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PACKAGE TECH NI CAL FI ELD OF THE | NVENTI ON This invention generallwpggg

relates to integrated circuit chip packages that use interposers and their
connection to printed circuit boards. Mre particularly, the invention
relates to a cantilevered ball connection for an integrated circuit chip
package. 2 :

CANTILEVERED BALL CONNECTION FOR
INTEGRATED CIRCUIT CHIP PACKAGE

TECHNICAL_FIELD OF THE INVENTION
This invention generally relates to integrated

circuit chip packages that use interposers and their
connection to printed circuit boards. More particularly,
the invention relates to-a cantilevered ball connection
for an integrated circuit chip package;



BACKGROUND OF THE | NVENTI ON

commonl y connected.to printed circuit boards to achi eve an overal

el ectronic function.

Integrated circuit chip packages are -

The connection between the integrated circuit chip

package and the printed circuit board typically allows for the conduction
of electricity fromthe circuitry of the integrated circuit chip to

circuitry or other conponents on.the printed circuit. board.

One net hod of

maki ng the connection between the integrated circuit chip, package and the
printed CIFCUIt boar.d |s to use one or nore ball connectors, such as sol der

bal |l s,
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solder balls, in what is known as a flip-chip or &n area
array packaging. .

One problem with solder ball connections arises from
the difference between the coefficient of thermal
expansion of the integrated. circuit chip package and that
of the printed circuit board. The coefficients of
thermal expansion of certain integrated circuit chip
packages are largely governed by the expansion
characteristics of the silicon which may have, for
example, a coefficient of thermal expansion on the order
of about three ppm/°C. The coefficient of thermal
expansion of the printed circuit board is largely a
function-the amount of copper incorporated into the
printed circuit board. The circuit board may have, for
example, a coefficient of thermal expansion on the order
of about seventeen ppm/°C. Théréfore, the difference in
thermal expansion between the integrated circuit chip
package and the printed circuit board of this example is
about fourteen ppm/°C. Typically, the difference in
thermal expansion is in the range of about ten to
fifteen ppm/°C.

This difference in thermal expansion results in
relatively large stresses on the solder ball connectors
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3 whi ch forn1the connecti on between the |ntegrated CIrCUIt ~chip
package and the printed.citcuit board. Over the life of a typlcal printed
circuit board and integrated circuit chip .package conbination, cycles of .

t hermal expansion and contraction result in damage to the solder ball
connections Ther mal “ expansi on or contraction can be caused-by any nunber-
of factors i ncluding heat generated-by the flow of electricity within-the
chip of "the integrated cireuit chip package or on the printed circuit. |
board, environmental factors-such as nornal heat and cooling, or exposur.e
of a prlnted circuit board arrangerent to heating -and coold hg cycl es upon -
power -on andwbdwdr forl thel esnnection dprivweenthd integrated gigcuit -
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arrangement to heating and cooling cycles upon power-on
and power-off cycles during operation of the particular
electronic device incorporating the printed circuit
board. , 1 |

In one type of a flip-chip arrangement, a first set
of solder ball connectors is provided on the integrated
circuit chip surface. This first set of ball connectors
is used to connect the integrated circuit chip to an
interposer which is an intermediate layer between the
integrated circuit chip and the printed circuit board.
The first set of ball connectors ﬁay constitute, for
example, C4-type solder balls. The interposer is .
connected to the printed circ¢uit board by a second set of-
ball connectors. These may constitute, for example, CS-
type solder balls. In one type of an area array package,
the integrated circuit chip is wire bonded to the
interposer. A set of ball connectors is used to connect
the interposer to the printed circuit board. These ball
connections suffer stresses due to the thermal expansion
characteristics discussed above. This can cause damage
or fatigue to the ball connections.

One method of relieving stresses within the ball

<onnections is to provide a buffer material between the



4 systemlevel printed circuit board and the integrated circuit chip.
For exanple, a |ow nodulus buffer layer, such as silicone, may be provided
bet ween the interposer and .the systemlevel printed circuit board. :
Stressses caused by differences in thermal "expansion aré partially absorbed
by the silicone. However, this gives rise to high stresses in the sol der
bal I s which connect the |nterposer to the integrated circuit chip. Those

havi'ng ordi.nary skil'l in the rel evant. ar@=wnll recogni ze t’hat ot her
probl ens- exi st with prior solder ball- connectlons bet ween i nt egr at ed
CIrCUIt chi ps; |nterposers and printed CIrCUIt boar ds.. —

,'system level prlnted c1rcuit board and ‘the 1ntegrated

" circuit Chlp. For example, a low modulus buffer layer,
-such as - 5111cone, may be.provided betWeen the lnterposerf
and the system level printed Cchult board Stresses
caused by- dJ.fferences in thermal expan51on are partlally'-
absorbed by the sillcone, . However, this gives rise to
high streéses-ih the.SGlder balls whlcheconnect the -
interposer to thejihfegrated circuit chip. eiﬁose havingl'
ordinary skill in the relevant art wi;l recognize that
other problems exist.with'prior solder ball connections
between integrated. circuit dhlps, interposefs and printed

circuit boards.



