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SEM CONDUCTOR PACKAGES Background This invention relates generally to

sem conduct or packagi ng. Sem conduct or packages typically are connected to
a notherboard via the use of solder balls. Such packages should survive
shock and whhrabthdas may occur during shipping, for @xanRbkosskite sol der
balls are typically soldered to the package |eads by formation of
internetallic conpounds (IMCs). These IMC s are typically very brittle
and can wundergo fracture easily under shock and vibration conditions.
This is especially true in_the case of |lead free solders and |ead free
packagi ng technol ogi es sin ?1 S NEBl ders and the IMC s
formed by the |lead free sd@héEEEQPED?9-@%é¥¥§ X% fer and nore brittle
than current | eaded sol ders. Furtgerﬁ mﬁthithe need to mniaturize devices
and increase packing density, th pitch of the solder balls is
continuing to demtrieasewedmabherebDlidergenkalalladyl eadstol@tdgher ri sk for
shock and vibration related failures in the solder joint. 1 W 2007/059191
PCT/ US2006/ D245 "By i ef Description of the Drawings Figure 1 is an

enl arged, parti ademicioestcsett patdgeyitBwiekla ypaekagenhéctaetamdance with

one enbodi nent. of
motherboard via the use of solder balls. Such packages

should survive shock and vibration as may occur during
shipping, for example.

The soider balls are typically soldered to the
package leads by formation of intermetallic 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 sclders. '

Further, with the need to miniaturize devices and
increase packing density, the size and pitch of the
solder balls is continuing to decrease. Smaller scolder
balls lead to a higher risk for shock and vibration

related failures in the solder joint.



the present invention; Figure 2 is an enlarged, partial, cross-sectional

vi ew of the package in place on a printed circuit board in accordance with
one enbodi nent of the present invention; Figure 3 is an enlarged, partial,
cross-sectional view corresponding to Figure 1 at an early stage of

manuf act ur gyo Fjohdof14 1S an enlarged, partial, cross-seeihRidbsddoeW
corresponding to Figure 3 at a subsequent stage of manufacture in

accordance with one enbodi nent of the present invention; Figure 5 is an
enl arged, partial, cross-sectional view corresponding to Figure 4 at a
subsequent stage of nmanufacture in accordance with one enbodi nent of the
present invention; Figure 6 is an enlarged, partial, cross-sectional view

at a stage subsequent Eo.tEaE shomq:in Figgke é in, accordance with one
enbodi ment of the pres = PEhl arged, partial,
Cross- sectlonaIFlguem/atla @mbﬁﬂ@u@@ﬁ spémﬁnaml anayearceivhih one
enbodi nent of th Erese i nvention; ure 8 i s an egH ed partial,

%

cross-sectional °*vFel?a a%?sﬂ%§§ﬁﬁ§ﬁﬁn§ aﬁthrP%ﬁxﬁNQT i th one
enbodinent1ﬂﬁa@hespheseﬂﬁemﬁm@ﬂﬁlon and Figure 9 is a system depiction for

one enbodiment. ., 2.¥9 2007/ Q%R Gl \RaROR LA o R L 8E) Description
view of the package in place on a printed circuit board
in accordance with one embodiment of the present
invention;

Figure 3 is an enlarged, partial, cross-secticnal
view corresponding to Figure 1 at an early stage of
manufacture;

Figure 4 is 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 1s an enlarged, partial, cross-sectional
view at & subsequent stage in accordance with one
embodiment 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 is a system depiction for one embediment.



Referring to Figure 1, a sem conductor package 65 nmay, in one enbodinent,
be a chip scal e package (CSP). A chip scale package is a single die,
direct surface nountable package of no nore than 1.2 tines the original
die area. A chip scale package may be a flip chip, non- flip chip, wire

bonded, balkyo afobekoayir ay or | eaded package, to give a fRWiRxREP4eHS. The
package 65 may include a core 18 having vias 48 extending therethrough.

