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| NTEGRATED CI RCU TS 1 CROSS REFERENCE TO RELATED
APPLI CATI ONS This application is a nonprovisional
application of U S. provisional -« patent application "A SYSTEM AND
METHOD FOR PACKAGQ NG | NTEGRATED 10 CIRCU TS, " U S. Serial Nunber

60/ 047,53 1, filed May 23, 1997, having Sammy K Brown, Ceorge E.
Avery, and Andrew K. Wggin, TomL. Todd and Sam Beal |isted as

co-inventors and assigned to Al pine Mcrosystens. The 60/ 047,531

application is mﬁmmm{%rﬁb r Amr‘(}m@ entirety.
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based on nultiple ICs is a function of the performance of the indi vidual

| Cs and of tBrewn, GeorgpEr Averraideinsirew e Wiggha TomdetToddand fam Byal lipted
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used to connRedbytiN@rpdride® b sef@tbndellf itsChtirefy. NOr e efficient nmeans for

i nterconnecting ICs is, therefore, becom ng an inportant influence on the

cost, size, 30 performance, weight, and efficiency of electronic systens.

15 BACKGROUND OF THE INVENTION
The present invention relates to the packaging of semiconductor devices,
and more particularly to a system and method for interconnecting integrated circuits
(ICs) on a semiconductor substrate.
Electronic systems typically are manufactured from two or more ICs to
20  provide complete system function. Until recently the limitations on performance and
number of I/0 pins were not significant for the vast majority of applications. However,
as more devices are integrated in a single IC and as clock speeds increase, limitations
on performance and number of I/O pins would be of paramount concern to
semiconductor manufacturers. This is because the overall performance of the system is
25  based on multiple ICs is a function of the performarice of the individual ICs and of the
performance of the signals between the ICs. The performance of the signals between
the ICs is in tum a function of the number of signals and the electrical characteristics of
the means used to connect the I/O pins of the ICs. A more efficient means for
interconnecting ICs is, therefore, becoming an important influence on the cost, size,

30  performance, weight, and efficiency of electronic systems.
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Currently, the nost common net hod used for interconnecting ICs is to
first package the individual ICs, and then nount the packaged ICs on a
substrate such as a printed circuit board. The size of the package
is typically several Curmesy,lthe gost cofimion method uiddefod interstink&in@f1Ce s to

manuf actured froma netal | ead frame and protected within a plastic 5

nol ded cas &irstpaekaga thedgdiyiduakl Gy ands themmgnatabeipapkagesddCa enadubsirate pichnt ed

circuit bo . . 1. I C | el ectr.onj c_syst.em ,The advant ages
of the cur Fenprinied et R EILF oCHR; Bkl SUAEM TR Bl S BN
during subsieOeedid ibafieh mafufadtireddebnt b Bidtal 1438 fRBRMRE Protected withilSpiasticd |
standardi zed carrier for testing of the I1C, such that design changes to the

printed ci mnldad dasrr Therpagkagsd kgsiarechaneglhoed and sojdéred koya pristed pin¢ujt fard he | C
to the 10 rinted circuit board may_further be.gutomated.. Finally, the
current sy&® grﬁ?tﬁlal%wgiete éJ1ectm“r“’eﬁ)&étr':f?‘ orheadyaniages P@ﬁ‘e(ﬁ“frs’&ﬁ IP‘?thOé Hluiat

A nore effigi : i i

W En Che U B oL e e Oy R A g
met al | i zat actm as 8 standardized canniedbedsting @fithé IQ, sgeiatherdesigh changey tathsol der
connecti ons.. Thi SB&gge of coupling 15 bet ween the int efgrat ed circuit and
t he subst r REBted ek Deasd may be mpde Kheaplintigrquégkly. ) &ssembly offhe IC taBapar ed t o
ot her ont epaARACELul FHMRI B pdhaRatk Widdly B adLEn el iiBngh! P

t echnol ogi €s” concer ns e degradation of the efectri cal “CORNECct I ons
subsequent réwork of the prigpladieditt her mal cycl i ng. . What i s
needed, therefore, is a nmounting technique for integrated circuits 20

that facilitates incAcasesiigiey mathodolinercgnpesting Eeias beewyderaensiratedof t he
|/ C substrat . [ f . . - , . MVARY
o THE | VRN of B LD @5 Rology in whish 3 siliran spiptgte JgYiRE PGNP egr at e
circuit angormhebe® ¢®abinkdpratédPcirculfiid§lgdrebhmatibme TaMEpé bAéoupHAE Ur es a
routing carrier having a power plane, a conducflve bond pad
spaced>apabetween thetintegratedeircpit ambthg yubstate) ablows andreagingdlig/number of I/t sposed

t her ebetween. The insul ative body ingludes i a, extendj ng .be en .t he
bower ol s R A OB R e A eRbE FRL RSO P YBosed
therein. technologdiB€cdmRbmk theldegRRARGT ofRRselbAB A1 RBEhRAGh WK qBbAtaY | ar
cross-sections, with a ratio of the 30 di aneter of the bond pad to the

di anet er ofepetted thetmébl dyclimgont act being in the range from 2:1 to 5:4,
inclusive, i.e, the | der ul.d be anywhere from 125%t o, 200%.| ar ger
han the vi ' i anet e VA e HREto S AT RS S RUEHE SEoHeR et detibyery

that 20 that facilitates increased 1/Os while avoiding thermal degradation of the I/C substrate

interface.

SUMMARY OF THE INVENTION
Provided is a mount for an integrated circuit and a process for
25  manufacturing the same that features a routing carrier having a power plane, a
conductive bond pad spaced-apart from the power plane and an insulative body
disposed therebetween. The insulative body includes a via extending between the
power plane and the conductive bond pad with a metallic contact disposed therein.
The metallic contact and the bond pad have circular cross-sections, with a ratio of the
30  diameter of the bond pad to the diameter of the metallic contact being in the range from
2:1 to 5:4, inclusive, i.e, the solder pad would be anywhere from 125% to 200% larger

than the via diameter. The present invention is based upon the discovery that
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degradation of the electrical connection between the routing carrier and an
i nt egr at ed circuit nmounted thereio results from cracking of the
metallic contact. To solve this problemthe rel ative size of the
bond pad t degretiaidniaf thoeiecidtal wasnectom betiveebtheaoutirigoaatrier and an intGpatedf i cal | vy,
it was determ.ned critical that the dianeter of the bond pad and.the 5

di amet er ofUPHemeuRtad thegete srspliz Fomayeckingeotine metatlin sonkret Tasolsethig th this

structure, Mb?ebm the relatiye 528 ﬁf {hggﬂ{% f)g'd {onﬁﬁtgﬁitcgloh%& \gﬁ%?xﬁ% toi b%l ch{t’ilajﬂem ed to

by the sol der bunp 1s contro I'SpOsI ng sol der bunp on

the bond pageQfipdlBy itveaseerehinep caticd) Shd: e dingetesof the bond padeddube it al | ows
controlling the size of the solder bunp on the bond pad. Wen

di sposidng tdirmetesiafshe wefaPicsontagt kave the afptementignadaatin Withghisstucturst ther bunp

takes a 10 hem sphetical ,.shape. . A sufficient_amount, of sol der,,is provi ded
So that { hETE PR thp FRlaue BRfcy 5 Sbierled T Y o SBIAB e ReFRRpISE B Vo
the di anet gheRlispband eiroRREbump on the bond pad emploging elédtropifing Adiquegt of
the present invention is described as being used in . conjunction with

a plural it peciuse b atlows cadrolling the fige pEthefsoller burhp onthe bwad ipadf Whishch has

an | Cs attached therefo.. A seniconductor board, typically forned from
Silicon hadisgoxsgt eﬁPfﬂFabﬁwuw §f;§%wlate¢gafe G168 tae qé?réaumaﬁgg@rs %ond sites
di spo t ! h : | | | a

regi ozl%gf ? Eéﬁgﬁesrﬁ a%lﬁl% %esr\%fécrl ?mg\m so %@%ﬂs%%??{s#é@ﬂgeﬂo tﬁ%ﬁﬁ?ﬁ%@?ﬁ% si gnal
traces ar etlwssoider dived is\mppnostimatept efual ot tiie dfantecandf dictbead pad.t hat each of

the signal traces of the subset extends fromone of the plurality of bond

sites, away f ipAne ¢rabqdigerlof thepresang vantion is described as,beiphiessAdict i ve
> . _ . . . :
e subset SOREHiidh uPeBRuRSe elng RHribl AR AN SARbA FHEoPWRER WP P2

subset of kaNCs paRdhedthprtd. NReSAR AN IS boult tyidalle fordiedfrond sitiche has when
placed in a final seating position. The routing carrier includes a

pl ur al’ity phuralgygfisignaldraces and a plurglitsof hond giiefr Bsnesest therspevidyhér i nposes t he
nonconduct i ye .ext b e . air ., of so as to
i ace a paplath BREOREHEs bibdod relfaon e inswielv ol ARMIoRR e T,

i nt egr at ed pRirsl@yof sigfialGRdES a_@é'ais@ci@te_&%&%e%furﬁlh? of B&RY sie§ 8o anehcRags of the
routi ng carrier and is posi ti oned thereon so as to superi npose t he

nonconduct thesignabtracesioé the subset exierdsdnein one obthg pbuality of bend sitee.aWayi ses an
aperture having an.ar which exceeds a . Crossssectjonpal, area .of the
[t egr at ed TOT B Y B APEEN elREEALY phcopcive Hsd: B° REERRpd TS o
the raoeti ngn&R {ohﬁﬁ%%&@ stferiripos¥d thBsiosel6F P8 sl e%cloh‘i%g'ﬂhé REidnQet i Ng
carrier reaching a 30 final seating position with the board.

These and ttaheachexfitlrdsutrestiof borid pads spparsepdses oneaerftthaosubsatlob hondaites, weany

8; ngs aﬁg"?[}fg?@&% ﬁlr?a? séa%%tg %Bgl’%ibn.a'}ﬁe 90%%%& Icgr%gr fnglu esr a(.a pl(tjxrea i%ll claf éorr]xdhglnevet ext
traces, a subgroup of which superimposes the nonconductive area and extends between
a pair of bond pads so as to place a pair of the bond sites in electrical communication.

