ENHANCI NG SHOCK RESI STANCE | N SEM CONDUCTOR PACKAGES
Background This invention relates generally to
weeni7msniduct or packagi ng. Sem conduct or packageeT/US2006/044299
typically are connected to a notherboard via the use
of solder balls. Such packages shoul d survive shock
and vibration as may occur during shipping, for
exanpl e. The sol der baIIs are t olcall sol dered to
t he package | eaBSHRYCEY : Slaf8MEBt al i c
conpounds (| MCs)LN i QN@H§19R=RAQKA@ﬁsy very
brittle and can undergo fracture easily under shock
and vi bration cond|t|on3a0kqﬁpﬂnﬂe especially true in
t he r e fr,
techia gty Sinee St Ao ERe T Eas e Sor oy s and rhe
pbabRagfiagned by the Iead free sol ders are typlcally
stiffer ., and nore [ an_curr | eaded sol der
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solder balls is continuing to decrease. Smaller solg
shabild pegyive sbRickhendr vakrhdi osheek Mad OFiChiratiugAng
i lur R.the solder joint.Brief Description
Shﬁb?%%thamnnSE%E?gure 1 is an enlarged, partial,
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dl rren e present .inventio
pac age ea % formatgon o% 1ntermet5111c compounds

(IMC’s). These IMC’'s are typically very brittle and can
undergo fracture easily under shock and vibration
conditions. This is especially true in the case of lead
free solders and lead free packaging technologies since
both the lead free solders and the IMC’s formed by the
lead free solders are typically stiffer and more brittle
than current leaded solders. |
Further, with the need to miniaturize devices and
increase packing density, the size and pitch of the
solder balls is continuing to decrease. Smaller solder
balls lead to a higher risk for shock and vibration

related failures in the solder joint.



Figure 2 is an enlarged, partial, cross-sectional view
of the package in place on a printed circuit board in
weacoerodairce Wi th one enbodi nent of the present PCT/US2006/044299

invention; Figure 3 is an enlarged, partial,

cross-sectional view corresponding to Figure 1 at an

early stage of manufacture; Figure 4 is an enl arged,

partial, cross-sectional view corresponding to Figure

3 at a subsequent stage of nmanufacture in accordance

wi th one enbodi nent of the present invention; Figure 5
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is an enl ar g&adeip&es; 08 toe Dk
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manuf acture in accordance w th one enbodi nent o tﬂe
vipeesehtaipyekageninFagopedsénes whtknbaegedbogamenal of

tﬁrgéﬁéggg igﬂgénvggmaat a stage subsequent to that
sh I h Figure PH’ accordance with one enbodi ment of

the prtgseat2i nyeahi enlaFh@df epdrtsadn enbakrgedctional

partial, cross-sectional view at a subsequent stage in
ViRt oP tahee BREhaBRelenDbAFPeRl of Prhetpfestpfuit board
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cross-sectional view at a subsequent stage I'n
iacenttamce with one enbodi nent of the present

invention: and Figure,9 is.a systemdepiction for on
enbo f%%ﬁ?.%kfﬁi?%defﬁgﬁg?%tig%r%églrr hgSPoSerhLres
vied S€H+E€9PONELNE PACkager851 at an early stage of

manufacture;

Figure 4 1s an enlarged, partial, cross-sectional
view corresponding to Figure 3 at a subsequent stage of
manufacture in accordance with one embodiment of the
present invention;

Figure 5 is an enlarged, partial, cross-sectional
view corresponding to Figure 4 at a subsequent stage of
manufacture in accordance with one embodiment of the
present invention;

Figure 6 is an enlarged, partial, cross-sectional
view at a stage subsequent to that shown in Figure 5 in
accordance with one embodiment of the present invention;

Figure 7 i1s an enlarged, partial, cross-sectional
view at a subsequent stage in accordance with one
empbodiment of the present invention;

Figure 8 is an enlarged, partial, cross-sectional
view at a subsequent stage in accordance with one
embodiment of the present invention; and

Figure 9 1s a system depiction for one embodiment.