The vias 48 may be |ined, wunlined, unplugged, or plugged. In one
enbodi ment, the <core 18 nay be a drilled core with drilled vias 48. The

package 65 may al so be any paéhagélevpﬁe$mmﬂpnﬁdm; packages with electrical
term nals other than.sal gj 1Gther _term Il

termnal s incluqingrﬁ?n q£) S0 SoeRe c°n4hcﬁﬂgnp%82a%? é§i exanples
Mount ed OveﬂﬁWhelCO¢@ﬁ]thﬂﬁﬂmaatanbenheghﬂpEﬁbaﬂﬁIpaﬂkhg82 cspich as a
processor (o] cou ed el ectrically through the package
65 to ternlnalg %%H% éﬁéﬁl S|SeasF ? ?H%’ﬁ%ffﬁ% SﬁFﬁaSﬁe enbodi nent ,

t hose tern Fahstpbye msalaerchakl sot6. than ane tameedicRBNbridNeCircuit 82

may be el ec C coup to_.the ckage 65 through wire bonds 79 and
bond pads 8? %Sgkg%nc%?ﬁgl S%%%Fepiggag%qﬁ%ﬁ b Pzgﬁanghé%'éHH*32 ina
CSP enbodi néatip chlmnenenbéﬁrmEdm,bhme gried alddsZabi-onsadd¢and 36 may be

formed of copper aII| ation 36 has openings 46 which, in one
embodi nent, “are %?igne e §ragP48%: The netallization 32 has

openi ngs 52 mhlcTh$mgadkagH a5e&sy include a core 18 having vias 48

extending therethrough. The vias 48 may be lined,

unlineg, unplugged, or plugged. In one embodiment, the
core 18 may be a drilled core with drilled vias 48. The
package 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 7% 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

3



partially unaligned with the vias 48 in one enbodinent. |In one enbodi nent,
the openings 52 are |arger than the 3 WD 2007/ 059191 PCT/ US2006/ 044299
vias 48 so that they overlap at extension 53 under a portion of the core
18 on at |east one side. The vias 48 nay be filled with a netal |iner or

plug (not phwmsekdd some enbodi ments. However, in sompcrArbRdodBat s, no
liner or plug may be used. Also fornmed in the extensions 53 may be a

vi scoel astic material 56. The viscoelastic material 56 nmay have a | ow
Young's nodulus for purposes explained hereinafter. Under the
metal | i zat i daaka§y®rs@Zhady thevaogettep atr esitensi8n Fheusdddesr resi st 58 may

have an openi.ng: .fo therein.which is filled with a contact 42. The
contact 42 Egggﬁ%éeggrtgl& Igh;I%g% T?:o(rjlrrlleff\‘: i OH 10 e MG 48 || ner, if any, or
to a netal lizatiDre ndtasvi4§i bbg ba £FiDed evith Sohdesl bal her 16 myugbe surface

Chrough t he gt e T8 o 1Th& 088 AEPCBETE Lo, TR ERok™| BHEF ng of the
package 65 smyodienarishi avedinby dhepligaesl ast ugettt enied HSmdarticul arly,
any shock 90 Lhe gdSrobel b rartl . anuperd ghrection
shock | oadi fige visaefdlectic mhearisdhes®impoelaast kcismt esh@l’ 56 acts as a
SPring whi ch,GHehi QNS A0Y.XEeEhY S SNPGK 1 .9adipg, on the sol der ball 16
Under the metallization layer 32 may be a solder
resist 58. The solder resist 58 may have an opening
formed therein which is filled with a contact 42. The
contact 42 may make electrical connection to the via 48
liner, if any, or to a metallization not visible in
Figure 1.
Seclder 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. In 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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Referring next to Figure 2, the package 65 nmay be nounted on a circuit
board 70 such as a printed circuit board. In one enbodi nent, the circuit
board 70 nmay have a lower |ayer 76 and an upper |ayer 74, punctuated by
enbedded contacts 72. The solder balls 16 may be surface nounted onto the
contacts 72yoldwsseiany shock | oading applied through teegushdosidatosboard 70
to the solder ball 4 WD 2007/059191 PCT/ US2006/ 044299 16 may be cushi oned
by the viscoelastic nmaterial 56 in both the package 65 and, in sone
enbodi nents, within the circuit board 70. The nethod of manufacturing the
structure 656 BRBWE GUShECGEFePY, the weanedantacwhaterel éfbddi ment of the