25  The integrated circuit is coupled to a subset of the remaining bond pads of the routing
carrier and is positioned thereon so as to superimpose the nonconductive area. The
nonconductive area typically comprises an aperture having an area which exceeds a
cross-sectional area of the integrated circuit, with the integrated circuit being positioned
on the routing carrier so as to fit within the aperture, upon the routing carrier reaching a

30 final seating position with the board.

These and other embodiments of the present invention, along with many

of its advantages and features, are described in more detail in the text below and the
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attached figures. In the figures, |like reference nunerals indicate
identical or functional Iy simlar 4el ements.

BRI EF DESCRI PTI ON OF THE DRAW NGS 5 Fig. 1 shows an

expl oded Vi cil figheesdiTh LRI BtesCRRPRAEE R nliffers8S ihlifch@Ndentical or ,
i nterconnection of 1Cs according to the systemof the present invention;

Fi gs. 2A- 2Gusttionally sioplavelements. t he | C/ carrier subassenbly on the
board, a side view of the IC/ carrier subassenbly, and a side view of the
| Clcarrier subassenbly on the board, respectively; 10

Fig. 3 shows an exanple ?%prgg@?&ﬁ&qloé-pﬁgr Wsons on a carrier;

Fig. 4 is cross sectional view o e carrier shown above in Fig. 3;

Figs. S9°-5B show a siRiglleshbtsanenplodedview of ah¢ diEferend SsmpatehtsFbeetfiCient
nmounted on a carrier, respectiyvely; Fig. 6 is a side

vi ew of t hdntercopngetion of Keracgording4a seagysigmmefiihe rgsans inyen®on; printed circuit

boar d; . 0. £, 1S .a t Vi of | C-carrier-board
assenbly in accor dancFégS' ZA—ZCF\S/%%? f’fr? Vé?‘%’@?ﬁlgﬁgy\%%%g‘l\%%ﬁetm%& g?&% present

I nventi on, board, a side view of the IC/caerdr@uba%se?ﬁ&%ﬁanHQ%i&tﬁW of Qhe IQYESFiEONNECT i Ng
I Cs efficiently according to t he nethod of the present invention; 20

Fig. 9 showubassemblyepshoboasd,mesphasivelyor i nt er connecting | Cs according to
an altgrnate nethod qf the present invention, . .. . . Fig. 10
is a sﬁrpl ified pl anq{ﬁ'&/ﬁ@ Séngmﬁ’lgrset\ﬁgf%?m‘i“ﬁl HEES‘?IH‘BF%‘"FW&&‘ camer; oy esent
I nvention, Fig. 4 is cross sectibhdf] vieblof tﬁcle: Ea:ﬁ@xtl%l'ohﬂQbQ{f@ﬁ Rip e of a

ig. ;

portion of the carrier wafer shown in 25 ;
DESCRI PTI ON OF THE PREEERREIB sHeBCDENERTC mounted on a carrier, and multiple ICs

mounted on a carrier, respectively;
Fig. 6 is a side view of the IC-carrier-board subassembly mounted to a
15  printed circuit board,;
Fig. 7 is a top down view of a IC-carrier-board assembly in accordance
with an alternate embodiment of the present invention;
Fig. 8 shows the steps for interconnecting ICs efficiently according to
the method of the present invention;
20 Fig. 9 shows the steps of a method for interconnecting ICs according to
an alternate method of the present invention;
Fig. 10 is a simplified plan view of a carrier wafer in accord to the
present invention;
Fig. 11 is a detailed plan view of a portion of the carrier wafer shown in
25  Fig. 10;

DESCRIPTION OF THE PREFERRED EMBODIMENT
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The present invention provides a systemand a nethod for efficient

i nterconnection of 1Cs to forma conpl & el ectronic conmponent with inproved
overal | syst em per formance. Fig. 1 shows an
expl oded vi ew of an Thetpeepeat iedentionpuotiddsl dysteth amdunhettiod for efficierst carri er

12, and a board 14 with a plurality of openings 16. As_shown, board 14 has
four openiiRgEcoORRECtiNE MY to Tomp a omBlex chictigpie sPmganent Wathdmpeaved o¥siatli ng t o

t he i rriers to be connected to board 14. Simlarly,
t hough opéxﬁﬁrg‘}%ﬁfggﬁ?‘g‘% shown to be of equal sizes, they may differ

in size in another eanNPiRWA%nteRFloded G8wdf ah iegrated circ@PET) 1Q Scahited

determ ned by the sizes of the 1Cs to be electrically connected to board
14. 10 ItpachricetZpmde bpgrdsHowith aplurrlity of operangsi 1ér Ashpwncboaiddtdas to | C
10 only. ter ,di scussed

' 12 b ted t
Tor e t han "OHGOREGing 16aytaNer HRERPS AT eheines 16 hieg A ArRY 4B ar 1 or 12 | <
connect ed rﬁlﬁmﬂéf‘bﬁ’c&ﬂ@rs}t@be ¢ e RA 0atd l&aSiIEﬂéﬁﬂ , thefigH HRnings 16 arsystem wi | |

depend on the nunber of 1Cs in the conplex n a preferred

enbodi nentshowhéo bt afesqual sizdsetht:).amayelliﬁerdn size spanuther exdryae 85 thesizes of th@ ICs in
e O e eggs e Grcliheh 5 o s R oS0l § s P,
conpafq bl el&ﬁﬂet %&?}%% si‘xéwﬁri'ngi(gCl Lirier 12 is contleBEGtERE LG &\s\lglglo%'@@xe% s 1C 10

: erma et

and board expansi oh conpensati on en IC 10, carrier
12, and bdaeddidchssaly chreienlTmapbe stredciey td merdihen ode Ibemb iodhet electronic
materials such as wires, to make conpections between the |IC and the package.

20 Al t ercrBEPRRItY, Lisamisr Ay isrepadted o anty onsd Cuthedumber phRaTigrheordhs esses.
e P el Bl Rt APl MBS S RoABYR 1827 b fsbesind boar g 16 be

made of ma 0 ef mal- Expansi on (CTE)

as | C 10. embodindrefthe sieek SMThOEHER corréspohd & the sizes oflte KIinAkaEdingiéx ar e nade
of the sane material as 1C 10. Since | are typically manuf act ur ed

f r om ¥l ngll€, and/the size of thedward sarviespondato the sigk af theepypleddCCTE, silicon is the
25 preferred carriegr .and .boar.d terial,. Ho ro.galli ar. ixde or
other materials with® 1586%3@65%“@#%9“%?%‘8“@@0%ilirfpia?ézeq0’

Fig. 1 al sghcehamir 1D eoAMERTCADNAE bbAS 40 THRARL ExpehsioBRBripedshtibs

manuf act ur ed enpl oyi ng sem conduct or photo i thograghl Cc processes; hence,

t he bebwend§ 1decastierl b andbeard 14 mayreacewuplisbed by thease bbenmipliant | s

hi gher than that for 3Q conyventional board l.evel interconnect.

Connect | o Bt sped.as Hiss 13 By eigpiions Beeen (i Creplh BRERE {11 the bond
pad pgjt er,ﬂt&ﬁat%@?ﬁﬁﬁdiﬂ@ﬁﬁa%ﬁaﬁ%wnd xﬂseélﬁa lixﬁﬁ%éjstﬂ:%es. The prefdrt@r ef ore,

serves both as a nechanical base | npl ements at |least a single | ayer of

method, however, is to have carrier 12 and board 14 be made of materials with similar
Coefficient of Thermal Expansion (CTE) as IC 10. In a preferred embodiment, carrier
12 and board 14 are made of the same material as IC 10. Since ICs are typically
manufactured from single crystal silicon, which has a relatively low CTE, silicon is the

25  preferred carrier and board material. However, gallium arsenide or other materials with
comparable CTE may also be utilized.

Fig. 1 also shows the interconnections on board 14. Board 14 is
manufactured employing semiconductor photo lithographic processes; hence, the
routing density of board interconnections 20 on board 14 is higher than that for

30  conventional board level interconnect. Connections 22 on carrier 12 are pre-
manufactured to fit the bond pad pattern of connections 24 on board 14. Board 14,

therefore, serves both as a mechanical base and implements at least a single layer of
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routing through interconnections 20 between nei ghboring carriers and |Cs.
There are preferably no vias in lgoard 14 as the IC interconnections
are preferably distributed anong the carriers by allow ng signals

bet ween t hgolt thduBR iRaGsakclissPoHrtween neég%@fiﬂ@@ﬁﬁ%@ﬁn%f@@sfhe% aee all

subsystemrouting is preferably distributed across the i ndi vi dual
carriers, tm@fe@bgfmc’eww boprd Heasibal@interoorinegtions areeprafeeably diskibutgde node
sets. Conpared to a.single interconnection,board, .interconnection
di stributi GRPDE EE%‘ga“P?{é By Alowing é%PPQ@’FE”"ng%% \tcéf tQ ibFrBFﬁS?‘izﬂ‘E‘P&%%

