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BACKGROUND | NFORVATI ON An integrated circuit (1C) die is often fabricated
into a processor for various tasks. I1C operation invariably |eads to heat

generation and thernal expansion _stresses | i H gh nelting
poi nt sol der, alt RATQN-RESST Z@Q]E t enper at ures
caused by the dens £ NANQSIZED) SOL b gﬁ?@@ hi gh processing
t enper at ufe, which ca WW?@ Fs i G ess due to
coefficient of thermal expPEREMBRIEGSOLORREILY en seni conductive die
and organic substrate. But for low nelting solder, the electro-mgration
is much nore easily to happen. Additionall corrosi on can occur between

the two disparate 25 netal s of REWAIERAHELL Nind the bond pad. BRI EF
DESCRI PTI ON OF THE DRAW NGS, I n order to, understan e nner. in which
embodi merfs are obtiapFed Fp}g}lﬁ%ﬁ@ﬂﬂ%ﬂﬂ%f’]%ﬁ@ﬁ%EPBHE n&&‘ri ous
~enbodi ments wilih3 b fiensermd 2005 Wik gieolated hdRin Hiaefpmesnded drawi ngs.
Under st andi ng that these draw ngs depict only typical enbodinents that are

not necessarily drawn to scale aﬁd grﬁ qo erefore to be considered to
be limting, of its scope, sone e f11 be described and 1 WO

2007/ 005592 PCTI US2006/,025548 expl.aj ned w t di tional kLficity and
detail through th 1s&l§%ed8fn%{>ﬂgwé E%%{gm?igzedh so?d%r pas{e coélpos%i?o%g for

15  use in microelectronic device packaging.

BACKGROUND INFORMATION

An integrated circuit (IC) die is often fabricated into a processor for various
tasks. IC operation invariably leads to heat generation and thermal expansion
stresses in a die package. High melting point solder, although they withstand the

20  high operating temperatures caused by the densely packed circuitry in a die, requires
high processing temperature, which can cause high thermal-mechanical stress due to
coefficient of thermal expansion (CTE) mismatch between semiconductive die and
organic substrate. But for low melting solder, the electro-migration is much more
easily to happen. Additionally, corrosion can occur between the two disparate

25  metals of the solder bump and the bond pad.

BRIEF DESCRIPTION OF THE DRAWINGS
In order to understand the manner in which embodiments are obtained, a
more pariicular description of various embodiments will be rendered by reference to
30  the appended drawings. Understanding that these drawings depict only typical
embodiments that are not necessarily drawn to scale and are not therefore to be

considered to be limiting of its scope, some embodiments will be described and




drawings in which: FIG IAis a cross section of a mcroelectronic device
during processing according to an enbodinent; 5 FIG 1B is a cross section
of the mcroelectronic device depicted in FIG 1A after further

processi ngWORPEHO0B2 | s a cross section of the m croel eBEFUPR0R/IEHS ce
depicted in FIG 113 after further processing; FIG IDis a cross section
of the mcroelectronic device depicted in FIG 1 C 10 after further
processing; FIG 1E is a cross section of the mcroel ectronic device

depicted in FIG, 1D after further. prqgessing; . FEIG |[F.is a cross section
of Tt he- i or ocrBlsiaroith adiimetsrarrinfad it Brieh fhecise ot e focPrproi e

processi Nng ack&figdesig whithan enbodinent; 15 FIG 2 is a conputer inmage
cross-section det%iflb %iéa nano-sotlé)%er paste €O 0si.t e decpi cted in FIG 1C
according to an eff&difnisAFrosieeionol amICgelgipuic ¢ AGREROSEHMEnt ef connect
tenpl at e duriperdirPeensenbgdinRagor ding to an enbodinent; FIG 3B is a cross
section of_ the ins:erconnect t enpl at (Fahede,pi cted in,FIG, 3A .2 fter further

processi ng accor dif iy 1Pds & Arognisetifnp e migfoglectjpnicdeyice Fﬂg%tedslé‘%?&o]rf‘ of an
i nt er connect aﬁ@ﬂmﬁﬁér?rdébﬁ’sh]@g processing according to an enbodinent; FIG 5

o an_ embodi ment  FIS 16|08 o9 SHIpRE Gisah SRR B v PRS0 oot df ng 1o an
errbodi nent ; aﬁhﬁmﬂ@r&,&cagsﬁlrgpss secti on of a package_ accor di ng to an
orood et 1 B e RS Bl AR ARSI R AU
an enbodigentafier farthPprfebéing05592 PCTI US2006/ 025545 DETAI LED DESCRI PTI ON
FIG. 1E is a cross section of the microelectronic device depicted in FIG. 1D
after further processing;
FIG. 1F is a cross section of the microelectronic device depicted in FIG. 1C
after further processing according to an embodiment;
15 FIG. 2 is a computer image cross-section detail of a nano-solder paste
composite depicted in FIG. 1C according to an embodiment;
FIG. 3A is a cross section of an interconnect template during processing
according fo an embodiment; .
FIG. 3B is a cross section of the interconnect template depicted in FIG. 3A
20  after fimther processing according to an embodiment;
FIG. 4 is a cross section of an interconnect template during processing
according to an embodiment;
FIG. 5 is a cross section of an interconnect template during processing
according to an embodiment;
25 FIG. 6 is a cross section of a package according to an embodiment;
FIG. 7 is a cross section of a package according to an embodiment;
FIG. 8 is a process flow diagram according to various embodiments; and

FIG. 9 is a depiction of a computing system according to an embodiment.




