2 MAY 2006 (JAS)/ TW CT/ 1256/ 010 ENHANCED CHI P SCALE PACKAGE FOR W RE BOND
-+ DIES BACKGROUND COF THE | NVENTI ON The present invention generally relates
“.tointegrated circuits, and particularly relates to chip scale packagin
of wire bonded integrated circuits. 5 Packagi ng technol ogy represehid %ﬂﬂﬁg
enabling el ement in the ongoing mcroelectronics reyoAwhieA1288/d10t egr at ed
circuits have shrunk, so too have the physical packages carrying these
devi ces. Various techniques are used to mnimze the physical space

required for int@gMANEEDCHIPUSEALE PACKAGERFORWIRIRBONDBIESICT easi ngl y hi gh
nunber of signal connections associated with dense integrated circuit

devi ces. 10 Common appr ogalkSROGNPASF THE IRVENTIDR- on- gl ass and
chi p-on-board technologies. In these, an integrated circuit die is nmounted

directly on ah@wégaﬁﬁ&n@érﬁisu'fk;bneréub@ldt@é B ineQMRELErcRIRS, YandYpafticlilafly MBI - anobunt
of epoxy or resin. Wile offering certain advantages in high-vol une

manuf actdiitb b Y e gingion w8 hah&sl mtdgpatbd ci@ltsces of this nature
pl ace significant chall enges on handling and testing. 15 O her approaches

strifge a bal pag@ghRftaeRididyehredénts R nabifgldiméitas tHeoMgoingonsi der ati ons  of
handl i ng and testing. So-called "chip scale packages" (CSPs) attenpt to

- provi depipiysie&rnideasvdiaiond AsdhtehRit@OERIURS havd Stlibk, bSodthaveaHé phyiidapasi ng
the total physical size substantially beyond that of the actual die.

| deal | ypadikdgbs BAPKRPBSsE B6RES, \AFioBSBdhnBied BfESidati®o Miitizesthé physiiapvi di ng
relatively robust protection for the die itself. 20 Chip scal e packagi ng

t echni qygsceTBYUiEATEF RIGAItEd Hirduits aiCto lREAMIASE thdhcheasiglyehidtOmsinber

technol ogy, fine wire bonds taken from signal connection points on the die

cape  ar ppyigehl 8snndctivhddbsbeiatsl with-femak integraftidnstclibgeigssl et er edges of the
“dle. These wire bonds are bonded to correspondi ng connecti on points, such

as ¥ore bondChin@RT Spprédithed ciude Rafislid @fisoflgiads @Rt RhBASH-b&Irdon whi ch the
die is mounted.
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
this nature place Signiﬁcant challenges on handling and testing.

15 Other approaches strike a balance between physical size and the practical
considerations of handling and testing. So-called "chip scale packages" (CSPs) attempt
to provide physical pa'ckaging for integrated circuit die without increasing the total
physical size substantially beyond that of the actual die. Ideaily, such packages remain
as srﬁali as possible while still providing relatively robust protection for the die itself.

20 Chip scale packaging techniques may incorporate wire bond technology. With

~wire bond technology, fine wire bonds taken from signal connection points on the die are
arrayed as “flying leads,” usually around the perimeter edges of the die. These wire
bonds are bonded to corresponding connection points, such as wire bond fingers, on the
top surface of a chip carrier on which the die is mounted.

25 The chip carrier functions much like a printed circuit board, providing a rigid (or

sometimes flexible) platform that can be readily handled and more easily mounted to a




" 25 The chip carrier functions nuch I[ike a printed circuit board, providing
arigid (or sonetines flexible) platformthat can be readily handl ed and
- nore easily mounted to a 1 2 MAY 2006 (JAS)! TWCT/ 1256/ 010 | arger 3¢@ﬁ€it
board carrying other electrical or electronic circuits. EssentiallM,

chip carrier provides practical access to the el ectyd ' ections
of the die it carries. Typically, the chip carrier &%Ar%mﬁgy?%%gtrate

with a top |ayer providing signal and ground connections for

| Nt er CORRRS cirfidt Mhdréd caP)ing SPRPEILBBcA P eldcirbAt crME S Ess&HtRINE the Ship he die.
The carrier's bottomside usually carries correspondi ng connection points,

Whi ch NBriBeproAHES prREtIED a6&SsE 86 BRe et REBSHreRlishsT thd@ie idaffisy Ci rcuit
board. Cenerally, these connection points carry solder balls, allow ng the

carrier to b?ypgﬁs!lg,aotl{’{le iR c%ﬁii&%oﬁfbri&&ea Blibdtato/wit & &df thyd1qRodingbigha such

CSPs mai ntain overall size, they are not w thout potential 10

di sadvaghdgand EefincRiSPloPintdréshriRé@AdMvith BoIREhbh&iRY elebiiRaidnRediBhYBEN t he
die's signal points and correspondihg connections on the primary circuit

boarsl cije di& vREEsTIEAPhOttorhSiBE usGAl catlddidoREsidhdiigddRhedlRApRMHE, | on and
limting upper operating frequenciés. Al so, such CSPs may offer poor

t her mal weRRA WB%]M&W&rP&FoﬁHi@g 8dHhelctiéhsn tﬁ@FMm‘éH&#&hﬁ bosx@ar d, thus
limting the amount of power that may be dissipated i'n the die. 15 BRIEF

SUMVARY GeherhliE thd¥¥iNhhERton p@hit@gaggaé&d&%h@}%o@mg LSBT rEfSv an

integrated circuit die wire bon to a carrier. The carrier provides for

el ect ri s@liereRtStHeUMARS cPELiMMdaRy .t he die and is suitable for nmounting on a
primary circuit board.” Wre bond fingers on the top of the carrier are 20