present invepti Ofhe i 3RQWN BN Flgu 1S enbBhld , i HrC 18 has
al ready been‘dri!l%dé%o orn1v?asg4%§§§%ﬁ ﬁ@%gg%ﬂgﬁé%'ﬁPéﬁ}g %5%Nbreover
the core 18chBSubedirargbdfled with the upper metallization 36 and | ower

nmetal |ization 32, AspalH.gady Hgﬁg?%cgmng)%ggngéré%@_6552fwﬁal | ow -

el ectrical comunication throu e cor via the vias sone
cases. Thusiti R @tee eirbadi pearrdasoppertmengl eihzadinmst 3% 3@ may be forned

on either side..of & 113,48, NSi of_epening . tends under
the core 18bons%ne:%| g&égnéh%aﬁg?ﬁ%%ﬁghgggi§é?hé %ktgﬁgﬁggﬁggéis filled by
stenci | - pri B¢ ngrrze domalsi ahtebdyrearsidig ld edt eacidrs wmidsh 4Bpewsi ngs O
aligned wihqt t.ensi, 53, 1 ndj cat [ i 4. .Then, as shown
in Figure 5, a %?%%%eﬁ%gilgg%ﬁa?ér iatg?i%}g}e%y%gg Q%Jrcz%n e?%sntb(?%t e extensions
53 through thrted eridil t8e upper metallization 36 and lower

metallization 32. As already noted, the openings 46 and
52 may allow electrical communication through the core 18
via the vias 48 in some cases. Thus, in one embodiment,
copper metallizations 32, 36 may be formed on either side
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 fille@ by stencil printing =a
compliant layer using a stencil S with openings © aligned
with the extensions 53, as indicated in Figure 4. Then,
as shown in Figure 5, a viscoelastic material 56 may be
printed intoc the extensions 53 through the stencil S
openings O,

Next, as shown in Figure 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



openings 0. Next, as shown in Figure 6, a solder resist 58 may be applied.
The sol der resist 58 may be exposed and devel oped to form exposed regions
60. The regions 60 may then be renoved to form openings 61 (Figure 7) and
filled with a netal to formcontacts 42 as shown in Figure 8. In other

wor ds, thevﬂpﬁﬁh&gﬁl6l are filled with the netal cont§Qﬁi§%ﬁgga%§mg in

Figure 8. I'n one énbodinent, the netal for the contacts

ni ckel, gold alloy. The contacts 42 namke el ectrical connections to a
nmetal li zati ons (not shown). Thereafter, the solder balls 5 W 2007/059191
PCT/ US2006/ D84299 bel Gursckemsunt g eorunited contacthedazontmet s 42. The
resul ting strucfyre i}_shgwn in Figure,l. Fine pitched ball grid array
packages wi TR Feadid ridd " SErder S bafeY il *O%iebilt a high rate of failure
in drop and shatind esittehedybhel cysid anad yoyakhagys seoel asddoc-creat erial 56.

The primary e for. such failures may be the brittle internetallics
bet ween theségﬁ%ﬁﬁbqﬁ%% ghﬁﬁdexPhglgLﬁfQ%ﬁ?'Fﬁﬁﬁsﬁfofa%;%ﬂ%é¥}éF@por

mot her boar dandWétvclexseasnag pétehs@ithdnereasng: Sevdeisiafc balls in chip
scal e pack%ﬂes IQLgﬁ%ailgre npde woul d get worse w thout renediation
resul ting iR T HEEt ect'PEnPHPRFT AP d5Fs FPEPhE L Har ¢ M@ Yo econponent s.

