1 6 JAN 2006 BOW CONTROL | N AN ELECTRONI C PACKAGE Field of the Invention 5
The invention relates to electronic circuit packagi ng and, nore
particularly, to bow control in an electronic package. Background of 1tfheaN 2008
Invention Figure 1 is an illustration of a prior art electronic package 100.
The electronic package 100 includes a die 102, a die substrate 104, a
package 10 substratBOI\UGJOBTMIEIAéYrEmmNJG&%CMGﬂ ng compound 110.
The die 102 is nounted on the die substrate 104. The die substrate 104 is
nounted on the package substrate 106- The purpose of the sol der el enents
108 is to electrically couple g oftie mvBsidat € 104 to the package
substrate 106. The. nolding conpound 110 encapsul ates the el ectronic
connecti éns. As a‘hﬁlrb’enmlahi tq legtropig eircyit patkagingand peter at e 104 i s

encapsul at ed 10 0 onIy one side of the die :
substrate 182%6353/’ g?’?ﬁ' gggggg&‘ CH%CP(% conpound 110, the nol di ng
conpound 110. shrinks and subg@i—.sudmtdbmveaub trate 104 to stress that
causes the die substrate 104 tq bow A bowed die substrate 104 causes open
connections at t K&l thean ilnsration of apysor 3 cdctronicipackagaded The el ectri cal
failure rat §1e9& ?ac%kgé:fdﬂﬂklﬁd&aac é‘@@z 20 subl3E 916’4‘%‘3@& reasons there is
a need for an ron ‘resi sts ovvlﬁ ry of the

| nventi Qo Tbnfbsabmavl%mltierel&ﬂﬂntsrwbhmimmkhng:cmpﬁﬂmwum ’ﬁbwhlgoam ot her 25

probl ens are addressed by the present .jnv on .and w || under st ood by
r eadi ng andn‘:‘,’t’ﬂﬁ9|°ﬁéhet‘ﬁ€SY‘&?FP@\&%Q%E?)@’&SFW’F&‘ ISF‘H“’@}ﬁ@% di nent, a

package is pi&x&éiﬁms&ham n“Pi:éJﬂﬁﬁos% ol AekBMer elstBSE 168 Rito dlelirRafyibstrate
assenbly and a nol di ng conpound. The die-substrate
couple the dle substrate 104 to the package substrate 106. The.molding

compound 110 encapsulates the electronic connections. As can be seen in

1S  Figure 1, the die subsirate 104 is encapsulated by the molding compound 110 on
only one side of the die substrate 104. During the cunng of the moldtng
compound 110, the molding compound 110 shnnks and subJ ects the die
substrate 104 to stress that causes the die substrate 104 to bow. A bowed die
substrate 104 causes open connections at the solder clements 108 which

20 increases the elcctrical failure rate of the electronic package. A

For these and other reasons therc isa need for. an cleclromc package that

resists bowing. )
Summary of the Invention
The above mentioned problems associated with bowing and other
25 problems are addressed by the present invention and will be understood by
reading and studying the following specification.

In one embodiment, a package is provided that includes a package
substrate, a die-substrate assembly and a molding compound. The die-substrate
assembly includes a substrate that includes a plurality of layers. The plurality of

30 Jayers includes a layer comprising a mesh to stiffen the substrate. The substrate
is adapted to mount one or more dice, and the molding compound attaches the
substrate to the package substrate. '

In an alternative embodiment, the package includes a mesh formed from

copper that includes a plurality of substantially circular openings.



assenbly includes a substrate that includes a plurality of |ayers- The
plurality of 30 layers includes a | ayer conprising a nmesh to stiffen_ the
substrate. The substrate is adapted to mount one or nore dice, and ® AN 2006
nol di ng conpound attaches the substrate to the package substrate. In an
alternative enbodi ment, the package includes a nesh fornmed from copper that
includes a plurality of substantially circular openings. 1 1 6 JAN 2006
These and ot her effihest amdntler cabpdiotents, ageds) bdpatages ndd fanaires eftheof t he
present invention.wll be set farth.in part jn the desgription i ch

fol | ows, andPFHeRpRYPL M‘ﬁﬁﬁé%ﬁ@%}hﬁﬁpéﬂfhetd&sﬁrwggﬁ“g‘ﬁ% j{"\Bﬂ""f’r‘i"“ e art by
reference to Bmeviﬁ%ém e EdQhdRiskiRd B th e biyWERhEOR RIS enced
drawi ngs or by practice the 5 invention. The aspects, advantages, and

f eat ures of dhwsriphiomof the invantor awl refeethceddrdwings ar bedrabticenafdins of t he

instrunental i.tie ocedures., and conbi.nati o articul arl ointed out.in
the appen&ed“ﬁeﬁﬁ% ?hﬁ'?sg?ai’)ég‘@rrﬁt%’%nggq‘aﬁ’t'?fe&%ea%vﬁ&?nﬁ%{ﬁ%z is an

i 'l ustrationagd aaigdddsy meﬁwo@thcqnaﬁmwnt@aﬁesﬁgmewreg hfd BaRkiaseons 10 Figure 2A
is an illustration of a side view of one enbodi nent of a package conpri sing

a package substicalady paingideovs inbthe pppeadedselaimst y, a nol ding  conpound and

sol der el enents according t r;el?ﬁeg 'nn(;.ﬁhg{) LQ& present i nvention; Figure
2B is an illustration of a ?Up—vre%y—mnﬁvdrﬁent of the die- 15
substrate assenbl Figuhovs donllkstgive oPAside eiewifragpriod aitlbiectrome badk@ge;of t he
present invention, Figures 2C-2E are il.%ﬁustra ions of sone alternative

enbodi mentds of a Ht Ajl§ap Ha"il?f’?fﬁes‘ B g B‘Eer%i?@dé@g‘grfélay shown in
Figure 2B aceoudkOtorhfisdifa plkagd hulftFatd)fa diiubRirS GlerdblY, S Hd1@0E

compound and solder elements according to the teachings of the present

invention;

Figure 2B is an illustration of a top view of one embodiment of the die-
substraté assembly shown 'in Figure 2A according to the teachings of the present
invention; .