I nt er connegkip®BotimSéhipa Bind ubi Lot I system
per f or mance. g%\l(t)hlggagﬁp boaxrld 14 pr}ge\sggﬁ' adlgllu;r/lgﬁs; %f)éﬁ% gfrgléefﬁﬁlgc'\(}ealcmg? the

i nt er cdnnedndividual carriers) thepgimpiadifyarfshebeard routial ds redudedtto singleinodé sethoar d 14
could have multip]e | evgiios of 10 ., interconnect. .In_such applicatjons,

t here woul dFEPATUHE 3 SgspHeIconaectionhpard, interconnegtion disvrtensRONRILE d

i ncl ude pasg; A : V. : ‘o . i gs.
2A- 2C show%gn{egsrpé} 5%5651@ hﬁﬁ% @%‘%@?‘?é‘?&sﬁﬁg&‘és fuyﬁcgrglyolrlln pt‘:r)%‘éertge overall 14, a
side vi ew gfstérh/petibimaice.s Althondrdaid PhprefotablAhss ity yhelovelfof inftéreatinidcqr

subassenbl y .. 25 on board 14, respectively. As shown in Fig. 2B,
subassenbl yn gpplicatiasissyhereyicldds not critical, ppard tld¢orld hawe muktiplelevelegfrier 12 is

pre-n'ag)ufa- r | t | dern. Sa.(sho . nections 21 and 22)
whi ch dare gﬁﬁtgféé’g“% @rsi%gp%é’ﬁggo%tfh % 5 WV}Q? §$ v%aﬁgx %Oc?ﬁ‘.g?ggsdt%e patterns
of 1C 10 amgleremicdtidds wo 188 RRGIde\Ha Y thrdfghd ad Srefl bé BrosddvBrsbonded to carrier 12
t hrough connections 21. As shown in Fig. 2C, each subassenbly 25 is nounted

to board 14 sd&igshas-20choer avoplvidw of au Iicarriepsehassembly. 254 bpard be
seen, carrier 12 exte 20. round ,openi 16 and nects to board 14
Chr ough. cotdb R IR afiessertgs, and s side By of RO B HenPRoREOD,
bet ween | Co3QnaagedCRY, FdspectibelyWalslsh§ah ixgﬁig@‘ gngéfbhgem@ T5UHRSiEts of IC 100f

connections 22 between carriér 12 and boar The
use ofl5opemoaugtetdBo emraiot €5 Girrieni?2 isipee-giagnfikttucainmitic $alderdutmps (shewinrasa

pl ane forned by .the to lde,of IC 10,. the t side of carrier 12, and the
Lop si de ofoBICions A7) @f@@%ﬁﬁ?qdda@g%ﬁpsngé PRI ERndg8tus, as the

chem cal ' T : I A Y al to
PLaRGHhE bftilﬁr o ar ﬂdalf‘di){:hé rr]espr%cnv%fy‘?lléufdls tﬂ%}uﬂg hoﬁd%d S RAREL ¥23

form pl ated vi as ough si terrrals thic an a ew tenth
of a m cr othro@sh eoinegionk21.s Axshoverd arFigl 2C feath subassemblyl?s Bmebuneartd 14,
direct sol der  connections .may be_ nmade between carrier_ 12 and board
14. Since beardd4sadhat 1C 10 vall fitiwithiny opening 1y eheraniieyserr auitist 13 meerdsne

materizy s, pRhdid efﬁeéd‘ﬁ‘?éﬁé ﬁdé&ﬁfég?%&gda%’l?ﬁuu hycog+éc%8£4 /) ?P}%q‘gcg{ll‘??m%” the

carrier and connect previ o scussed sol der

bunps on caumberofkdnfdcsiond 2 igheeedn Ol O £10) cahekO2svillandbopafhaprtthe htmbéience,

I C 10 need not be sol der bunped.,.
of connections 22 between carrier 12 and board 14.

The use of opening 16 enables all of the signal connections to lieina

plane formed by the top side of IC 10, the top side of carrier 12, and the top side of

25  board 14. This configuration is very advantageous, as the chemical properties of silicon
are such that it is impractical to form plated vias through silicon materials thicker than a
few tenth of a micron. By using the same materials for carrier 12 and board 14, direct
solder connections may be made between carrier 12 and board 14. Since IC 10 and
carrier 12 are preferably made of the same materials, signal connections may also be

30  directly soldered on the carrier and connected to the IC. As previously discussed, the
solder bumps on carrier 12 are aligned to mirror IC 10's bond pad pattern. Hence, IC

10 need not be solder bumped.
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The advant age of using sol der bunps to connect the ICto the carrier,

and the carrier to the board is that an7area array nay be used to maxi m ze

t he nunber of external signal connections available. In addition,

parasitics associ at edhwadvantge f using soldéxdnghipsgo tennebiethe [€ w6 thetcadier,Sol der
omat ed process, 5 and bunpi ng cost does

burmp flip chip bonding. i ag,a t

not incr ea@&]@ﬁ“ﬁﬁp%iﬁﬁr_ 1?—&4&%‘} "j‘rﬁﬁéﬂ%’@%be S%ﬂdd@ﬁnm the number gf 5 o
enabl es i ntegral {0 Anll BRI nLIRID! fh SANINSDROLLS KESPD0.50kid oW

ig. 3 shows an exenplary electrical I nterconnection configuration on

carrier 12pofidihg flafWeieliininatedd Sobder bl flip ShiplHondinghein Afto@id peddess)s ar e
shown. As can be seen, carrier 12 has connections 22 along its

per i phér al endibempingsegitdoehrotincrease with pin courit Henesnthealse pbsaliesbumdsnnect i ons
21 and 22 cpnne I.C 10 .to rri 12, and carrier. 12 t board 14,
respect i vel"lt}?’ e%ﬁé&fmnfgﬁ@?e%g p%‘ﬁﬂu@g‘ ‘?’@[ecli?ﬁﬂléétcf’ﬁﬂngz usi ng

embedded i nt er connectkfy 3aR6wS e EkehiPtiry REcRYI ﬂﬂ?e‘f@orﬁkctio%%%hﬁ@ﬁ‘ﬁti&ﬂ ggsSover.
These crossovers allow signals"to be passed to and fromthe IC on

carrier 12cartiar HildFari somplidityea relatively smajhmimipes tolfi sorectiansrareeshoid. réss/cdne

i ndependent of the IC routing. ,-These independent 15 signal paths serve as
pass thr ouéﬁéeepo?are?rglr?ahaé CPRIGRTIGNS e YPIOHS m@pﬁ@a&qﬁéﬁomcaﬂ li‘ﬁ’@undg

G 14 €S ofIRANBEriohNCBLARNBRCH G B cduiBot €0 Farled 11, U LAGicATS 455 the

i ndi vi nect’i ons 22 are

pr edet er m Besgtdddcressbctigely 0 Cohsecapid 2 Caby 68 rdifted to connectibfe2ading cul ar
conplex ICs. Since connections 21 and 22 are manufactured using 20
sem conducebedsiss iRfprconsstsapil such Epingunay, hava at least gne Fiogsavetit TeR§e density i s

cdsedinpicer cBeniingues ione edensi ty
connect i on S Veligtlgh g S talsta B Sl IR LSRR p apBEl, hET! Y

sol der bungignaldrpRontcatidr 12 pafyitRrifdepeddibbEe IO outing. ThefOiRbepRadentof the 1C
10 and the board 14. This elimnates the need to place sol der . bunps
on i ndivi deignalipaths srve ap passahronghsdonsianals Gom aneighbonlC Gsothermeighbasingxt er nal

donsity. £ niot cRas RERE: Ao kBRI SR 1S s GRS SRR AR MFERLT S or < on

the I C. Hepggerst he external I nterconnection density can al ways be
made hi gh enough by using the same or |ess ‘ advanced semi conduct or
process that is usedCoondctibng 2laang 22ase pdetemnintd acoording tdths applipation of

techni que, the exfernal | ber gonnect ! ons oY, 855 GrdSa GG iy 1 MO 2N

20 semiconductor photolithography techniques, the resulting routing density is very
similar to the density of on-chip interconnect. Specifically, connections 21 and 22 are
made through inner and outer rows of solder bumps, deposited in patterns to match the
bond pads of the IC 10 and the board 14. This eliminates the need to place solder
bumps on individual ICs. The number of connections between ICs, known as external

25  interconnect, generally requires significantly less interconnect density than the
interconnect density used to connect transistors on the IC. Hence, the external
interconnection density can always be made high enough by using the same or less
advanced semiconductor process that is used to fabricate the IC itself. Using this same
technique, the external interconnections may also be made to fit into an area that is the

30  same or less than the area of the IC itself. This provides a significant yield advantage

over the current method as the size and area of printed circuit boards are generally

many times larger than the ICs themselves.



30 same or less than the area of the ICitself. This provides a

si gni f i cawo 9sis84ed advant age over the current methodecsusdsacaize and
area of printed circuit boards are generally many tinmes |arger than
the 1Cs thensel ves. WD 98/ 53493
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Referring to both Fi BeferSngechoth Figar3 amel 4, karrles 12iriaragiotired fiofoamaltivul ti -
| evel sem conductor netallization process. Electrical connections to the
si gnal pat feyel semicondypigr mstallizstipppiocess) dlectricst eongerions &vtheisigabpriihe use of

vi as, shown . T ectfully. n each via. a tallic
contact di g‘%%%’giép ﬁ‘g?reél %‘?%)?feeaﬁglsev?(?%ﬁ?%gthbtgﬁayepo;a' 1a35§'}1.ownta66}gﬁn ggﬁﬁuct ive
layer. Wt RespesSfflg! I Gachivia, hmetaTHE 3bhth& EPBERAGherdRextchdd FroROSKshdigagrein

t hat extends from conductive bond pad 1 5b to signal trace 15¢c which is in

el ect riScal to an conduetiieriayerc Aithogspect 9 Wa dhahethllip contadt 142 isvdispaised thergdmt act
17b is disposed in via 17, apd ends .from conducti.ve, bond, pad 17b
to power p 8’gin%cf.r°r‘|’§/%’?dé1§ﬁe§/b°§’ldl paflhlgés‘? signal rt’élc‘ﬂPc VK ‘Pﬁéecgéﬁ% | ayer,
al | owi ng CpshRRhARRIGRh SRNAAREE | 20 WetllictdHtadl 769s lB:r;s?&Qé id Via@dggat 10

t he manufacturing | evel by single-mask progranm ng. each new
appl i cat i oextendsefrom conductiecbdndgraddi7bttd powergsamealZc b & ypiealéy ail hedimacoindi ng t o
the parti cg{?ar | C i nterconnectio desired. Once the |l ocatjons of

the vias hiFeuBEBAleMAEfREOTbHpEee conRecten 4li #idg to be easilyjmpadeat needs
to be l‘éhan%qnmufactMngr%g¥erl ib;é siﬁg%eﬁmgﬁk }%@Eraﬁﬁgé .,?15 5 KRk g‘:ﬂ&aﬁ% 4, diple

| evel ‘i'nterconnection si gn pat cnjerr].
The confi glocatiornef thé viakenayibeeleaniied atsordinRtd the pasicARS IC interconnepti®@gr anmabl e
and facilitates high-speed data signal propagation in excess of 20GHz.