may, in one enbodinent, be a chip scale package (CSP)
A chip scale package is a single die, direct surface
wounwmeabive package of no nore than 1.2 tines tRET/US2006/044299
original die area. A chip scale package nay be a flip
chip, nonflip chip, wire bonded, ball grid array or
| eaded package, to give a few exanpl es. The package 65
may i nclude a core D& diavedipas @asi g8l @xt endi ng

h h h. The vias 48 may be |ined, unlined,
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ackage 65 may al so be any package type ' ncluding
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integrated circyit 82 uch as a_ processor. e
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pagkags 6o tderdn Na) e Nes opposite side of the
package. In ggane enmbodi ment ,éthose term nal s may be'

sol déMHAAKE G5 e erbodierentqoteel Tilrauing 82iamy4s

[ ed tg the pac e 65 throu wre
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urgtialdd,z atipdnsy R4 and: 32 dgyead CSPrerdadi distd i hdhiON& he
enbodinent, .the tallizations 32 and 36 may be formed
S CoppdPY Hfe angf%eil]iezdaﬁ%?? 36- HasGipeifichgslam 4thi cHihe
gtk 65 may also be any package type including

packages with electrical terminals other than solder
balls. Other terminals may be metallic terminals
including pins, plugs, and sockets, to mention a few
examples.

Mounted over the core 18 may be an integrated
circuit 82, such as a processor. The circuit 82 may be
coupled electrically through the package 65 to terminals
on the opposite side of the package. In one embodiment,
those terminals may be solder balls 16. In one
embodiment, the circuit 82 may be electrically coupled to
the package 65 through wire bonds 79 and bond pads 81.

Sandwiching the core 18 are metallizations 36 and 32
in a CSP embodiment. In one embodiment, the
metallizations 32 and 36 may be formed of copper. The
metallization 36 has openings 46 which, in one
embodiment, are aligned with the vias 48. The
metallization 32 has openings 52 which may be at least
partially unaligned with the vias 48 in one embodiment.

In one embodiment, the openings 52 are larger than the
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enbodi nent, are aligned with the vias 48. The

nmetal lization 32 has openi ngs 52 which nay be at | east
woaodzioadloy unaligned with the vias 48 in one PCT/US2006/044299

enbodi nent. I n one enbodi nent, the openings 52 are

| arger than thevias 48 so that they overlap at

extensi on 53 under a portion of the core 18 on at
Vll@§st480r$@ shdé. they \sqvasrlzs@ msty e efridiloed 58 tumdenret al

81, or ot enbodlnents
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2. The cont ct e elec rical connection to
T?‘ﬁ‘ Wi % a|S H&r maltF zh‘?;la At & HicXatiodm et
meéidsilhlse fio Blugbs el &@Jl%%ebﬁlﬂe%e&%a'f@érbe surface

mounted to the contacts 42. Thus, electrica

conn&dcesnéheaniche lidde tismodglyerhd2c vy 18 o sifigler
r@gh@@r5@all§h%6go@% xSQ%%ﬁs%Q%%In o%ﬁ;terpac§§%§ 65

be "cushi one thé Vi scoéelas
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art| rly in_an upward direction, drives the
Bt 130t Dol SR a et FonaaceiPEl 96 e cria 48

ld@@&?niftEﬁySh@Qktboédh%ﬁalhﬂz%Eﬁ%ﬁtno%h%381 % in
vi scoel astic material 56 acts as a spring
Figure 1

Solder balls 16 may be surface méunted to the
contacts 42. Thus, electrical connections may be made
through the core 18 to the solder balls 16.

Any shock loading of the package 65 may be cushioned
by the viscoelastic material 56. Particularly, any shock
on the solder ball 16, particularly in an upward
direction, drives the contact 42 into the viscoelastic
material 56 which dampens the shock loading. In effect,
then, the viscoelastic material 56 acts as a spring which
cushions any excessive shock loading on the solder ball
16.