SUMMARY COF THE | NVENTI ON "It is an obj ect  of the present invention, -
therefore, to solve those problems associated with prior-ball connections
used in electronic devices. It is another object of the present

i nvent.ion to provide a.connection configuration which-will relieve the
stress.suffered by a ball connector used to connect any two of an _
integrated circuit -chip, an interposer -an8 a prlnted circuit board. - - It
i s anot her object of the present invention to provide a connection between
an integrated circuit chi-p package and a printed circuit board whi ch
reduces stress on the connectlon due to differences in thefmal expansion’
bet ween the i 55, QE B4 package and-the printed cireuit board.
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i nvention, and accqrding irst e nt of e .present invention,

and accor di ng to a(i i #§t2 8%€%¥ ecﬁ?f’ﬁ tg%? 5@"&%}\?1"3@“1%& 59 déd whi ch
i ncl.udes an i pregideed conﬁectlmhleomfwbmurdrermﬁw uallect:emahrby the :
connected to t@g |nteg Eted rCU|t%g£(g Ig§| nte ser__has % cant.i | ever
forned therei SLASSa HFFEFCD Y TH e %6’&5 Sn CRESE nfaf‘P"ever . A
printed C|rcumwOboﬁrdnlsneéenate®a¢1mcwbmnﬂﬁuedaMJummerpnserpaadra The .
first ball co e etween the printed circuit board and the

- BREfiet e futk o

I ntegrated ci FCUi The first ball connector nay be a sol der
bal | . The canftl pgearnctiier stbixdt afbrhhecipresent havestdonotoonnect

either the inLerRYSE" 5 380Gk O&: 1 SH B AIEHh G GWtegrated circuit chip
package and a printed circuit board which reduces stress
on the connection due to differences in thermal expansion
between'the integrated circuit chip package and the
printed circuit board.

It is another object of the present invention to
provide a stress-relieving ball connection for any type
of integrated circuit chip package/printed circuit board
combination, inclﬁdinq flip-chip and wire bonded

arrangements.

To meet these and other objects of'the present
invention, and according to a first embodiment of the
present invention, and according to a first embodiment,
an electronic device is provided which includes an
integrated circuit chip and an interposer electrically
connected to the integrated circuit chip,- The interposer
has a cantilever formed therein and a first ball
connector is dispose& on the cantilever. A printed
circuit board is electrically connected to the
interposer. The first ball connector is disposed between
the pfinted circuit board and the integrated circuit chip
package. The first ball connector may be a solder ball.

The cantilevered first ball connector may be used to
cecnnect either the interposer and the integrated circuit



6 chip or the interpoéer and the printed circuit board. 1f the latter

connection is acconp{ished.by-the-first bal | connector, the interposer nmay
be connected to the integrated circuit chip package by either a second.-
ball connector or a wire bond. According to various features; the

i nterposer defines a plane in which the first ball connector is novable.
The cantil ever may be defined by a channelé fornmed in the interposer. The
channel can have various " configurations including an arcuate portion
havi ng sl'ot portiens extending fromends thereof. The channel can extend
artially into or all the-way through the_ . interposer, .+ According.to.
gnother.gspectc%+pt%£ he T oPoset ?HpeFBSSEFlPEe§r6%¥?E&ﬁyWﬁ i-s-“ddapt ed
fﬁr el ectri cal tl?]@nr@@té@rbclimlettﬁ.][oinnﬁega&ﬁbﬂplishj@_ﬂﬂdy.bwh@l bﬁét'ctmmgct;or.
The i nterposer_hdas a_ cant,il ever fornmed therein. e canpt.ilewer may. be-
defined by a cﬁ@ﬁbﬁéE?Eﬁrﬁﬂfiﬁ?ﬁﬁﬁ?oﬁﬁfepﬁgsg?:C?ﬂ%eﬁ Bhne? TS include an
arcuate porti ointedrated) @i tduitpehipopackaybebyaet theyed . sédund igmldorti on
may be adapted_for rqgeivigﬁ Lhe Bgll_connector t her eon,. The channel " nay
al so include fiTs ey S J*% Bth i ons -extending fromfirst .and second
ends of the arcuat Aquuindiory toeypedvusefgatures, Acterihterpasanot her

embodi ment of 4 dierRLesenh Sl LB B! Bpd.ofp IEnuiAgdido An |
. provided.” F rst,. an i nter poSer i s.provi ded.” Second, a

canti.l ever is mMayakeded n Thee cantdipyser ma¥hbe die figed rheca cthrazwmiel board is
bal 1 connect or G kb | SRCIREREBESEE, kR Mo e Hv e Bt s, Doty
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extend partially into or all the way through the

interposer. . ' .

According to another aspect of the invention, an
interposer is provided which is édapted for electrical
connection to a printed circuit board by a ball
connector. The interposer has a cantilever formed
therein. The cantilever may be defined by a channel
formed in the interposer. The channel may include an
arcuate portioh defining a tip portion of the cantilever.

The tip portion may be adapted for receiving the ball
connector thereon. The channel may also include first
and second slot portions extending from first and second
ends  of the arcuate portion, respectively.

According to another embodiment of the present
invention, a method of manufacturing an electronic device
is provided. First, an interposer is provided. Second,

a cantilever is formed in the interposer. Third, a
printed circuit board is provided. Fourth, a ball

. connector is coupled to the cantilever. Fifth, the ball
connector is coupled to the printed circuit board.