The foll ow ng description includes terns, such as upper, lower, first,
second, etc., that are used for descriptive purposes only and are not to
be construed as limting. The enbodi nents of a device or article described
her ei n canWoR0&GA4889Uf act ured, used, or shipped in a nuBRBEUSWIEHRSHSt | ons and
orientations. The terns "die" and "chip" generally refer to the physical
object that is the basic workpiece that is transforned by various process
operations into the desired integrated circuit device. A die is usually
singulated froma wafer, and wafers mai() Be ﬁ&g of sem conducti ng,

non- sem conducti ng, or conbi naPESALE DEY Ieonducti ng and

non- sem conduct i NeLERAIBHINg!dSscriptidiPiaslddds Serind Budttdshppat, 1o%el, Hirst,isedongonat ed
fiberglass structure that acts as a nmounting substrate for the die. An

enbodi ment r eSttthas arecised fpr desorintive purpnsee eRly apdre pet to he eongievediay o

nanosol der. ThgRANERhEdinests 984 4608 of hfitledekibaiBerdd@Sdndet at i ncludes a
nmetal particle having a dianeter in a range, fromabout 2 nanoneter (nm to

about 50 rm mapufpsEredaysed or shipreddn mupbes eEpasitions endrorisilationindheichi eves a

solidified grghR "ge?fd “Ghip” odr@RAP rdrrA TR AWicaDEbj AR DRIB IR baliBM) to about 20
m croneter (nm). An enbodinent includes the wire interconnect and the
nanosol der beraskpiesgiiant if fepgfpymed by yadonsprocgisepsratiqns intg thedesitedi al Iy t he sane

metal ", it i SpkghRdecildevit®an dryPshaly difdula¥ed!ifn o GARE afill @Bfcfidhayc OMPOSI i ON
of metal or alloy. Consequently, an enbodlnent 20 includes a nethod of
operating a dewmadeobsemicopdiching nopraerdipendusting orcgmbingighs@fhy the presence of

the wire jgnt QLGRBARELnAAE nbilSentodtattngatRisN A BudkiSE 8PidaBY 4 ¥estuhe same
nmetal. In an enbodinent, a current density that is sustajnable for a device

is up to 106émpregRaeictiberglase starqhie that acts 3¢ pmeuntipng substratedfordheidigni ngs wherein

l'i ke structures wahlenB8dimén rlhRYiclafirddntdohhdshiial ahwsaa6a Masi gnations. In
order to show the structure and _process enbodi nents, nost clearly, the

dr awi ngs i ncnaersaldere Tap pangsdderiisdarixediiem @ soldenpags hat ielndese watalenbodi nent s.

Thus, the actydailedRP8RE aldfRtePin o Miyel AR Atfoat Bahnomblet(@hd) i€sbouf WnneXanple in a
phot om crograph, may appear different while still __i1ncorporating the

essent i alldst rlilgicafteadhesolderpastn ipEslowed mplashigess a sphidified ol sg8 ™D show only
the struct ur @mgPaeRSHIINS0NEndHR (HhABEbd 20 BRROHLBRM. AAdRbsdieR! 3

includes the wire interconnect and the nanosolder being substantially the same
metal. By “substantially the same metal”, it is intended to mean substantially the
same chemical composition of metal or alloy. Consequently, an embodiment

20  includes a method 6f operating a device at a current density that is allowed by the
presence of the wire interconnect and the nanosolder being substantially the same
metal. In an embodiment, a current density that is sustainable for a device is up to
10° amp/cm®,

Reference will now be made to the drawings wherein like structures will be

25  provided with like reference designations. In order to show the siructure and
process embodiments most clearly, the drawings included herein are diagrammatic
representations of embodiments. Thus, the actual appearance of the fabricated
structures, for example in a photomicrograph, may appear different while still
incorporating the essential structures of embodiments. Moreover, the drawings

30  show only the structures necessary to understand the embodiments. Additional




WO 2007/ 005592 PCTI US2006/ 025548 structures known in the art have not been
i ncluded to nmaintain the clarity of the drawings. FIG 1A is a cross
section of a mcroelectronic device 100 during processing according to an
enbodi nentWOAMI@RESPY at e 110, such as a die that can bePE/HR00603%dé¢, 5

i ncl udes a bond pad 112 for electrical comunication fromthe substrate 110
to the outside world. The m croel ectronic device 100 is depicted as being
processed with a patterned mask 114 that exposes t he bond pad 112. In an

enbodi nent, the bond I | i I ayer t hat
can touch an§ trggtgespo \We ﬁF“h%Vteé’Pﬁ?a%g B‘ﬁcr %aéltt%?ﬁp