Referring next to Figure 2, the package 65 may be
mounted on a circuit board 70 such as a printed circuit
board. 1In one embodiment, the circuit board 70 may have
a lower layer 76 and an upper layer 74, punctuated by
embedded contacts 72. The solder balls 16 may be surface

mounted onto the contacts 72. Thus, any shock loading

applied through the circuit board 70 to the solder ball
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cushi ons any excessive shock | oading on the sol der
ball 16. Referring next to Figure 2 , the package 65
wory7msorount ed on a circuit board 70 such as acpriSmioed44299
circuit board. In one enbodiment, the circuit board 70
may have a | ower |ayer 76 and an upper |ayer 74,
punct uat ed by enbedded contacts 72. The solder balls
166 mawy bige capinfianednmbynttée oritseodiestdnt aetterial BHus,n

an aock | oadi ng.appl, ed through the.circuit hoard 7
o, FE% BB oBatr B ey e SCHE PO B iRe Within Ehe
cYirgcoel astirg material 56 in both the package 65 and,

in some enbodi ments, within the circuit board 70. The
net hddSofeirRRdf 8&t WenHdg ackard gy dhgr 6 teH.Ctemews S n shown

if gyeerl 1 DnaGeeLdanae il oRe LURRATRAL Ob A R
presént invention, is shown'in Figures 3-8
picrisendl ipventieé oagr ésl8hbas dbr eddyiresed-dr.i | Ted tially,

ormyvias 48 as indicated in Figure 3 . Mreover, the
t%8r8°f§ ﬁgsgﬁéeﬁlfggggd%ﬁephdFHgﬁﬁﬁpgp FEER MitAg i46n a8
id6iaadcbower relakl Bzat MR e3derh Tral Ry 1ROtRd, Hhe

openi ngs 46 and 52 may allow el ectrical comrunication
CPREEGg M 1the ther 8PP8 Ty ing teAd Lviads o418 3itn aggng cvages.

q ol odi t r al.bizati 2,, 36
e e g (i AT 9 e LT
S5extensiadn ob3 ek copdrniig chmextieads cunderoulad a¢oree cbe 18

ure 4, The .extension 53 is

Vgglﬁgg %;ggt2§cﬁgpggpkppgé%§'coﬁﬁWﬁanﬂnlQ?@reﬁQQijW$ntf
cobpRe heBaWitiRa@BeRisNgS , O3@l kgRe®MAR e BXLERHIINS ide
53, as indicated in Figure 4 Then,

of the via 48. An extension 53 of opening 52 extends
under the core 18 on one side as shown in Figure 4.

The extension 53 is filled by stencil printing a
compliant layer using a stencil S with openings O aligned
with the extensions 53, as indicated in Figure 4. Then,
as shown in Figure 5, a viscoelastic material 56 may be
printed into the extensions 53 through the stencil §
openings O.

Next, as shown in Fiéure 6, a solder resist 58 may
be applied. The solder resist 58 may be exposed and
developed to form exposed regions 60. The regions 60 may
then be removed to form openings 61 (Figure 7) and filled
with a metal to form contacts 42 as shown in Figure 8.

In other words, the openings 61 are filled with the metal
contacts 42, shown in Figure 8. In one embodiment, the
metal for the contacts 42 may be a nickel, gold alloy.

The contacts 42 make electrical connections to a

metallizations (not shown). Thereafter, the solder balls



as shown in Figure 5, a viscoelastic material 56 may

be printed into the extensions 53 through the stenci
we20p@i91gs 0 . Next, as shown in Figure 6 , aPeDiUSE006/044299

resist 58 may be applied. The sol der resist 58 may be

exposed and devel oped to form exposed regi ons 60. The

regions 60 may then be renoved to form openi ngs 61
1@Fm@m @67 S)Jréfr@d:ef imotuett el otz rodteallc cind: sfadrsm4@ont attes

3$ ;$hown in tF ur.e 8 I n,other morj. t he openi ngs

rgfuarén |ﬁ SRR e SRR 180 2, shown in

Fi gureng pl&@h@@ﬁb&ﬁho@kﬁﬁmbmr%@epﬁ%&%bé%oﬁukmﬁlead free

contacts 42 may be a nickel, gold alloy. The contacts

S@édﬁékéaéilécttﬁ%le@ém&ﬁ SAghy éaé;err@tfalﬂaalzlameon@ drop
aﬁﬁogh%%%Wkat Xe%ft%BshH%% @i%h%#&f%g%e Sth