Figures 2C-2E are illustrations of some alternative embodiments of a
layer included in the die-substrate assembly shown in Figure 2B according to the -
teachings of the present invention,;

20 Figures 2F-2) are illustrations of some embodiments of 2 mesh having
mesh opening shapes suitable for use in connection with th® die-substrate
assembly shown in Figure 2A according to the teachings of teachings of the
present invention; '

Figure 2K is an illustration of a side view of an alternative embodiment

25 of the die-substrate assembly according to the teachings of the present invention;
and

Figure 2L is an illustration of system including a processor and a package
according to the teachings of the present invention.
Description

30 In the following detailed description of the invention, reference is made
to the accompanying drawings which form a part hereof, and in which are |
shown, by way of illustration, specific embodiments of the invention which may

be practiced. In the drawings, like numerals describe substantially similar

2



.20 Figures 2F-25 are illustrations of some enbodi ments of a mesh having
“ mesh openi ng shapes suitable for use in connection with the die-substrate
assenbly shown in Figure 2A according to the teachings of teachings?&fJANNEIS

present invention; Figure 2K is an illustration of a side view of an
alternative enbodi ment 25 of the die-substrate assenbly according to the
teachi ngs of the present_ invention; . and Figure 2L is an_illustration of

system i ncl G_ﬂmﬁgﬂ%{%ﬁl&’éhglﬁr&}%ﬁwef&( YWk abhese %E‘%ﬁ’-ﬁi“'ﬂf_{j af‘-‘()decs?@etiéfachi ngs of
the present ¢ gyent h&?h-l to[%?aﬁfe!t%s%@giue&%th@ﬁ{t*&?%rfaajiéecﬂ{‘é ﬂ;geﬁlgﬁu?'dtﬁé? descri ption
of the invention, reference is made to the acconpanying draw ngs which form
a part her eefmbodintbnismaphbettilized andstowetyralblpgivaly and eledthoa tchatgeomay speci fi ¢
enbodi ments_ of the .invention ich na%}ﬁog practiced.. In_the draw ngs, |ike
numer al s deé’Ey"‘?@é“@ﬁ‘BEﬁ W‘leﬁ_?“&?hﬁisf AR BYBIOBorEBnent s t hr oughout
the seversl pii@Way dIBESEIRERAH BRSNS BE RIKESECA R oisBnseSMid dhei ent detail to
enabl e those skilfed in the art to practice the invention. O her

enmbodi nent s seapgteé the predentisiventynds defined oaly, byl thejinpehdedgiaims| dong i cal changes

may be made.with de ting, framthe s e. of the.present invention. The
5 fol | owi ng wdﬁ\gfttéf Sgtscagggﬁﬁ%{%}?ﬁ&ﬁg Wr%?% T@?El Saﬂ{‘é qtﬂeda limting sense, and
the scope of th@iguwesant ad ivritionns b sidd@idwetbnermbolitndrbef @ppended cl ai ms,

along with the full scope of eqguivalents to which such clains are entitled.

Fi gure 2A i 82ese PPQSImpRisiRg Brekagesiubtirals &g, aficonbseaipaurmbhit20raa  package
200 conpyy S 'nﬁ@d'gg gg%ﬁg.g@ Z?gll%gﬂ 5Qt& AYRentSodh &E%ﬂéﬁ%&ﬁ HSeAhifAREY 204, a 10

nol di ng conpoun er elenments 208 a Ing to the teachi ngs of
t he present therpresent mmention.

The package substrate 202 provides a base for mounting the die-substrate
assembly 204. As such, the package substrate 202 is not limited to being
fabricated from a particular material. In some embodiments, the package

15 substrate 202 is fabricated from-aa insulator or a combination of insulators.
Exemplary insulators suitable for use in the fabrication of the package substrate
202 include ceramics, epoxies, fiber glasses or combinations of such insulators. A.
However, the package substrate 202 can also include conductive mateﬁa]s which
are formed into conductive paths (not shown) or planes (not shown) to couple

20 electronic signals to-and-from the die-substrate assembly 204.

The die-substrate assembly 204 is mounted on the package substrate 202
and mcludes a substrate 210. The substrate 210 includes a plurality of layers,
such as layers 212 and 214, with the layer 214 including a mesh to stiffen the
substrate 210. The substrate 210 is adapted to mount one or more dice, such as

25 die 216. The substrate 210 is electrically coupled to the package substrate 202
by the solder elements 208.

. The layer 212 provides a substrate on which to mount the die 216. The
layer 212 is not limited to being fabricated from a particular material. In some
embodiments, the layer 212 is fabricated from an insulator or combination of

30 insulators. Exemplary insulators suitable for use in the fabrication of the layer
212 include ceramics, epoxies, fiber glasses or combinations of such insulators.