metal | i zati o@ra sl ayer such as netal one (M, not pi ct ured) in a

m croel ectroni c devi ce makes el ectri cal act, wit he bond pad 112. In
anot her exanpl e, @%{*&W?TQ&SFC&WP%E’FN m&ge‘%etlrabp d%‘irﬁfﬁsg’%t

pi ctured) nakasrdihgshh embdditan! Acubstiate!110 h&cltmradilm&t cad BRa prb&scMZ makes
el ectrical ation |ayer

such as taI“mi F%aeb‘("%’aé ﬂf?tyb%ﬁr‘lﬁﬁgb%’)%’%‘gﬁ%g Ié&glgl gﬁﬁﬁaﬁ}ﬁ chlS with the

bond pad 112out£h@wwﬁdMcﬁieﬁe&dm&wwcsmmmepmdﬂuemmmm in tam
makes el ectrical caontact W|th t he M In an éher exanple, a netallization
| ayer such aatfrstedimask 14 thaexposes 5]’ (].i? ‘makes el ectrical contact with

t he bond pad 11 The kes, el ectrical contact with. the M3. The M

makes el ectri cal g{? ﬁ P?f@ieﬂeé,ﬂfni\ﬁiaccﬁpﬁeﬁumffﬁwﬁg BHORIERE i cal

contact wi t hifah@nibuch ity aiRaif beeralhictatliamvndsyess. IFBtadain'pbaaineﬁallizmr such as
Il cture el.ectri.cal, cont h the bond pad

nmetal five (Mb, not ma
112. The 1ﬁ/B %ﬁregé“’lb?sé’&?t?l 085&}:‘6]19{(%{8?“&) ipg pigRRelGHTonig ds e Nakes el ectri cal
contact wt hel%tﬁc%ontﬁﬂ%%e%ﬁd?ﬁmﬂll&ﬁlﬁ dnothler @@mbRcd medatlizatidndayeh?, whi ch in

turn nmakes electrical contact wth. t M L n, an X

netal | i zati of® E‘FELW&{R@S Dot ﬁre@r%i?ﬁ\%ewhcg{co }%8{] @f%?rr%?es el ectri cal
contact 25 wiih mmm@&&n&anonta'dnmﬂm:mkemabﬁeﬁaxmﬂe acont act with the
Mb. The Mb nmkes electric co th,th The electrlcal
cont act wi t h™ERE1Zals 1axey gue s {%’tetgreglagé’trfmgﬁﬁl ‘Mgmag%stelwﬁ'{ e IVIZ whi ch in
turn nmakes ekah melba,aﬁi pad:mt Ihé MBinidked detdidal contuctwist the Mzemmplmam
nmetallization

el ectrical cB# ? Wcﬁiﬁ"?‘ﬁg b ne%@‘l %@g vt thg‘lw'%i@m%%t ?T@'ﬁrgﬁ%n%% aydf e

such as metal four (M4, not pictured) makes electrical contact with the bond pad
112. The M4 makes electrical contact with the M3. The M3 makes electrical
contact with the M2, which in turn makes electrical contact with the M1. In another

20  example, a metallization layer such as metal five (M5, not pictured) makes electrical
contact with the bond pad 112. The M5 makes electrical contact with the M4. The
M4 makes electrical contact with the M3. The M3 makes electrical contact with the
M2, which in turn makes electrical contact with the M1. In another example, a
metallization layer such as metal six (M6, not pictured) makes electrical contact

25  with the bond pad 112. The M6 makes electrical contact with the M5, The M5
makes electrical contact with the M4. The M4 makes electrical contact with the
M3. The M3 makes electrical contact with the M2, which in turn makes electrical
contact with the M1, In another example, a metallization layer such as metal seven
(M7, not pictured) makes electrical contact with the bond pad 612. The M7 makes

30 electrical contact with the M6. The M6 makes electrical contact with the M3. The
M35 makes electrical contact with the M4, The M4 makes electrical contact with the




30 electrical contact with the M. The Mo makes el ectrical contact with the
Mb. The WMo nekes electrical contact with the Md. The M4 nmakes el ectri cal
contact with the 4 WD 2007/005592 PCT/ US2006/ 025545 M3. The M3 makes

el ectri cal WsbIREEEs%i th t he M2, which in turn nakes el ecarisemb/o025648nt act
with the M. By this disclosure, it becones clear that various

sem conduct or substrate structures are applicable to the various

enmbodi nrents. FIG 1B is a cross section of the mcroelectronic device 101

depicted in FIG 5 1A after further processi gg]f The patterned mask 114,
whi ch in an eMBodhaiimskes glectrcal pontactyith g M7, @djclyin s malkss glsctricsl ed with a

nano- particl ecoh@lethfiih RRME HylBisAkes1ds, ifbecdtRdiQidaAthhi vatifuss Ol der paste ‘powder
116, according to the various enbodinments set forth in this disclosure. In

an enbodi nent SemigpadyeiT subsiateisirures e epplipabls ta thereripyqmbgdisnentsy ol atile 10
bi nder and a flux yehjcle for the nano-particle solder paste 116 during
processing. I n af @ntdHiafEae secHep pig Fﬂei‘Fﬁﬁ?}E‘f‘ eyieei 101 depted indilGer | a

