan d Wiet¢io saidisdeofdiodipal-sidé pygds . 6. The chip
scal e package of claiml further conprising the flip chip die bonded to 20
sai d 8 opeanplisesfandanet asnab of battcen side pabeand ap ostenheapaidiciigm side phads, m 6
further conprising underfill material sealing a bottomedge of the flip
chi p di ebotBsaR. inféreandhiuter ecalye ofiatioagside badd aramgkdfagraitbentiogsignalandg: 13 2
MAY 2006 (JAS)/ TW CT/ 1219/ 018 a ground pl ane di sposed on said bottomside
of sai d guohst catreectibh pads.a central area of said bottom side of said
substrate, said bottom side pads

:H) 4. The chip scale package of claim 3 wherein said conductive paths comprise

10  alternating signhal and ground transmission lines between respective ones in said top-

side set of pads and respective ones in said inner and outer sets of botiom-side pads.

5. The chip scale package of claim 1 wherein said substrate further comprises a
top-side signal layer on said top side of said substrate, said set of top-side pads

15  disposed on said top-side signal layer, and a bottom-side signal layer on said bottom
side of said substrate, said set of bottom-side pads disposed on said bottom-side signal

layer.

6. The chip scale package of claim 1 further comprising the flip chip die bonded to

20 said top-side of said substrate.

7. The chip scale package of claim 6 further comprising underfill material sealing a

bottom edge of the flip chip die.

25

8. The chip scale package of claim 1 further comprising:

13 .




_di sposed general |y about said ground plane; a plurality of thermal sol der
balls coupled to said ground plane to electrically and 5 thermally | e
-said ground plane with the primary circuit board; a plurality of @ﬁ@ﬁﬂ@@
vias projecting upward from said ground plane through said substrate to
said top side of said substrate such that said plural(JAS)/PV/CT/n2romd8 vi as
are beneath the flip chip die when the flip chip dieis nounted to said
top side; and 10 conductive traces coupling sel ected ones of said

conduct i ve pakhfoddiailaid gispssanicdaitibétionekigs of s&idbulsstRiddithia asahgalt her mal
vias. 9. A chip scale package for a flip chip die having a set of signal

and ground conneckidy\ safPbdltoftsiBe SESHIE sBRHKRY Saifl HIREMYidipaeRMPr i sing: 15
a substrate conprising top and bottom sides, said top side of said

substrate conpri sigigofed'eHtiralfbraluESId GrouREBlave; the die; a first array of
alternating ground and signal pads di spdosed on said top side of said

substrate to glfghiity RINeMSIONRE ball ddupfdrth 888 YRSlindbIMER élébtt‘id&ﬂ;{ ged of
signal and ground connections on the die; 20 a"second array of alternating

ground and signal pagmafl é&fb?&éhi@@ro’iﬁbg)lé?ﬁt imheghﬁhsqpéircaﬁibea@ybstrate

corresponding to said first array, said pads in saild” second array adapted

to carry sol dgr, L t g g S A : i jicui t
boar d: & cent S AR R R e RO BhFyisind Pole uiBlgh S
substrate and 25 pQgphdis t 1 i i inge area on
said top side of gg?%*agggﬁér&a@;%b%a%Y&ggg% S%E&Agﬁlgal lHJ/HZIL“Zt 85018 a

first plurality of s igg ol ebiniAb hib HAESheRtheRbdnpagisison said top

sideewith said pads on sald bottom si respective ohes of said first and
@C ond mounted to said top side; and

10 conductive traces coupling selected ones of said conductive paths that are
connected to electrical ground to said thermal vias.
9. - A chip scale package fer a flip chip die having a set of signal and ground
connections, said chip scale package comprising comprising:
15 a substrate comprising top and bottom sides, said top side of said substrate

comprising a mounting area o receive the die;

a first array of alternating ground and signal pads disposed on said top side of
} said substrate to electrically connect with corresponding ones in the set of
signal and ground connections on the die;

