WO 01/ 09949 PCT/ US00120669 APPARATUS AND METHODS OF REI NFORCEMENT OF LEAD
BONDI NG O M CRCELECTRONI C PACK- AGES TECHNI CAL FI ELD The present invention
rel ates to apparatus and nethods of 5 reinforcenment of |ead bonding in

m croel ectroni ackages. BACKGROUND OF THE | NVENTI ON M ni cs
packages a?vémlg“%ﬁ{&r ed to operate under a variety of condﬁ?@#g,ﬁ&ﬁféﬁcl udi ng
repetitive or cyclical variations in the tenperature of the operating
environnment. Typically, quality assurance testing of mcroelectronics 10

packages i ByQlyEes st RERRDE BEREIIDROBERGL SEArBONSRRL IN hickoELHaekaNd PARXC] | NG
during a jeocedure known as "bumin" testing. As the trend toward

decreasing the size of mcroelectronic .packages continues, the probl ens
associated with repetitive thermal cycling during testing and operation
become nore pronounced. Figure 1 is a partial cross-sectional elevational

view of a poq{g’h AlLlSE i cro-ball grid array (mcro-BGA) package 10 in
accordance with the prior art. The mcro-BGA package 10 includes a die 12
having a plurality of Bbadpses invenfion nsiateshdpedppardtie andrweBods pekkage

10 al so includes an int er or. lead ,frane) 16 having a dielectric
substrateg18erqﬁcqnﬁrfqtﬂ?g$q%n gagclgmxgngteleﬁé-agzcégac 8rhed thereon. 20 A
spaci ng |l ayer 22 is disposed between the die 12 and the interposer 16, and
a plurality of conductive |eads 24 coupled between the die 12 to the

i nt er poser 1BAGKRCRQGNIOFi VEE ISYENIIOMNs a first end 26 bonded to one of

ther eby el ectrical 1y CBPERErOHE GtsaD §8 iR icchnstall gl £ piba"s =0
encapsul at i ngf gindibién; indludfg répetitispos oftlieyevaridions iy cérhperatuendtthed4 and
t he exposed areas of the die 12 to seal and protect the fragile conductive

| eads 24 andoparaling ERVIFINEHe Toipécally, quality assurance testing of microelectronics
10 packages involves subjecting the packages to repetitive thermal cycling during a

procedure known as “burn in” testing. As the trend toward decreasing the size of
microelectronic packages continues, the problems associated with repetitive
thermal cycling during testing and operation become more pronounced.

Figure 1 is a partial cross-sectional elevational view of a portion of

15 amicro-ball grid array (micro-BGA) package 10 in accordance with the prior art.
The micro-BGA package 10 includes a die 12 having a plurality of bond pads 14
formed thereon. The micro-BGA package 10 also includes an interposer (or lead
frame) 16 having a dielectric substrate 18 with a plurality of contact pads 20
formed thereon.

20 A spacing layer 22 is disposed between the die 12 and the
interposer 16, and a plurality of conductive leads 24 coupled between the die 12
to the interposer 16. Each conductive lead 24 has a first end 26 bonded to one of
the bond pads 14 and a second end 28 bonded to one of the contact pads 20,
thereby electrically coupling the die 12 to the interposer 16. An encapsulating

. 25 material 30 is disposed over the conductive leads 24 and the exposed areas of the
die 12 to seal and protect the fragile conductive leads 24 and circuitry of the die
12 from the environment. Finally, a conductive bump 32 is formed on each of
the contact pads 20. Micro-BGA packages of the type shown in Figure 1, and



12 fromthe environnent. Finally, a conductive bunp 32 is fornmed on each of
the contact pads 20. M cro-BGA packages of the type shown in Figure 1, and
WO 01/ 099494,BGf4ddp OO0 20669 2 net hods of form ng such packegeseeedgse shown
and described, for exanple, in U S. Patent Nos. 5,663,106 and 5,777,379 to
Karavakis et al, and in U S Patent No. 5,821,608 to D Stefano et al,

whi ch are incorporated herein by reference. Typically, the bond pads 14 nay
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Lesting or infsiipal i B Hshaies | B MEPOIELAR HBVaDs & Tied

.
differences ipn CTE : ggp ' 3 NEGKRGE oF Bther
det achnent oPpaFWéof ?%%Wgé;ﬁjc?? ’8@@}% ct ﬁtgwggan%uzgl:ﬁeggléead 24 f'Pomthe bond
pad 14 of t hguidibee thetaliBemansial. tGeldiwiter e syrically wsad fafi the tandurtize diagds er ent
CTE, tenperature fluctuatiaons ca(kl mechani cal .st.r esste%‘ﬁt 0 ,devel 08 al ong
and within t B ORIt HWEEROCHE dFFEnce i D e OSEFIEN O, BRI PEIS IO ¢ o
repeat ed ,t.he | bend: | glﬁqan@%qi 88 frhaplde®Ep 48 Bk the
conducti\/@ IL(ggt)zg?éé(?g%gg&%glts’a%ﬁggfcﬁeo%t e onsgiepacsj 2(;’814. e probl em of
det achnent ofniélasBGANpackhge 80 Ideado 2Me TG Mtismatblond thesd components garibal y
referred to as "bond Q?ftgff " Effarts have bgen ma%g to.tgrev%né bond
liftoff of tReckrEs HSUBREIeSdo grange epR AR ARg 1 of OB bond pad
14. For exanple, as d$E hid@dinéd? grbblem attributable to the differences in CTE of