surface nnunted to the contac he resu
mgteudctlr 46.s §m@W@rumaEwgum@e1forﬂsmanmﬂaﬁnﬂidyﬂday be

array pa ka t.h | free sol der, balls that
el PulEts RBEARES il Pawen” ahg, Soldan el Hasrs
tABY she rewsh lfqrﬂﬁ@ hb)bft he svibeeeehastdrC RheHRa 0. Weh
primary node for such failures may be the brittle

dprirepsengl Pidshhenredncrre ssolodanmbsn ©faldltise in chip
ggﬁgaggc@a@e@h Qh;3 substrate of moiher %%%bdolrsse Yithout

ecreasi ng “pi tch and i ncreéasi ng “hiber
rembﬁlstab@ pa@magaangthms1haehubanﬁmﬁ&dwouk@ngg&mmorse
|on resulting in interconnection open

it
Cgﬁas 598 ﬁl uF§|P§r€°@PO RSnents. Wth the
V|SCW§E&SE%@ RARbealh s28 ¢ %ﬁ%%%laqa@%ngs@%ﬁkb@o%@ﬁ'bymay

di ssi pated by the conpliant layer, t hér eby
be easily dissipated by the compllant layer, thereby
reducing energy transfer to the sphere/interface. 1In
some embodiments, a similar compliant layer may be
applied on the motherboard side, as indicated in Figure
2, thereby allowing further shock dampening. In other
words, viscoelastic material 56 may be used in
association with the circuit board 70 as well.

The choice of the compliant layer for the material
56 is important to affect a shock energy dampening and
energy transfer reduction. In addition, the material
chosen may be compatible with substrate manufacturing
processes. One characteristic of the matérial may be to
have high loss tangent or high loss modulus as
frequencies corresponding to shock loads. Typical
materials that may be used for this application include
silicones with molecular weights tuned so that the loss
tangent is high at the shock frequencies, silicone
modified epoxy, or polyimide resins and low molecular

weight rubbers such as carboxy-terminated butadiene-
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reduci ng energy transfer to the sphere/interface. In

some enbodi ments, a simlar conpliant |ayer may be
wappiriseioon t he mot her board side, as indi cat edPCI/US2006/044299

Figure 2 , thereby allow ng further shock danpeni ng.

In other words, viscoelastic material 56 nmay be used

in association with the circuit board 70 as well. The
agroilea igfritiee (CGHN)i-antinl gpererkdy, tite irmateetvizalt S dus

ff haock d nd
B Gy AR B o PR il SBAPEon e CREAFEe FogleLus

othases m;anbammaat ialg8 paistR 15U RSt &@&1 mtﬁe%%ttwﬂeng
processes. One characteristic of the material nmay be
to hg\?éeﬁ"rdﬁlgl §&s Highgent op W@ﬁeﬁ@wwmw@@em 80,

ihr QQEeReies Lo t%s %%d 09 e maheck 4 @ads ., Typi cal
qoF ey 0

mat eri al s that be use thi's ap |cat|on
ihmenGdensi |l|SC©hB$S.QMetdh mihec ub/altemmgﬂyt et unedcee stshat-

AR BB S, S s

bﬁDbeetbkn@Iut\éQi ght 1Eweker Sof g@lﬂeas ‘éaﬁl%%)k)f:otper tt%@!
butadleneacrylonltrlle (CTBN) . I'n general,
Sﬁ&Vﬁﬁta&e@@§1@hétaWﬁérv@s@@éﬁébﬂﬁcdmmmaﬂrabrS@ Wawetal

cXRHRY’, S BodUlUs of A 3 23% %Qaﬁp:%%gut 3 gi gaPascal s at
e (0]

room t enper at ur e. erring i'gure 9, a
pr océssepnbasathoshiskemsg0Lhen sgetend0Caman tihcQnee a
i nyention, is depicted. The

embodi nment, ,of e present

o CR S ny 2be 15r DCOCEOFBAR o0t B FTBRELIoNt, may

beﬁbmgﬂﬁﬁahteﬁh%i_‘y thBe payghel 86, My HRe B CRMRWEH 028 nay
| apt op_conput er, a desktop computer, a server, a media

bg| gpup;led ﬁ@rﬁa@@éhéé@pééd ohag dpgstaﬁ a circuit board

70. The circuit board 70 may include the processor 82,
together with a bus 84.

Additional integrated circuits may be coupled to the
circuit board 70. Examples of common components in
processor-based systems include an input/output (I/O)
interface 81, a static random access memory (SRAM) 90,
and a system memory 88, which, in some embodiments, may
be implemented by dynamic random access memory (DRAM) .
Of course, the architecture of the system 80 is subject
to considerable variability and a wide variety of other
components may be included as well.