However, the layer 212 can also include conductive materials which are formed



The package substrate 202 provides a base for nmounting the die-substrate
assenbly 204. As such, the package substrate 202 is not limted to being
fabricated froma particular material. In some enbodi nents, the packaté JAN 2005
substrate 202 is fabricated fromas insulator or a conbination of
insulators. Exenplary insulators suitable for use in the fabrication of the
package substrate 202 include ceramcs, epoxies, fiber glasses or

conbi nat i onsinff condttivePathsThdtisRown) 2 PEMNEE (not LW K agRlsSsIBsfonat € 202 can

al so include conductive materials which are forned into conductive paths
(not shown) Benaly terragd-frematheshersepsirals asssmble2® el ect roni ¢ signal s
to-and-fromthe dj.e-suhsirat 4. T Le-substrate .assenbly 204
is nounted on thcejhg%rg%?glg El ssﬁ?%g{e@%tﬂgggﬁv jihoﬁ"gl%dh 8§mgen£ﬁ§@?rd te 210. The

substrate 21dbsthdt kembly J04hawh yFighre 2y &dcrdingtoche RacHiagsasfshe?12 and 214,
with the layer 214 including a nmesh to stiffen the substrate 210. The

subst r at e’ 21R7eseEt BYaRadd ASFaRbE SeengR E1pe 4B the inver2l4isdormed 0p= di e 216. The
substrate 21Q 4,8 ' ZQ%E t %pgﬁf 2 by the
sol der el ernsls(rqlltﬁ;El %%gsé&ﬁ%hg&?g}y%lr 2 g’%%g\?%ééggg)@g strzflltgéejggtlih]El l|%c Qto nmount
the di e 216.2I0hdhellayee212h& ansannolar shiape inethding heibstgntialyrrecangadarf r om a
particul ar materi al sonme nbodi mrents.. the |layer 212 is.fabricated from
an insul at or°P(5’Pm§§ﬁBi H.]?_t“feéfﬁ’ W%%rghggllﬁfmt?f?@%%?%ﬁgﬁl tors suitable
for use in thgahahid dpRhingN FifurdsPE-bR YR Ilustrbfiohd 6t sUfR aRSindiiv S, €epoxi es,
fiber glasses or conbinations of such insul ators- However, the layer 212 can

al so i ncl¥deemehndiments oEthadaver 21t ipclidedin the diersybstate Zsamlgly SAOWRUD6 i nt o
conducti ve E@Lg@ e .el ectronic
signals to- g%g@?r:z%&ttcﬂgﬂgﬁ/@ﬁ%%s r g’?éﬂs?gggr%ﬁiﬂ %Oths‘%%yg‘L/ggFi S an

i I lustrati orFighre2Q, tp: layee\?1  haonmbstabiadiynsgnireopenthg22. eAs shdvatinat e assenbl y

204 shown i i qure 24, aceqr ding o Lbs, | SACHLNGS. of 11° i hown i

Figure 2E, the layer 214 has a substantially circular opening 226. The layer 214

15  isnot limited to beiig formed with an opening. In an alternative embodiment,
the layer 214 can be formed without an opening.
The layer 214 comprises a mesh including a plurality of openings. Each
of the plurality of openings has a shape, but the openings are not limited to a
particular shape. Figures 2F-27 are illustrations of some embodiments of a mesh
20 having mesh opening shapes suitable for use in connection with the die-substrate
assembly shown in Figure 2ZA according to the teachings of teachings of the
present invention. As shown in Figure 2F, the mesh includes a plurality of
substantially rectangular openings. As shown in Figure 2G, the mesh includes a
plurality of substantially square openings. As sbown in Figure 2H, the mesh
25 includes a plurality of substantially friangular openings. As shown in Figure 21,
the mesh includes a plurality of substantially elliptical openings. As shown in
Figure 2J, the mesh includes a plurality of substantially circular openings.
The layer 214 is not limited to being fabricated from a particular
material. In some emboediments, the layer 214 is fabricated from a metal.
30 Exemplary metals suitable for use in the fabrication of the mesh include but are
not limited to copper, gold, silver, nickel and aluminum. The layer 214 is not
Jimited to being fabricated using a particular method. One method of fabricating

the layer 214 includes depositing a metal layer on the layer 214 and etching the

4



5 present invention. As can be seen in Figure 2B, the layer 214 is fornmed on
a surface 218 of the layer 212 which is an outer or. exposed surface of the
substrate 210. The layer 214 has an annul ar shape including a subst h6tJANI 2088
rectangul ar opening 220. However, the layer 214 is not limted to having a
substantially rectangul ar opening. Figures 2C-2E are illustrations of sone
alternative 10 enbodi nents of the |ayer 214 included in the die-substrate
assenbl y shodesiredannilag upmlﬁﬁamimeshdipa@inggiﬂthem‘eamalsrbm Jd&hedbyer B4 far esent

i nvention the | ayer 214 has a substantially square
openi ng 222%‘73\851?\&3%[}?1 ‘éﬁggdé‘ﬁes f,8°4eS37EY TesislantR e bgwélﬂﬁzéfﬁ}?tl ally
el liptical opRReAYnARdpediSgShown in Figure 2E, the layer 214 has a

substantially circul ar openl ng 226. The layer 214 15 is not limted io being
formed with an orfegum@Kllsranal&usa‘ammwfaﬁtaldﬁewewb@eh alteTngtivetemboliimyert 214 can be

bl ural i 1y of LOBERF AGEEe Y 2Dk e spITef £y “BRBH BUEHAL & Shape, but

t he openi ngﬁn%:@oﬁohsbhmﬁﬁﬁrfg&cazKptﬂéldyﬁ#dﬂrlsﬁﬁlﬁﬂﬁrlaﬁérgdﬂtﬁegd@l7 2) are
illustrations of some enbodiments of a mesh 20 havi ng" mesh openi ng shapes

sui t abl e f orsubsEts #seBhneOti o imnerfiayenis adpyer dopstedrbstvecendwg otitst y shown in
Figure 2A a I i nventi on.
As shown i nqﬁfégrlg an}ﬂg H};ga)heggﬁﬁ‘ %ﬁ aegge:ﬁ%%bggﬁe%s %@%%%%ﬁ%%l ally

rect angul ar tb@hiyerr@st to Asbssiaevforiangréunglor poR€ pluecintes dicisnbitiackes a  plurality
of substanti re o i.n shown in_Figure 2H the sh 25