Other aspects, features and advantages of the
present invention will be understood by those having

ordinary skill in the relevant art by reference to the



det'ai | ed description in connection with the accompanying figures .

BRI EF DESCRI PTI ON GF THE DRAW NGS For a nore conpl ete understandi ng of
the present invention and for advantages thereof, reference is now made ta
the foll owi ng descriptian taken in conjunction with the acconpanyi ng

drawi ngs, wherein like reference nunerals represent like parts, -i.n which:
FIGURE 1 is an el ectronic device accordlng to a first enmbodi ment of . the

present invention;" FIGURE 2 is partial. cross-sectional view of an
el ectronic device according to the first "enbodi ment of -the present
i nvention; - FIGURE 3 i s an isonmetric view of.an el ectrpnic device

accordlng to t#ﬁﬁ#%#@é qﬁﬂﬁﬁdpﬁéﬁﬂ 6P ?ﬁ%nﬁ@E%QﬁHW1th the accompanylng

gures.



i nvention; FIGURE 4 is a top view of the el ectronic device of -‘Fl GURE 3

taken in the direction of arrows 4-4 in Fl GURE 3; " FIGURE 5 is an
alternative aspect of the electronic device of FI GURE 4;. FIGURE'G is
an alternative aspect of the electronic device of FIGURE 4; ‘and -~ =~ FlI GURE
7 is-an electroniec deV|ce in accordance with a second enbodlnent ‘of the
present invention. - 8 : 9 DETAI'LED -
DESCRI PTI ON OF THE® INVENTICN : Ball conneetions between |ntegrated

circuit chip .packages and printed circuit boards -are subject to stress’

caused by differences bet ween the gggs of thernallexpan5|on of the
integrated cid EF DESCBI rinted circuit board. I'n '

gﬁneral t he Sresemrlé“/tﬁfﬁé %nﬁil@t%ﬁngdbﬁstaﬁd!ndld of ahéqﬂfmmgn be':] ween
the integrated circuit chjp.pac e.and t rinted eircuit. board with at
| east one can%?Y%@@&%Ri?ﬁé B ﬁﬁ@%P&Fgﬁgtﬁgg e?ﬁ Fﬁfﬁfﬁ%@%r it ther or
both of the- |ﬁaegrtﬁexhénﬂammdwﬁﬁ@ descdiplid¢opr taked tnrcomjubctian
Preferably, filast,-set. of ball. d e

i nt er poser andl% Eh ¥ i AT EEES qxﬁﬁQ:gggéﬁggaﬁdahgég%%n %té%#§¥?#$ga
connectors |snmmemarhxrépnaﬂ£m¢ ﬂhﬁelpaetpesen whiickhe iftegrated circuit
chip. At 1east oneg (:_Lor]_rge% Ol e t‘f:@ﬁ&hl ﬁ%@i@g %é@r&fk@g r@@pgct to the

i nterposer. Preferably, a set connectors
first embodiment of the present inventlon,

FIGURE 2 is partlal cross—sectlonal view of an
electronic device accordlng to the first. embodlment of
the present lnventlonf

'FIGURE 3 is an isometric view of an electronic
device according to the first embodiment of the present

invention;

FIGURE 4 is a top view of the electronic device of
FIGURE 3 taken in the direction of arrows 4-4 in FIGURE
3;

FIGURE 5 is an alternative aspect of the electronic
device of FIGURE 4; |

FIGURE 6 is an alternative aspect of the electronic
device of FIGURE 4; and

FIGURE 7 is an electronic device in accordance with
a second embodiment of the present iﬁ%ention.



canti |l ever ed. As shown in greater detail-in FIGURE 1, interposer 30 is
connected to a printed circuit board 50 by.an arrangenment of first bal
connectors 40, which may be, for exanple,. solder balls. Integrated circuit
chip-10-is connected to i nterposer. 30 by an arrangenent. of second. ball -
connéct ors -20, "whi ch may be, for exanple, solder balls. I'nt egrated
circuit chip 10 nmay be any type of integrated circuit chip, including "known
chips such .as a flip-chip or wire bonded chips. Preferably, the-chip is: -
adapted for connection ei'ther to a printed circuit ‘board or to an .- '

i nt erposer by the use of ball connectors. The second bal |- connectors 20 -
whi ch connectha"JFﬁthﬁDatQS&QRIrPﬂ]IiON QIELEHEQ INVEN L%poser 30 may be. |ocat ed,

2 gr exanpl ep at b?ﬂ]p%b%n(é&tloﬁﬁob’ékwéént hﬁté@fﬁﬂé@}frk@litcwm;fhl p.

o rinted circ suit abl.e ircuit -
boar d - whi ch |%a%ﬁ%ﬁﬁ%(f Prrl@ggg\/f:ﬁ(jcuﬁty_ ﬁﬁ éa%‘fb:b % &t ons, . an
i ntegrated ciduddd By m@@eeel béeWeehoﬁheocoeﬁfnmmmtoﬁ)rtmnmuan ,
i nterposer. . The flrst cqQnnect oL s Iands
(not shown) CHERAIHBY < gﬂ O 9“588?8%36 CircglEh%mg%aéag%a?#lecﬁ érj ;%rf
t hensel ves mephdemimtetlidiaiud tt ppardl bah| gwene.'c.t orhé @remdhtng -
connecti ons between integrate ircuit. c t rated
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circuit chip¥PHe T erposer s an
prlnted Ci r cuintemtasl cﬂﬁmultxahmbepackage and. the prznted circuit -

board with at least one cantllevered ball connector

between the lnterposer and elther or both of the
integrated circuit Chlp and the printed circuit board
Preferably, a first set of ball connectors is provided
between the interposer and the printed circuit board and
a second set of ball connectors is provided between the
interposer and the integrated circuit chip. At least one
ball connector is cantilevered with the respect to the
interposer. Preferably, a set of ball connectors is
cantilevered. ' . .