The input derdreduOpge theilpeapions efithe viaphavafeen detegninad oply the YiaskPniainiagl ti pl e

si des thereof t i€, effectively tripling the I/0O density of the

| C 10. Theﬁ11 5rrrrxeieg§ o Jil(E'Flgérd(':onnecti on matrix i s conposed of two

signal layers 12a anthdedrisIXbuntdieca haltiveeRvélehterceRtRtiddmatrl witeat f or
power 1 2c and ground 1 2d. Each layer is five mcronmeters of electroplated
copperls Th@aptcmgrslgna{/whq/z@ preg/sandigugation oé thernterconagsion matriygid mask i ncl udes

a hiatus i i .hond pad conpnection 1 2e is dispo

aur'r oundi ngerE Pt ShE Bellidiitigh 3o WRLTHRD Profadefioh Il BRI IPHY, veen
two power whaipet ddCordfd (10 sighdl€ ofPleI€.10%HE Be Ashted to multifle Qfies lekeoind

si mul t aneous swi tching noise (SSN), in the signal paths 12a and 12b is 25
reduced. the die, effectively tripling the I(§p density|of thed€ul O SThercarrieml2 intercennpation ance

bet ween two %d'acent Si the resulting

crosstal k PGS 88ﬁ1p8%ed%2?‘flv%ilg8ﬂ laa@lr% gqu%\%gﬁg sgxpdewighe}erdrbiete\{/ee%%éference
Vi errho= OphAbs for pObE 1k abYefIuhli 128 € Each layer is five micrometers of electroplated
copper. The power layer 12¢ provides a reference plane for V4 and includes a hiatus
in which a bond pad connection 12¢ is disposed. By surrounding the two spaced-apart
signal paths 12a and 12b between two power planes 12¢ and 12d, the noise, such as
crosstalk and simultaneous switching noise (SSN), in the signal paths 12a and 12b is
25  reduced.

Crosstalk results from mutual capacitance between two adjacent signal

.lines. For the carrier 12, the resulting crosstalk noise can be estimated as follows:

Ve =0.176 x 10? (V,/"rise)
30
where V,, = input voltage. Far end crosstalk tends to cancel and can be neglected. SSN

created in the V,p/Vgs loops formed by the output buffer's discharge path is frequently



30 where V[err] = input voltage. Far end crosstalk tends to cancel

and can bD¥Or98§348&t ed. SSN created in the V[err]/ V] AGTIUId44 f or med.
by the output buffer's discharge path is frequently WO 98/ 53493
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cal l ed ground bounce since it js superi ngosed on _the | ocal ground, pl ane 12d
(appl i es t eplled groundihounerigge ibis apermmposed an (s Ipgal gravad plapsild Geppdies the

noi se vol t gge _can rOxlyat . f , .

Verr] < L fRrefeipiAli PRE BOUGE B mogninuge ofibe ot Wiktes cenr apmanimdtitee o
t he di e togPrakage to ground connecti ons. . The equation tends to
overestimate V[err] by neglecting negative feedback effects dl/dT.

The circuit noise margi ns nust be ¥ FilgkdWdt t o guar ant ee proper operation
in the

resence..of. SSN.. The flip-chi.p, attachnent pr.ocess .used for
the oari eMhas Lun thhrecive seif pgiience A Sty Yoeravch Erebd CORMSHOTow
(<0.1nH p?ﬁeggdutaﬁ {eﬂdy&t&»iafe%ﬁm%%ﬁn%? re8febtify nebBtive f%@d%@l@%ﬁé% dl/dT.

non- per f or at ref erence pl anes. y surroundi ng the
t wo spacedThgeirduitsiojgeahargmt st Resudficierit2b ghatmtee proper operationdn iener pl anes
12c and 12d, the djstance between each of the power planes _12¢c and

12d and th@egqn@ﬁafjs%@tf{ e fipschipg eREPRRSESS Uyedion thearmisy 13gna the; o pe
constant o HIE clqﬁfi ie: L0 L1 es. fqrmation
of a constg%d??rgsesaglﬁ%:ye()fge\égeeen e?%bwg(g\?\er ) %ﬁ‘é@ﬁ@“&%ﬁé’s%‘g% %%h 12a,

as wellb asipewgsinphanperfotstedrdersh@@lbnegat h 12Db. In addition, the
crosstalk is avoi ded_by placing signal path 12a E)roxi mate to power

pl ane 12c and si gnal Bpasuroundingihevnenased-apasioignal pathn B2a1and. 12bbetwies

fashion, the retur far. th urrent .in.the signal pyopagating
el ong_one. 910 TR Blhoga 13n 3R YsudndE pBieE o f ot Pies PACRROCC
thereto, buid irdtthesighdlPathoues 1 P8 BAP bé &8si9Tcoh@6lledd as to be constant over the Noi se
may be further reduced by abrogating reflection noise, which is

caused by ¥olumapéthereemion %”haatf@qmtb@sgwmuan of & genstagh inpedariehstweeRef | ect i on

[ b bl emat j. c when the tine of flight .of . a signal is
Corpatibl PO 25 AEhaene Poia 128 5 il S ove¥ plionded ot siee Pol e hor
connect i ong, JdaffonSheichds¥ali§ ad REdOWY Pcif® SighkiFatt 12a proximat¥ tolpoWepi M ze
reflection noise problens. 25
t[err] < tplens ]2ctand signal path 12b prppinmate tacpowdretang 22641 {mthis fasttien, dwewebon, t he
time of fli ht ~

50pS. paqﬂlg‘ﬁ Iéie cystenk indhe signalipcpagating alpps enepithepashpira orlap Ti ! i on noi se
T, B g B A it o 8 122001 0. For 5.V
20 Noise may be further reduced by abrogating reflection noise, which is
caused by an impedance mismatch between a driver and receiver. Reflection noise
becomes problematic when the time of flight of a signal is comparable with the signal's
rise time. Consequently, very short connections that satisfy the following constraint
will minimize reflection noise problems.
25 taigne < tise/4
For a typical carrier 12 signal interconnect, the time of flight is:
flight ~ 50pS.
Hence, by keeping rise and fall times > 200ps, reflection noise and the resulting impact
on settling time can be avoided. For 3.3V transitions, this translates into an
30 interconnect load capacitance of <66pF per interconnect. In this fashion, the carrier 12
provides a high-density routing structure with low noise by which to interconnect

various pads of a single IC 10, or multiple ICs 10.



30 I nt erconnect | oad capacitance of <66pF per interconnect. In this

fashi on, wbesssosi er 12 provi des a hi gh-density routPCmg/ses/rases ur e
with | ow noise by which to interconnect various pads of a single IC
10, or nmultiple ICs 10. WO 9853493
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The board 14, on theTid betd MaRa, the etheeiandssedveIBe aftcEalicdd 85R fHPthet he
carrier 12 while providing single-layer routing between adjacent carriers

12. The  carmier oWkl Riovigimesingieriayer joulieg between adiacent qamviess 3nAbeti on matri x

and the sipal.e- e i I . ath of .the hoard l.nt.erconne
effectivel é;&fb?%%}ﬁ%‘e‘{sf ulg-g%{elr ﬁalﬁ@lﬁrslzc SRAERpestion m%nx anldgﬁee%%}ﬁﬂ%f Sﬂgﬁ%lne over
the nul ti -gdih Bf fhidboX S [ ntefdhhdc® Effect¥ely}3bdites £86nthHaYEs nhe&tX Y

connections to a board 14 adjacent thereto shares a power plane 12 c or 12d
with 5  intaeoonbesplangroverthe tilti-ohiptsobgyisteitt. Carienst] 2 tieat do siat kgveidirects
preferred that carriers [or | 10 that  are.to I n,data
Bormuni cat fegectos o & bpasd 15 adrsas Moo fles SHOH 8106 (poer ool

proxi mat e Lpyupfekriet MBr Althéhgh it is not necessary, it is preferRd Hak AR efsQnBfop YES NI
adequate current-carrying paths for the tota peak requirenents of

t he i ndi vi Huthht dr€td Be intdata carmuecatiba, aeceléntrcally tdupedyishodd ibepositioned nust
provi de sufficient power dissipation to satisfy the estinmted power
consunpt i gifoximate to eaeh piher.evice. In an effort to inprove the power
charaggeristics of t i : : ot ' khy 1S

pr ef e?ér) ed that the Iﬂéeafgﬁ%%ﬁ?g?%%@é)?vﬁqﬁge é’?‘é%“é%ér{g‘ggﬁ?‘ggg‘g%i‘fw

Ref erring peakré@srenénts pAtieriddiSRBualoe1 ) theGabter 12%nd Board ) 4 kemiinatibed on
carrier 12, along with other el ectrical conponents (not shown) such as

resi st or s g provide suffigisniqiomst dissipgtinngto sgiiffy therestimated ReWpiteRsyBPYon
multi-chip Wit hi N ed f. 1S . Y] vant. S nore
conponent BEhcd b itohaE inrod g s qpractert$Borife SRGEIAURS T0T P
12 as an lmwnﬁlﬁﬁataﬁx,eitbs%@é&neﬁ ittt EHRLIEY KOdHSI6Y [N SwiRE Qighll teclafquesr abl e to
on-chip interconnects. To facilitate coupling of the IC 10 on the carrier
12, s&bder bunps 19 ReferringuaFigs. AtSdpanst SB,toae bomareliss 0168y bamowrted oAs t he

metallic . cant act 5 d 17 and the bon ads 15b and 17b.are

Cypi cal |y PEGHIA APBAG i Hegricd Shipopes fof ol e B ERgR #43 ray e
di sposed hah¥&fms. t HehceOda9dr 1DUIRtibEs 8WimuliRcip Rfbdule within RSSf.t Phikaci i tate
adhesi on of "the sol der bunp 19 to the bond pads 15b and 17b. 25

A pr obl em eany advantagecises muge perdpansetsdeayr kedatereonnestted drebaakd td.r i cal

contact between the. bond pad 15b and,17h and the underl.ying | ayer to which
T et PSR, b AT AR FOBIPdEE hoh BiaR e IR Feur o cycl i ng |
was dpgcoy, dHiédo déhid BRdrconnects. gg?&ril?tg@t bR ofthE 10 GRtheGaRTAC!

bet ween the bond pad 15b and 17b and the underlying conductive trace
resul ts fr@nsclidectinmg IGfaré meunted atolpiof tiedstnd padsl Bd andd 7h.7 Asdlssmefalliced 30

therewith. It s determ.ned that thiis problem arose fromthe difference in
coeffici erﬁogtac)tlgalS and 17 and the bond pads 15b an% 17b are typlrcaﬁy formed from copper, a

layer of nickel and gold 21 may be disposed between the solder bump 19 and the bond

pad to facilitate adhesion of the solder bump 19 to the bond pads 15b and 17b.