i ncl udes?g §ﬁ“§? Yﬁ@fofhégﬁk‘f H‘ﬁ‘tof’éﬁ‘ﬂ?csttg?&?ﬁﬂf Q‘F%b“pmsﬁgﬁ assgEbbhown i n
Figure 21, M%mhckﬁmm@amasu}gkwt@&gs&asbgfns'sém&%% 11@61-%;;19@ cal

openings. As shown in Figure 2J, the nesh includes a pldrality of
substantially CI rReferming epanitnjigureids thegie 216 imountedhen thesithstrdtet 2 6bei ng

fabricated fr u&graﬁl c%g‘“g8@?&%%&*{%‘}%”%%9%“50?‘{EB%T‘%}; OEIQe | ayer 214

is fabricatéd froma use in the
fabrication emiboﬁhﬂem;euhh diergllsindudestan aleetronio tirduitybidhchstaalynapiper , gol d,
silver, PI ¢ kr%do?x? gcc%.lesurglnenqlojrr;'] CIrIQi? 01|' 2‘ gtatlc gag'léorlnséccnc% memory circuit, that
performs a memory function. In an alternative embodiment, the die 216 includes
ap electronic circuit, such as an analog radio frequency amplifier, that performs
‘an analog signal processing function. In another alternative embodiment, the die
216 includes ap electronic circuit, such as a processor, that performs a logic
20 function. In still another alternative embodiment, the die 216, includes an
electronic circuit, such as a mixed-signal application specific integrated circuit
for monitoring and controlling the performance of an automobile engine, that
performs a combination of analog and digital circuit functions.
The die 216 is not limited to being fabricated from a particular material.
25 Insome embodiments, the die 216 is fabricated from a single type of
semiconductor. For example, in one embodiment the die 216 is fabricated from
silicon. In an alternative embodiment, the die 216 is fabricated from gallium
arsenide. In still another alternative embodiment, the die 216 is fabricated from
germanium. In other embodiments, the die 216 is fabricated from a combination
30 of semiconductors. For example, in one embodiment the die 216 is fabricated
from silicon and germanium. In an alternative embodiment, the die 216 is

fabricated from silicon and gallium arsenide. In another alternative embodiment,

the dic 216 is fabricated from geumanium and gallium arsenide.

5



limted to being fabricated using a particular nethod. One nethod of
fabricating the |ayer 214 includes depositing a netal |ayer on the | ayer
214 and etching the 4 1 6 JAN 2006 desired annul ar openi ng and nesh 10@4&” #@%
in the netal layer. The layer 214 is deposited to a thickness that provides
t he necessary resistance to bowng for the selected nmesh opening. Figure 2K
is an illustration of a side_view of an alternative enbodinent 5 of the

di e-substrate as48f#l he s mEiggredihdbe Byend 4sEHens the dicombetFe pr esent
I nvention. ﬁcﬁ@%%#%aﬂ?%c%ﬁése%%ﬁnﬁﬁg%é BY-Slosritt 35%3%23{ h?ﬂgefhé ]?/egr of the

di e- substrate asse r layer 1s a cate et ween two
ot her | aye?®t stiffemsthientie-sibsthassentblyl 204 eproaiditgn super-sinetgabst rat e assenbl y

204 it t he, | 2 t titute f . d I i th
i o- Subst r alEnes by Bednut 1448 rSrb Tie it pithe RsflRg et RSt %0 the
di e- substr afneerfiee gHRkdd by Sinkhéd & thd@mbRRAS Senfoifd ﬁhﬁn%élﬂﬁ{gf ate assenbly

resistance to bowing or warping. Referring again to Figure 2A, the die 216
i s mounted on t hEiguteRls isendllastatiomdf systs! nelndigk @ preasssor 282 auda t t hat

perfornms an_el ect ic function.  Ln Qne, e di.nent. t die 216 includes an
el ectronic ?:arck%%ﬁ %d,bn%cﬁ%ﬁﬁl togled&?%%]f‘ﬁ% O(iglerpg%sggtﬁf]‘é%lélggs qﬁ%ﬁ%sf circuit or a

static randgsy RGGEESite® tDisE ik corfidttion Willah parfieilhofype ofprdeessy function. In an
alternative_enbodi nent, the die 216 includes an electronic circuit, such as

an anal og r B¥RTePlERaRiReaTesys sl iperse ip pepmepiion withhe sypterrralopladgnal
processiing I: E}t Qﬂ&uétfbnas@%x.}&@égss@ljs,tl‘éﬁﬁ&a 'iﬁéﬁ'u@tmckg{ éﬁ%@ésgoxrs,r\?eqd*oﬁg 216 .

i ncludes an el'ectronic circuit, such as a processor, that perforns a | ogic
20 funct i oninstract®iniwdrd anaeksers aidtdegitad signal peodessdrsrelie, prodessati2@2 16, i ncl udes

an electronic circui su s, a,mxed-si gpal .application ecific
i ntegrat ed LRPHLFAIYE c‘%’fﬁ%t g’rtpﬁﬂlea’?rjrﬁ °é§ﬁ3£%ﬁ‘r‘15ﬁ8tetaﬁsem& ?@ mance of an
aut onobi | e RBELIE on itk ackNRIuBEEe 202C OMHRIpigHekddR 224 cawd 0g and digital

circuit functions. ) .
communicatively coupled to the die 210 by physically connecting the processor

15 222 to the-die 219 -through 2 conductive element or communicatively coupied,.to
the die 210 through a wireless communication link such as radio frequency
communication link.