20 a second array of alternating ground and signal pads disposed on said bottom
side of said substrate corresponding to said first array, said pads in said
second array adapted to carry solder balls for attaching said substrate to
a primary circuit board;

. acentral ground plane disposed on said bottom side of said substrate and

25 positioned substantially opposite said mounting area on said top side of

said substrate;

14



-arrays of pads coupled to said vias by conductive traces on said
respective top and bottom sides of said substrate; 5 a second pIura*b%i of
‘'vias positioned within said nounting area on said top side of A LA
and extending fromsaid top side into said central ground plane on said
bottom side to provide thermal conduction paths bet wedRSYR&/CT/&21901B sai d
central ground plane; and a plurality of thermal solder balls coupled to
said central ground plan to provide 10 thermal and el ectrical connections
bet ween sai:d & érst plataligrafvies fpi elaetrieall cohheting isBRIPads oh Geidttop 8k Gith10.  The
chip scal e package of claim9 wherein said conductive traces coupling

respective ones ofsadpddd on ssid bdtlorh @Rl fbspetimEDnes opess fitsPandbsbohir st
plurality of vias conprise alternating signal and ground conductors

arranged such t hatarsayssif padls eduptechiolsalkbrisd Bnadndtative/ttes eResigof sai d
conductive traces are separated by intervening ground- carrying ones of

said conductive trrepsctivélop 24 HdiRnties slsdiesubrelimge of claim 9:-wherein
said central ground plane conprises a solid copper plane centrally

posi tSoned ona sedondiphiraitigrosvide peditichaid dviginisdid RloBntirkZared 38 sl tBp Sealof
package of claim9 wherein said thermal solder balls conprise solder balls

directly coupl ed tsubstad, senéttehdiay fomdap BPeidelfo shitEcerltalyroGl SaR@ckage
of claim9 wherein said first array of alternating ground and signal pads

on said top side ofn sad Boterhsideab BraviEthbBRS candRYibiP Pstha befdeR¥h@hie25
I nterl eaved ground and signal bunp pads to mate with correspondi ng sol der
burps on the die. dfd shidbentPgGund PRNETINLCT/ 1219/ 018 O
ﬂ ' a plurality of thermal solder balls coupled to said central ground plan to provide
10 thermal and electrical connections between said central ground plane and
the primary circuit board.
"10. The chip scale package of claim 9 wherein said conductive traces coupling
| respective ones of said first and second arrays of pads to said first plurality of vias
compriée aiternating signal and ground conductors arranged such that substantially all

15 signal-carrying ones of said conductive traces are separated by intervening ground-

carrying ones of said conductive traces.

1. The chip scale package of claim 9 wherein said central ground plane comprises

a solid copper plane centrally positioned on said bottom side ‘of said substrate.

20 12. The chip scale package of claim 9 wherein said thermal solder balls comprise
solder balls directly coupled to said central ground plane.
. 13. The chip scale package of claim 9 wherein said first array of alternating ground
and signal pads on said top side of said substrate comprises a peripheral array of
25

interleaved ground and signal bump pads to mate with corresponding solder bumps on

the die.
15




»14. The chip scal e package of claim 13 wherein said first plurality of vias
conprise: an outer set of vias arranged about an outer perineter gf Lﬁﬁﬂ@
peripheral array of . interleaved signal and ground bunp pads; and r’v‘ r
set of vias arranged about an inner perinmeter of said peripheral array of
interl eaved signal and ground bunp pads. 15. The chi qJASHIW/QREREHe1f
claim 14 wherein said conductive traces conprise: top-side conductive
traces on-said top side of said substrate to couple individual ones in said
peri phertd. ar fB§ C&P scaledackagec claingria whenein gaidifinst phurafily paelss cdroprise:
correspondi ng ones in said inner and outer sets of vias conprising said 10
first plural i 8§o8®rsetpf viasrarapged sbowiadeutperinttey ef $aid pedpranalsadiag obot t om
side of said substrate to couple individual ones in said second array of
al ternating groundinigilpazedsighalpadroura monp peispacd ng, ones in said inner
and outer sets of vias conprising said first plurality of vias; 15 said