the components of the micro-BGA package is detachment of the first end 26 of

15 the conductive lead 24 from the bond pad 14 of the die 12. DBecause the

interposer 16 and die 12 have different CTE, temperature fluctuations cause

mechanical stresses to develop along and within the bond between the first end

26 and the bond pad 14. After repeated thermal cycling, the bond fatigues and

the first end 26 of the conductive lead 24 becomes detached from the bond pad

20 14. The problem of detachment of the conductive lead 24 from the bond pad 14

is commonly referred to as “bond liftoff.”
Efforts have been made to prevent bond liftoff of the first end 26 of
the conductive lead 24 from the bond pad 14. For example, as described in U.S.
Patent No. 5,821,608, the conductive leads 24 may have a laterally curved or
25 expandable middle section 27 (Figure 1) that allows the conductive lead 24 to
flex and bend slightly during thermal cycling, thereby reducing the mechanical
stress on the solder interface. As the micro-BGA package 10 is heated or cooled,
the relative movement of the components due to CTE mismatch is taken up by
the flexible, bendable middle section 27, preventing stresses from building up in
30 the bond between the bond pad 14 and the first end 26.



Patent No. 5,821,608, the conductive |eads 24 may have a laterally curved
or 25 expandable m ddle section 27 (Figure 1) that allows the conductive

| ead 24 towdfdigsssand bend slightly during thermal cyclingpcridi@bsitys r educi ng
the nmechanical stress on the solder ixerface. As the m cro-BGA package 10
I's heated or cooled, the relative novenent of the conponents due to CTE

m smatch is taken up by the flexible, bendable m ddle section 27,
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100 to aboygmpgéranirerdt Gvhioh dinTAmérphous pblyntericldtdrial zhanges Ifdorfy. a hard,

relatively brittle condition to a soft, relatively rubbery condition. Thus, in the

15 above-described prior art packages, the encapsulating material 30 is typically
composed of a soft, compliant polymeric material, such as silicone rubber or
other castable elastomer, having a modulus of elasticity typically from about 400
psi to about 800 psi, a CTE from about 100 to about 300 ppm/°C, and Tg from
about -120 to about 10 °C.

20 These efforts, however, have not been completely effective in
preventing bond liftoff of the conductive leads 24 from the bond pads 14 during

repeated thermal cycling or due to other sources of stress.

SUMMARY OF THE INVENTION
The present invention relates to an apparatus and method of
25 reinforcement of lead bonding in microelectronics packages. In one aspect of the
invention, a microelectronics package includes a microelectronics device having
a bond pad, a conductive lead having a first end bonded to the bond pad, an
encapsulating material at least partially disposed about the conductive lead, and a
reinforcement portion at least partially disposed about the lead bond and at least



20 These efforts, however, have not been conpletely effective in

preventing bond liftoff of the conductive |eads 24 fromthe bond pads 14
during repgalygsyokdrer mal cycling or due to other sources pfr/E§dR8G% SUVVARY
OF THE | NVENTI ON The present invention rglates to an apparatus and nethod
of 25 reinforcenent of |ead bonding in mcroel ectronics packages. In one
aspect of the invention, a mcroelectronics package includes a

m croel ectronics device having a bond pad, a conductive |ead, havipg a
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m cr oel ect roni ¢s packa I ngl udes a.pl.urality of, candyctive | eads and bond
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conpri ses a non-conductiVve adhesive 15 material, or an anisotropically
conduct i ve mitandesia plurality of conductive leads and bond pads, and the reinforcement

portion is at least partially disposed about a plurality of lead bonds. In this
aspect, the reinforcement portion may comprises a non-conductive adhesive

15 material, or an anisotropically conductive material.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a partial cross-sectional elevational view of a portion of
a micro-ball grid array package in accordance with the prior art.
20 Figure 2 is a partial cross-sectional elevational view of a portion of

a micro-ball grid array package in accordance with an embodiment of the

invention.
Figure 3 is a partial top elevational view of the micro-ball grid
array package of Figure 2.
25 Figure 4 is a partial top elevational view of a micro-ball grid array

package in accordance with an alternate embodiment of the invention.



BRI EF DESCRI PTI ON OF THE DRAWNGS Figure | is a partial cross-sectional

el evational view of a portion of a mcro-ball grid array package in

accor dancewaiotpposshe prior art. 20 Figure 2 is a partial ecyasemsmeds onal

el evational view of a portion of a micko-ball grid array package in
accordance wth an enbodi nent of the invention. Figure 3 is a partial top
el evational view of the mcro-ball grid array package of Figure 2. 25

Figure 4 is_a parti ional _view of a mcro-ball grid array
package in &Qﬁﬁ&ﬁﬁbﬁf@ﬁdﬁ@%mﬁwm of the invention. WD
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a micro-ball grid array package 100 in accordance with an embodiment of the

invention. The micro-BGA package 100 includes a die 12 having a plurality of
bond pads 14 formed thereon, and an interposer (or lead frame) 16 having a
dielectric substrate 18 with a plurality of contact pads 20 formed thereon. As in
15 the conventional packages described above, the micro-BGA package 100
includes a spacing layer 22 disposed between the die 12 and the interposer 16,
and a plurality of conductive leads 24 which electrically couple the die 12 to the
interposer 16. Each conductive lead 24 has a first end 26 bonded to one of the
bond pads 14 in any conventional manner (e.g. solder, thermal bonding,
20 ultrasonic bonding, etc.). The conductive lead 24 has a second end 28 bonded to
one of the contact pads 20, and may also include a flexible {or expandabie)
middle section 27.
The micro-BGA package 100 also includes a reinforcement portion
110 at least partially disposed about the first end 26 of the conductive lead 24 and
25 about the bond pad 14. An encapsulating material 30 is disposed at least partially
about the reinforcement portion 110, and over the conductive leads 24 and the
exposed areas of the die 12. Finally, a conductive bump 32 is formed on each of
the contact pads 20.
Figure 3 is a partial top elevational view of the micro-BGA
30 package 100 of Figure 2. As shown in this view, each of the bonded connections