Although specific embodiments have been described and illustrated
herein, it will be appreciated by those skilled in the art, having the benefit of the

20 present disclosure, that any arrangement which is intended to achieve the same
purpose may be substituted for a specific embodiment shown. This application
is intended to cover any adaptations or variations of the present invention.
Therefore, it is intended that this ipvention be limited only by the claims and the

equivalents thereof.



The die 216 is not limted to being fabricated froma particular material.
25 In some enbodi ments, the die 216 is fabricated froma single ty &
sem conductor. For exanple, in one enbodinent the die 216 is fabric @3 N?@@nt
silicon. In an alternative enbodiment, the die 216 is fabricated from
gallium arsenide. In still another alternative enbodinent, the die 216 is
fabricated from germanium |In other enbodi nents, the die 216 is fabricated
froma conbination 30 of sem conductors. For exanple, in one enbodi nent the
die 216 i sdiabpvgated fromsilicon and germanium In an alternative :
enbodi nent, the die 216 is fabricated fromsilicon and galliumarsenide. In
anot her aIternative enbodi nent, the die 216 is fabricated from germani um
and galliumarsenide. 5 1 6 JAN 2006 As can be seen in Figure 2A the |ayer
214 stiffeps thg 5&&@ assenbly 204 and reduces warping in the
di e- substrate assgﬁﬁ?§H%0 Eﬁe | ayer 214 stiffens the die-substrate
assenbly 204 bya plumht)dofrlqus mgluding stlayge camprisinganmeniligymeshdo stdfearthe2 14 t o
resi st the t €SSeS . a | di ng ¢ ound/ substrate 5 interface i nduced by
shri nkage 8'3’ g2 ﬁﬁt%ﬂtlﬁ E%b”ﬁ&%aur%.‘ngg curing. Figure 2L is an
illustration of systen1230 |nclud|ng a processor 232 and a package 200
accordi ng to t he teachi ngs of t pre i Aventi on. system 230 i s not
linited toZuse P ReMAHEE P Iaimds t"ﬁﬁea"p ?@E?Beélf W‘gaw gtatsee:e%?nses Exenpl ary
Processor s ,3kiat@bmetefif Use in connection with the system 230 include 10
conpl ex instruction set processors, reduced instruction set processors, very
| ong instruction word processors and digital signal processors. The
processor 2332 i I | €.
di e- substrate azge%gl 5899$%%%H¥§%&§ﬁktﬁ€h§éﬁ gﬁgh 5%%??2%%ﬁ€§5_ The
processor zﬂi’sta:uanlljodhpmhmnmgatr vely coupledto the die 210 by physically
connecting the processor 15 222 to the die 2Y0 through a conductive el enent
or conmuni catively coupled to

4. A substrate comprising:

a plurality of layers including a layer compﬁsirtg an annular mesh formed from a

metal to stiffen the substrate adapted to mount one or more dice.

5. The substrate of claim 4, wherein the annular mesh comprises a plurality of

substantially circular openings.
6. The substrate of claim 5, wherein the metal comprises copper.

7. The substrate of claim 6, wherein at least one of the plurality of layers comprises

a ceramic material.

8. A substrate comprising:
a plurality of layers including a layer comprising an annular mesb formed as an

outer surface of the substrate to stiffen the substrate adapted to mount one or more dice.

9. The substrate of claim 8, wherein the annular mesh comprises a plurality of

substantially rectangular openings.



the die 210 through a wireless communi cation |ink such as radi o frequency
communt cation |ink. Al though specific enbodi nents have been descri bed and
illustrated herein, it will be appreciated by those skilled in the hf JAN 2006
havi ng the benefit of the 20 present disclosure, that any arrangenent which
is intended to achieve the sane purpose nmay be substituted for a specific
enbodi ment shown. This application is intended to cover any adaptations or
variations of the present invention. Therefore, it is intended that this
invention be limted only by the clains and the equivalents thereof. G1 6
JAN 2006 CLAIMS 1. A substrate conprising: a plurality of layers including a
| ayer conprising an annular nmesh to stiffen the substrate-adapted to nount
one or noreaodi CEhe 2ubskhi@ oS MR §,341R 1M the! Ahurknes S;ﬁ\ls@sgudleast one of the
plurality of layers conprises a ceramc nateri al The substrate of claim
2, wherein the annul ar nesh conprises a plurality of substantially

eI l'iptical qpenw&%mﬁecééﬁl rfé% frate conprising: a plurality of-1layers
including a'layér  conpri pg n annul ar mesh forned froma netal to stiffen
the substrate adwﬁdybﬁlayaa&tclm layereompiisingean danulih@eshfoshéddsenof claim
4, wherein the annﬁjﬁg %Sh CSWF” ses a plurality of substantially circular
openi ngs. 6PReT{AYeEpijae subsieate pdapted;tpogunt goe pEmpredies: et al  conpri ses copper .

7. The substrate of claim6, wherein at |east one of the plurality of |ayers

conprises a ceramc naterial. .
12.  The substrate of claim 11, wherein the annular mesh comprises a plurality of

substantially équare openings.

13.  The substrate of claim 12, wherein at least one of the plurality of layers comprises

a ceramic material.

14. A substrate comprising:
a plurality of layers including a layer having an annular shape, the layer

comprising a mesh to stiffen the substrate adapted to mount one or more dice.

15, The substrate of claim 14, wherein the mesh comprises a plurality of substantially

iriangular openings..

16.  The substrate of claim 15, wherein the annular shape has a substantially
rectangular opening. '

17. A substrate comprising:
a plurality of layers including a layer having an annular shape, the layer
comprising a mesh formed from a metal and the layer formed as an outer surface of the

substrate to stiffen the substrate adapted to mount one ot more dice.

18.  The substrate of claim 17, wherein the mesh comprises a plurality of substantially

elliptical openings.