As shown in greater detail in FIGURE 1, interposer
30 is connected to a printed circuit board SO by an
arrangement of first ball connectors 40, which may be,
for example, solder balls. Integrated circuit chip 10 is
connected to interposer 30 by an arrangement of second
ball connectors 20, which may. be, for example, solder
balls. Integrated circuit chip 10 may be any-type of
integrated circuit chip, including known chips such as a
flip-chip or wire bonded chips. Preferably, the chip is
adapted for connection either to a printed circuit board
or to an interposer by the use of ball connectors. The
second ball connectors 20 which connect integrated
circuit chip 10 to interposer 30 may be located, for
example, at bond pads (not shown) on the integrated

circuit chip.



second ball connectors 20 may be sol der- balls and first ball connectors 40
may be solder balls. However, the present invention may be used with any .
bal | or “sol der col um connectors A cantil evered connection according -
to a first embodi nent of the present invention will be best understood wi'th
further reference to FIGURE 2. For conveni ence, FI GURE 2 shows only. one .
second ball connector 20 and only one firkk. ball connector 40. _As shown,
second bal I' connector. 20-connect s |ntegrated circuit chip package 10 to a-
metal strip 31 of an |nterposer 30. First ball connector 40 is al so.
connected to netal:

trip 31.b y 3
second bal | connec?&?nfﬁd ﬁg{ﬁp“@ ?&%rglgégﬁggflrg?ﬂ;%*ﬁ'cgﬂﬁ% f%%i -3
cooperate to faimoudit doectlr khathpishadypted vémn teveigriadd by ey pfcm p 10

and printed cigauld: B350 cBRnoctsonk! GRER itk SARALY chap Dal

connector 40 &5 on |n er pose IS a top view of -
FI GURE 3 |r1tIpac@a@eceuaheufa&onemsr4lﬂ-C¢mhlniﬁﬁnﬂnﬂﬂﬂhaaﬂ:he i nt'egr at ed

circuit chip @g Sapd p&hgt@grgﬁrﬁéﬂi krnué&ﬁﬂf§'¥ﬁ3ngﬁpwmb ﬂggg%eaurther

reference to t ese Tgure a cantrtever 33 1screated
form ng channat :$4>l|d|er| deadgoéeet 3showmk @ RIHOLSG ﬁlﬁf%ﬂt boRwecSOs 40 is

di sposed on a tip AR HAR) 33cAhoE LS | GiGisdies ke IaRly staRbblever 33
a

is provided to allow connector to freely. rove in"the direction AA
when t he conp¢mmm:@Eobaﬂlcﬁonh§0§@Ilf@fwﬁﬁ%&%ﬁ gopnections: between -

1ntegrated_c1rcu1t_chips-and interposers;, 1ntegrated
circuit chip packages and printed circuit boards, or
interposers and printed -circuit boards. For example,
second ball connectors 20 may be solder balls and first
ball connectors 40 may be -solder balls. However, the
present invention may be used wiﬁh any ball or solder

column connectors. _

A cantilevered connection according to a flrst
embodiment of the present invention will be best,
understood with further reference to FIGURE 2. For
convenience, FIGURE 2 shows only one second ball
connector 20 and only one first ball connector 40f As
shown, second ball connector 20 connects integrated
circuit chip package 10 to a metal strip 31 of an
interposer 30. First ball connector 40 is also connected
to metal strip 31 by way of a via 32 in interposer 30.
Thus, second ball connector 20, metal strip 31, and first
ball connector 40 cooperate to form an éléctrical pathway
between integrated c;rcuit chip 10 and printed circuit
board S50.

FIGURES 3 and 4 show a first ball connector 40
cantilevered on interposer 30. FIGURE 4 is a top view of
FIGURE 3 in the direction of arrows 4-4. For
convenience, the integrated circuit chip package and
printed circuit board are not shown. With further
reference to these figures, a cantilever 33 is created by



attached (e.g., integrated circuit chip 10 or printed circuit board 50)
thermal | y expands or contracts. Al though the ball connector resting on tip
portion 35 of cantilever 33 is preferably one of the first ball connectors
40, the cantilever structure can be applied to one or nore of second bal
connectors 20: .- Preferably, channel. 34 extends fully through interposer
31. However, sone relief for the stress-i¥tthe ball connectors due to .