25 A problem encountered concerned the degradation of the electrical
contact between the bond pad 15b and 17b and the underlying layer to which it is
attached. Specifically, after repeated temperature cycling it was discovered that the that
degradation of electrical contact between the bond pad 15b and 17b and the underlying
conductive trace results from cracking of the metallic contact 15a and 17a associated

30  therewith. It was determined that this problem arose from the difference in coefficients
of thermal expansion of the bond pads, the solder bump and the silicon dielectric which

surrounds the metallic contact. The solution to this problem was based upon a finding



of thermal expansion of the bond pads, the solder bunp and the silicon

di el ectri wonisisz4p3 surrounds the netallic contact. ThecwUsastioem to
this problemwas based upon a finding WO 98/ 53493
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of the criticalness of the relative sizes of the bond pad to netallic

contact. Thfthakaticdliess of the relative dize3dbfigobdnd paligo Aietlidontdee TR &k4 bL
contact had to have a ratio within a specified range. Provided that

t he met al | the hopdpadto thaareated thsanefallissontacichadite bayes ratip ygthise speaciieg,

the a ratig of ghe.di r_of .t h d d. dlerr], to the diameter of the
nmetallic cgﬁ‘gg‘fc%m Q,Pe d%tﬂ]e%rggta{l%: cggglgﬂar{dﬁge P%rgld‘ga%a#}}agﬁ‘:%@art%&g?s%? mn%’,

i ncl usi ve. WAt Bf the Hidmiéritfehe BIMA pakde &Stht Aiatktit&ibf the metallichtentaBidy) | i C
contact is subjected to by the sol der bunp when cycling over tenperature,

i s con®r ol hatitotiean thii repessireny 2t hte Sé) iddusiveniithrthisiseruttored theatiessitp vdyiing
| ect | at,i . t echni. , b it all trolli th [ f
? h:c S (r)f)g e?%bbgﬁe[}algﬁ crl)%ctgg I_]%g%_sto byed(mze(;i goﬁgerlbum% wl?gx\{s cy?: 1rr1]gr?r,\%}‘ éegqulqge%m{%h? z€ 0

sol der bu ' W oTo PH=Y I ;,,Igﬁg, %Fén : j in
nol ten sol edro ﬁgél%ﬁﬂ%d@?gﬁg?g&%?@ﬁ@ ond&lgggﬁﬁa ta}alg%laggﬁég% Ladip

hem spher i teahnigispbecaiifecnalidwsamintrolingtthe sied ofthe tadérdtteimyondthp &dndipadibi cal
shape of sol der,. sg{)g{; b}/ dashed-line 19a is applied. Thereafter,
the sol der cube 19a L¥Pifalh & solder bump|is fopmed using elecrQHatyg te6hqUERe on t he

af orengnt i ] Ligal Q?ﬂ |.Gl . nt of solder is
provi ded i%@ ggg%éaﬁgdlg%cgﬁa e‘ﬁ%ércfiﬁg?m egdrogg%a?ﬁ%dtsongg?l%bunp 19 15 S
appr oxi mat Béndispleputizhl dhapd. "'Wheh amarhiig thé sdlie tbancbapdhaadkicebiciliBape of

el ectropl ati ng process. provi ding the solder bunp 19°with a

B
di anet or | Foldsteshomey ardashecolieai] Gezinapplisdr Thersafier, the soldercubad Saisthgatedc
contacts 1 and.l17a due o, t hermal. cyclin are reduced. .
ot erri g oRRG ietd Beffiil snd Bid BRI orRNE R b R Fooh Rl Site.. A ficisp
probl em i sahbit of kolligGik pidvide@Sn @RURLE 192 & thal@e BRRIfer®E thead et Bithpng
carrier 612 to a 20 printed circuit board 626 w thout w rebond

conneddi onis.apSresohatelyaiqhsl to thendiameter ofthe band pad after thetedecrbplaingprocessed rat i o

f the diageter .af the sol |..to the diageter of th talli
cont act 1 SBHPHNAInE HE s GT BRORCP OIS P’ g AU FUiT o 08P S Gond
contacts rgsitelhéiallit cOREts fliz?irﬁi”%%iu@e!‘tottﬁlﬁnﬁf’@}cgih | R0kAu&dd. t her mal

expansi on between a printed circuit boar 26 and the solder balls
619 coupl ed t heret o Refeming tddil. 6lan advastagbwith basrboroing theafoteiedtioned s shown

havi ng a nouptin urface 610a and j or .surface . .610h, di sposed
opposi t e thgi‘Fgl %ﬁﬁeﬁt‘ﬁ fgﬁlﬁgﬂ?sfcﬁe “lgl‘%a‘gg d§g4 é‘?‘f‘é’é‘ﬁ%&lc%e’igﬁtmt“he

nmount nfg SHE Q308b . ' S . arrier
R . g e R e A

i ncl udes athemforementioned ratiosafitheadiem6ted af the doldentsglion tisadibmeter 6flthb, di sposed

opposite thereto, with the carrier 612 30 bei ng nmounted to the nounting
surface 61@&@%%‘%%@ Wiy e aferamentioned rangedegzadationo SO?der borhove, so that

the 1C 610c4ad RRAARES H¥ diirehlS i BRI dobfiRicdh o herhPLARhdon bliGelifh 8L 1 Ve
printed circuit board 626 and the solder balls 619 coupled thereto is avoided. In this

25 fashion, the IC 610, is shown having a mounting surface 610a and a major surface
610b, disposed opposite to the mounting surface 610a, may be attached so that the
mounting surface 610a is coupled to a mounting surface 612a of the carrier 612
employing solder bumps 620, as discussed above. The board 614 includes a mounting
surface 614a and a major surface 614b, disposed opposite thereto, with the carrier 612

30  being mounted to the mounting surface 614a employing solder bumps 622, as discussed
above, so that the IC 610 is disposed within the aperture 616. Preferably, the relative

dimensions of solder bumps 620 and 622 are chosen so that the major surface 610b is



di mensi ons of sol der bunps 620 and 622 are chosen so that the mmjor surface

610b is wo098/53493 WO 98/ 53493 PCT/US98/10644
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coplanar with major surface 614b, i.e. 12325 to 40 microns in dianeter after
reflow. This board 614-routing carrier 612 subassenbly is then

mount ed t ccoplapaciith eajerisutiacettd 4bsivectB25 to 40 migronsminphiameteraftdrrefidw. Bhisrd 626,
usi ng sol der s 619, with the carrjer 612 di sposed ef ween the
boar d 614 SHER SHersRREutiers LU Robyas o8 Mo iigh gierkose hEenStbs sary,
5 the solsdafidia dirdhikDoaids28] ushtf did: $Blls 6197 &ith WS ORRE §1DiGRsEd er 612
fromthe printed circuit board 626, 1.e., and are in the range of
650 to 750beatweancths badrt €14 awd theprinted circuit board 626. Although iR&sfret necassatyy Fig. 7,

to facilitate attaching the bt_oard 614 to a printed ci,rc;i_t hoard
626, ah artPayoldardrlidiloam efeutlicant size 1osnses ths caiss Abdiremdhe Brinteq pirelifyy

be acconply i ' { about carrier 612,
and routi n%oagtggzs?éfe'g%g ﬁgz% Q’g r%%%to?éﬁg% Sot%ﬁfﬁxg%g[rgrr%s}}égma. In this
fashion, one |evel ateforinlkagFizg7]1s facilitate att@bhing thatteardisl 4ablagrinted di r ect
attach of the board 614 and carrier 612 subassenbly to a _ printed

circuit bowictitbogd 620e3mea51ayrtd Guef seidardally 6l mey hefasmsd therann. Thif Man system

Addi ti onal,l the.electrical. perfor e, of h, as syst may_be. enhanced
by BeseeeRishg B TRsnE R ot P UBE ReA G ARt SBRRE S L B8 R EC or s as
mat er i@l tsY%lﬁl patBs (not HoWH tGheandy 6eROR 106 fAshRnVbieabAN &F pikBEink &

I nterconnecting the 1C to"the package. The el ectrical parasitics
associ at ectlintinated hye alidwinp dirdes attach ofgbe¢ boasd 61 hend @riedr®12 subassempledy toa nance.

By having all el.ectrical 2%o§ne tions, achi eyed t hroug? sol.der balls, the

af or ement | SRS Q0 boPA20,RpmRRY feducingmangiachuuing cads 1qre YR §§'6Med.