-~ arrayed ar oupghik BacklCEPERNHthING ShAPoSl SiF& helfaré ABNRMIdUP PotRRiiAIt S for the
-die's bond wires, which points are generally grouped in rows al ong each
edgf of dishdvamBges e For é&xample, the overall electrical impedance between the die’s signal
points and corresponding connections on the primary circuit board can be undesirably
high, contributing to signal degradation and limiting upper operating frequencies. Also,
such CSPs may offer poor thermal conduction between the die.and the primary circuit
board, thus limiting the amount of power that may be dissipated in the die.
16
BRIEF SUMMARY OF THE INVENTION
A chip scale package assembly comprises an integrated circuit die wire bonded
) to a carrier. The carrier provides for electrical interconnection with the die and is suitable
for mounting on a primary circuit board. Wire bond fingers on the top of the carrier are
20  arrayed around the die mounting area and provide connection points for the die’s bond
wires, which points are generally grouped in rows along each edge of the carrier. A
ground plane surrounds these groups of connection points and also covers the die
mounting area. Thermal vias in the die mounting area electrically and thermally couple
the ground plane to a second ground plane on the bottom of the carrier. That ground

25 plane includes ground pads with attached solder balls for connection with the primary

circuit board, _Similarly, signal vias couple the wire bond fingers to corresponding signal

2




“ground plane surrounds these groups of connection points and al so covers

- the.die nmounting area. Thermal vias in the die nounting area electrically

.and thermally couple the ground plane to a second ground plane on the
bottom of the carrier. That ground 25 plane includes gr ound pads vzlpm 7006
attached sol der balls for connection with the pri ma{ gﬂ
Simlarly, signal vias couple the wire bond fingers'to correspon I ng signal
2 2 MAY 2006 (JAS)/TW CT/ 1256/ 010 pads on the bottom of the carrier, the

pads of pidl &hthRlvRofAsfiie Satice thelMds of Alch a?éotc%ﬁ'y%%mer bausifhe primary

circuit board By providing a top-side ground plane covering the die

~ mount i ngitadhesent 6 e pARRANEHE bogrg@cconpl i shed through nmounting the die in
el ectrical connection with the 5 ground plane. This elimnates the need for

using one or BURF&idINNA to¥-EiGe @Fdﬂlﬁe(bldn@rb‘évérﬂ]g tﬁé@w}ﬂo&ﬁiﬁg@r& digus, all bond
wires may be dedicated to signal connections Surroundi ng the bond wire

finger pRuURLNGId SBniphshed thrddh WRRAENG tHEHE InCIEN8&! cotechbd With e t op-si de
ground pl ane enhances signal Integrity by mnimzing cross-talk and ground

| oopg ar ?@unﬁwatnaerrhlspémﬁat@@th@gmebla%mkn g'drdSorinflork BBnd Qite ToAke@bRsRA Pl ane
generally within 10 the die nmounting area provides | ow thermal and

el ectri g@unt MREGAN TAUS ANHRAY WiHBS mayde RitatdiftolsiihaPeshnBeidnem si de ground
pl anes. The ground pads with attached sol der balls on the bottom side

ground BLABEdHYTIREHoRd Wi fingit teRRINEMINSFAaIRM Ueddel sigHal corifRBAGRGAtABNECT | ons
between the die and the primary circuit board. 15 BRI EF DESCRI PTI ON OF THE

- DRAW NGRphdi rT%rl>uht§ pRingiefiRandestnal Iﬁtég\ftqu AhindiZing tFisRtalk ¥ne lgkdunacal e
package assenbly in accordance with't present invention. Fig. 2 is

; ‘g! agr amo@F ardie F%eﬁﬁi@ltxohﬁyﬁﬁerﬁlﬁl \h@@anBé Edpeildéaﬁiﬁﬁd 'pfanE'gﬁnerJaHy itgin 3 1s a
‘di agram of the bottomnetal |ayer of the carrier shown in Fig. 1.
10 the die mounting area provides low thermal and electrical impedance connections
between the top and bottom side ground planes. The ground pads with attached solder
balls on the bottom side ground plane complete the low thermal and electrical

impedance connections between the die and the primary circuit board.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a simplified side view of an exemplary chip scale package assembly in
accordance with the present invention.
} Fig. 2 is diagram of the top metal layer of the carrier shown in Fig. 1.
Fig. 3 is a diagram of the bottom metal layer of the carrier shown in Fig. 1.
20 Fig. 4 is a diagram of insertion loss and reflection for an exemplary embodiment
of the assembly of Fig. 1.
Fig. 5 is a diagram of modeled and measured signal propagation performance for
the assembly of Fig. 1.
Fig. 6 is a diagram of modeled thermal performance for exemplary variations on

25 the assembly of Fig. 1 as compared fo a baseline assembly.




20 Fig. 4 is a diagramof insertion loss and reflection for an exenplary

+ enboedi nent of the assenbly of Fig. 1. Fig. 5 is a diagram of nodel ed and

- measured signal propagation performance for the assenbly of Fig. 2’}' Fm 6
is a diagram of nodel ed thermal performance for exenplary variatio 3% E25

the assenbly of Fig. 1 as conpared to a baseline as 1o 02006
(JAS)/ | W CT/ 1256/ 010 DETAI LED DESCRI PTI ON OF THE | I\I@E@Méﬁr ning now to

the drawings, Fig. | illustrates an exenplary enbodi nent of the chip scale

package assenbly of tDETAILEDOESCRIPITONGF THEMIVENTIONef erred to by the
nuneral 10. The assenbly 10 conprises an integrated circuit die 12, and a

chip carri er Thrmirg noW® thadfdvfigsl Figon MiUsHaRs aR dxBmPlahpEiRbbd@imeResT théie die 12
and a primary circuit board 16. The die 12 nay be essentially any type of

i nt egr atkig scale patkage! dshembl,of Weeirbsdnt tvelidh, haherhily refiddad by&he or m xed
signal 1C, and may be inplenented in a wide variety of sem conductor