8. A substrate conprising: a plurality of layers including a |ayer
conprising an annular nmesh formed as an outer surface of the SUbS”?Itﬁe‘A@OZUB
stiffen the substrate adapted to nount one or. nore dice. 9. The subs a{ og
claim8, wherein the annular nesh conprises a plurality of substantially
rectangul ar openings. 7 1 6 JAN 2006 10. The substrate of claim9, wherein
the annul ar mesh conprises gold. 11. A substrate conprising: a plurality of

| ayers including a | ayer conprising an annul ar mesh forned as an inner

| ayer of the substrate adapted to nount one or nore dice. 12. The substrate

Of poh M 3. WAL Siudr PO RLIRaCARILSE S AP Ykl licuter

subst anti squar e openi ngs. e substrate o alm erein at

| east oneopénivghe plurality of |ayers conprises a ceramic material. 14. A
substrate conprising: a plurality of layers including a |ayer having an
annul ar shape, the layer conprising a nesh to stiffen the substrate adapted
to nmount Q@pe omgﬁegtﬁtai;&ﬂpﬁsi@; The substrate of claim 14, wherein the nesh
conprises a plurality of substantially_triangular openings.. 16. The
substrate of cpaiuEith of layess apcluding ansrpying an apuilagshaps, '@‘Gg@ﬁant ially

rectangul %mPHSHir Rbhes fohfred 'ﬁoﬁauil}?xgt%ﬁgﬁ ey ety riﬁe' ‘as &n RIndf @by ofthe | AYET'S

i ncluding a fayer having an ann ape, "t ayer conprising a mnmesh
formed fr oubstrateat atiffemtiic silstrhtayndaptédoo meointeneam nou¢ dicesur f ace of the
substrate to stiffen the substrate adapted to nount one or nore dice. 18.
The substrate of claim 17, wherein the nmesh conprises a plurality of
substanti @1l y The substrate of claim 20, wherein the mesh comprises a plurality of substantially

square openings.

22.  The substrate of claim 21, wherein the annular shape has a substantially elliptical

opening.

23. A die-substrate assembly comprising:
a substrate comprising a plurality of layers including a layer comprising an
annular mesh to stiffen the substrate adapted to mount one or more dice; and

one or more dice mounted on the substrate.

24.  The die-substrate assembly of claim 23, wherein at least one of the one or more

dice comprises silicon.

25.  The die-assembly substrate of claim 23, wherein at Jeast one of the one or more

dice comprises a memory die.

26. A die-substrate assembly comprising:

a substrate comprising a plurality of layers inciuding a layer comprising an
annular mesh formed from a metal to stiffen the sﬁbsﬁate adapted to mount one or more
dice; and

one or more dice mounted on the substrate,



elliptical openings. 8 1 6 JAN 2006 19, The substrate of claim 18, wherein
the annul ar shape has a substantially circular opening. 20. A substragtgejAN 2006
conprising: a plurality of layers including a | ayer having an annul ar shape,
the layer conprising a mesh fornmed froma netal and the layer forned as an

i nner surface of the substrate to stiffen the substrate adapted to nount

one or nore dice. 21. The substrate of claim20, wherein the nesh conprises

a plurality of substantially square openings. 22. The substrate of claim

21, wherein the annul ar shape has a substantially elliptical opening. 23. A

di e-substrzit e aRERDLPsEREEsEEHIPGT clainb 28 HiheRintat TNV nk SF 1he ode P bémdl i ty Of

| ayers including a |layer conprising an annular nesh to stiffen the
subst r at e HERGNEISEEHFBYAone or nore dice; and one or nore di ce nounted on
the substrate. 24. The di e-substrate assenbly of claim23, wherein at |east
one of the one or nore dice conprises silicon. 25. The die-assenbly
substrate 2§ clHieni28bstiieassemblyicf tlets 26, ovierenf atiidast e ef te omepemodi ce

conpri ses menory die..26. .A.di e-substrate assenbly conprising: a substrate
conpri si ng&8e fﬂ“ﬂﬁ’éﬁ%@%%%%ﬁ/@?’s including a layer conprising an annul ar
mesh formed froma nmetal to stiffen the substrate adapted to nount one or
nore dice; and one or nore dice nounted on the substrate. 9

29. A die-substrate assembly comprising:

a substrate comprising a plurality of layers including a layer comprising an
annular mesh formed as an outer surface of the substrate to stiffen the substrate adapted
to mount one or more dice; and ' l

one or more dice mounted on the substrate.

30.  The die-substrate assembly of claim 29, wherein at Jeast one of the one or more

dice comprises gallium arsenide.

31.  The die-substrate éssemblytof claim 30, wherein at least one of the one or more

dice comprises an analog die.

32. A die-substrate assembly comprising:

a substrate comprising a plurality of layers incliding a layer comprising an
annular mesh formed as an inner layer of the substrate édaptcd to mount one or more
dice; and

one or more dice mounted on the substrate.

33.  The die-substrate assembly of claim 32, wherein at least one of the one or more

dice comprises a semiconductor.

34,  The die-substrate assembly of claim 33, wherein the one or more dice comprises a

memory die.