The pr ocesgqdifbndligPibe CRkiRAl JeiBrhaideiof suchlas 45 itae rihyiR! aie@®gSS | ncl udes
20 convent i onal chem cal vapor deposition techni'ques. |In ohe exanple a
waf er i s abrogatipg tarced fdrovirgbouding siependinyg oresvohiifavgors as imateriekiyde, t her ef rom

Thereafter, the f.er surface is_nycleated wth | ayer of copper
appr ox3 natdEgetar %@demef%%f¥% I%l.seéfﬂé Interconn B%é’r" I&é?@%/e Ra§f‘)%¥'§posi ted to
have a SUbﬁﬂeaél'één?é ara¥BEs Asbc fh BESNird RS BGRcQhe JEB10 wafer. A
| ayer of photo resalhgt S dggpocsite over ltr‘%e nuec::jafrleatl%nse%ayer to a

t hi ckness penfoRbancet By hasingeallelecGidabedkections actdevedhizrohgly suldafbalifydhe r esi st

Is used as a plating barrier to, formthe power planes 12a and 12b,
shown abovaoremenptioned glectrical pasaseics praysgeducgdgfgot avoided. 1oh are defined by a
mask | ayer which is ' : £S]

a photo resist ani soﬂ?%?%giﬁéﬁibg}? %thgrée}?rge\l/rggp {ﬁ%iﬁ%ﬁ%d} g@?ésgﬁérh%{rﬁst he

regi o2 defonvaiohyl chemical vipoedémskion @edhaijuey Ihivae Bxehslativaferliayer. A | ayer
of copper 5.0 microns thick is 30 .disposed in the regions renoved by the
af or ement iRSPRAGECIOE Rrosessg by TGO BN dativinrdde thegrefrom. Thegsakar, dipe¥afer

Lo Catce R BuPEREPRER Y Bler bR EonlP Bros S N IR eeRe PR, "o o e

waf er is tde@per layer is deposited to have a substantially even thickness over the surface of the

wafer. A layer of photo resist is deposited over the nucleations layer to a thickness in

25  therange of 8 to 10 microns. The layer of photo resist is used as a plating barrier to
form the power planes 12a and 12b, shown above in Fig. 4. The power planes 12a and
12b are defined by a mask layer which is deposited atop of the photo resist. Thereafter,
a photo resist anisotropic etch step removes the photo resist from the regions defined by
the mask, exposing the nucleation layer. A layer of copper 5.0 microns thick is

30  disposed in the regions removed by the aforementioned etch step using electroplating
techniques. Specifically, the periphery of the wafer is attached to a plating electrode to

allow contact between the electrode and the nucleation layer. The wafer is then
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i mmersed in a copper electroplating bath where approximately 5 m crons of
copper are plated into the aforergenti oned regions. After conpletion
of the electroplating step, the photo resist is renoved | eaving the

patterned painersedirnnesppt? electnupldidiy. balthwhero ppgroximately 5 n‘murdneaf tappet arger
remai ns shorting all npetal patterns present on the wafe

A bl anket wigtedaptorthe aforeraentionsd memng. Adter eqraplgtionel tb@ﬁ&s@romwgeﬁqn,

| ayer and g L. 12b. An
adhesi on Bﬁ& fgsﬁ%‘%n%ﬁ eg?%ﬂ%ﬁ%ﬁﬁ%&f ? ?po ﬁ@f’@ ane ?g@AEé%@op%Qg%l n

net hanol , hiclb&RM 167 REH&Hs shorting alpﬁxeﬁah?aﬁ'é@ﬁsq{reseﬂ& fheAREersol ution is
dynam caIIy di spensed onto the center of the waf er while the wafer
spins & 3000 rpm Tﬁeblslpkqfi“@b@ebllﬂtbenP@fvrmndtte@met@mpﬁmipbml@i for 30
seconds to, dr

ft di el
deposi t ed. laye an pr? eﬂf&?’é’@t‘? ét?(?rh efﬁg%o‘{éfglpfﬁ” Li@s@l%ﬁi’ %ﬂ’r"ggg Hetely 5.0
m crons anpro%tﬁﬁt 814@1ro ropyltnethoiﬁﬁhﬂ@@eﬁP@O%% h) xﬁ%&&%@u@éﬂ%ﬁ%@ed form ng

a mcrostrfp transm ssi I ne struct 3- APS enharnces t he
adhesi on obn BEBvifer. ChpgAPS solution is dynamically dispenséd satothe cematofitse di sposed
atop of the dielect ayer taq sitign and 15 defi ne vias, ich are
subsequent wg aﬁwﬁeﬁgmas $riobs rms Theseipspeedriyes éncrqq%?ito sol IPm; g

fol |l owad by t Ié,qg 4y vers the
enti r\g% for SIGGSC?&MSR(% %&fﬁ%ay fg ﬁ%?f%‘%@%‘tghégg&)at ngyghq gglrgde for a
subsequent Taegefctric layer has hﬂﬁbltr@:@ﬂ eftdppebxsheply Sihmigbsrindateuadaligchnent is

on the outer edge of the wafer. second | ayer of photo resi st

appr oxi mat Esylagspewepplanes Pagnd H%kfomma ApaisTosEip, trang@ispion ling skugtephot o

resist is e | e formthe one of the signal |ayers
12c L@ g%gn}%ﬂg(:sﬁﬂ?%&gglﬁngg@ POLORREY  The photo resist is then

ani sotropi cal |y et ch@dsecond mask lenrspsseagtdﬂtﬁftﬁe Gdleb@iy edyek b paxitioaumdr egi ons
of the photo resist. Copper, up to five m crons thick is deposited

i n t hd5af odéﬁi@rﬂ@%ﬁé@hﬁ@@bswﬁnﬂ}’ Ftched duringralfictord (S gyston PTOCCSS Thisr i ng
th t h t Th t i
then o5 CR6eE PRmRRiteRR oSl Bt tube T S el OBl o o1 1S

addi tive pﬁ@.ﬁi@s $he AiCu layer fab@ts8 s Wplatifh ¢ @fécir@deﬂ[@wa ReysEQleBebpper r enove the
Ti Cu | ayer and provide electrical I sol ati on between signal |ayers 12c

and 12d. Anbcmmlatir&ymp ofheZlgshgdeatitashinent is on the prtaredgeof thasvaBIBA s t hen

N P t o sckna LE R dhors vesisl e RRBmaely T e L mbrons bbb 362931% Tpg ¢ 30

fol | ovgd byeceﬁd gma rm&@u&gﬁpi@&ﬁﬂg%ﬂrﬁ & BFm kol au e 1%el and

gol d ng is performed | heaorenentlone por |on Afifth
mask is appxlld hZﬂ twdicheif idafned by a mask. The photo resist is then anisotropically etched

exposing the TiCu layer in various regions of the photo resist. Copper, up to ftve
microns thick is deposited in the aforementioned vias, as well as the regions exposed
during the anisotropic etch using an electroplating technique. The photo resist is then

25  removed leaving the signal paths 12c and 12d formed by an additive process. A
blanket wet etch is now performed to remove the TiCu layer and provide electrical
isolation between signal layers 12¢ and 12d. Another layér of 3-APS adhesion
promoter and BCB is then deposited. The layer of BCB is approximately 2.0 microns
thick.

30 A fourth mask is applied to define the interconnections 21 and 22,
followed by an etch which removes portions of the BCB layer. A nickel and gold

plating is performed in the aforementioned portions. A fifth mask is applied to define
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the regi ons where segnents of the BCB | ayer is renoved, exposing regions of
t he silicon wafer. A dry etch i18 then used to renove the segnents
of the BCB |l ayer. A | ayer of 3-APS adhesion pronoter is now applied
to the si detheqégibiewkdré ssgneempasithe@BCB layer is rendoved, eixpesingwepiont bethki ft h mask
was deposited, and a 2 micron thick layer of BCBis 5 deposi ted

t hereon, de&liren wefen Haexerhis thapised ye removedhstagmentsief the BEBJogadt on t he

backsi de | aye n efines regqions e he. ,si Li,con mafer .is to be
exposed. E\% e "af)é.'ﬁ‘l_’g?ghegi°&?r?“§°‘ﬁrs %dlotwoap\éﬁjﬁé) gogt&’f ﬁléie \%g#hgrwasfiarl ‘.?pé’S?#?t& | owed by
renoval of tHelRRleSier& @8 fHthQfAsk was depdditedntded ARten thitk I1BRSEBEB BCB | ayer is
then renoved. The board 14 is nade in an analogous manner. 10

Fig. 85is derokitadctheneon,slefining g bepksigerBEBraysd Awidib thask 1si disposebemibet i ng

| Cs accordj ng .t.o resent .invention shown, for. ch conplex IC, the
boar . badk B ePiang e fing repnSPhere B s R e EP B ar at ef y
manuf act ur gd. .t/R&E G8dd B @xpdle the wafer Slish. MlibwedlthGEmbig oPaR!HictaiRms _ar e
fabricat ed@c?peni ngs ar’élsfgrrsevé Frn tlﬁfeh boar ds bgt rgt epO o 503. The

I ndi vi dual theseeregionar Ehesleohksidd BBadbyatietheh movadd The bbard 1dtis siépinsn/. The 15
carriers are fabricated at step 521, and are tested and sorted for

def ecti ve HHiQEouymagResy 523. Defective units are discarded, and the
good Its are separgteg.d alelRY] I ' 25.

Ref er ?lang to steps 5%% ?Hr%ﬁ%&@&g}{b\gﬁ‘g tﬁx%gregarrr gdgﬁ%dﬁfgxtl@cf Oﬁéér%ﬂné

def ect s onI®s dcbexdingrte tHegiredenrinechtiohh A sghoem Uor éhabmphixIC, fertoad from t he

defective units . and are separated into individual 1Cs. At step 550,
the good |ea§rethespricspigfrsandied Covaters agpopamsisbnmenifagud: Referringte.  After

the ICs ha e |.er:S - fi.nal . 0, elCis
conduct ed Qaigp gs)@égﬁg%gggﬁfi ?%gegg%eﬁ%tﬁga%%%geﬁbng gr% efo{rﬂeed llnéh % §§%&%§[ Jeth{re ted

wi t h ot her 5e3uReshéimdussboatdsirdspamtdd step 508 mnd tespidat siep 507." FR@wn good
die." Since no assunptions are made regarding the quality of the

di e, @d&npotaidery aes fabricated at stepS3b and are tested and soated dor dpfrstivenuisyat sep

subassenbl y.,4 nted.onta.th oar,d at step 570. Bad.25 . ..conpections
ot oot ed 1O g5 Yiseed 3B uShosyRe AE ot fla inglSEHTY | <
conpl et ed grriérs @05t 525. Referring to steps 541 through 5KRE RS 13sNe 5180 fes@8 for3 and 9, an
alternative nethod of interconnecting |ICs according to the present

i nventi on defecthonee theSpase fabricatd. y Thesganslsanyts are B@orted Sronrtlie 6efective units

,‘élogr e;po_rll_g%;[ are gee Sate%%%fo iggi%idug S?I}&dt st5<=,?)75’50,d the (é(l)JoSds ﬁfi di(tjalé3 gr\éerngmunge% onto pect to

20  corresponding good carriers. After the ICs have been mounted to the carriers, a final
test of the IC is conducted at step 555. This additional test before the IC is integrated
with other subsystem ICs eliminates the burden of producing "known good die." Since
no assumptions are made regarding the quality of the die, compound yield loss is also
eliminated. The IC/carrier subassembly is mounted onto the board at step 570. Bad

25  connections are tested for at step 572, and upon passing the test, the assembly is
completed at step 574.