fluxed nanp- pps ki@ thet PREQLIAZT TIRS pattéadidm SR 108 Whi@h 48 embafEhéentisa bl anket
ffijcient tenperature, the flux vehicle

formed, and, during heating to a_s

f 1 ui di zes anopayﬁ@ﬁngrﬁsaﬂﬁvsﬁ@&éﬂﬁlﬂwtbeﬁwm&&éﬁ spidst pagied 1ppeabesant i al | y
becones phobigangdakibR ssldbsiakie bewdet @16, aerding b tkORSMUMbbAMREs skthe substrate
110 as wel | asrd]%}tgﬁtéﬁﬁc he bond pad 112. The substrate 110 can be

sem conduct i ¥ and conbinations thereof. FIG 1Cis a cross

section of the m gheekAkddiReitGhéRMnmbperidle oldapast Tk nblulids@volafife3 af t er
further processing. Ip this nbtgdl ment, . t he patterned mask 114 has been

r enoved. ﬁén&;%#ﬂmd&ﬂ@ﬂﬁéweg% g ngpQPerticiesoldsy pagie 14o Arngprosgssiieng it away

from 20 the sybakmBé@médtOno piemidg@erRts 4R \raiher, b MaxdadARc-pAlicler paste 116
which is formed as_  discrete islands djrectly above the bond pads 112. FIG

2 is an enl ar§erBatergrangsplden) F%‘F‘FTBPSW(‘H@&WFEF%@F%E?‘S(S‘HF’&B%@‘P&% adepicted in
FIG 1C  Fl Ggufficicht fefipeRtubd, G fluR &elfib]6 Auitizbddnd préf@rettaBlp SdtsltheWond depicted in

FIG | C FIG, 2 depjcts a netal particle conpositjaon precursor as a netal
par ti cl e 25 dH0s Fidaetorenialjyibaromen Pl R b BENBte Dy e 142965 2Fhe et al
parti cl e pOMAG it saBstratli 0BGV waE the Bbnd 3 1TR! Bhe RB§tkateCl10 cEOBPOSI i ON

enbodi nents set _forth in this L.
semiconductive, diclectric, and combinations thereof.

FI1G. 1C is a cross section of the microelectronic device 102 depicted in FIG.
1B after further processing. In this embodiment, the patterned mask 114 has been
removed. Removal of the paiterned mask 114 can be done by pulling it away from

20  the substrate 110, and thereby leaving the nano-solder paste 116 which is formed as
discrete islands directly above the bond pads 112.
FIG. 2 is an enlargement of a portion of the microelectronic device depicted
- in FIG. 1C. FIG. 2 is taken from the area within the dashed line 2 depicted in FIG.
1C. FIG. 2 depicts a2 metal particle composition precursor as a metal particle
25  composition 218 within a solder paste matrix 220, The metal particle composition
218 includes one of the metal particle composition embodiments set forth in this
disclosure. Because the solder paste matrix 220 substantially protects the metal
particle composition 218 from corrosive and/or oxidative influences, the metal
particle composition 218 can resist substantial grain growth during reflow, In an
30  embodiment, the metal particle composition 218 after reflow has a grain size in a

range from about 50 nm to less than or equal to about 20 pm.



di scl osure. Because the solder paste matrix 220 substantially protects the
nmetal particle conposition 218 from corrosive and/ or oxidative influences,
the netal particle conposition 218 can resist substantial grain growh
during ref WOB0HESh 30 enbodi ment, the nmetal particl ePEDRHPWEISTHA 218
after reflow has a grain size in a range fromabout 50 ran to |l ess than or
equal to about 20 m 5 WO 2007/005592 PCT/ US2006/ 025548 | n an enbodi nent,
the netal particle conposition 218 includes a particle having a size in a
range fromabout 2 mm to .50 run. I n an, enbodi nent article
i metel pRckole

th tal .
conmposi tion 218 i M FRRodimegh rfﬁm8°s§ti‘°?ezl§ﬁ“°§“d:‘;§ﬁ5"é'“?1€om about 10
nmto albogt Hviagn sibéﬁn&ftaﬂg}iiﬁﬂﬁ bt 2 nihes50mhain @&ﬁﬂﬁofﬁh&n{;&[ﬁnﬁaﬂt : on )
218'includes 5 a particle Vi a size in.a range of ahout  98%./ ess than
of Cequal to aspa omppaen 218 dndeds Brriin btk 4 IS « Sl RO e o
nucl eation ofn_nii_aabaf]gtsahmpaili _hr;hj &hlﬁtﬁim@i_’t,(;chﬁﬁetﬁlqiaﬁiglm_iﬁpbﬁﬁ&l Elgrﬂiﬂﬁdeg i on z 80 -
cause a transition fromsolid to sq .,Gan be initiated at about
or | ower. 5Fora@Wﬁ&a@géégﬁwwé#?“g%ﬁ@qﬁs thap P’a‘?‘tuﬁft"g%‘?‘?taﬁgmt ransition
at ?bgut 300 IC 18edansedT s paastl d’@ibtemlbb&imeﬁﬁhﬁlbllem&rntdfﬁﬁean&ﬂolﬁﬂﬁc lek i ond218
i ncludes a nelting tenperature, equal to or. bel.ow ahout 4 . pendi ng
upon the net éﬂfﬂ{eﬁlﬂféalgmdf’ﬁ%mp‘bqw&%?%‘sﬁ'Z‘@J,S‘t‘f’ﬂg"??esf’g‘ﬁ)t Pg‘fsc?aé‘%gorrposition
218 can have igtisb@naBout 300rat bi 10@er. tRFPQIMY, E6id 0dn &P¥inot a iliddoed degr ees.