I ncl udes a spacing |ayer 22 di sposed between the die 12 and the interposer
16, and a plurality of conductive |eads 24 which electrically couple the

die 12 to t@%m)f@;‘frposer 16. Each conductive |ead 24 haspartiidosbsssnd 26
bonded to one 0" 'the bond pads 14 in any conventional manner (e.g. solder,

t hermal bondi ng, 20 ultrasoni c bondi ng, étc.). The conductive | ead 24 has a
second end 28 bonded to one of the contact pads 20, and may al so include a
flexible (or expandable) mddle section 27. The m cro-BGA package 100 al so
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the mcro-BGA 30 package 100 of Figure 2. As shown in this view, each of
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psi. These materials may also have a CTE from about 20 to about 50 ppm/°C,
and Tg from about 50 to about 130 °C , although materials having properties

outside these ranges may be suitable. Representative materials suitable for the

15 reinforcement portion include, for example, the electrically non-conductive

adhesive QMI 536 available from Quantum Material, Inc. of San Diego,

California, having a modulus of elasticity of approximately 38.450 psi, or the

electrically conductive adhesive Ablestik 8360 sold by Ablestick US of Rancho

Dominguez, California, having a modulus of elasticity of approximately 720,000

20 psi. The bond strength (i.e. force necessary to puil first end 26 from bond pad

14) can be enhanced from below 10 g without the reinforcement portion 110 to
above 100 g with the addition of the reinforcement portion 110.

During thermal cycling of the micro-BGA package 100, the CTE

mismatch of the various components of package causes flexure of the middle

25 section 27 of the conductive lead 24, and flexure of the compliant spacing layer

22. The low modulus encapsulating material 30 accommodates the flexing and

bending of the conductive lead 24 and the spacing layer 22. The reinforcement

portion 110, however, remains relatively rigid during the thermal cycling,

thereby providing support and relieving stress at the connection between the

30 bond pad 14 and the conductive lead 24. The reinforcement portion 110 also



typically have a nodulus of elasticity from about 10,000 psi to about
1,000,000 psi. These materials may al so have a CTE from about 20 to about

50 ppni C, wamhehgobee f rom about 50 to about 150 C , aIthoug ({.]m @/%o% s havi ng
properties outside these ranges nmay be,suitable. Representa terials

suitable for the 15 reinforcenent portion include, for exanple, the

el ectrically non-conductive adhesive QM 536 avail able from Quantum
Material, Inc. of San Die California, having a nodulus of elasticity of
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reduces or elimnates bond liftoff during repeat ed t cycltng of the
package 10thosg agdBesiyemagsnials whichiaraelectricaldy comxbictivg aniyrserte apaiataig i n

Figure 3, ihe desired electrical connection between the conductive lead 24 and the bond

pad 14. Thus, the reinforcement portion 110 composed of a conductive adhesive
15 material advantageously provides an alternate method of preventing failure of the
micro-BGA package 100.

Although the reinforcement portions 110 are shown in Figures 2
and 3 as being approximately polygonal and uniform in shape, the reinforcement
portions 110 may be formed in any suitable shape and may vary in size and shape

20 at different locations on the micro-BGA package 100. The actual sizes and
shapes of the reinforcement portions 110 may vary depending upon several
variables, including the application or fabrication processes, the bonding
characteristics of the materials used, and the anticipated stresses and operational
environments of the micro-BGA package 100. Furthermore, the size of the

25 reinforcement portion 110 may be reduced so that only a portion of the first end
26 and bond pad 14 are disposed within the reinforcement portion 110, or may be
increased to include the entire bond pad 14, the first end 26, and also a part of the
flexible middle section 27 as necessary or desirable.

Figure 4 is a partial top elevational view of a micro-BGA package

30 200 in accordance with an alternate embodiment of the invention. In this



bot h conductive and non-conductive adhesive materials may be used to form
the reinforcenent portion 110. Both types of materials nmay advantageously
mai nt ai n t heyglfskémd physical contact between the conduct 'P\é%ﬂjsﬁ'tﬁ% 4 and
the bond pad 14 during repetitive therg cycling of the mcro- package
100, 10 preventing bond liftoff due to E msmatch. In the event that
physi cal contact between the conductive |lead 24 and the bond pad 14 is not
mai nt ai ned, however, those adhesive naterials which are electrically

conduct i ve MaynkRinent ahemahiei@BGA Hﬁe}cﬁg@ﬁ Ro@dineludes rai sinblec seinfortémentbet ween
t he conductive |lead 24 and the bon

ad 14. Thus, the reinforce %

portion 110 ¢orpwsadl GﬁSPQSQSjoﬁ‘éﬁﬁc% plu@lamrﬁswéu%er#ﬁ%?mn abﬁﬂén?gg usly
provi des an altern oL AV
package 100. © %8% the rel n o%‘gr@%&gglé%{(ﬁ#ﬁﬁfgg%@g ghv\sncwgl n gegur es 2
and f as bei mmea&mm&vml h;z4muytgamahd@gcb mmlafsaremnbad;ilbam ,ankiha Iez(ljst
rei nforcenent ortions may, in_any suitable s e..and nmay
vary in sﬁzep&ﬁt%llé’lh?ﬁésmimt cgids E&%&‘FE’B@Q@%%P&’(&W@ bﬁ@rﬁg@% package
100. The act ual e ma