10



1 6 JAN 2006 27. The die-substrate assenbly-of claim?26, wherein at |east
one of the one or nore dice conprises germanium 28. The di e-substrate
assenbly of claim26, wherein at |east one of the one or more diceqg jan 2008
conprises a digital logic die. 29. A die-substrate assenbly conprising’
substrate conprising a plurality of layers including a |ayer conprising an
annul ar mesh fornmed as an outer surface of the substrate to stiffen the
substrate adapted to nount one or nore dice; and one or nore dice nounted on
the substrate. 30. The die-substrate assenbly of claim?29, wherein at | east

one of thg one or_nnﬁe di ce conprises gallium arsenide. 31. The
di e- subst rat e AsdigispbsFategssegbly ¢AMRSISINGh o i n ‘at | east one of the one or nore

di ce conpri ses ,a{baRf QoA _a?g:ralﬁy of Rysy RRiuiflss 1875 8FRhY aCRRRRE S| Ng: a
substrate conprising a pLuraﬁl y of layers including a | ayer conprising an
annul ar mesbipef therlesr egmprisingamesh|tayiffenghe substrate pdapiedite madstpne dr moraount one
or nore ddi%ceeémftnd one or nore dice nmounted on the substrate. 33. The

di e-substrateé assenbly of claim 32, wherein at | east one of the one or nore
di ce conpri ses oac $efibfealichinb@ited idthe fdbstrate.e- substrat e assenbl y- of cl ai m 33,
wherein the one or nore dice conprises a nenory die. 10 1 6 JAN 7?2006 35. A
di e-substrate assenbly conprising: a substrate conprising a plurality of
llayers incigudi rmgheaiid-aitStkatd 84LMBLy DR cRARNYS Fherein at least one of the one or more

dice comprises silicon.

37. The die-substrate assembly of claim 35, wherein at least one of the one or more

dice comprises a processor die.

38. A die-substrate assembly comprising:

a substrate comprising a plurality of layers inclqding a layer having an annular
shape, the layer comprising 2 mesh formed from a metal and the layer formed as an outer
surface of the substrate to stiffen the substrate adapted to mount one or more dice; and

one or more dice mounted on the substrate.

39. The die-substrate assembly of claim 38, Whéreih at least ohe of the one or more

dice comprises germanium.

40.  The die-substrate assemblj of claim 38, wherein at least one of the one or more

dice comprises a mixed signal die.

41. A die-substrate assembly comprising:

a substrate comprising a plurality of layers inclﬁding a layer having an annular
shape, the layer comprising a mesh formed from a metal and the layer formed as an inner
surface of the substrate to stiffen tﬁe substrate adapted to mount one or more dice; and

one or more dice mounted on the substrate.

11



shape, the layer conprising a nesh to stiffen the substrate adapted to nount
one or nore dice; and one or nore dice nounted on the substrate. 36g jARQ006
di e-substrate assenbly of claim 35, wherein at | east one of the one or nore
di ce conmprises silicon. 37. The di e-substrate assenbly of claim 35, wherein
at | east one of the one or nore dice conprises a processor die. 38. A

di e-substrate assenbly conprising: a substratie conprising a plurality of

| ayers including a |ayer having an annular shape, the |ayer conprising a
mesh formed froma nmetal and the |ayer forned as an outer surface of the

substrate 420 styyklaansubbiears sRshbIFbeclastopt, fheleth FWAH onR BEHR OB Bordi C€; and
one or nore dice mounted on the substrate. 39. The die-substrate assenbly of

cl ai m 38, diprgomipmsent gallamsersenids. of the one or nore dice conprises gernmani um
40. The di e-substrate assenbly, of claim38, wherein at |east one of the one
or nore dice conprises a mxed signal die. 41. A die-substrate assenbly
conpri si ng43.a SiHeslig-aibetrate agemblyd clainp#2) méletein/atdéast @ig@if theione bugorerg a | ayer
havi ng an ‘%nnul ar . sha#%s, r#FQIPe‘ | ayer c&npri sing a mesh forned froma netal and
the |ayer 67 TRRPTESS B ency 3Pl @eof the substrate to stiffen the
substrate adapted to nount one or nore dice; and one or nore dice nounted on
the substrate. 11 1 6 JAN 2006 42. The di e-substrate assenbly of claim 41,
wher ei n at #-eash peskagosommisinghe or nore dice conprises gallium arsenide.
43. The die-subg a@ﬁés%&g{gbly of claim42, wherein at |east one of the one
or nore dice conprises a radio frequency anal og die.

a die-substrate assembly comprising a substrate comprising a plurality of layers

including a layer comprising an annular mesh to stiffen the substrate adapted to mount
one or more dice, and one or more dice mounted on the substrate; and

a molding compound to attach the substrate to the package substrate.

45.  The package of claim 44, wherein at least one of the one or more dice comprises a

memory die.

46. A package comprising:

a package substrate;

a die-substrate assembly comprising a substra‘ée comprising a plurality of layers
including a layer comprising an annular mesh formed from a metal to stiffen the substrate
adapted to mount ope or more dice, and one or more dice mounted on the substrate; and

a molding compound to attach the substrate to the package substrate.

47.  The package of claim 46, wherein at least one of the one or more dice comprises a

digital logic die.

48. A package comprising:
a package substrate;
a die-substrate assembly comprising a substrate comprising a plurality of layers

including a layer comprising an annular mesh formed as an outer surface of the substrate

12



44. A package conprising: a package substrate; a die-substrate assenbly
conprising a substrate conprising a plurality of layers including a 1&wéN2%0
conprising an annular nmesh to stiffen the substrate adapted to nount one or
nore dice, and one or nore dice nmounted on the substrate; and a nol di ng
conpound to attach the substrate to the package substrate. 45. The package

of claim44, wherein at |east one of the one or nore dice conprises a

menory die. 46. A package conprising: a package substrate; a die-substrate
assenbly conprising a substrate conprising a plurality of layers including