For exanple, s@lid gold has a |ting tenperature of about 1064 C. Wen
gold is fornﬁﬂh‘?"ﬁf‘r&‘%glﬂéﬁ%’-"é‘? dCparticle as set 15 forth herein, the

mel ting ti@nper at ulfanGhiboligneht GHeGrsal ipartiale Quinp3Qdn G138 kdtludes £akkidg ment , t he
nmetal particle conposition 218 includes a first netal w.th a ‘? rticle size

in a range oftersEaure fg3l o Bela¥|2bew 4696w Pending wpon Hig et typepaY theppt a1 i s

present al oNga@RlediBUhEmbBE @Hrtidk catthoRitifREI80aE AlcGhbigeiPRRRAgSI ¢ al | oy. In
an enbodi nent, the nmetal -particle conposition 218 includes silver (Ag). In

an 20 enbodi fEpReratyp ef seueral hupdied fegressc Berssampleontio geldinpd MEIERE copper (Cu).
I'n an enbodigBiiaturt BLabORE Me4PE! Wieh 8018 HRARA! O ndddisikeipaniiesasgal d (Au) .
In an i enbodi nent, the nmetal particle conpasition 218 includes the gold
tin alloys forth herein, the melting temperature can be reduced to about 300° C.
In an embodiment, the metal particle composition 218 includes a first metal
with a particle size in a range of less than or equal to about 20 nm, and the first
metal is present alone as a pure metal or as a macroscopically monophasic alloy. In
an embodiment, the metal particle composition 218 includes silver (Ag). In an
20  embodiment, the metal particle composition 218 includes copper (Cu). In an
embodiment, the metal particle composition 218 includes gold (Au). In an
embodiment, the metal particle composition 218 includes the gold tin alloy
(Au808n20). In an embodiment, the metal particle composition 218 includes tin
(Sn). In an embodiment, the metal particle composition 218 includes a
25  combination of at least two of the above metal particle compositions. In an
embodiment, the metal particle composition 218 includes a combination of at least
three of the above metal particle compositions.
In an embodiment, the metal particle composition 218 includes an
Au80Sn20 solder alloy including Au as a core structure and Su as a shell structure.
30 Inan embodiment, the first metal includes silver and the shell structure is selected
from copper, gold, lead, and tin. In an embodiment, the core structure includes gold




(AuSOSn20). In an enbodi nent, the netal particle conposition 218 includes
tin (Sn). In an enbodinent, the netal particle conposition 218 includes a
25 conbi nation of at |east two of the above netal particle conpositions. In
an enbodi WeR007/00582 et al particle conposition 218 i ncPOTIES2006/265Bi nat i on
of at |least three of the above netal particle conpositions. In an

enbodi nent, the netal particle conposition 218 includes an Au80Sn20 sol der
alloy including An as a core structure and Sn as a shell structure. 30 In

an enbodi nent, the first nmetal inc¢ludes si]ver and the _shell structure is
sel ected frosnébpgasl ‘IEJ‘E:‘}PTG}Sﬁe@&tﬂéga‘ﬁ&mmeﬁ.s‘l‘feﬁl?a‘E’ﬁlﬁB’di t, the core

structure i nenysfimertOthélcor® stz k843 369 and6d EHdB20060R IOHABted &hach t he shel |
structure is selected fromcopper, silyver, |ead, and tgl'prﬁ

| .. In an
enbodi ment,  ©PRPCE SHET. PR e T ik pRpdEmant e carsstrpetaredprludes Bp Attt yre i s

sel ect ed fromfe sHOPARERTSE bdlRted FBQ] @ppa/Wllvér gbld, bid RAd.CHila @inBBdinent, e cor e
structure includes tin and the she structure i s selected from copper,

silver, g8l danynpldhs 2hgue corestag slestrpetung metal payticle GEUPRSHIPBS cor e struct ure

and shel | st ii6ide iR cBRlsBhcti blihg hiRse@PMRAQSdater AGunt tHAS kiidBell fiuchi@g. e structure
being present in a greater anpunt than the shell structure. 1In an

enbodi ment, the cBrad cmbpdimenty e pore stghctyrs kas 2 txst e sdanprertue and theand t he

shel | struct yhedl hasmd heErReshdidltidetemp4rRe fiat 141ds tHaa thel fistln@ing! han t he
first melting tenperature. In this enbodinent, the core siructure can be