ual sizes apd magNee R ind Vaid tg'o@éﬁ)it&‘?ﬂ%e idhO b RSustd Qo mRY

vary dependi ng upon several” varia l'es, Ication or
fabrication ;ﬁbmemseemmhanmnpbmgn m)ansammllxmted; tiefn irhehergrevivedly used,

and the ant|C| paL e str ses a ti nal environppents of the cro- BGA
Pnckage 100, CPbRGr FONEITER  SPSSDGHD HEOSS mARHH:, MEdTo AR BORPPGAL 10 iy
be reduced Sgl a%u %ﬁd@aﬂe&ﬁa)ﬂﬁopﬁe bt lf)éc%ﬁée @F‘ﬁlxe p%észem@v ReRtcRdh 14 are

di sposed w t e’ rei nforcengnt portion 110, may.be 1 ncreased to
i ncl ude tlfe slmirting throngh ﬂwemfprcmenn‘ pcvrgon éna. mnemﬂa, tiesoatariplarwhioll t he

flexible mddle s 7._as gcess or desir Fi ure s.a parti al
top el evati o S ‘Wagiﬁ gF fé“ﬂ’iner el?ﬁ& %fﬁep TR gg% mqlude 8%(?#&‘&‘%% h an
g' ternate enhgglsFRNimAbridlfe oknm&triam thith i mye&&dgidaﬁg)%@n@@{ #£)SQQ120669

conductive in only a single direction. Suitable anisotropically conductive
adhesives include the so-called “z-axis” conductive adhesives available from A.L
15 Technology, Inc. of Trenton, New Jersey.

The micro-BGA package 200 having the single reinforcement
portion 210 allows some or all of the first ends 26 of the conductive leads 24 to
be bonded to the bond pads 14 of the die 12 using a single “gang-bonding™ or
multiple-bonding process. This may advantageously simplify the fabrication

20 process of the micro-BGA package 200 over the alternate embodiment having
individual reinforcement portions 110 disposed about each connection (Figure 3)
which may require more precise, time-consuming application of each individual
reinforcement portion 110. Thus, micro-BGA package 200 having the single
reinforcement portion 210 may reduce fabrication time and cost. |

25 Although the apparatus and methods of reinforcement of lead
bonding in microelectronics packages have been shown and described above with
specific reference to micro-BGA packages, one may note that the apparatus and
methods disclosed herein are applicable to any type of microelectronics package
having one or more conductive leads bonded to bond pads. Bond liftoff may

30 occur in any such microelectronics package, and is not caused solely by CTE



enbodi ment, the m cro-BGA package 200 includes a single reinforcenent
portion 210 di sposed over a plurality of conductive |ead 24 and bond pad 14
connect i ond¥O @49 nf or cenent portion 210 supports the ceowvesdoi:08 bet ween
t he conductive | eads 24 and the bond pafls 14 as descri bed above, and at

| east 5 partially bonds the first ends 26 to the bond pads 14, preventing
bond liftoff. One may note that the variety of materials mhich may be used

to formth imted t in,t

brevt ous) v TiBeeh SEEETerROE el i, TPHS, WellpoBRpl A BRLoRR 05 ar
| sot r opi cal teinfopdentdnt of dadybondiifh diselvsed ereil Ghaybe UFsifbdOGEWRR Virieh1e
possibility of electrical 10 shorting through the relnforcenent porition
210. Gener abf micreelectrgnies packagesandidevices suitable for formng the

rei nforcenent portio 1 u t| at eri a
materials that are a%o%%@%aﬁ%cggﬂmg crbt(il @'e \élsqveade%éﬁbonégsﬂ % gnl y a

singl e dbr eé)thaﬁst;vesdbstﬂphms@mﬁ albembpdinednty comemiphitdd/ey ﬂﬁdimesmmsml lbe| ude
the so-called "z- aX| s' d,{.HCt lve adhesives avall able fromA. |
Technol ogy, Withit ths S‘T‘P@nf’ € NBYFRHODS o \Indegde RATIANS - %’@F‘bd&k@geal?%ﬂhaw ng

th i ngl ' t d
S e S i . o R4 el O
12 using a m’rmybly By zombimeddom glimaratedtd t:teateeﬁirmedlen@ommems,sandT buch may

advant ageougl| | f i cation 20 process t he m.cro- BGA package
200 over t F’E%‘F‘ 3‘55%8%%@8 ‘ﬁig‘?‘ff’ EVate: anpﬁﬁ‘?"g’i“?ﬁﬁéﬁ the myeghione rEilhor ¢ i ons
110 di S@@S%ﬂs@lsehaggseﬁh t&qmecsf &raufa%( stﬁ? P the WA :g p%yascﬁfat&esalﬁgare

precise, time-consum ng application each i ndi vi rel nf or cement
portion 11Gmbddimentsimabecormbinedsdgcvinie ohav pag Wﬂdepaongttezppmnmfmdcerrent

Bt mot hoa< ROt o erte RBHORBl “RBadi s Hithy B ok thd B8t HRer BCUEOCkages.

have been Shostioand descri bed above with speC|f|c reference to m cr o- BGA

packages, one nay note that t he apparatus and
although specific embodiments of, and examples for, the

15 invention are described herein for illustrative purposes, various equivalent
modifications are possible within the scope of the invention, as those skilled in
the relevant art will recognize. The teachings provided herein of the invention
can be applied to other apparatus and methods of reinforcement of lead bonding
in microelectronics packages, and not just to the apparatus and methods

20 described above and shown in the figures. In general, in the following claims,
the terms used should not be construed to limit the invention to the specific
embodiments disclosed in the specification and the claims, but should be
construed to include all apparatus and methods of reinforcement of lead bonding
in microelectronics packages that operate within the broad scope of the claims.