di.f ferences between thermal coefficients of the |ayers being-affécted can
be achieved by having a channel -which only partially extends into-the

t hi-ckness of the -i.nterposer referably,.chan 34_incl s a.;pair. -of
substantial |y X% _H%F%?PH.@lvxgﬁ §n. @%¥BR%§?’§/n§¢he WYL, -eséq‘hfft_:be

sl ant ed t owar hale owmtela:«tbrsmmg@s- abepoéu?@rmh a sti;aqmmiorﬂmm e 34 .
conprises arcuate .portion.36 and a paif of sloi portjons 37 which ten
fromthe ends.cféﬁ:' f eé'FEugf’e p Pt?ﬁ’ﬁgﬁ%i' ﬁté#g%‘gﬁﬁl,jj;’tﬁ pﬁ&r"ﬁ%ﬁs% .
ext end beyond ad lpesr ihkeeball 1l conheofobatd foeekytreovel(n thee délrectjont i ons
37 define ar myor ki.on f iLeyver . - BE A or 40 is
free to nove ﬁ%‘t,ggdfggchgﬁgﬂééLs ?é%@é%hﬁﬁﬁﬁﬁﬂﬁgﬁ23%%%%&§%§§%bed by bal
connect or 40 atcachedaliecghedibyegratedrcinenidd. chidmefldy o printedef ore, -

to fatigue ¢ NS TeHa PP rEosol FpaigBly | Sadds He BUREES. T50 SN P s

geonet ries maplithougbdthe batin commectosireswing it dige poxtionowd 04 Fl GURE

?’2 arcuat e poi;h@l 13GeTBY 3085 ApSERLFAL LY Cordd YR Wl Fits¥ ball -
~connectors 40, the cantilever structure can be applied to
one or more of second ball connectors 20. _

Preferably, channel 34 extends fully through

interposer 31. However, some relief for the stress in
the ball connecﬁors due to différenCES between thermal
coefficients of the layers being affected can be achieved
by having a channel which only partially extends into the
thickness of the'interposér. Preferably, channel 34 '
includes a pair of substantially vertical side walls.
Optionally, the side walls may be slantéd toward one
another so that the channel is tapered. Channel 34
comprises arcuate portion 36 and a pair of slot
portions 37 which extend from the ends 38 of arcuate
poftion 36. Preferably, slot portions 37 extend beyond a
peripheral limit of ball connector 40. The slot portions
37 define arm portion 39 of cantilever 33. Because ball
connector 40 is free to move in the direction AR,
stresses which were once absorbed by ball connector 40
are now absorbed by arm portion 39. Preferably,
therefore, interposer 30 is formed from a material that
is stronger and less subject to fatigue than the ball

connectors 40.

It should be noted that other geometries may be used
to form channel 34. For instance, as shown in FIGURE 5,
arcuate portion 36 may be a semicircle from which slot



portions 37 extend. In another alternative, the groove nmay.define a
rectangul ar or square tip as shown in FIGURE 6. Preferably, arcutate
portion 36 extends at |east 180[err] around ball connector 40, as is the
case if arcuate portion 36 is limted:to the side of ‘axis AA away- from-
arm portion 39 as shown in.Fl GURE 5. Atcuate portlon 36 shoul d extend Iess
than a full 360[err] around :ball connecti& 40, since this would result
having no  arm portion 39 to connect" baII connector 40 to. |nterposer 31.
Therefore, ‘the ext.ension of angular portlon 36 ‘around bal |l cohnector 40

shoul d be- bet ween- 180 -and 3 rr referabl thefextEnsion_is
between 220 aR@r§iens %@eﬁxﬁﬁéi pw%ﬁ %¥P eOn BECREEN

260[ err] and md90dafenavst raefes ety dﬂﬂescgﬁ:@sai@ﬁalss sh@whhenor der  of
i n FI I|n gnent 39

about 270[err f er.ab] as .seen bhest

bet ween t he - ekﬁ§€§§ gf a?%%%.%??%¥¢|4ﬁF%§§q|HQ§'1ﬁﬁ¥§GH§xFﬁ§ ﬁlﬁﬁ limits
of fi rSL bialdl ééaﬁﬁelltﬂoftﬁébund baW- \mdﬁihdﬁo:chmnek 3? ghel galséaﬁ.fowest .
poi nt shou e _at _leasi g tot C i r.st_bal |._connect or
40 is expect eB*FBHBVRO ﬁ?b%ba%& w‘%ﬁ‘}s%\ﬂ edé d°5p8ﬁl§eé%rﬁw @Yact ors
i ncl udi ng thefrowféimeipotsiat 39uasnﬁhcwmpamsmEmUBE SRt eRpoaate30;

envi Ponment a PGP BBSRE nel ded el A B Ta earr ehilie
package/pr|ntbdlblcawmectmmHQDaﬁﬁangnﬁnﬁ wnhﬂdopesaﬂb iAnhaxiéngl Boof the

width of a Ch&ﬁ“g&;};é o %@q__oor&% é;blto[a 1.8 ngxlzcﬁﬂr ﬁog 'Eﬁ@gg%%ser

Channel 34 ma que i nc
et ching, or I&ber 1h¢r¢fogp ﬁhﬁammﬂensdomsoﬁrehen&brypbntned bﬁ Iaser

drilling. Thi g sethiosha d @PBLLIECRS barhgahoiaEd a0 380°,

relatively inexpensive. Accor ng to t process aser-is usedoto dril
or cut the cw&m@lpmeembimntt@et n@hentsepposer between 220° and 320

Even more preferably, the extension is between 260° and
290° and most preferably the extension is on the order of
about 270°. Preferably, as seen best in FIGURE 4, & line
segment 39 between the ends 38 of arcuate portion 36 lies
outside the planar limits of first ball connector 40.