gol d, and t h&mpgefre. Ipdhig erpbedimend thegorebruptss can be gold.epg dgishght | t he netal

particl e 160Mp@Rsdre &4 He$in@ core and nul tiple- shell structure. In an
enbodi nent, the netal glgarticle conposi tion includes in g first part and a
€

second part, but Y@ eebedimegythe me lecomppsitiongs acsiand BYItifsr at i on t han

core-shel | StKMGhridtire. ToanfehfBodiRnt, the tnefll PificlS &fikgosHlioR inchided ilagrgoONNECt
tenpl ate 300 during praocessin according to an enbodi nent.  An_interconnect

substrate 32patfadsserprd gart.but the srucirg fs ofe 4 hefprogrpepys agglemgptionhan, | s
desi gnat ed WpdB-shdiai@fyer ence nuneral 324. In an - enbodi nent, the
I nterconnect substrate 322 is an interlayer dielectric |ayer (ILD)

mat eri al 13uch-as HOpdf {8 aTeRs serEpRPf an interoprgicgt danplgte 390 dymeiprcEssTnnect
tenpl at € 300according to an embodiment. An interconnect substrate 322 is prepared with a
plurality of vias, one of which is designated with the reference numeral 324. In an
embodiment, the interconnect substrate 322 is an interlayer dielectric layer (ILD)
material such as a polyimide material. Processing of the interconnect template 300
20  includes forming an interconnect in the via 324.

In an embodiment, the interconnect substrate 322 is patterned with a mask
(not pictured) and the plurality of vias 324 is formed by processing such as etching,
with the mask, or laser drilling through the mask to simultaneously form the via 324
and to pattern the mask. Other processes can be included such as a punching

25  process to form the via 324,

In an embodiment, the via 324 is prepared by forming a seed layer 326
within the via 324. The mask, if present prevents deposition of a seed layer
anywhere except within the vias 324. In an embodiment, the seed layer 326 is
formed by chemical vapor deposition (CVD) of a seed metal. For example, where

30 the interconnect is to be copper, a CVD copper process is carried out under plasma

conditions to form the seed layer 326 in preparation for electrodeposition of copper




20 includes formng an interconnect in the via 324. In an enbodi nent, the

I nterconnect substrate 322 is patterned with a mask (not pictured) and the
plurality of vias 324 is formed by processing such as etching, wth the
mask, or | WOSHFIEi ng t hrough the mask to si nul t aneoBETASIBHRSI4Be via 324
and to pattern the mask. Qther processes can be included such as a punching
25 process to formthe via 324. In an enbodi nent, the via 324 is prepared
by formng a seed |ayer 326 wthin the via 324. The nmask, if present

prevents deposition of a _seed er . an re except within vias 324.
P enbod Herl i vie 20 da o gyaities REErp B SyRISEn R
depgsition (G@ed@ﬁt@%ﬁﬁﬂddﬁﬁfﬂ;bviamu,s&&ﬁﬂfiﬁtltﬁesewmf&gaéistslh&tdnﬂﬁlm Cognect i's
to be copper, a CVYD _copper  process.is rri out under sma,., conditions
Lo Torm the. sedmiageoRsei s it i + BB et oue S tmBHon T copper

7 WD 2007/ 005792 sB4dNayep306) MeQrhb 44 bd iembvddlthdrdadrentyerindihg witha raask enbodi ment ,

an angl ed physjcal vapor, osition (PVD) is . carried out on both sides of
the via 324, sslyem of R %“Hgﬁg‘é@ae”rhﬁﬁgmﬁg ovalgreeetSant i al Iy uniformy

dﬁposi t§d| al on93t2gﬁ3.\8'ﬁm@is32&§s ééhﬁfng)fmel?h{&co%&aﬁaﬁplh? dbgﬁagdﬁQIGfm mat i OE of
the seed | ayer the mask cap be renpved thereafter rinsing with a
mask 5 sol veriteirtherPECeSS TS AEr %@rﬁ‘(?g’gf"g}?ﬁ?t EH‘-‘L'?‘@’FBV%F“% Tess. FIG 3B

}s ahcross S@,Qﬁih@[hdeith&Eﬁdﬂﬁéﬁ%%&ﬁﬁvﬁﬁﬂibﬁﬁﬁBﬁ@ﬁimpﬁﬂﬁbﬁoﬂG 3@ after
urther processing according t n enhodi . .The_jinferconnect substrate
322 incl udes Wrg@éﬁsm&y@ra%ﬁ’gwgf“f%ng@d“ W%@jl?ﬁbé’%efgoﬁ?‘fmﬁr epar ati on
for furtiper opERGARESHIEonleot 328 upoOME kvl Myer 3266vithitth3 2 30as been filled by
el ectroplating 10_of the wire interconnect %22?&[#)% .t he seed | ayer 326

within the via 32k ansmbodineht, sepbpapRntepegRuce SHRECENE828 has a
thi ckness i n fnl SREE20 ik HELIROIOE pl) I Exfibcilet, HOGreInterddnAdet 328b0di nent ,