25 Accordingly, the invention is not limited by the foregoing disclosure, but instead

its scope is to be determined by the following claims.



met hods di scl osed herﬂ“ﬂﬁﬂﬁ ﬂlﬂmﬁme to any type of mcroel ectronics
package having one o | eads bonded to bond pads. Bond
liftof f may,Sgmeeur i ahy 'such mi croel ectronics packagepcraiddohdssd Ot
caused solely by CTE WD 01/ 09949 PCT/ HSOO/ 20669 9 m smatch during
repetitive thermal cycling. Thus, t hd apparatus and net hods of

rei nforcenent of |ead bonding di scl osed herein may be applied to a w de
variety of mcroel ectronics pack ges and devi ces. The detail ed
descriptions of the above embodi meGLAIMSe not 5 exhaustive descriptions of
al | enbodi nents contenplated by the inventors to be wthin the scope of
the invention. Indeed, persons skilled in the art will recognize that
certain elenents of th&mbmbcuemcspwag@mwnmms may variously be

conbi ned or elimnated to cre rther dijyents, and such further
enbodi nents fal | &Rl eF’Fi‘ém%éﬁY %ﬁd’%ge%\ o of the invention. It will
10 al so be apparent_.t V. rtlfkeb

above-descri bed %ﬁﬁ%@fchggﬁ%d%%b @ﬁé&beln?]ieéinde&\?\% (‘g{r&%’&nmg;aﬁrﬁﬁnat h prior
art appaggiylygand nethods to create additional enbodinents within the
scope an teachl ngs of the invention. Thus, although specific enbodi nents
of , and exanpl es #péncapiidatinkmasesieivt ilenst pamald;eénspmdeédbhmrthe pofdnctive
i|lustrative pur poses, various equivalent nodifications are possible
wi t hin déadd; ambpe of the invention, as those skilled in the relevant art

| The teachi ed h t b
app | éﬁcﬁg”éfﬁer %Sﬁat%mée%a b R R R YR BB S,

m cr oel ec t t t b W gs 20
descri bé’a g\ﬁgﬁsﬁg%{ Bﬁﬂg(ﬂ;‘? ggsr%eeélh n&geb%g?%aa ﬁﬂ%

cl aims ﬁ&@a&%ﬁo&h@bﬂhiﬂ@k@%&p@éfeﬁfs@@um@ng matetnal he inventi on to
t he spegl Ic e dinments disclosed in the spécification and the clai s,

but shoul d be

2. The microelectronics package of claim 1 wherein the

reinforcement portion has a greater bond strength than the encapsulating material.

3. The microelectronics package of claim 1 wherein the

reinforcement portion comprises an electrically non-conductive material.

4. The microelectronics package of claim 1 wherein the

reinforcement portion comprises an electrically conductive material.

5. The microelectronics package of claim 4 wherein the electrically

conductive material comprises an anisotropically conductive material.

6. The microelectronics package of claim 1 wherein the conductive
lead includes a flexible portion proximate the first end, the encapsulating material

being at least partially disposed about the flexible portion.



construed to incl ude d net hods of reinforcenent of |ead

bonding in mcroele m,mmmgﬂlﬁﬂwu that operate within the broad scope

of the cl aygesed Accordfndl y," tHe rnventl onis not lim beﬂuboonbm

f oregoi ng di scl osure, but instead ﬁ scope |s to be det erm ned by the
11111

following clainms. | 111121 111111 Fill LIl = CL MS W 01109949
PCT/ USOOC20669 10 CLAIMS 1. A mcroel ectronl cs package, conprising: a

m croel ect roni cs 4devi ggeayichselectimind pﬁ&éka%e cendemimVves | ederéiavithe a first
end bonded to the bond pad to forma |'ead bond; an encapsul ating materi al

at | easfein¥arckindht Yortiof ostléast partially kiispossdabout the flaxitdel portion. a r ei nf or cenent
portion at |east partially disposed about the | ead bond pad and at | east
partially coupling the first end to the bond pad the r ei nf or cenent

portion has a great er _nodul us f el asti ci th e_encap atl
material . 2. The®& cr E@Fec‘ﬁ"é %Eéka&f@}%ge a¥nv\,h ré’ﬁﬁr?ﬂe

rei nf orcerren ortion DBE& ngt h than the encapsul ati ng
mat er i HARCARS Eafﬁ)g Wtepg@?%nﬁ%%?@%ﬁ%a age %‘?ﬁcl aim1 wherein the

rei nfor cerrent portion conprises an electrically non-conductive material. 4.
The m croel ectroni cs package of claim1l wherein the reinforcenent portion
conpri ses an el egtri cThey mivnokiedtfonicsnegackage . ob. claim ni cmhereint rtbai cs
package of claim4 wherein the electrically conductive material conprises
an ani snicmqiecrwnllgs dayirecomprisesradifi al . 6. The nicroel ectronics package of
claim 1l wherein the conductive

10. The microelectronics package of claim 1 wherein the first end of

the conductive lead is ultrasonically bonded to the bond pad.

11. The microelectronics package of claim 1 wherein the first end is

thermally bonded to the bond pad.

12. The microelectronics package of claim 1 wherein the first end is

soldered:to the bond pad.

13. The microelectronics package of claim 1, further comprising a
lead frame having a contact pad, the conductive lead having a second end electrically

coupled to the contact pad.