Referring to Figs. 8 and 9, an alternative method of interconnecting ICs
according to the present invention is shown. Specifically, steps 601, 603, 605 and 607
correspond to steps 501, 503, 505 and 507, discussed above with respect to Fig. 8. The

30 method shown in Fig.9, however, differs in that the individual ICs 110 are assembled
onto the carriers (not shown) before the carriers are segmented. Specifically, the carrier

wafer 112a is fabricated at step 621 so as to have a plurality of spaced-apart carrier



30 met hod shown in Fig.9, however, differs in that the individual 1Cs 110

ar e assenwioss/53493 onto the carriers (not shown) before RCEUSMIPI4Ers are.
segnented. Specifically, the carrier waf er 112a is fabricated at
step 621 so as to have a plurality of s$paced-apart carrier WO
98/ 53493

PCT/ US98/ Bfidus 112 located therein. In a separate process, ICs 110 are fabricated at step 641.15
regions 112 located therein. In a separate process, |Cs 110 are fabricated

at step 64iereafter, the Kisd104rq segmeptgd a %tsp%i)a@raéses@@ﬁ%mtedh%%ar@%réﬁan5 and
assenbl ed 2 47 e sol der
attach teclﬁg%lgt gt%%&gélélsgrmaﬂ%g%\ggﬁacme%hﬁ@ ? g%usgéaeﬁ’og In WS clglr rier
regi on 11Zawh l:dm&ax‘égloﬁtl 1b&ds lha@m 1édst A0 CRBIDARERAREH thBRMEN t h 5
Referring to Figs 8 and 9, attachnment of the ICs 110 before

segmertation of the RefewingteFEs. hislapdd, péachment Qfghqm/blﬂlh@&rconal t esting
or bumin of 0,, before f.inal 0 that end,. the
carrier vve?F%rPemiti%oﬁt tﬂ?‘, Fﬁ&grss]lé allows performing ?ﬁq? qlﬁﬁméﬁg‘nﬁ % B"l?n’a‘ H ane
122, as wWghé 1@S1 19, B&Ble Ml AsehBl. TeA®l Qb HBRarrier waferQﬁzf inBludeLgi ons 112
may be coupled to'the power plane 120 and the ground plane 122 10 t hr ough
i nt er conngopsr ﬁmﬁe 12®1amdna gropond plapge t 22, iap well la€sighdlpattad@dc Eacledf thet h t he

ctep 570, CHpEEREER 117 ke itled o begaater E@%ﬁifol%%”ﬁ'e fugilstia 14nd pover
pl aneg, 12G an Qh g!{t’% @IE%C{SHQG.' m&fscc%ﬂﬁ ﬁor}%és assofcgdgﬁ \va?hfﬂ Q:%Helrcal

COI'TI’TUnI catron requi site COI’] I dns I asl ng

and si gnalregio@BiD, aiyde tésted Yegork GSmﬂalbﬂng Iﬂumbl;&ars{ey 5aet apédificullyf thdef ecti ve
| Cs 110 may 15 be achieved. The carrier region 112 and 1C 110 may be
di scar ded stgnekp t%%b%emee&rpw and power plgnes 128rased 22 pacihedniBreonnssty 126 nto a

board 14, r 0 S y

functi oni r‘;%p%e g%r %Z M uhggtl ‘%h ﬁ'fe g{‘i 19 éo'ﬁﬂ%‘%gn%?_% oa%c'lhq% B{QEBF damage
to ahl 8igh&l tiakidmidsion t@@lﬁiJCsdlllOl Tud, 6@y dQ8dion o défettive IquaU%&yCOUm i ng
of the test signals and bi as voltages to the 1Cs 110 occurs at

coupl 15hg Ppadshievers Bhedamixs segiath bl2eandd Cnd 02pay be ¢ipgpeded aftersagmentatioht h the | C

et er 1 ng P bEptsay Sakse bl I8 BPA 11 Y ¥ B gor of disporipEls 126
are rout eghyrépe r@@a&t%x{glﬁaﬁ‘@rd 'Iﬁ fad818i8h Oeduckd Is B¥ pRAABHIHPthahd R tb st

circuitry regions 0, located between adj acent ‘carrier regions 112.
Al so i ncl dketC 11 whkotous dumgfum:tmyl testing, beqaaq: awuplingoef thq: tesbsipeals and cui t

carrior v dueoniactsd BficRiiheYoReR ol it sol mliRh o bR R on

resi sjprs piigﬁcémgntact with tht3é Iqﬁﬁn@&&bﬁﬂg%ﬁ (B&%h@\bﬁ) ddrﬂlgtﬂfﬂﬁ-uf ashi on, each

| C 110 may be coupled to the power ane 120 ‘and ground pl ane 122
via isolation resi stReferib82 Bigs 91484, 10; &zers@nal pﬂhylZﬂdmdsnterconnectqor%/ent s a

short associated wth one of .the car from shorting the
entire ¢ roueegrtp F%‘H". ﬂ’éﬁ%?a‘ﬁirfégmﬁij zn}@}' Eaﬁ ng g@’ﬂ‘éﬂj‘h YL JRBI8RY) . shown
in Fig. 9,3bhRcites betleb:t djhcent carrier regions 112. Also included in the test circuitry

regions 130 are other circuit elements necessary to properly configure the ICs located in
25  the carrier regions 112 for functional testing. For example, isolation resistors 132 and

134 may be disposed therein. In this fashion, each IC 110 may be coupled to the power

plane 120 and ground plane 122 via isolation resistors 132 and 134, respectively. This

prevents a short associated with one of the carrier regions 112, from shorting the entire

carrier wafer 112a. During the segmentation step 670, shown in Fig. 9, the test circuit
30  regions 130 and the power and ground planes 120 and 122, shown in Fig.11, are

bisected. This allows segmentation of the carrier wafer 112a without damaging the



30 regions 130 and the power and ground planes 120 and 122, shown in
Fig. 11, awe@98/53493 bi sected. This all ows segnentation of tRETAHS¥ 10684 waf er
112a wi t hout damagi ng t he WO 98/ 53493

PCT/ US98/ 10644 16 : 16 i ndi vi dual
carrier regions 112. Bad connections are tested for at step 672, and upon
passi ng t himdivedial carrier regivesbl 3 Bad compitione dredestat fop atsteh 6 Bhemhupan Fi g.  10.
WD 98/ 53493 . . -

PCT/ US98/ 1PsiRe the test, the assembly is completed at step 674, shown in Fig. 10. 17

VWHAT IS CLAI MED | S: 1 1. A mount for an integrated
circuit conprising: 2 a routing carrier having a power

pl ane, a conductive bond pad spaced- 3 apart fromsaid power plane, with
an insul ative body disposed therebetween, said 4 i nsul ative body
including a via extending between said power plane and said 5 conductive
bond pad with a netallic contact disposed therein, said netallic contact
and 6 said bond pad having a circular cross-section, with a ratio of the
di aneter of said bond 7 pad to the dianeter of said netallic contact
being in the range from2:1 to 5:4, 8 i ncl usive. 1 2.
The nmount as recited in claim1 further including a 2

hem spheri cal | y- shaped sol der bunp bei ng di sposed on said bond pad.



1 3. The nmount as recited in claim1 wherein said

routi ng CwWO 9823493 includes a plurality of bond pads and POrAUBR®¥10643c| udi ng
an insul ative menber having a 3 plurality of signal traces and a
plurality of bond sites disposed thereotf with said 4 plurality of bond
sites enclosing a region of said insulative nenber id?5
plurality ONVHATOISCLAIMEESISbei ng .associated with saiﬂjﬂ@ﬂﬂﬁi@i&iﬂﬂi@nd
sites so that each 6 of said signal traces of sai rom
one of said plurality of bond sites, 7 away from said region, defining an
el ectrical | y nonconduyctiv rea. . S s eire The nount as

r eci tedlci n claim3 V\/'r?érei ?gmsu fgfa?r}glftegsr%ff’%cxf)‘fulﬂtrcé)lnllptnﬁné' of conductive
bond pads superi nposesotiglastidi$atingfa gosved plht, escondedtive ibogd ?@d shatedyi on 3
so that each of said subset of bond pads superinposes one of said subset of
bond sid es apart frophssif pevartedanenwith an isnlative bodidipresed therebetnreeh, saidubgr oup of

oS Pl b L SIRELNG o ereb iR GRS TSR M L Y,

pl ace & paichndictif8bondpswih b BRtdl SrRsch Hispoded ST NaGPhE@Nic confhct and
5. The mount as recited in claim4 wherein said Integrated circuit is 2

coupl ed t o stidébond pad havigg b oinclilpadessatctiami, dithautiingf the diameterad daid dond

ositiqQqned thereon.so 3 t o .superi npose .sai d nonconducti ve area.
\B\D 98/ 5349 ¥Pad to ‘S‘le r;ﬁmmeter of sgi metalﬁc Eontact eﬁlg in ?he range f(r:om%:l to 5:4,

PCT/ US98/ 10844 18 1
6. %e m)ulrlltweés recited in claim4 wherein said integrated circuit is 2

coupled to the remai ning bond pads of said routing carrier and said
nonconductive area 3 i ncl udes an aperture having an area which exceeds a
cross-dectional areaZof sdihgmpunt asrgeitsdigclaimd; fugtherinclgding aj nt egr at ed

Cireut by beiag; Rkl nethaNoRal thf SHLLDNBALI B oA he 5 1t wi thin

sai d aperture, fupon sard routing carrier PeacH ng a T Ra seating position
with 6 said insul ative nmenber. 1 : 7. The nmount as
recited in claim3 wherein said insulative nmenber 2 i ncludes _an array of

sol der bunps surroundi ng dhgsraunbas reeitesan ¢laimt Whejeia spidirentingrarrier
includes a plurality of bond pads and further including an insulative member having a
plurality of signal traces and a plurality of bond sites disposed thereon, with said
plurality of bond sites enclosing a region of said insulative member and a subset of said

2

3

4

5  plurality of signal traces being associated with said plurality of bond sites so that each
6 of said signal traces of said subset extends from one of said plurality of bond sites,

7

away from said region, defining an electrically nonconductive area.