pr ocess nigetad 90.0Jh€ assehfitfly 40 GorhgridedAnufegrated IR diedf2, @hg &l dhig-@rrickO
connections on its top side (not shown). These connections, typically for

si gngl s 14.amRe camispl£Proviiet AR indifidetetider the s 1 Dandla prif@ey cikcBit bvlrdch ar e
arranged as a set of flying I|eads around the edges of the die 12. The die
12 further includes one or nore ground connections on its bottomside, for
maki ng ground connection with the carrier 14. The die 12 is nounted to a

top side 26 The dlkeltTmay beesdehtiaghy tfpdolihrgitst Sbtuit (1), Whet@pround 20
formed over it. The nold conmpound 20 covers the die 12, sealing the die 12

agai nst dighst ICaamaley 1C,4r ridaedl igry iCliang iR CiEifiplatherdddingNWideGanBt tohl

protection for the die 12 and its bond wires 18.

.) semiconductor process technologies. The die 12 includes a number of electrical

10  connections on its top side (not shown).. These connections, typically for signals, are
coupled to the carrier 14 using “bond wires” 18, which are arranged as a set of flying
leads around the edges of the die 12. The die 12 further includes one or more ground
connections on its bottom side, for making ground connection with the carrier 14. The
die 12 is mounted to a top side 26 of the carrier 14, and is protected by a mold

15  compound 20 formed over it. The mold compound 20 covers the die 12, sealing the die
12 against the carrier 14, and providing mechanical and environmental protection for the
die 12 and its bond wires 18.

: ; The primary circuit board 16 does not comprise a part of the assembly 10, butis
typically part of the environment in which the assembly 10 is used. Generally, the board

20 16 includes one or more circuit devices that are electrically coupled to one or more
signals from the die 12, once the assembly 10 is mounted to the board 16. The bottom
side 30 of the carrier 14 includes a number of solder balls 22, which allow the assembly
10 to be soldered to the appropriate connections—generally a set of mounting pads—on
the board 16. Typically, this mounting process entails subjecting the board 16 with the

25 mounted assembly 10 to a solder “reflow” process that heats the solder balls 22 enough




“The primary circuit board 16 does not conprise a part of the assenbly 10,
but .is typically part of the environnent in which the assenbly 10 is used.
_ Generally, the board 20 16 includes one or nore circuit devices that are
el ectrically coupled to one or nore signals fromthe die 12, once £ AEAY 2006

assenbly 10 is nmounted to the board 16. The bottom HA%WR:ﬁ{r%Wocarrl er

14 includes a nunber of solder balls 22, which allo e asse 10 to be
sol dered to the appropriate connections-generally a set of nounting pads-on

the boa&ﬂ%akée tﬁéfﬁ&&ﬁbl%aE&Ht?oll@@‘fﬁ},‘hidﬁgth%l‘r&ﬁ@&ﬁlnﬁWuﬁ'thén%uhﬁr%%ddé%éthe boar d

16 with't 25 nount ed assenbl to a so | ow' process that heats

the sol gﬁéw@%dtﬁe%ﬁnﬁw&ﬂitﬁogrd%\/ 2006 (JAS)/TW CT/ 1256/ O1O to cause them
to melt in a controlled fashion, thereby joining with the nounting pads

(not  shown) TR c&ﬁi‘ér R4 b&%bﬂs&' dubtrdte P2k Hich ﬁ'\ay-gé% G Fesi-bd<k BRI Ses
substrate 24, which be a rigid resin-base’lamnate wth suitable

di el ect (g ’suﬁ‘ﬁﬁ@aﬁlé&ﬁio n@@ﬁbﬁ:&ﬁ@ﬂ'th&hﬁé@sfdpb&és s‘i}éﬁ*&s%nbélﬁﬁﬁdee' mde 5
triazine (BT), or may be sone other material with the appropriate

char?ct ?rfdzfnb BY), 3¢ mayRARFhLothEERbicRL: w:ﬂlﬁe%ﬁ?n%?ﬁé’tb%hafhc%‘étu% ds0p side

| ayer 8 dl sposed on the top sid he carrier 14, and a bottom

si de mehabddPilesitdd. HrRPORRTaR4 r‘?& éJfabtsﬁHB nﬁbféﬂayé’aoz&i.sﬁci&%d QAfthé Bp 14. Fig.

2 illustrates the top-side netal |ayer . A ground plane 40 generally

covers il Jghg tﬁé)éhrﬁérdﬁl ahd biRHEA's] deeﬁwet]aﬂaxéﬂ"ﬁb Aif5dsed &P the Bathh édepor ti on

42 positioned within a die nounting area 44 on the top side of the carrier
14. A phyioplHetdar@dr 1gonnection points 46 are arranged into groups generally
al ong each side of the carrier 14. Preferably, these connection points are

"W re bond fi t A QfouRt bR efdlly tcB@ers bond
" wires 18 froﬁbteEzikﬁﬁgte\fgg‘&{bﬁglﬁwgé\ﬁyg??8Agaorurﬁyl ng s%egl S ?romrtshe die

12 p6e e P 's%rd%é Sarfiér 1, BRE MciRies aHAEHe8 horioh 2l feRitishe®wiRIAG dié ngers 46.
Each wire bond finger
mounting area 44 on the top side of the carrier 14. A plurality of connection points 46
are arranged into groups generally along each side of the carrier 14. Preferably, these
connection points are wire bond fingers 46, which provide a point of attachment for the
bond wires 18 from the die 12. The bond wires 18 carrying signals from the die 12 are
15  soldered to or otherwise connected with the wire bond fingers 46. Each wire bond finger
46 has a corresponding signal via 48 that extends through the substrate 24 and provides
an electrical connection to a corresponding signal pad (shown later) on the bottom of the

S carriér 14. The top-side metal layer 28 further comprises a plurality of grounded thermal
vias 52.