14. The microelectronics package of claim 13, further comprising a

conductive bump formed on the contact pad.



| ead includes a fl exi gl!m%@l‘mg“gg{mﬂmte the first end, the encapsul ating
material being at le i posed about the flexible portion.
1111111111085 14skd01 11111 11111 01/09949 * ¢ M PCT/ USOR:-206RBessdl 7. The
m croel ectroni cs package of claim6 wherein the reinforcenent portion is

at least partially disposed about the }2exible portion. 8. The
m cr oel ectroni cs package of claim 1 wherein the encapsulating nateri al

conprises an el ast r jal., 9 The mcro ctroni gs.package of claim|l
wherein the micr oglrggct ﬁ%%&#&‘%&?@i‘ﬁ%e& °§ali5ﬁ 39’ Wﬁ'ﬁgm rising a

m croel ec ' m;%(,ﬁ%e 0 &gﬁ ' ' : Of
cpnductivgﬁggigcdﬁ?’s ul t aasgﬁt%gl?gﬁge %‘on ecf?flt“gm:%g x{])i(‘):?] %cgrggxcgfevfﬁglganda

i cr oel ecdeond erfircddgRnBAllc bppotite thehfifseisirfidiethhi fsSh c@Rthct withidenemd |y
bonded to the bond pad. 12. The m croel ectroni cs package of claim1l wherein
the firstfremd. is soldered- to the bond pad. 13. The m croel ectronics

package of claim1, further conprising a |ead frame having a contact pad,
t he conductive | ead having a second end electrically coupled to the

contact pad. 14. The m groe| Lonk cs ckage of .claim 13, further
conprising a condggt i vé%ﬁﬁ%&%c&%ﬁéc pgﬁl?qgﬁeggmsa%g. pad. | t!1a11l 11{111
el 11 rntl a\pgc%&g%ﬂgsﬁg%éwgggggdégd. 15. The mi croel ectronics
package of claim 13, further conprising spati g | ayer having a first
surface in contact awohtludtive lsad hadhg atfirenéms beialedas Bedoad pad to form a
lead bond;
an encapsulating material at least partially disposed about the conductive
lead; and
a reinforcement portion at least partially disposed about the lead bond
pad and at least partially coupling the first end to the bond pad, the reinforcement

portion has a greater bond strength than the encapsulating material.

17.  The microelectronics package of claim 16 wherein the
reinforcement portion has a greater modulus of elasticity than the encapsulating

material.

18.  The microelectronics package of claim 16 wherein the

reinforcement portion comprises an electrically non-conductive material.,

19. The microelectronics package of claim 16 wherein the

reinforcement portion comprises an electrically conductive material.

20.  The microelectronics package of claim 19 wherein the electrically

conductive material comprises an anisotropically conductive material.



second surface substal l'"”i “HHHH” lthe first surface that is in contact

wth the lead frane. tm er oel ectroni cs package, conprising:. a

m croel ect W@i1®8948levi ce having a bond pad; a conductive |eaegudvanisee a first
end bonded to the bond pad to forma i3 ead bond; an encapsul ating materi al
at least partially disposed about the conductive |ead; and a reinforcenent

portion at |least partially di Sﬁgsed about the |ead bond pad and at | east
partial ly couplinglt heThemjerog uomcsp@kbwqfﬁaun 16tvéhereinthe consiustive

portion has, a great nd strength tha suI ating material, 17.
The ni criead Ht?tlﬁ“{?ﬁl% EXHVK DGEHQK P \ﬁé‘r ﬁé"ncf“%‘% tmgcwatenial nor t i on
has a great er of .. el capsul ating material. 18.
The m c tl?§ﬂ%rgﬁggéj@og§&4b%hf ézﬁ}%%l%gqgﬁh the reinforcenment portion

conpri ses an el ectrically non-conductive material. 19. The m croel ectronics
package of claim 16 wherein the reinforcenent portion conprises an

el ectrically cond@gti vEhentsicioalectrdfics Tpackager ofl etdimon2s wherdimgeheof claim
19 wherein the electricall y conductive material conprises, an

ani sot r eginfarcemensomtion isat least partiglly disposed apoytthe ﬂsm pottipn. || |11l L MS
WO 01/ 09949 PCT/ US00/ 20669 13 21. The m croel ectroni cs package of claim 16
wherein the conductive |ead includes a flexible portion proximate the

first end, the ensapsuindi fcBlebirodts BiiAge Fof! S PRY ! Wiletoln dmposed

about the flexibl€ por
encapsulating material comprises an elastomer material.

24.  The microelectronics package of claim 16, further comprising a
lead frame having a contact pad, the conductive lead having a second end electrically

coupled to the contact pad.

25. The microelectronics package of claim 24, further comprising a
spacing layer having a first surface in contact with the microelectronics device and a
second surface substantially opposite the first surface that is in contact with the lead

frame.

26. A microelectronics package, comprising:

a microelectronics device having a plurality of bond pads;

a plurality of conductive leads each having a first end bonded to one of
the bond pads to form a plurality of lead bonds;

an interposer having a plurality of contact pads, each conductive lead
having a second end electrically coupled to one of the contact pads;

a spacing layer having a first surface contacting the microelectronics

device and a second surface substantially opposite the first surface and contacting the

interposer;