4. The mount as recited in claim 3 wherein a subset of said plurality
of conductive bond pads superimposes said subset of bond sites enclosing said region
so that each of said subset of bond pads superimposes one of said subset of bond sites,
when placed in a final seating position, with a subgroup of said plurality of conductive

traces superimposing said nonconductive area and extending between a pair of bond

N W B W N

pads of said subset so as to place a pair of said bond sites in electrical communication.

ponry

5. The mount as recited in claim 4 wherein said integrated circuit is
2  coupled to the remaining bond pads of said routing carrier and is positioned thereon so

as to superimpose said nonconductive area.



3 further including a printed circuit board coupled to a subset of said
sol der buwpogsissai d 4 array. 1 8. PCTAISPRIWA44 for an
integrated circuit conprising: 2 a routing carrier having

a power plane, a conductive bond pad $paced- 3 ap i r
pl ane, with an insulative body di sposed therebet weenﬂm ”mem Fmr;ti ve
L Sa Os *
d

body including a via extendi ng between said power plare an

conductive bond pad with_a netallic, %i),nt act disposed, therein; .and. 6
means! coupled to hid r ORI abferited io dlaim 4 wherergiddptegratesh drcuit is

degr aglat i o1, t&@ieqerﬁﬁhﬂl Yofid SQ&E&(‘shid%ﬁtiﬁgocﬁﬁér‘%ﬁﬁ séiﬁrn‘aﬁéonﬁﬁaﬂga?éaed Wi th
t her mal cycPl ng 0 r&uh ng carrier. . The
nmount3 as in€laddsesl apbritie dating ahes &vHiclsdicedsadiisssdgctipangedof satidicl udes

providing said netallic contact and said bond pad with a dianeter to define
a 2 4ratihsgmiadrigiinmeidintegratedhgirtul betngpeditivnedser shidifosting earrier sosasitel

nmetallic gontact .in the 3 range of 2:1 to 5:4 . 1 .. .\ . 10.
The. nbuntSBUPE ¢ Beefe-dpap e e Piasaintr e Aging! Sating position with

hem spherd,cahiattRangdbso! der bunp atop of said bond pad, wherein said
reduci ng 3 means includes providing said netallic contact with a
dianeter to define a ratio of said 4 di aneter of said netallic contact
'{,\90 tgg 5g|48ge ter of 7s-a| d ”lsn%lnqgurnt tgsu rrggitcltdﬂl intc?aelmrBan'ggrei%fsai%'i%su?ativetn?ergbedr"

PCT/ Us98/; . : : : : 1

11, Py adhan ey of solder tumps sumounging s porion of saif routing camienhd, 1

i ncl wes farthdrindudihy aptintedreitcpiatisardeoufled tolwesubsen of sudd sejdarbumpsaflsaidi ve
menber having a 3 plurality of signal traces and a plurality of bond
si t es? di Hd¥ed thereon, with said 4 plurality of bond sites enclosing a
region of said insulative nenber and a subset of said 5 plurality of

signal traces being associated with said plurality of bond sites so that
each b of said .gnalA tioaseHr ai irtegrated cibsht cotngirisings from one of said
plurality of bond sites, 7 . away fromsaid region, defining an
el ect#i cal | y noncorfdfQEERE,/gaTEsrdigving a power plane, a conductive bond pad spaced-

3 apart from said power plane, with an insulative body disposed therebetween, said
insulative body including a via extending between said power plane and said
conductive bond pad with a metallic contact disposed therein; and

4

5

6 means, coupled to said routing carrier, for reducing structural

7  degradation of said metallic contact due to stress forces associated with thermal cycling
8

of routing carrier.

9. The mount as recited in claim 8 wherein said reducing means
1  includes providing said metallic contact and said bond pad with a diameter to define a
2 ratio said diameter of said bond pad to said diameter of said metallic contact in the

3 rangeof2:1to5:4.

10.  The mount as recited in claim 8 further including a
hemispherically-shaped solder bump atop of said bond pad, wherein said reducing
means includes providing said metallic contact with a diameter to define a ratio of said
diameter of said metallic contact to the diameter of said solder bump in the range of 2:1
to 5:4.

thh H W N =



1 12. The nmount as recited in claim1l wherein a subset
of said 2wO98#3d%3al ity of conductive bond pads superi nposeBCEESH/WotIset of .
bond sites enclosing said 3 region so that each of said subset of bond

pads superinposes one of said subset o1%bond 4 sig I in a
final seating position, with a subgroup of said plur m‘m 'm“mm Ir
conductive traces superinposing said nonconductive aréa and:ext ersdi Rg

between a pair 6 f band pads of sajd subset,so. as.to place.a pair of
said bond sites in elﬁect ?ﬁ’&é‘?"‘*f‘t as regiy rﬁ?*’d’é*t Bherein sgid routing carrier 13.

The nt . i ¥ i |1 b | [ ' S
s A R A B S
posi t i dnegliraktyadBigial tracsoaraisa plaratitpef bondaies diapated dresongwithisaid ar ea. 1
14. The nount as recited in claim1l2 wherein said jnt egr ated circuit 2

i s coupl edlyralityipd bondsitesicaglosng a regiers obidinswativamember g gisupsea pfisaidi d
nonconduct j, ve,. . | . t A | xceeds a
Cr ose-S oot of sigfhfhcel e ASoaR R aa HIEH ALt B3R 3G M R L

circuig beifgsidRpahl trReef ORI Sdbel ekRUES REmMCHElOf 8did pRirdRty bObénd sitekj t Wi thin
said aperture, upon said routing carrier reaching a final seating position
Wwith axvaly dronmsaid zagiiane definipgan electtically nonconductive area. 15, The mount as
recited in claim12 wherein said routing carrier 2 i ncl udes el ectronic
circuitry forned therein and in electrical comunication with said 3

integrpted circuit. 12,  The moun'¥d @8#&BihLBim 11 wherein a subset of said
PCT/ US98/ 10644 20 1

16.  2A nphirelityfodicofductiveboral padsi supefiorposes saitk sabseh b€ torgd sitesienclosing said
manuf act urin [ i er

conpri,sing steps.of . routing_.car
havi ng a HERIEH Sp{tEheRCh of st sihspt GFLOBRBCS SLperiTRoRTS SRSR LM CHE Of DORA s d
pover Pl anges WHeR phided Bl s34k 8¥6h SRS SubgPoup JSHGRELMSRIT:

5  conductive traces superimposing said nonconductive area and extending between a pair

6  of bond pads of said subset so as to place a pair of said bond sites in electrical
7

communication.

1 13, The mount as recited in claim 12 wherein said integrated circuit
2 iscoupled to the remaining bond pads of said routing carrier and is positioned thereon

3 so asto superimpose said nonconductive area.

14. The mount as recited in claim 12 wherein said integrated circuit
is coupled to the remaining bond pads of said routing carrier and said nonconductive
area includes an aperture having an area which exceeds a cross-sectional area of said
integrated circuit, said integrated circuit being positioned on said routing carrier so as to

fit within said aperture, upon said routing carrier reaching a final seating position with

(= R T - N U R N

said insulative member.

—

15.  The mount as recited in claim 12 wherein said routing carrier
2 includes electronic circuitry formed therein and in electrical communication with said

3 integrated circuit.



6 formng a via ‘L\“\E‘H“m II!meleutlm/e body extendi ng between
sai d powerwo?s/5349% ane and said conducdiwe Bond pad; 8 PCT/US98/10644
depositing a netallic contact within said via to extend between sai'd _
conductive bond pad and said power plapg; and 10 ~form ng
a hem spherically shaped sol der bunp atop of said bond pad, 11 with a
ratio df the di anetel6.of Aatahgifotfsrmngpmboenttbeaindsgied citfuirsai d metal lic
contacf 12 being in the range from2:1 to 5:4, inclusive. 1

17. %‘he GPEmEHEes@fi ted in claim 16 wherein said forming step 2

I ncl udgs providing | ith a circular cross-section.sq that a
ratio %f the 3  di zsarﬂrre ef$ oé %agﬁ%&w%ﬁaénﬁr i A RGP ’tae‘fong'f‘&é"zflcﬁ?npret allic
cont acd i spadrspided-apan d@nt sdpdhwer plant, wvith Bn thsulafitd HSdyWEsposed
18. Thesprret ﬁod adsr,) recited In claim16 wherein sai c?'\@oprm ng step 2
i ncl udes dherebstwpeniti ng a cube of sol der onto sai d bond pﬁj_. 1 -
' ' ' ' aid netallic contac
|12 for mr;g ][TEE)E]OS OSFS) eféggfntg%qrié i sgljdailnsmlaltg/e%g; g{tgnrfing etween said power
7  plane and said conductive bond pad;
8 depositing a metallic contact within said via to extend between said
9  conductive bond pad and said power plane; and
10 forming a hemispherically shaped solder bump atop of said bond pad,
11 with a ratio of the diameter of said solder bump to the diameter of said metallic contact

12 being in the range from 2:1 to 5:4, inclusive.

1 17. The method as recited in claim 16 wherein said forming step

2 includes providing said bond pad with a circular cross-section so that a ratio of the

3 diameter of said bond pad to the diameter of said metallic contact is in the range from
4 2:1to0 5:4 , inclusive.

1 18.  The method as recited in claim 16 wherein said forming step

2 includes electroplating a cube of solder onto said bond pad.

1 19. The method as recited in claim 16 wherein said metallic contact

2 is formed from copper.