{hi ckness. canet HERGGES bFeouCRts| Lpdressae-ihioRRSHBIFIE T7E% connect | 5
achi evabl e byayepsa8. ng an interconnect that can flex (i.e., conpliant)
W t hout flr‘jaCt ure l&ncoglgﬂgn% (i:l}tclargoqm\é\gt Eshachl'g\(?abfeol:!y glrmutl)éJ EIEP ihtefc\:onnect that can
flex (i.e., compliant) without fracture in connection with the solder bump. A
compliant interconmect is achievable by using substantially the same metal for both
structures. A compliant interconnect is also achievable by using a height-to-width
aspect ratio in connection with substantially the same metal for both structures. In
20 an embodiment, the wire interconnect 328 has a height-to-width aspect ratio in a
range from about 0.5:1 to about 5:1. In an embodiment, the wire interconnect 328
has a height-to-width aspect ratio in a range from about 1:1 to about 4:1. Inan
embodiment, the wire interconnect 328 has a height-to-width aspect ratio in a range
from about 2:1 to about 3:1. In an embodiment, the wire interconnect 328 hasa
25  height-to-width aspect ratio of about 3.5:1.
FIG. 4 is a cross section of an interconnect template 400 during processing
according to an embodiment. In an embodiment, the interconnect template 400
includes an interconnect substrate 422 and a wire interconnect 428. In this
embodiment, the wire interconnect 428 is a wire that has been filled into the
30 interconnect template 422 by physically inserting the wire interconnect 428 into a




conpliant interconnect is achievable by using substantially the sane netal
for both structures. A conpliant interconnect is also achievable by using
a height-to-width aspect ratio in connection with substantially the sanme
met al for WOt20705¥2tures. In 20 an enbodi nent, the w PET/PS0eGHE8FAect 328
has a height-to-width aspect ratio in a range fromabout 0.5:1 to about
5:1. In an enbodinent, the wire interconnect 328 has a height-to-width
aspect ratio in a range fromabout 1:1 to about 4:1. In an enbodinent, the
wire interconnect 328 has .a height-fo-w dth aspeci ratio,.in a.range from
about 2:1 to Viftsdt Irgamembogdiment, p 1 ,°‘L‘tﬁ’é’%&ﬁe&°‘?faﬁrpb&ﬁﬁgﬁ?%328 has a
25 hei ght - t 0w SuhfoBsPaty dictrbslatitlg toliWe 3a 4241. FIG 4 is a cross section
of an interconnect terygl ate 400 d%uin_g=1r rocessi %ccqrdi ng t.o an

enbodi ment . 1 n anFEHBduR FrRMsectoRQt ik Bﬁ?ﬁ’&@?’*’iag‘h{ﬂ ATENGBOCTHRE udes an

i nt er connect a54dafitg Blaf ehBdimBst. AniheRomREHHBARARERD idESparddwithd S |

embodi nent,, the wire.interconnect 428 | ire that has_be filled into
the 30 i nbter Phraixef ‘twe‘weéffév 2 ngiw@]ﬂwef%@mwl tHe Miepe

i nt er connect ef@&dimBhtOtha intdtcdffkot SibErite 53012 alPmldrldoa MidéRidiagd (Lp)a 424. In an

enbodi ment, plating 1s carried out by first e]ectroless plating into the
via 424, fol I‘Qﬁ%’élWh%ﬁ”eﬂﬂllﬂﬁ%ﬁeéﬁfﬂ!j‘l-tlﬁﬂi“f’P‘Pb‘iq‘l‘ée’%tgeﬂfﬂ.’m??@ne‘g is a cross

section of an2i RaCFHFARANES bdeft ANLBIE hORtclonhagicRpRECSRIBYPhyaeti9r di ng to an
enbodi ment. An intercqnnect substrate 522 is_prepared with a plurality of

vias, one of RAFGRS e wigdaley 28it5tp 2 Ve 2t AtbedimEth 9 Vis2A. 1 n an

enbodi nENY, hAESHNHBEOS UIREbPIBHIRIT HiR ildréodrectd2g] Nterl ayer dielectric
| ayer (ILD) nmaterial such as a polyinride material. In this enbodi nent,

the wire interconfreesssingbas apkjeved g wite iptgreprnesio 2§ dp fedntprcenpest spbstipige
i nt er connect 5hPwh @t Sppershriaye 721484 & Blwey surf208 873, I'1hg wiRtGntéichbnebiH28" Connect
528 into a via 524. In an enbodipent, the via 524, 10 has_been filled by

el ectropl at i R ableqst pre of gbeyeapd heley thy mtercopnsctubsqHe 3¢4s Igthi eved a wire

| nt er connect eﬁﬁ&iﬁ&t}th@inid?écﬁhé‘c@ﬂib@ﬁz&e suhﬁab badn@tched Bachitd Bkpdse tHPper surface
521 and a |l ower surface 523. The wire interconnect 528 extends at | east

one pf aBBve“'é‘ﬁEPnB@té%\‘?-t he i nterconnect substrate 522. In an enbodi nent,
the interconnect Sighsbiad GoRBectidndf e eicrodisdiefickidtike 103 ®RyRRA Flte

1C after further processing. The substrate 110, bond pad 112, and nano-solder paste

116 are brought info contact with a wire interconnect 128 such as the wire
interconnect 528 that is disposed in the interconnect template 500 depicted in FIG.