22. The mi croel ectroni ﬁ‘lmﬁk& Iﬂwnuml m 21 wherein the reinforcenent

portion is at |east pa wpoesed about the flexible portion. 23. The
m croel ect r opbogepackage of claim 16 wherein the encapsul;ﬁ{ WE&% rial
conprises an el astonmer material. 24. The m croel ectroni cs packagé cl aim
16, further conprising a l|ead franme having a contact pad, the conductive

| ead having a second end electrically coupled to the contact pad. 25. The
m croel ectroni cs pagkagspsafatil Matered at lebktigaaiallsQiRHos&d MMbubtheSRARLAH aver
having a first surface in contact wwth thé mcroel'ectronics device and a
second sulegdsz@andubstantially opposite the first surface that is in contact
with the lead franme. 26. A mcroel ectronics_package, conprising: a

ni croel ect roni cs devendonsemenicpoation #rlaast portislly waspesqsbabout at lgpsirsametaf of
ductive | ead h .hayi first end d t f _the,band pads t

form a pl e deit Gorsk a0dan e aenalth Shurie B aF o 1o Bh PRoit 185 BRdCont act
ds. j . . o

D e i A Sinldietas pdtfth Khvhel STRRMCE M BURF oF Aoty COME 6 © D¢

a spac ayer I'rst” surface contacting the
m croel ecdncRuthingdaatefil. and a second surface substantially opposite the
first surface and contacting the interposer; ! 1#11111111111 1111111111

111111 WO 01/09949 PCT/ USOQO 20669 14 an encapsul ating material at |east

partially disposed _about the . conductive |eads; and a reinforcement portion
at |east partially2di spbBeduEeeecEinicse apackagheobf claime 20 sMheeiRdsthand at

| east parrggn érlcgmgx?tuﬁ)lr{igghéshae g:%gtexl' BaRt strsé?xgﬁ til'aﬂ alte e%tr:]éjpssufagné rﬁl%tebr?arf.d

28. The microelectronics package of claim 26 wherein the

reinforcement portion comprises an electrically non-conductive material.

29. The microelectronics package of claim 26 wherein the

reinforcement portion comprises an anisotropically conductive material.

30.  The microelectronics package of claim 26 wherein at least one
conductive lead includes a flexible portion proximate the first end, the encapsulating

material being at least partially disposed about the flexible portion.

31. The microelectronics package of claim 30 wherein the

reinforcement portion is at least partially disposed about the flexible portion.

32. The microelectronics package of claim 26, further comprising a

plurality of conductive bumps formed on the contact pads.



pads, the rei nforcemhﬂ“ﬁ“‘“ﬂm\wmﬂ a greater nodulus of elasticity than

the encapsulating ma e*m croel ectroni cs package of claim 26
wher ei n t hwo oued9ad or cenent portion has a greater bond strididjesdign the
encapsul ating material. 28. The m crqgl ectroni cs package of claim26
wherein the reinforcenent portion conprises an electrically non-conductive
material. 29. The m croel ectroni cs package of claim 26 wherein the

rei nf orcement por33.on A aiprocketronits package ranmprisidgy conductive material . 30.
The m croel ectronics package of claim 26 wherein at |east one conductive

| ead includes a famygroelectpenics devien having:a plurslity fof berd pads; t he encapsul ating

e or oot entr ok Baraite R sonheste AR ISR DS BREcA BN CERAAL por - on
is at | gast Rparti | flexible portion. 32. The
m cr oel g’fﬁ?” ip@é‘g @aﬁ%’é‘gdeﬁlg?a@?é’?%g%’?h drther conprising a plurality of

conductive bunps Jofmi@fosr Having 8 phaalityPaf Sonthctlpdds\\Eachlédiddhve lead
PCTI USOQ' 20669 15 33. A microel ectronics package, conprising: a

m cr oel having aisecondendetedibeallyconpleduo ahe of thefcontastipgsds; a plurality of
conductive | eads each having a first, end honded to one of, the bond pads to
forma plural ity 2$pacig laysndavingna ifirstesustace coRAFtIRG the pnigrealeqttoniss cont act

bt he- Gorireat patkona soEfiSe sHBHBELT RBGRIRGE Trr Pkl kA8 shaB LR o e
m cr oel ?%rg%ﬁs device and a second surface substantially opposite the
first surface and contacting the interposer; -

an encapsulating material at least partially disposed about the conductive

leads; and
a reinforcement portion at least partially disposed about at least some of
the lead bonds and at least partially coupling the at least some first ends to the bond

pads, the reinforcement portion having a greater bond strength than the encapsulating

material.

34. The microelectronics package of claim 33 wherein the
reinforcement portion has a greater modulus of elasticity than the encapsulating

material.

35. The microelectronics package of claim 33 wherein the

reinforcement portion comprises an electrically non-conductive material.

36. The microelectronics package of claim 33 wherein the

reinforcement portion comprises an anisotropically conductive material.



an encapsul ating mate tially disposed about the conductive
| eads; and a re| nforcg m ﬂﬂﬂmm I east partially disposed about at

| east sonme of | ead bbnds &ndsat*| east partially coup t | east
some first ‘Eﬂ(ﬁgﬂgtgﬁgthe bond pads, the é’dEI nf or cenent portll’%ﬂg%ﬁy\;f&ﬁ@

greater bond strength than the encapsui ting material. 34. The
m cr oel ectroni cs package of claim 33 wherein the reinforcenent portion has

3 greater modulus o, oy Bk kIR BB 00 nOBEH Rt G The

m cr oel ect I‘OI’II CS p rernforcenent portion

conpri S Scdidn %&i GRdlhdesOReSBRMEibY Pro¥ihatki he firiGnd Tl dcapatdtant roni cs
al m

package o wherein the relnforcenent portion conprises an

ani sot ro%ﬁﬁhbb’beﬁ gulehst partiully elispabed dbolst thefleikibld fdrtiond 111 1L1IL 11 L1111 *
CL MS W 01/09949 PCT/ US00/ 20669 16 37. The microel ectronics package of
claim 33 wherein at |east one conductive lead includes a flexible port I on

part | y Z..hipf)'sregt 8boullt hGEREERPRChoPRIGHE 35, C iﬁﬁﬁe%%&r 1B B s
!
par 1o 1 yeianseisn i B A A parEn AR RTaROw Rt LB gordn, OO0 1 o

package of claim33, further conprising a plurality of conductive bunps
formed on the contact pads. 40. A nethod of reinforcing a lead bond in a
m croel ectroni cs packafbke niomelectonigs pdtlege oif edpinminds SuFRmPRYNEHEt er i al

at |least partially about the
plurality of conductive bumps formed on the contact pads.