a layer c n nesh_forned fr to stlffen t.he
substr at e?”R,&-g 1[,‘95,_1[%”@%9 %’tp%g tgmoumrﬁ?reg? 8}056 ek r?ﬂgglﬁgor rporr%yc e C(taedm)unt ed
on the subﬁ&l{eaduﬁstra%)dnda nmol di ng conpound to attach the substrate to the
package .substrate. 47. The package of claim 46, mhereln at | east one of the
one or nore di é@‘%‘@%?‘?@&méwéﬁ“t‘j tﬂéﬂs‘li’%fﬁit‘?:mdﬁ‘f‘ePaCh@ sabBEEkage conpri si ng:
a package substrate; a die-substrate assenbly conprising a substrate
conprising a plurality of layers including a |ayer conprising an annul ar
mesh for né8. as Thapakags ofxlaifaAse whereinas leagtone ohthe on on mereidipe 2OGBisto stiffen
t he substragﬁlgdgﬁted to nount one or nore dice, and one or nore dice
nount ed hes bstrate; and a nolding conpound to attach the substrate to
t he package substrate. 49. The package of claim 48, wherein at | east one of
t he one or nnre dlﬁe conpr.ises an anal og die.
A package compnsmg
a package substrate;
a die-substrate assembly comprising a substrate comprising a plurality of layers
including a layer compxising an annular mesh formed as an inner layer of the substrate
adapted to mount one or more dice, and one or more dice mounted on the substrate; and

a molding compound to attach the substrate to the package substrate.

51. The package of claim 50, wherein at least one of the onc or more dice comprises a

processor die.

52. A package comprising:

a package substrate;

a die-substrate assembly comprising a substrate comprising a plurality of layers
including a layer having an annular shape, the layer compﬂsing a mesh to stiffen the
substrate adapted to mount one or more dice, and one or more dice mounted on the
substrate; and

a molding compound to attach the substrate to the package substrate.

53.  The package of claim 52, wherein at least one of the one or more dice comprises a

memory die.

54. A package comprising:

a package substrate;

13



50. A package conprising: a package substrate; a die-substrate assenb
conprising a substrate conprising a plurality of layers includi ng & 06
conprising an annul ar nmesh forned as an inner |ayer of the substrate
adapted to nount one or nore dice; and one or nore dice nounted on the
substrate; and a nol ding conpound to attach the substrate to the package
substrate. 51. The package of claimb50, wherein at |east one of the one or
nore dice conprises a processor die. 52. A package conprising: a package
substrate; a die-substrate assenbly conprising a substrate conprising a
plurality of | ayles-substrat€ hsserinbly campeying a hbgiritg comnprisipd pltratiyaidayetshe | ayer
conprising a nesh to stiffen the _substrate adapted to_nount one or nore

di ce, and BHWdBEE 2 faypehayingan AgHEH AR the 13k eRTRRTISHiEe: mesh domneRdiom A g conpound
to attach ph8 § P'ﬁ?él&?ér?o&r&flta?ﬁu Bﬁ&#&%ﬁﬁcédf*ﬂ%sfuﬁétﬁte B3tiffdl e BRltage of claim
52, wherein at |east” one o e one or nore dice conprises a nenory die.

54_ A pac kdgmted pripoums bngor mereginekageus abworeatics; qualt@ B tHANbIEDE aad

di e- substrate ass Iy CO i.Si t plurality of

| ayers incl udi? ngg\lgP g{ﬁg\}?’ ﬁg&gﬁlheaslr‘:lﬁafa&am% G%Hbsgflagyer conprising a
mesh formed froma rretal and the | ayer forned as an outer surface of the
substrate to stiffen the substr‘g‘é]G ada ted to nount one or nore dice, and
one or mor®-di ceeraEiee af dam i WgkE A aétonaﬁgt eanﬁalllapwgh%ﬁﬁaumato att ach
t he substrlﬂ;xgdg&lglq%package substrate. 55. The package of claim54, wherein
at | east one of the one or nore dice conprises a

56. A package comprising:

a package substrate; : !

a die-substrate assembly comprising a substrate comprising a plurality of layers
including a layer having an annular sixape, the layer comprising a mesh formed from a
metal and the layer formed as an inner surface of the substrate to stiffen the substrate
adapted to mount one or more dice; and one or more dice mounted on the substrate; and

amolding compound to attach the substrate to the package substrate.

57.  The package of claim 56, wherein at least one of the one or more dice comprises a

4

radio frequency gallium arsenide die:

58. A system comprising:

a package comprising:

a packaée substrate;

a die-substrate assembly combrising a substrate comprising a plurality of layers
including a layer comprising an annular mesh to stiffeﬁ the substrate adapted to mount
one or more dice, and one or more memory dice mounted on the substrate; and
2 molding compound to attach the substrate to the paci{age substrate; and

a processor coupled to at least one of the one or more memory dice.

59. A method comprising:

forming an annular mesh layer ina die-substrate assembly;

14



m xed signal die. 56. A package conprising: a package substrate;. a

di e-substrate assenbly conprising a substrate conprising a plurality of
Iayers including a layer having an annul ar shape, the |layer conprising JaN 200
mesh formed froma netal and the layer fornmed as an inner surface of the
substrate to stiffen the substrate adapted to nount one or nore dice; and
one or nore dice nounted on the substrate; and a nolding conpound to attach
the substrate to the package substrate. 57. The package of claim 56, wherein
at | east one of the one or nore dice conprises a radio frequency gallium
arsenide die: 58. A systemconprising: a package conprising: a package
substrate; a dm&ﬁb&tﬁedn%stésmmswbhmpmmﬁk@eaub§u‘bt91amdte corrprl sing a
plurality of ri a L to stiffen
the substrate aégléﬂé &dﬁg %po%r@ﬁeegw aaﬁacgre;g"Jb @fa@ ét 5o R re ‘menory

di ce nounted on the substrate; and a nol ding conpound to attach t he
substrate to the package substrate; and a processor coupled to at |east one
of the one or nore nenory dice. 59. A nethod conprising: form ng an annul ar
mesh | ayer in a die-substrate assenbly; 14 1 6 JAN 2006 nounting the

di e-substrate assenbly on a package substrate; and applying a nol ding
conpound between the package substrate and the substrate. 15
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