A width of channel 34 at its narrowest point should
be at least equal to the distance which‘first'ball'
connector 40 is expected to move along axis AA. This
will depend upon several factors including the
coefficients of thermal expansioh of interposer-30,
integrated circuit chip 10 and printedléircuit board 50,

. and the environmental conditions under which the
integrated circuit chip package/printed circuit board
arrangement will operate. An example of the width of a
channel is on the order of from 0.001 to 0.003 inches.

Channel 34 may be formed by any suitable technique
including punching, etching, or laser drilling. Channel
34 is preferably formed by laser drilling. This method
allows small cantilevers to be formed and is relatively
inexpensive. According to this process, a laser is used
to drill or cut the channel pattern into the interposer.



I'nterposer 30 is preferably fornmed froma suitable nmaterial which may. form
an appropriate internedi ate | ayer to nmake the ‘ball connections between the
integrated circuit chip 10 and the printed circuit board 50. Preferably, -
the material used to.forminterposer 30 is a.filmsuch as a polyinide. tape
However, other material’'s such as thernmal plastics may be used.

Accordlng to a second enbodi nent of the fBesent invention, the cantilever
structure described above may be used with integrated cirtcuit chip

package/ printed circuit- board arrangenents other than.the flip-chip type of

e oo ko paen 0y g i SEaroEy v, FR BB B Eal ot Do, ot e
circuit chip hibersafoiele by ifde mls&@p}:&@rhﬁtﬁean&eﬁfnedﬂaadhbayw '160.
L poutor OB BRL, SRR AR Sekilleh SRR EoRbARRICS [0 L1
i ntegrated cwf;ucﬁlem:tmgnam(agﬁi Hhe tﬁnm:eslecnﬁ:cmmobyauddémape (e.g
oot yuher o exEEREEETP1Y i AR rRAd] BRe o) TR iHELadseensd 1 ﬂQ?i;Ye
plastics (e. gfilﬁnmmmﬁeas]a,paiyﬁMﬂde lapksi, ng HoWwewvere anther usaterbakgpl vy
D req. " SEFRCLE i ERRIY brkeiEd BAY B LBGALIPD e 9000 B oS 150
by at. | east -one vmmmtdmdmhdjﬁh a\isecolndn embodinentie of s the bpnels¢rtd (-not _
e hoser 15ENEAFbE, G (cat A MRS A8 ulleY HBsBriBLE aB0vL luds] O
of a via 132 bewmﬁﬂﬁIWIHhﬂIﬂﬁﬁﬂﬂﬂteﬂSGAIBaﬂt @bﬁneeaekaqaéprénéﬁeo connect ed
to a printed gjf (f]r"i% E;%_m% '6ftﬁe§”tﬁhﬁcthé%iiﬁﬁéﬂmytﬁs&m
i ntegrated- circu chlp to print circuit board
of arrangement shown in FIGURE 2. Fb;_example, as shown
in FIGURE 7, the cantilever approach may be used with a
wire bonded arrangement. Integrated circuit ¢hip 110 is
adhered eo,interposef 130 by means of an adhesive 160.
It is important that when the.integrated circuit chip is
attaehed'to the interposer, the cantilevered section is
not inadvertently adhered to the integrated circuit chip
package. In the case of a polyimide tape (e.g.., Kapfbnm
'tape), this can be prevented by selectlvely depositing
adhesive everywhere - except on the cantilevered section.
In the case of some thermal plastlcs (e.g., Anruﬂﬁ), a
metal heating plate can be used to apply pressure and
temperature only to regions of the tape where good
adhesion is required.

Integrated circuit Chlp 110 is wire bonded to
interposer 130 by at least one wire bond 170. Wire bond
170 connects a bond pad (not shown) of integrated circuit
chip package 110 with a metal strip 131 of interposer
130. Ball connector 140 is connected to metal strip 131
by way of a via 132 formed in interposer 130. Ball
connector 140 is also connected to a printed circuit
board 150 to complete an electrical pathway from
integrated circuit chip 110 to printed circuit board 150.



14 A cantilever- 133 is provided as di-scussed above to all ow
back-and-forth novenent of ball connector 140. According to a third
enbodi ment of the present invention, a nethod is provided for manufacturing
an el ectronic device. An.integrated circuit chip'is provided. The chip can
be of any type, known or unknown,. whi.ch is adapted for connection to an

i nterposer. or a.printed circuit board byaway of one or nore bal

connectors., An-interposer is provided. A printed cifcuit board is: . -
provided. A cantilever is forned in the.interposer.: This is. acconplished
by forming a channel- in the interposer. The channel, can be forped by any
sui tabl e methoganfiélevengl3buts mprovidad &F disonssed aberei kg, 24LeWing .or.
puncri.gg- A Bh%ﬁ%aaatkogﬁn%&w{&ieﬂ@ S wligd do@nlg&eogam?ﬁt ever -'a“dt o the.
printed circul oard. ~The. i nterposer is cgnnecte the integrate