Wth the visgoalasitile Maternatadbicshack d-2adhagsfbyer D& asSiny di ssi pat ed
by the conpl.iant |ayer, thereb%d%reducin energy transfer to the

spher e/ i nt erfacridre SdhdsBnBbdt nBMELrat ssioki MaEheBnmtEnt Widher may be

decreasing pitch and increasing number of balls in chip
scale packages, this failure mode would get worse without
remediation, resulting in interconnection open and
catastrophic failure of components.

With the viscoelastic material 56, shock loading may
be easily dissipated by the compliant layex, 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 1s important to affect a shock energy dampening and
enexgy 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 coxresponding 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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applied on the notherboard side, as indicated in Figure 2, thereby

all owi ng further shock danpening. In other words, viscoelastic nmaterial 56
may be used in association with the circuit board 70 as well. The choice
of the conpliant layer for the material 56 is inportant to affect a shock

ener gy danpeibdagesnd energy transfer reduction. |In adgichhRisosbdagemat eri al
chosen may be conpatible with substrate manufacturing processes. One

characteristic of the material may be to have high |oss tangent or high
| oss nodul us as_ frequenci es corresponding to shock |oads. Typical
materi al s t RA¥Yheiyl te Wes @ TR - t his gppidadat Lonisnedivaket agsduscones Wit h

mol ecul ar “@ﬁQ@téhélUygéo%ga%Eﬁé ﬁ£%%£f§§$56tﬂ?98ng YSu A af, hhe shock
frequencies, silicone nodified epoxy, or pofyrnide resins and fow
nmol ecul ar i B#fS rilistfepbosiich asyTRaseys- ber mboat eenartadirene 6 WO

2007/ 059191 PCT/¢L32006/.044299. yd oni tril CIBN). _Ln general, it is
advant ageous t hat t(}%q&%séée?ég?f% éﬁatae&)lrglcggéoﬁgr\)/l\%seaé Ygo‘%n S%I%dul us of
| ess than aborc@ufiegaRavdshsone edomirenpenat the. pr&efrerring to Figure 9,

a processor;hasad system8Q, jp;accordance with one enbodi nent of the
present inventi or?,%xi é%déi%g%flégc.i' Tﬁlglesfgtsg%mn%?/yb%eaa protesS6F T based
system i n opesehizoditeentin $hasembpdrbinsyst.enT80spayhe beystogouner, a | apt op

COMPULST . Bp8e8 A SUBULCH oy B0 ST, TSR ELSYEL g BorLabl o devt e
system 80 negrvyewc| wdeesia player, a portable device, or a digital
camera, to mention a few examples.

In some embodiments, the system 80 may include a
processor 82. The processor 82, in one embodiment, may
be implemented by the package 65. The processor 102 nay
be coupled to a motherboard that acts as a circuit board
70. The circuilt board 7C 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
processcr-based systems include an input/output (I/0)
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
compenents may be included as well.

References throughout this specification to “one
embediment” 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 necesgsarily
i
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processor 82. The processor 82, in one enbodinent, may be inplenented by

t he 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 processor
82, together with a bus 84. Additional integrated circuits may be coupl ed
to the cikgghdyr/pRad 70. Exanpl es of common conponent $cpRisaddk@aessor - based
systens include an input/output (1/0O interface 81, a static random access
menory (SRAM 90, and a system nmenory 88, which, in sone enbodi nents, my
be i npl enmented by dynam c random access nenory (DRAM. O course, the

ar chi t ect uresfesfrrtibhg systee Séhd rduwbjieeht .t oreottsd derahl engariability and a
wi de vari et f. other . ¢ onent s be included as well. References

t hr oughout %%ﬁﬁ%?&%@%i??égg?%%'t%%r“gﬁﬁreénb8ai HOC TS84 C8nBRYi nent " mean
that a partbeculmatitheatiute, ostetichiitabler fehas agtiedd Sha¢ dascribed in
connection wth the enbodinment is.included in at_ |east _.one inplenentation
enconpasseopﬁttlﬁuﬁafhgm:BPgﬁ%ﬁt ﬁﬂ\‘/‘éﬁf%ﬁg bt bk {rees Iﬁgyt he phrase
"one enbodismemicomphssed abtRiatienenbingr 6f Nohe NRGASSAr i 1y 7 WO

2007/ 059191 PCT/ US2006/ 044299 referring to the sanme enbodi nent.