t op-si de and #dtnehsefiaiyiasemdoged ateout aadesr pedmetey bhxgidpériphaiaaaby and
ground interleaving to mninmze trace-to-trace coupling between signal -
carrybng ones of shitaflegvedisignalwedigracesunidpadshe chi p scal e package of
claim9 wherein said substrate conprises a five- mllinmeter square chip

ier.,z20 1 : I f i, Nt ti fli hi ith | i
o rourt Baar o, B Bhokas ot BaRY FERAERR, il Greruchhs pCesciomneele. pat hs
t endi th t i f | di the fli hi d directi
S R S
] as to generall y&%ssgﬁﬁgg pe{iﬂléerg{ Fﬁiﬁoqérgﬁrﬁaei?é’Fa?@”ﬁ'ﬁm@?rWW‘éﬁéﬁa@ﬁ heP. 16

to corresponding ones in said inner and outer sets of vias comprising said

10 first plurality of vias; and

bottom-side conductive traces on said bottom side of said substrate fo couple
individual ones in said second array of alternating ground and signal pads
to corresponding ones in said inner and outer sets of vias comprising said
first plurality of vias;

15 said top-side and bottom-side conductive traces preserving said signal and

ground interleaving to minimize trace-to-trace coupling between signal-

carrying ones of said conductive traces.

16. The chip scale package of claim 9 wherein said substrate comprises a five-

millimeter square chip carrier.
20
17. A carrier for interconnecting a flip chip with a primary circuit board comprising:
an array of ground and signal conductive paths extending through the carrier for
groundihg the flip chip and directing signals from the fiip chip to the
primary circuit board; and wherein the ground conductive paths are
interposed between the signal conductive paths so as to generally isolate

the signal conductive paths from each other.
16




.«2 MAY 1006 (JAS)/TW CT/ 1219/018 18. The carrier of claim 17 wherein the
carrier includes a central area and wherein the array of ground.ggﬂAﬁhﬁﬁal
*conductive paths are disposed generally around the central area. X

carrier of claim17 wherein consecutive ground and signal conductive paths

are offset with respect to each other. 20. The carri @ASYMTWCE1219D18her ei n

each conductive path includes a via connected between a pair of generally

horizontal |y di sposed conductive traces di sposed on opposite sides of the

carrierqgl0 Hheohrick¥® clafh 17 Whefdin eodamick InoMuzsad centratdrea andudereie pat h
includes a first termnal end disposed on one side of the carrier and a

second URE BrBRbS Q’rﬁgndjhﬁd)é}?ﬁél @Rdiidkie phiherare Sispeseafganbealiy araundithe and wher ei n
the first termnal ends of the conductive paths lie in a single rowthat

extends Qepsarabhy around the one side of the carrier while the second
termnal ends I1e in two generally parallel rows that extend generally
around the other side of the carrier. 22. The carrier of claim21 wherein
consecutive second term nal ends of the conductive paths are staggered

al ong t:h@- t WOTHP¥WSrierddt clafm 17 wherein consecutive ground and signal conductive paths

are offset with respect to each other.

20 - The carrier of claim_17. wherein each conductive paih includes a via connected
- between a pair of generally horizontally disposed conductive traces disposed on
: ) opposite sides of the carrier. ?
10
21, The carrier of claim17 wherein each conductive path includes a first terminal end
disposed on one side of the ca;rrie'r and a second terminal end disposed on the other
side of the carrier; and wherein the first terminal ends of the conductive paths lie in a
single row that extends generally around the one side of the carrier while the second
15

terminal ends lie in two generally parallel rows that extend generally around the other

side of the carrier.

3 "

The carrier of claim 21 wherein consecutive second terminal ends of the
conductive paths are staggered along the two rows.

20
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