circuit chip packBGeoRJiRg 14 2 Q%E%ﬁﬁiﬁgﬁpg nﬁgc%gﬁ BFeﬁeﬁfre-bond.
Several of thgvéhtsbnpad | nS@BEGd Provied €l fendEdctarany anitable or
desired ‘arrangenent. ;-Accorﬂ%y t 0o anot. eruaspegtﬁgg.the present

i nvention, oBtPFEERMLIBATE TRy %ﬁgﬁﬁﬁﬁgﬁge&ufﬁgb-t' BatRagel board"
arrangenent’ ppoeiged e . ties retip eidro e e amyd typebi knbynobrt hrkaowangenent .
The outri gger,

ohe out 11 9950 Dol e Sl SR KIS (! URT heLEpMRML dppugTor far) gue
are not el ecprinpbd yeiwduiMe badel by ealy ofi bneeotomerecbalksul t from damage
to the connectors. - An interposer'is brovided.'.arprinted

circuit board is provided. A cantilever is formed in the

interposer. This is_acéomplished'by forming a channel in

the interposer. The channel can be formed by any

suitable method inclﬁding, but not limited to, laser

drilling, etching or punching. A first ball connector is

" coupled to the cantilever and to the printed circuit

board. The interposer is connected to the integrated

circuit chip package by either a second ball connector or

a wire bond. Several of the first ball connections may

be provided in any suitable or desired'arrangement.

According to another-aspect of the present .
invention, outrigger balls may be incorporated into the
package/board arrangement to ensure thermal performance
and stability of the arrangement. The outrigger balls
are not cantilevered and therefore would suffer fatigue'
damage with thermal expansion cycling. However, since
the outrigger balls are not -electrically active,
electrical failure does not résult from damage to the
outrigger balls by stress from differences in thermal
expansion as described above. .

Although the present invention and its advantages
have been described in detail, it should be understood
that various changes, substitutions, and alterations can
be made therein without departing from the spirit and
scope of the invention as defined by the appended claims.




outrigger balls by stress froh1d|fferences i n -t her nal expansi on aé

descri bed above. Al t hough the present invention and its -advant-ages
have been described in detail, it should be understooed that- varrOUs
changes, substitutions, and alteratlons can be nmade thereln _
departing fromthe spirit-and-scope.of the inventi r“m “ o
appended clains. - - . - \WWHAT |'S CLAISVED | S: (1 Ieetronlc
devi ce, conprising: : “'an integrated circuit ch|p -

i nterposer electrically connected to the |ntegrated circuit Chlp, the .

I nt.er poser hay 1) f ormed thereln : <a first bal
connect-or . d|sﬂgégdiﬁnégﬁé&éﬁnﬁéLever cand. .. - - a- prlnted .Ci-rcuit board
electrically connetted an étﬁctfonﬁdxdﬁvichusohmmiblhgk connector di sposed
between the printed circuit_poard d th |nt rated circcuit -chip..

2. The el ectronic devfel %f §§%ﬁ$§] gpposer el-ectrically

connect ed to t he pr|ntedncimtnwpoénnuaidqtnﬂualﬂwrsbnhebtedoboether t he
first.ball cosnechon.dlsppss: PUNGS" &l 5 n%%wga%fhaoﬁnshs printed

circuit "board.
cant*lever formed therein;

-a first- ball connector disposed on the

cantllever, and -

- a printed cxrcuxt board electrlcally connected
“to the interposer, the first ball connector disposed
between the printed circuit board and the integrated

circuit chip.

2. The electronic device of Claim 1, the
interposer electrically connected to.the printed circuit
board by the first ball ¢onnector, the first ball
connector disposed hetween the interposer and the printed

circuit board.

3. The electronic device of Claim 1, wherein the
interposer defines a plane, the first ball connector

being movable within the plane.

4. The electronic device of Claim 1, the
cantilever defined by a channel formed in the interposer.

5. The electronic device ofJCIaim-4, wherein the
channel extends completely through a thlckness of the

interposer.

6. The electronic device of Claim 4, wherein the
channel extends only partially through a thickness of the
interposer.



3. The el ectronic device of Clalhil wherein the interposer defines a -
pl ane, the first ball connector. bei ng novable within the .plane. 4,
The el ectroni-c device of-Caim1, the cantilever: deflned by-a-chaﬂneh~

formed in the interposer. : 5. The el ectroni
wherei h the channel extends conpletely through a thj ﬂ m@ﬂ ’ﬂ
1M

i nterposer.- . 6. The el'ectroni c dd6ice of O ai
channel extends only partially through a thickness of t he |nterposer
7. The electronic deV|ce of. daim4, the channel ‘including an arcuate

ti tiall the f, bal | d
Boona s o part) o’ o AR D I Serdel (EORARERON, BRE EEBRGETC
portion, respestivéing an arcuéte potitdosl pettdaildydeurceundityathe7,
sherein the gt cupte peciion 8o o908 SleadtoRl bEaE'pdPRiode cos

around the fi
.extendlng from first and second ends of the arcuate

portlon, respectively.