40. A method of reinforcing a lead bond in a microelectronics
package, comprising:
disposing an encapsulating material at least partially about the

conductive lead; and

disposing a reinforcement portion at least partiaily about the lead bond,

the reinforcement portion having a greater modulus of elasticity than the encapsulating

material.

41. The method of claim 40 wherein disposing a reinforcement
portion at least partially about lead bond includes disposing a reinforcement portion

having a greater bond strength than the encapsulating material at least partially about

the lead bond.

42. The method of claim 40 wherein disposing a reinforcement
portion at least partially about lead bond comprises disposing a non-conductive

reinforcement portion at least partially lead bond.



conductive | ead; and | nforcenent portion at |east partially
about the | ead bond, mmjm&yi t portion having a greater nodul us of
el asti Ci t Ywé boghoedone en«cara eri al. 41. The netk fl 0/% @ m 40
wherein di sposing a reinforcement portion at |east partially about |ead

bond i ncl udes di sposing a reinforcemdit portion having a greater bond
strength than the encapsulating material at least partially about the |ead

bond. 42. The net e.re| dIS Qsi a. rel nforgcenent portion
at |east partiall g&t hgegggdg(?ﬁm P %gg IoresmaeRtt i ve

rei nfor t atPRGEE I

11112100000 ek 1@%?11 st e Bé%d 58%?’@'%%}5888&3 e EleriFally 11,

net hod edndatsverrediifordeanent portionao fdasgpartialBi dbout lead®ohd. portion at | east
partially about the | ead bond conprises disposing an electrically
conductive rei nforcerrent portlon at | east partially about |ead bond. 44.
The net hod of cl ggv\/ner Qsi 28 a_rei nforcement portion at | east
partial y about cS 4‘§’e dWaprsin SM%l%&meﬂty

conduct ' artl about_the | ead bond.
a5, Tcboiloh kTRt @%2?%%@%@?%3 A8 SorRBses Bndsif 8 mishonRaliy i o
| east pt%tiuéttdevr Afot¢emicREpGrHInA UE lehdtPatttdy abOIPheS osi ng an el ast omer
mat eri al at Ieaset partia ??y about t%e conductive ?fdaﬂhﬁHG A et hod of
reinforcing a lead bond in a nicroelectronics package, conprising:

di sposi ng an encagsul ating material at |east partially about the
conductive | ead; 4and dhggBethad of rFlaimr4 veéesein dispesieg am eneapsulapingti al |y

about 't hetenaGI q leasEI partially about the conductive lead comprises disposing an elastomer

material at least partially about the conductive lead.

46. A method of reinforcing a lead bond in a microelectronics
package, comprising:

disposing an encapsulating material at least partially about the
conductive lead; and

disposing a reinforcement portion at least partially about the lead bond,
the reinforcement portion having a greater bond strength than the encapsulating

material.

47. The method of claim 46 wherein disposing a reinforcement
portion at least partially about lead bond includes disposing a reinforcement portion
having a greater modulus of elasticity than the encapsulating material at least partially
about the lead bond.

48. The method of claim 46 wherein disposing a reinforcement
portion at least partially about lead bond comprises disposing a non-conductive

reinforcement portion at least partially lead bond.



t he reinforcenent port'mmm ‘Mm ater bond strength than the
encapsul ati ng rraterim il od of claim46 wherein disposing a
rei nforcengnfo ohabt| on*at®least partially about |ead bondcrmstordess

di sposing a reinforcenent portion having a greater nodulus of elasticity
than the encapsulating material at |eist partially about the |ead bond.
48. The nethod of claim 46 wherein disposing a reinforcenent portion at

| east partially about | ead bond conprises di sposing a non-conductive
reinforcenent portion at |east partially lead bond. 111111luiallm Ut WO

01/ 09949 PCT/ US00/,20669., 18 9., The, met hod of claim 46 wherei.n di sposing a
r ei nf or cenent por@i‘ on ﬁngégfi ?JQF’FPQI F@ %ﬁgﬁin BOJIRg # JEREE i ses

di sposi i : dapcti i : i : t

par (1 al | 9PraE it st PRIy oBRRCHHE told o GRERAE ioRlre B Meie i g a

r ei nf or ceymaRbtivedRidfbRRmeht petiah atledst padtially aboutleddondead bond conpri ses

di sposi ng an ani sotropically conductive reinforcenent portion at |east
partially about the | ead bond. 51. The nmethod of claim 46 wherein di sposing
an encapsulating materjal at | east, partially about the condyctive |ead
conpri ses di sposi A8- an T8¢ ﬁ?‘gﬁ@r&sﬁlﬁ@ér & Whreine diSposing 13 ZFUNOTSHBERL ¢ he

conduct iﬁ’o?'titl)ﬁa ' east partially about the lead bond comprises disposing an anisotropically

conductive reinforcement portion at least partially about the lead bond.

51. The method of claim 46 wherein disposing an encapsulating
material at least partially about the conductive lead comprises disposing an elastomer

material at least partially about the conductive lead.