References throughout this specification to “one
embodiment” or “an embodiment” mean that a particular
feature, structure, or characteristic described in
connection with the embodiment is included in at least

-one implementation encompassed within the present
invention. Thus, appearances of the phrase “one

embodiment” or “in an embodiment” are not necessarily
!
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canera, to nmention a few exanples. In sone
enbodi nents, the system 80 may i nclude a processor 82.
woher7psooessor 82, in one enbodi nent, may be PCT/US2006/044299
i npl enented by the package 65. The processor 102 may
be coupled to a notherboard that acts as a circuit
board 70. The circuit board 70 may include the
rpferessgr t82fhtogenbeembbtiimanbus BdrtAddinbirepathe

nte ted_circuits be coupled to the circuit
oh s o b e aha Ry oF EherEBr ot rpanERpEaERorLeFLEs may
ber D6essont based §y§é§n§uia§byg6f@9mgnee&éQUEth £hLO

interface 81, a static random access nenory (SRAM 90,
p%aﬁ%ll@ll%@ﬂét@ﬁbﬁém?yt g88llwktratefnasdnelénbodhnénrss may

o B E e S SR Y S T e P BB BERE L st e s

apsliobfeoh.to considerable variability and a w de

varlﬁ ¥ of other conponents may be included as well.
Ref ef2htestPRr BHGABE %%V%ngb%Elhﬁéa??ﬁﬁ fgsgrébed with
r 89P0t "BHl 2 0fmi 8B CARQYL PEOE" < B8A: LBt s2 EF}BEECQl{f’EEled
feature, structure, or characteristic destrib
l@ohh%c@rbnwmﬂﬂhaphée@h@bﬁlm@mer038|moﬂm@edatmoas hedst
enc assed within _th esent
vgﬁ%%% JlSn@ﬂ%%fﬁgappeaﬁgﬁcesl%?e?ﬁ%dpﬁhggeeﬁ ngPpended
cb&h@dlmér all" bacBmnmedbodeaenbrnsak@dn@briations as
n%fessarllyreferrlng to the sanme enbodi nent.
bt (BT b eEDE BT Par BPEET araR@abGPeS, O8t FiEPUPESSEBE
isnakacteristics may be instituted in other suitable
forms other than the particul ar enbodi ment illustrated
and all such forns may



be enconpassed wthin the clains of the present

application. Wile the present invention has been
wdesrosed Wi th respect to a limted nunber of PCT/US2006/044299

enbodi nents, those skilled in the art will appreciate

numer ous nodifications and variations therefrom It is

i ntended that the appended clains cover all such

nmodi fh@at ilens larehedariisat i ons as fall within the true

spirit and scope of this present invention.\Wat is

claimed is: 1 . A nethod conprising: providing an

el astli.c mat eeitabdwcohpikengi:nal to cushion shock

|l oads. 2 . The nmethod of claim11 including stenci

printing PReVARiag an edastikemaselrédlofvidhaiamtbrminal

tbneludi ng ggggkngogggore and covering said core with
I N

conducti ve | ayers. The met hod of claim 3 including

providing a gap in one of said conductive [ayers and

appl yi ng e material in_said gap. 5 . The nethod of
cIai%f4 ihgﬁuﬂﬁﬁgogpﬁﬁyFﬁﬁlg doAtgdiddner ssgngil
praheihgl the matBeigethod of claimb5 including surface
nmounting the termnal in the formof a sol der bal
onto said contact. 7 . The nethod of claim1 including

formsng arghi peshake package E”Ek%ihﬁgn%akgrﬁﬁkgrEatbre

and covering said core with conductive layers.

4. The method of claim 3 including providing a gap
in one of said conductive layers and applying the

material in said gap.