20 The ground plane 40 is electrically isolated from the wire bond fingers 46 and the
signal vias 48, but completely surrounds each group of wire bond fingers 46 and
associated signal vias 48 in the top side metal layer 28. The continuous border formed
in the ground plane 40 around each group conforms fo the contours defined by the
arrangement of fingers 46 and vias 48 within each group. By conforming fo these

25 defined contours, the ground plane 40 is maintained in close proximity to the signal

interconnections (e.g., bond wire fingers 46) between the carrier 14 and the die 12.




46 has a corresponding signal via 48 that extends through the substrate 24
and.provides an electrical connection to a correspondi ng signal pad (shown
-later) on the bottomof the carrier 14. The top-side netal |ayer %

further conprises a plurality of grounded thermal vias 52. 20 The §N§Jﬂ%
plane 40 is electrically isolated fromthe wire bong AsRRIGT/48560Mb t he
signal vias 48, but conpletely surrounds each group of Wwre bond fingers 46
and associated signal vias 48 in the top side netal |ayer 28. The

conti nUWéfehiUlﬂﬂie_?r_@ﬁ:ﬁ@Qlané R0 chPpasealnthertiiRPart) sachrasa cespwn faifoup  conf or ns
to the contours defined by the arrangenent of fingers 46 and vias 48

wi thin exgmp@foup. By conformng to these 25 defined contours, the ground
plane 40 is maintained in close proximty to the signal interconnections

(e.g:, bond wyir (fdnﬂg@'ir% A8 hrdvmti WRme 4016 hadé hickiseodmily,doatolired 12. 5 2 MAY
2006 (JAS)/ TW CT/ 12561010 Preferably, the ground plane 40 conprises a

net al | | GoPde3Qrodnitinly @APsigndl @BINRICtb mad®bn tiexapride. mdll thper@endrihgnicdsng t he
ground plane 40 to have a close-proximty, contoured border surrounding

al | si gnadnatPiEdeiey, ifRofmor@ihg thehitbked SiHio J2witkihahe Hie\Rourdiflg ardzadices 5
signal integrity, incorporating the hatched portion 42 within the die

nount i NGgnhbRGestheciNRArREabTRG.NRBichRk imFidva@ rdliabiity fblcd alvnber reagomsy es
reliability for a nunber reasons, including enhancing the thermnal

expansi Qﬁcl@d]%éﬁﬁaﬁcin‘gtthéméhﬁalté}@aﬁéiﬁﬂmaflﬁctéﬁstkbef thegsand 40mdh@belay beneat h
the die 12. e grounded thermal vias 52 also contribute to electrical

si gnal ijfine@idtély bBMeakR tiy @lgidi ng | ow el ectrical inpedance connections from
the top side 26 of the carrier 14 to its bottom side 30. The grounded

. thermal vias iR gbafdesaRéimdlvias sbalsoneibaanoadectidzesignal itegitpibgance of the
assenbly 10 by providing thermal conduits beneath the die
10  providing low electrical impedance connections from the top side 26 of the carrier 14 to
its bottom side 30. The grounded thermal vias 52 also contribute to the enhanced
thermal performance of the assembly 10 by providing thermal conduits beneath the die
12 to the bottom side 30 of the carrier 14. Thermal energy conducted away from the die
12 and down through the thermai vias 52 can be transferred to the primary circuit board
15 16, which can incorporate heat dfssipation features, such such as its own ground planes.
The grounded thermal vias 52 are generally positioned within the die mounting
area 44, although the actual die mounting area 44 may be somewhat smaller, in which
) case the thermal vias 52 would be positioned generally along the perimeter edges of the
die 12. In either case, it is expected that the die 12 includes one or more ground
20  connections positioned on its bottom side such that the die 12 is electrically grounded
once mounted in contact with the ground plane 40.

Fig. 3 illustrates the bottom metal layer 32, which comprises a ground plane 60,
ground pads 62 positioned within the ground plane 60, signal pads 64 generally arrayed
around the ground plane 60 along the perimeter edges of the carrier 14, and plating bars

l25 66. The plating bars 66 facilitate plating, such as with a tin-lead overiay, of the various

metallic features on the bottom side 30 of the carrier 14. All or a portion of the plating

6




"12 to the bottomside 30 of the carrier 14. Thernmal energy conducted away

. fromthe die 12 and down through the thermal vias 52 can be transferred to
~the primary circuit board 15 16, which can incorporate heat dissipation
features, such such as.its own ground planes. The grounded ther mel MAi &% 52

are generally positioned within the die nounting ar ﬁrm, i syefp t he
actual die nounting area 44 may be sonewhat snall er,gﬁ {c('?t] case the

thermal vias 52 woul d be positioned generally along the perineter edges of

the di ¢akmay Be fdrhid\RId @gg@queh{toip‘}atmg@@p@f,@ng_hat the die 12 includes one or
nmore ground 20 connections positioned on its bottom side such that the die

12 is el ectri pitd thagiheuhsiRfil vias 62 poBitisHeRvitHih th@fzgr@(ﬁ{d_ Marided Beregpendnd pl ane
40. Fig. 3 illustrates the bottomnetal |ayer 32, which conprises a ground

pl ane 6Qg thodé MENhaPASS 5D ehd@bintFi@ e (Bitdilay, the ign Ry g iftbAperseq, si gnal
pads 64 generally arrayed around the ground plane 60 al ong the perineter

edges ofanidhg thabigh&Ipadd 64 Bfefdonrtitd me@g?r%l dias 48 shdRe iMihatoReide aietal 66
facilitate plating, such as with a tin-Tead overlay, of the various

et abl i Gaye 28U CRRGAIVE RBcEDES Qcﬁﬂxié Repadlive kighBEp=uare4ite coftdspoftiing@fgnai porti on
of the plating 6 2 MAY 2006 S)/ TW CT/ 1256/ 010 bars may be renoved
subsequeids 480 pl ating operations. Note that the thermal vias 52 positioned
wi thin the ground plane 60 correspond to those thermal vias 52 shown in

Fig. 2. Sin I@ichYvirc B¥MdSingeod6 o e t4Sside 28/ceeIEs &Pa camgypanding sgngnal  pads
64 correspond to the signal vias 48 shown in the top-side netal 5 |ayer 28.