Fur t her mor EPRHHEp8Pti cul ar features, structures, or characteristics may

be instituted i whatlBethsuptaddre: fior@BLtobhRehat hawed he spakbicylian enmbodi ment
illustrated and all sgc?ifor ma be enconpassed within the clainms of the

pr esent euﬁﬂﬁa? iaﬁ. mited number of embodiments, those skilled
in the art will appreciate numerous modifications and
variations therefrom. It is intended that the appended
claims cover all such modifications and variations as
fall within the true spirit and scope of this present

invention.



Wil e the present invention has been described with respect toalimted
nunber of enbodi nents, those skilled in the art will appreciate nunerous
nodi fications and variations therefrom It is intended that the appended
clainms cover all such nodifications and variations as fall within the true
spirit and scope of this present invention. 8 Wiat is clainmed is: 1. A
sem conducgly tpackage, GRA@prisi.ng: a structure having a core with netal
| ayers on either side of said core, wherein said core includes apertures
and said nmetal layers include apertures, the apertures in one of said
nmetal |ayers eftend%_\n% lI)nelyond tche apert#r es in said core to forman
extension; a tefmna cguplcé)dlql‘b S@f dP8t GECurE Bna® AiYeél astic materi al
bet ween sai d structueestandtsaid He£rohgak, csaied wintierhatatontgetisng said
termnal. 2. The package of claim 1l wherein said package is a chip scale
package. 3°0Th&lddtkageSofiecl &m 15wher eFft&ai d WIABELE Fatisti afChds a
Young' s no (P . gaPa S m at ur 4.,.The
package of gglt:g?r?% 1S fﬁ%?ehg?égée ?’ ac%lergﬁt o§§§!jci ?rﬁzeuq%pbo%rgg.g %{Ss %hrgc%%%iage of
cl ai m 4 whepeirtug®isd ctheuidpreboardsi nol udes anf elsasitd cmatkér i bdyand sai d
term nal extending beyond the apertures in said core te form an
extension;

a terminal coupled to said structure; and

an elastic material between said structure

and said terminal, said material contacting said
terminal.
2. The package of claim 1 wherein said package

is a chip scale package.

3. The package of claim 1 wherein said elastic
material has a Young's modulus of less than 3

gigaPascals at room temperature.

4, The package of claim 1 further attached to a

circuit board.

5. The package of claim 4 wherein said circuit
beocard includes an elastic material and said terminal
and said package are secured electrically to said

circult board.

6. The package of claim 1 wherein said elastic

material is in said extension.



and sai d package are secured electrically to said circuit board. 6. The
package of claim 1 wherein said elastic material is in said extension. 9
7. A sem conductor package conprising: a core with netal |ayers on either
side of said core; a termnal coupled to said core; an elastic materi al

between said core and said termnal; and wherein said core includes

apertures and said ngt %Eﬂ_ﬁ%ﬁ{@&@&kuﬁgc?{@%@ Weshr{Hengpertures in one
of said netal |ayers extending beyond the apertures in 8Said core to form
an extended apeft Wrae 8WiThe patkagelafexs aiom 7 wheeei reish doél as1id

mat eri al igoir%,sai d extended aperture. 9. The package of claim8 including
a conductor étween said elastic material and said termnal. 10

& terminal coupled to said core;

an elastic material between sald core and said
terminal; and

wherein said core includes apertures and said
metal layers include apertures, the apertures in one
of said metal layers extending beyond the apertures in

said core to form an extended aperture.

8. The package of claim 7 wherein said elastic

material is in said extended aperture.

9. The package of claim 8 inciuding a conductor

between said elastic material and said terminal.
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