'.8. The electronic dev1ce of Claim 7. . whereln the
arcuate section of the channel extends at least 180
degrees around the flrst ball. connector. a

9. . The electronic device of Claim 7, ﬁhereiq the
arcuate section of the channel -extends about 270 degrees
around the first ball connector.

10. The electronic device of Claim 1, wherein the
cantilever comprises a tip portion and an arm portion,
the first ball connector being connected to the tip

portion.

11. The electronic device of Claim 10, the
interposer connected .to the printed circuit board by the
first ball connector, the arm portion being adapted to
absorb stress caﬁsed by movement of the first ball '
connector in response to a difference between a thermal
expansion of the printed circuit board and a thermal
expansion of ‘the integrated c1rcu1t chip.

12. The electronic device of Claim 1, the channel
having a beginning point and an ending point, a line
segment between the beginning point and ending point
being located beyond the planar limits of.the first ball

connector.



9. The electronic deV| ce of daim 7 wherein the arcuate section of the
channel ‘ext ends about 270. degrees around the first ball connector.
10. The electronic device of.Claim1, wherein the. cantilever—conprises a

tip portion and an-arm-portion, the first ball connector ted
tothe tip portion. - - . 11. The el egtyonic devi cﬁ‘ﬁ“\ﬁ@%ﬂ“@r\ﬂm
i nt er poser connected to the pri nted ci rc&1 board by

connector, the arm porti.on being adapted to absorb stress caused by.

novenent of the first ball connector in response to a difference between a

thermal expansion;gf t@ﬁepewc’é‘goﬁié cdg‘;iggnquj ande 3_t he#jenl - expansi on of
the integrated ci rcw t he_ el ectroni ¢. déevi ce of i

aim1l,
t he channel . Hakes g°§35e9ﬂ-ﬁﬁFﬁgC®blhtc%Fﬁtﬁﬁ'ﬁ%rﬁﬂ Adepsrdinted Fl"ﬁﬁuigegment

between the begapgi. 39 Eﬁla”hﬁ@é KA Neoridddior bedtizg ﬂxﬁvé&boéeheyond the
planar Iimts of the first ball connector

el ectroni ¢ deglestsiceldynronnerted rﬁ%r%e‘rmiﬁ%qqdczﬁwuﬂ"gnﬁgcpeay to t he

printed CerU%Isecond ball connector,_

14, The electrom.c dev;.ce of Claim 1, the
mterposer electrlcally connected to the printed c1rcu1t :
board by the. first ball connector, the :.nterposer
electrically connected to the integrated circuit clup by

a wire bond.



board by the first ball connector, the i.nterposer electrlcally connected to
t he integrated circuit’:chip by a second bal | connect-of; =T T14. The

el ectroni ¢ device of 'aim1, the int erposer ‘el ectri m“t o the
printed circuit board-by the .first bali connector, m m\m

el ectrically connected to the integrated circuit chlp aw me bont. -
15. An interposer adapted-for el-ectrical8connection to a printed circuit-

board by a ball connector, .the |nterposer conprising a substrate- haV|ng a
cantilever forned therein for-receiving a ball connector: thereon.

16.- Th t f-

L et Peseiaol Ao dliertabie daCALBKEL b dabAgetly o
wherei n the clianaéprintéddetraiitahnaxce Kyort bgdldeprneatod, t Eeporti on - of
the cantilevey tépé?g# r?ﬁn&éf%ﬁ?;sgﬁféﬁateeﬁﬁbﬁagatEﬁ?éﬁiévéﬁnnem or

thereon, the- c ann ITst and-second ortions
ext endi ng f rorfohnedt tm:iemdnm mw;mq ‘r&e@é—u&?@ns@tﬁ’roﬁhe?%%%ect ivel Y-

"16. The. 1nterposer of Clalm 15, whereln the -
cantilever is defined by a channel formed in the -

substrate.

17. The:intefposer.of'CIaim 15, wherein the channel
includes an arcuate portion defining a tip portion of the
cantilever, the tip portion adapted.for_receivinq'the

" ball connector thereon, the channel further including
first and second slot poréions extending from first and
second ends of the arcuate portion; respectively.



19 18. A nmethod of manufacturing an el ectroni c device, conprising

the steps of: . providing an interposer; H,
cantilever in the interposer; _ provi di ng a pr“mu m lmumnH rd;

coupling a ball connector to the.cantilever; and ¢ cduphi ng t

bal | connector 'to the printed circuit board. 19 The met hod of C aim
18, further .conmprising the steps of provﬂélng an integrated circuit chip,
and el ectrically connecting the integrated circuit chip to the interposer.
20. The nethod-of G aim18, wherein the cantllever forn1ng 'step conprlses

formng a channel 18, ”}? lﬁé]él%cp manufacturing an electrofuc dev;.ce,
cemprlslng the. steps of' ' I )
.prov1ding an. interposer. : .
formlng a cantllever ln the lnterposer.
provxding a printed c1rcu1t board;. _
coupling a. ball ‘connector to the cantllever,.
and - . . ' S
' coupllng the ball connector to the prlnted
circuit board. :

19. The method.of Claim 18, further comprising the’
steps of providing an integrated:circuit:chip, and
electrically connecting the integrated circuit-chip to
the interposer. '

20. The method of Claim 18, wherein the cantilever
formlng step comprlses forming a channel in the

J.nterposer.