Conduct iw£48, vahi@sis GPtuePbfifted WEDE ebirdsontig ahe PR dighal padei4 e@strendi ng
signal vias 48. Each wire bond finger 46 on the top side 26 couples to a

COr I €S pQittoGsidd MakachvsignatPad BRicaftieb & doist BAIN2Z fuk Rtachriéritiwita zcor r espondi ng
one of the signal pads 64 on the ‘bottom side 30. Each signal pad 64
car Mges @respsiRiind@nheetibnl (A6t sholvap BileRt prithdrip cibcuit board 16. Thus, each bond
wire connection 18 from the die 12 is electrically coupled to the corresponding primary
circuit board connection through the carrier 14. Also, the grounded thermal vias 52
provide electrical and thermal coupling between ground plane 40 on the top side 26 and |
ground plane 60 on the bottom side 30. As with ground plane 40, ground plane 60
15  preferably comprises a metallic plane, such as copper foil.
The ground pads 52 positioned within the ground plane 80 each carry a solder
ball 22 for attachment to a corresponding ground connection (not shown) on the primary
circuit board 16. The interconnected ground planes 40 and 60 and the solder balls 22
attaching the ground pads 62 with the primary circuit board 16 provide low impedance
20  electrical and thermal bonding between the die 12 and the primary circuit board 16. The
number of solder ball attachments between the ground plane 60 and the primary circuit
board 16 influences the thermal impedance seen by the die 12 with respect to the
primary circuit board 16.
Too few ground pads 62 might result in undesirable heat build-up in the die 12,
'  =-2-5 p_articularly where the die 12 is a high-power device. However, adding ground pads 62

beyond a reasonable number results in only incremental thermal improvements.




10 correspondi ng connection (not shown)on the primary circuit board 16.
Thus, each bond wre connection 18 fromthe die 12 is electrically coupled
-to the corresponding primary circuit board connection through the griiser
14. Also, the grounded thernmal vias 52 provide electrical and therma
coupling between ground plane 40 on the top side 26 (gagyT@woUMmbam@ne 60 on
the bottomside 30. As with ground plane 40, ground plane 60 15 preferably
conprises a netallic plane, such as copper foil. The ground pads 52

posi t i orguinethihg inthk héndl sTunentpleiiie gedng pads 62 proyidingstalediyreighiabldefiZall or
attachnment to a correspondi ng ground connection (not shown) on the primry

circui t dpansdioadwith litee privhany ehpouesiaedl 16 fstanéekep plare sorfyusatidbnSélttmogh t he sol der
balls 22 attaching the ground pads 62 with the primary circuit board 16

provi de rhére or FevadtanecheGserl saigededbr deiteither mal  bondi ng between the die 12
and the primary circuit board 16. The nunber of solder ball attachnents

bet ween t he Figs)adspdraiedétictaatodd@spetisrof electricalcanidt thedows peffdrthanné fanences
the thermal inpedance seen by the die 12 with respect to the prinmary

circdit dmedethpldy efbodient of the adseralslg 16.2 Imhighdmibseetiraént, fhe assefeblyri@bl e heat
build-up in the die 12, .25 particularly where the die 12 is a high-power

devi ce. ddavmiges a 7ateh XD squitle parder tPempleying dwenty-eighb hatbdre-sidargoamdr esul t s
in only increnental thermal inprovenents. 2 MAY 2006 (JAS)/ TW CT/ 1256/ 010

Sonet hi ngadsB2tdeapled tg theqirintame bikguitdioght 1@ theeuyt qoardspdiiing soided ballp 22,
twenty-ei ght solder ball connections with the primary circuit board 16 is

an exenmaraltiirgand igiounded tvermal vidos@ toupting ground héanes 40@yd68. Tdedoldsr needed
or desired. Figs. 4, 5 and 6 depict various aspects of electrical and
-p‘uer mal els 2orar@ imgslethented withra &% enp piehy(balHimtalthspacingf. t he assenbly 10. In
“this enbodi nent, the assenbly 10 conprises a 7 nmx 7 nmmsquare carrier 14
enplidyi ng t welFigy4 #ugtrdtebthictraodetsddeigly frequreshcy phatacigfstios b tredassemblyel Opr i mar y
circuit board 16 through correspondi ng sol der balls 22, _
' in ferms of insertion loss (upper graph line) and reflection loss (fower graph line),
measured in dB and plotted from one to ten GHz. The modeled performance is based
on a two-port mode!, and is taken across an opposing pair of wire bond fingers 46 on the
exemplary assembly 10.
15 Fig. 5 illustrates measured performance in the time domain taken from an
assembly 10 built in accordance with the above details. The graph plots voltage against
time for output signals edges (B) and (C) with respect to an injected (input) signal edge
Y (A). Graph line (B) depicts the modeled (estimated) response of the assembly 10, while
graph line (C) depicts actual, measured response. As may be seen, the actual output
20  signal edge in graph line (C) exhibits little delay and essentially no ringing with regard {o
the input edge in graph line (A).
Fig. 6 illustrates the thermal performance of the assembty 10 for twenty-eight and
sixty-four ground pads 62 (with attached solder balls 22) as compared to a base line
package assembly that is similar but lacks ground pads 62, thermal vias 52, and bottom-

25  side ground plane 60. As seen, the thermal impedance of the exemplary package 10 is

significantly lower for both the twenty-eight and sixty-four ground pad configurations,




and thirty-two grounded thermal vias 52 coupling ground planes 40 and 60.