5. The method of claim 4 including applying a

contact over said material.

6. The method of claim 5 including surface
mounting the terminal in the form of a solder ball onto

said contact.

7. The method of claim 1 including forming a chip

scale package including said material.

8. The method of claim 7 including mounting said
chip scale package on a circuit board.

9. The method of claim 8 including providing the
circuit board with contacts and surface mounting solder

balls on said contacts.



8. The method of claim 7 including nmounting said chip
scal e package on a circuit board. 9 . The nethod of
wolei7ms8i9i ncl udi ng provi ding the circuit boar draris2006/044299
contacts and surface nounting solder balls on said
contacts. 10. The nethod of claim8 including providing
the material under said contacts in said circuit
boar) . 11Thé sehhodndfictbaipagkageledhpsi srogidéng the
structure; .a term.nal coupled to said, structure; and
Mt bt FAOSRt 51 I CBRLABER SAi 87 S¢r GEaret ahgesa: d
termnal. 12. The package of claim 11 wherein said
package is a chip scal e package. 13. The package of
cl ai bt 11 Aheemipordidtoerphobige scamsoi déngbal | . 14,
The package Im 11 wherein said elastic materi al
has a YoS%gsgéuﬁggﬁ?Us of less than 3 gi gaPascal s at

room t enperat¢thenalScodpeepackagei of setatondd; fargher
attached to a circuit board, 16. The package of claim
15 wher ei 7' s&F S EF F Rt bbat dPPHEPEes2 AR 8Fhsgtere and

sdpi erdahind said termnal and said package are
secured electrically to said circuit board. 17. The

package of claim 1l including a structure having a
CorelfqthTﬂgtgéch grgfoglgiéhf{ %ﬂggefg ggig package is

a chip scale package.

13. The package of claim 11 wherein said terminal

is a solder ball.

14. The package of claim 11 wherein said elastic
material has a Young’s modulus of less than 3 gigaPascals

at room temperature.

15. The package of claim 11 further attached to a

circuit board.

16. The package of claim 15 wherein said circuit
board includes an elastic material and said terminal and
said package are secured electrically to said circuit

board.

17. The package of claim 11 including a structure
having a core with metal layers on either side of said

core.
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core. 18. The package of claim 17 wherein said core
includes drilled apertures and said netal |ayers
wonael7wdeidapertures, the apertures in one of saPdT/s@b/044299
| ayers extendi ng beyond the apertures in said core to
forman extension. 19. The package of claim 18 wherein
said elastic material is in said extension. 20. The
packd§e offhel giamkiYei odl udibAg a7camieatti hetweersai d
ielgstic ﬁatiria and said termnal. 21. A system
ESnPPrESi gt lded PRSI UBE64r andad s Pedicdgddviemsednatiade
a@bi@ﬂk@s?'%%krb%%&%ﬁr%%u@h?gnEpo%?%%{%!5&%5& Bog/d.s
sai d packaged integrated circuit including ternrnals,
extprekagebsonet the, apndtaneel ast ise ivaterealt chefosenn
' .erm nal s and sai d package structure. 22. The
e§$§9§%§%{ claim 21 wherein said packaged i ntegrated
circuit is a processor. 23. The systemof claim 21
including elastic material in said circuit board. 24.
The 9ste 6f PeC&PAE22fwAéR N L8ailieakedst iseidatdrisglic

mB88r8aYOURO'inS sARAULYS QL1 LRSS than about 3
gi gaPascal s at roomtenperature. 25. The system of

claim 21 wherein said term nals are sol der balls.
20. The package of claim 19 including a contact

between said elastic material and said terminal.

21. A system comprising:
a circuit board; and
a packaged integrated circuit electrically
coupled to said circuit board, said packaged integrated
circuit including terminals, a package structure, and an
elastic material between said terminals and said package

structure.

22. The system of claim 21 wherein said rackaged

integrated circuit is a processor.

23. The system of claim 21 including elastic

material in said circuit board.

24. The system of claim 21 wherein said elastic
material has a Young’s modulus of less than about 3

gigaPascals at room temperature.

25. The system of claim 21 wherein said terminals

are solder balls.
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