" The 'solder balls 22 are inplenmented with a 0.5 mmpitch (ball-to-ball
"spacing). 10 Fig. 4 illustrates the nodel ed high frequency characteristics
of the assenbly 10 in terms of insertion |oss (upper graph I|ine) L4y 206
reflection loss (lower graph line), neasured in dB an$)awCradséoem one to
ten GHz. The nodel ed performance is based on a two-port nodel, and is :
t aken across an opposing pair of wire bond fingers 46 on the exenplary
assenbl ywmot.heigtqribgl.ngashgmt&mtteatr@s thectaoner Fqydhed samatype of diet 12eundene dorai n
taken froman assenbly 10 built in accordance with the above details. The
graph pl Besam6IapgEaing ganditiens, fheraxemplary asgambly | @ redusesdigdendtiBy and (C) with
respect to an injected (input) signal edge (A). Gaph line (B) depicts the
nmodel ed ieaweratuedy)appengoaiely 26r°C. hEhedbermal simuationvdf itheepadagetotelitas( ©)
depicts actual, neasured response. As may be seen, the actual output 20

si gnal ekkpn vValidajed plithImessu(eB)endscandihesiesighed padegaygandidsipatent Madtlsyofno
ringing with regard to the input edge in graph line (A). Fig. 6 illustrates
t he tcher pawerpadénindusityestaidard teshearelitiohy ah0 tHeomal wiedtw- ei ght and  si xty-f our
ground pads 62 (with attached sol der balls 22) as conpared to a base |ine
package assends$ discirsediabows and iusttated indiok acampangling aidswvitgs, thdievertivevi as 52,
and bottom 25 side ground plane 60. As seen, the thermal inpedance of the
exenpl ar shipaeHke gackage iassemnbly D fpravides enhboowr eléaricad and tHenmat pesfotpamieght  and
si xty-four ground pad configurations, 8 2 MAY 2006 (JAS)/TW CT/1256/010

wi t h t heallowingelihde agd sustginablg opetation of highertgesfofroamer died-62, while sane type of
.die 12 under the same operating conditions, the exenplary assenbly 10

v reduces diaintgining aisorall packggersitel r Brdpresan irventiart ehy, o @o@se, Teccartiedt ot

simul ati on of the package nodel has been validated with neasurenents and

t he dksi iprodterspetificywaysihad tssieatan 2etfoMhwitsoutfdeparting from the spirit and

essential characteristics of the invention. The present embodiments are, therefore, to be
considered in all respects as illustrative and not restrictive, and all changes coming
within the meaning and equivalency range of the appended claims are intended fo be

embraced therein.




5 power under industry-standard test conditions and thermal w ndow. As
di scussed above and illustrated in the acconpanyi ng draw ngs, the inventive
chip scal e package assenbly 10 provi des enhanced el ectrical and themMapiG0s
performance, allow ng reliable and sustainabl e operation of
hi gher - performance dies 12, while nmaintaining a small package size. The
present invention may, of course, he carried out 10 in other specific ways
than those herein set forth wthout ﬂ%&ting fromthe spirit and
essential characteristics of the invention. The present enbodi ments are,
thereforq{y tQ be (fn5|dered in all respects as illustrative and not
restrictiVBeISHEIME] Schanges coming within the meaning and equival ency
‘range of the appended clains are intended to be enbraced therein. 1 2 NMAY
2006 CLAINB What is clained is: 51 . Achip scale package carrier for
electricall connectln inte rated circuit die wth ground connections
and bdnd %F@Hépae Reaste e oy elegitisaty conracipgAp infegipted Cirgult @€ car r i er
conpr|5|3@ 6h¢$ajlt of wire bond fingers on a top side of sald carrier
to recej hdHﬂ lonsiandrhend e signabernnestionsdse ad¥'”iar'i)é°'§<i%§ prd,
connections, on.the die; to a first plurality of solder ball pads on a
bottonlmﬁﬂg%ﬁﬂﬁéPHW@§W9|er electrically coupled to said wire bond fingers
on said top side first round pl ane di sposed on said top sjide of said
carrier, said %?’P@? Y SHTPONG TRRETSRN # Iy g 23id garppicaereiye BONdiviFes bond
fingers and coverin die nmounting area on said top side of said carrier;
15 a second ground ag]ﬂeedm@ﬁ?fsc@ﬁe 8&%%"@9 B'SP?'&?P%‘F‘E‘@“%P“%@ECM rier, said
secoqg ground Ian covering a central area of said bottom side of sald
carri i t 17 S5f @ralpL o SPHPaPalt padt 08 dl Beforpside pfatRid gariey &lechicAbt al | y
around sai d i _ _ )

coupled to said wire bond fingers on said top side;

a first ground plane disposed on said top side of said carrier, said first ground
plane surrounding said plurality of wire bond fingers and covering a die
mounting area on said top side of said carrier;

15 a second ground plane disposed on said bottom side of said carrier, said second
ground plane covering a central area of said bottom side of said carrier,
with said first plurality of solder ball pads arrayed generally around said
second ground plane;

a plurality of thermatl vias electrically and thermally coupling said first and second

20 ground planes;

a second plurality of solder ball pads on said bottom side of said carrier, said
second plurality of solder ball pads formed within said second ground
plane; and

a plurality of signal vias electrically coupling said plurality of wire bond fingers

25  and said first plurality of solder balls,

10




second ground plane; a plurality of thermal vias electrically and thermally
coupling said first and second 20 ground planes; a second plurality of
sol der ball pads on said bottom side of said carrier, said secquJW 7006
plurality of solder ball pads fornmed within said second ground plane; and
a plurality of signal vias electrically coupling said plurality of wire
bond fingers 5 and said first plurality of solder balls, 10 2 MAY 2006
wherein said pVtrarisé %‘l‘raLtiyé’ia'F’R@Ii"@ %mgsaé%plaraﬁw&fa\pqett&pngf‘lngﬁrze bogd I
fingers conprise conhined groups .of said wire bond fingers and said signa
i 20 genei iy ShrEfF R L S e fﬁpsrsrﬁmﬁ%wﬂagfaa?gﬁsgﬁn%falhgh top si do
: , . . 1 .
por 1 on_ GTGENER ARHE SGIRSmEMoUp RS2 GO PP Sar O HLCHEEht | ng arca
conprises a hatched ground plane. 10 15 3. The chip scal e package carrier
011: cl _aidmf_l f;th hter ](c:orrplridsi ng: I Fl first I sgt ?f sol dert bal I's, res]Pecti vef_opgts
of sai rs et of s er. balls couypl e respectjve  ones,  of sai i
pl ural’i t y>of sOIS@HP B‘&fﬂ? PaSiRgS %ﬂﬁﬂera&s‘%%'@nhwg@ie"b POBIOAEAT SAid) first IrPWRGect i ve
ones of said secand s td' of solder balls, coupled to reiﬁective ones of said
second plRIPH Y4109 5% I!fe‘?‘%‘_’ail"ﬁ PARYOMPIELS S qt_?hﬁd UAPSBSNd sets of sol der
balls operative to attach said chip scale carrier package to the primry
circuit board. 4. A chip scal e package assenbly conpri sing:

3. The chip scale package carrier of claim 1 further comprising:
a first set of solder balls, respective ones of said first set of solder balls coupled
10 ' to respective ones of said first plurality of solder ball
pads; and
a second set of solder balls, respective ones of said second set of solder balls
coupled to respective ones of said second plurality of solder ball pads;
said first and second sets of solder balls operative to attach said chip scale

15 carrier package to the primary circuit board.

4. A chip scale package assembly comprising:
an integrated circuit die having bond wires for electrically interconnecting with said
die;

20 a carrier for electrically interconnecting said die with a primary circuit board, said

carrier comprising:
a substrate comprising top and bottom sides, said top side comprising a

die mounting area to receive said die;

wire bond fingers on said top side of said substrate to receive said bond

25 wires from said die;

11




an integrated circuit die having bond wires for electrically
interconnecting with said die; 20 a carrier for electrically

i nterconnecting said die with a primary circuit board, said carr'@}'\Y 05
conprising: a substrate conprising top and bottom sides, said top2 dg]
conprising a die nmounting area to receive said die; wire bond fingers on

said top side of said_substrate to receive said, bon 2 i.res frgmsaid
die; 11 2 MAY 2006 5 f@”?f%ﬁﬁ%l"”ps Lo "%%i'ﬁ%"g‘éﬁ'?BH?sgﬁa&%es'S&“Eaj'V&"%ﬁ%%f"r at e
electrically coupled to _s \iNd g/irr“g.bond_ fingers; a first ground pl ane
general |y covering said ?%% Ip§NEINgElPy substrate but |eaving exposed

area of said bottom 818 oLl AT Beu P Ppdie e BnETy
a0 @ Substrate, said or CORURBCPBRET ARt i sng o cctrically
Said de mounting ar o TrOMNLG BRGe cBNealy FRRng 4CBTsR Fer AR S and
Substrate Lo provide sa BEPEH Puirets TR e ReBasRerY Sur bl Bo
fingers | and sai d signal ge%ggd ground plane:

ground pads on said bottom side of said substrate, said ground pads

positioned within and electrically coupled to said second ground

10 plane; and

thermal vias positioned within said die mounting area thermally and

electrically coupling said first and second ground planes.

a plurality of signal vias extending through said substrate to provide said electrical

15 coupling between said wire bond fingers and said signal pads

wherein said wire bond fingers and said plurality of signal vias are arranged in combined
groups of wire bond fingers and corresponding signal vias, said combined groups

generally positioned along top-side edges of said substrate.

20
5. The chip scale package assembly of claim 4 wherein said first ground plane
comprises a continuous ground plane surrounding each said combined group of said
wire bond fingers and said corresponding signal vias.

25 6. The chip scale package assembly of claim 4 wherein a portion of said first

ground pEane within said die mounting area comprises a hatched ground plane.

12




20 wherein said wire bond fingers and said plurality of signal vias are
arranged in conbined groups of wire bond fingers and correspondi ng signal
vi as, said conbined groups generally positioned al ong top-side Zﬁ@ﬁﬂmﬂf
said substrate. 5. The chip scal e package assenbly of claim4 wh sai d
first ground plane conprises a continuous ground plane surroundi ng each
sai d conhj ned gro of . sai wi re bgnd, fingers and sai,d correspondi ng
signal vihs.  JEnecHPrsaIe hRkage 2Py REGRMLA WhREI S deiTithar SO0RERES n a
portion of ,said first round plane within said dje nmounting area conprises
D hat checPtyFBh fee Biotia cSEehon i A8ty Cotie Nefspie e et Redab! y o
claim4 wherein said die furtger conprises, .at |least one ground connection
to el ect rﬁa&[ﬁFW%hW areg; qf sad PBSPPQFE"BPHW@%I ane covering said die
nounting area of said top side of said substrate. 5 8. The chip scale
further copprising a pluralit sol der balls

package asse f claim . of

P achod Bo- sattte Sinfeale BarkogF GsrrHAALaom 4 A irepBemomig Hebinedi |
substrate e ive to,electrically and thermally couple said die to the
primary cﬁ"?‘%ﬁiﬁ’gﬁs "H&#‘ﬁq ?ﬁﬁa"gfs'gﬁgﬁ%pgrg% RAGS SNERbbRtoN Side ok sd e ectrical Iy
and thermally coupling an integrated circuit di.e having bond w re signal
connect i &&@S‘iﬂa oggrqtlg%gq &Sﬂﬂcégé\ﬂ'ﬂgh%rﬁﬁ“%ew%s@‘g dig to the BRIPYY &Pl t boar d,
said carrjer conprising: a nounting area on a top side of said carrier to
receive ti8%ie; a plurality of wire bond fingers on said top side of said
carrier to receive bond 15 wires interconnecting the signal connections on

the die with respective ones of said plurality of wire bond fingers; a

lurality. of sjgnal pads on a bottom side of said carrier, respective ones
P g]iod y9. Ag?[nlip scgle package carr?erfore!ectgcally and thermally coupling an integrated

of s
circuit die having bond wire signal connections and at least one ground connection to a
primary circuit board, said carrier comprising:

a mounting area on a top side of said carrier to receive the die;

a plurality of wire bond fingers on said top side of said carrier to receive bond

15 wires interconnecting the signal connections on the die with respective
ones of said plurality of wire bond fingers;

a plurality of signal pads on a bottom side of said carrier, respective ones of said
plurality of said sighal pads electrically coupled to respective ones of said
wire bond fingers;

20 a first ground plane generally covering said top side of said carrier, said first
ground plane leaving said wire bond fingers exposed for interconnection

with the bond wires;

a second ground plane covering a central area of said bottom side of said carrier,

13




plurality of said signal pads electrically coupled to respective ones of
said wre bond fingers; 20 a first ground plane generally covering said
top side of said carrier, said first ground plane |eaving said wire bond
fingers exposed for interconnection wth the bond wires; a secong Mh dilhd

pl ane covering a central area of said bottomside of said carrier, 13 2 MAY

2006 5 said signal pads. on said bottom side neral | y arrayed around, said
second ground pl anes%'cgslg’lnﬁlr RAYS )Pno?aiﬁﬁéqﬁ{r?gl s&feageraﬁglﬁlt PG Woyﬁgrﬁaé%i d
nounting area and extendi ngn%tﬁgrnough said carrier to electrically and

thermal I'y couple sard°fq & ®second ground planes; and a plurality of

d d id. b ide of said I id pl | it f. d
Dads posi t1 oAb A LR doyaPPRa by e L BB RGP A Sreirding
|l ectricall l ed to sai d | ane. 1Q wherein said first
around piane. compr 18268 S GRERT 35, T OHPau Ao RETaRlyy UBF g SarH di e
nounti.ng area on said t sige of said carrier. 10. The chip scal e package
carrier of claim9 sﬂﬁﬁ%’?cggrﬁ’ug PEEHRAWal vias are positioned within said

first d pl and [ 1y. d.around ,sai d hatched .15
por tion of saifiPEAI; o, B5UAd B35 P0. Said Pofim ige, Ok SR SapieciRId PLERIY 8F of
i ectrical connection between the at éeast

| ai 9 furth i ]
e o aund cornecs 1Bl B BaStiadnEin anf S188; daTnt b SaH] SHndsgoin

plane and electrically coupled fo said second ground plane.

10 wherein said first ground plane comprises a hatched portion substantially covering said

die mounting area on said top side of said carrier.

10.  The chip scale package carrier of claim 9 wherein said thermal vias are
positioned within said first ground plane and are generally arrayed around said hatched

15 portion of said first ground plane.

11 The chip scale package carrier of claim 9 further comprising an electrical

connection between the at least one ground connection of the die and said first ground

plane.

20
12.  The chip scale package carrier of claim 9 further comprising a plurality of signal
vias providing said electrical coupling between said plurality of wire bond fingers and
said signal pads.

25

14




25 12. The chip scale package carrier of claim9 further conprising a
plurality of signal vias providing said electrical coupling between said
plurality of wire bond fingers and said signal pads. 14 2 NMAY 2006 WAl 1ihe
chip scal e package carrier of claim 12 wherein respective ones of said
plurality of signal vias correspond to respective ones of said plurality of
urality of wire bond fingers arranged in groups

wre bond

with sai dor P&?g‘fﬂﬁ%ﬁf p%lf@ge qurlgbof(fleﬂqnu%\[vhqr@ndgsgch\f%qmqﬂoégal each one of
said grou rall arra ed Ion a -side edge of said carrier. 14.
The chip Fﬁ‘é@% gﬂ@'ﬁ%lé@sﬂf F‘&P?'Hel EEETYS ?Lgﬁ'ftlﬂc’ff‘I‘”F%'PO’ljir ound pl ane

conprises. a contin Iane conpl etely surroundi ng each said group
of said stB?‘é %ﬂaf’ur%wggfe\gw Wg’dsféng&rsc NgSH dharoHgs ?’i‘*@ﬁé‘p C\?fr‘é§°°“§t§‘915 The
chip scal e

rrier of claim 14 wherein a border defined by said
first %ﬁg § %Mﬁ N Y1a8, 0O A §IE LEAPS LR AR AAIGP wi r e
bond fln ers aﬁ% sald correspondi ng signal vias conprises a contoured

bor der. SB%FQﬁ 8P P{S3BCPER-ng the contours of each said group. 15 20 16.
The chip scal e package of claim9 further conprising a plurality of sol der
balls, respective ones of said solder balls attached to correspondi ng ones
of sald S|gnal and. ground pads, said plurality of solder ball pads

provi di ng% or HetSh Qﬂkag%p%r riguefhglaip T%Wh‘irﬁ’@ 554 firak ORI RI#® board. 15

comprises a continuous metal plane completely surrounding each said group of said
wire bond fingers and said corresponding signal vias.

10
15. The chip scale package carrier of claim 14 wherein a border defined by said first
ground plane completely surrounding each said group of said wire bond fingers and said
corresponding signal vias comprises a contoured border substantially following the
contours of each said group.

15
16.  The chip scale package of claim 9 further comprising a plurality of solder balls,

respective ones of said solder balls attached to corresponding ones of said signal and
ground pads, said plurality of solder ball pads providing for attachment of said carrier to
the primary circuit board.

20
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