20 5. In an embodiment, the wire intercomect 128 includes silver. In an embodiment,
the wire interconnect 128 includes copper. In an embodiment, the wire interconnect
128 includes gold. In an embodiment, the wire interconnect 128 includes the gold
tin alloy Au80Sn20. In an embodiment, the wire interconnect 128 includes fin. In
an embodiment, the wire interconnect 128 includes a combination of the above

25 metals and alloys. In an embodiment, any of the wire interconnect embodiments set
forth in this disclosure is brought into contact with the nano-solder paste 116.

In an embodiment, the nano-solder pasie 116 includes a flux vehicle
intermingled with paste during processing. In an embodiment, a flux vehicle is
activated in the solder paste 116 during heating. In an embodiment, the flux vehicle

30 is a sulfonamide that activates at or above about 150° C. In an embodiment, a flux
can be activated at lower temperatures, such as from about 100° C to about 300° C.




15 interconnect 528. FIG 1 Dis a cross section of the mcroelectronic
device 103 depicted in FIG 1C after further processing. The substrate
110, bond pad 112, and nano-sol der paste 116 are brought into contact with
a wire int HQCWAHWEP2128 such as the wire interconnect PEZ8IS406/625548 di sposed
in the interconnect tenplate 500 depicted in FIG 20 5. In an enbodi nent,
the wire interconnect 128 includes silver. In an enbodinent, the wire

i nt erconnect 128 incI udes copper. In an enbodi nent, the wire interconnect
128 incl udes gol d. n enbodi nent, the re n ct 128 includes the
gold tin alloy Atfé@B a°¥%”£ﬁ“@rﬁ§6‘lﬁ’?i@’i‘??°°‘¥%‘{ﬁﬁ“ﬁ%? ‘?“@F’E“@ﬁﬁ&q 128

i ncl udes tin. 1 Rfter slisgm@tmetﬂaezpmte@uam@ﬁe@ﬁﬁeﬁaedm&n REdcHdes a

conbi nati on of the bove 25 et alﬁl @&l al | oys. n enbo L ment, any of the
wire inter con‘i‘f@%taséﬁﬁ‘cﬂﬂ?ﬁ&% &g 0P ‘Fﬁaﬁtenm?wgzﬁ j%hag ought into

contact with ﬁéa@vaaﬁl&e&,qhaieineaa lél-éoﬁapohﬁorﬁd’tcl@ﬁmﬁéiidéﬁﬂﬁaméléle nano- sol der
paste 116 j ncl udes .a f| hlce {ﬁg‘{ﬁ | ed vmth paste during
processi ng4 I‘i?“’ﬁ’ﬁs‘E?ﬂ)%@ 17§“ écﬁr?ll}é’?%ﬂ”ﬁarnﬁe‘ne sol der
paste 116 deﬂrJiﬁlaiFtﬁ@BGﬂﬁtoieék%& ;itoraesumome ﬁhk&eﬂowelk}bsésﬁde%%téds a

sul fonam de that activates at or above about C. Inan enbodi nent, a
flux can be faeequpbngife abstraeblo to &Wa@tmc@@wtéa?: parrededeametedef 100 C to
about 300 C. as&xﬂﬁ@ngQ%érQéi&‘é%%cngée%ﬁé’i&gé/ﬂ%ﬁéﬁﬁomﬁbﬂ% thd Broloss @af T 0SS

section of the mcroel ectronic device icted 1n Fl 1D after further
processi ng. Aesarylsneqys with gthephest '{’%@Pﬁn@@ﬁﬂﬁﬁ@@f&mﬂa@ﬁ idagepacksge. I ne, a

sol der pagfe aEE%be&meﬁt the ﬁc@ﬁc%?foﬂ@&s%él@méﬁwf'a}seﬁgﬁnéj@p' cted in FIG 2
has been volatilized, ga net al ](;;artlc e conposition such as the netal
particle 5 cdﬁﬁ@@leﬁrwmene@caseemp %afqma@%ma@clewgmpomopdmm a grain
sizein a ra%h&ﬁ&mﬁéap%e@ma%gpe&b%aﬁn&%&&écusswedbséﬁeﬁaput 20 m The

refl ow process depicted for coupling the substrate 110 to tlie wire
i nt erconnect 128 Wiee exges sgetiopof g migroclepironiadevionyl 03 dlﬁfi’lé'ie@é}@@t ronic

devi ce packagg aﬁe?ﬁ@ﬂex%%b&géu@ﬂ{an éd%%dlﬁlreﬂtcﬁnéﬁat&@dﬁne&%ub%&%'1&@1&%%5 Wi th
ot her heat treatnents of mcroel ectroni ¢ devi ce package. In_ 10 an

enbodi ment, taserial ek be dwsorl‘cﬁma&wth%w interppact 1 28fis spldasefiniomiace:

g‘oc r ggl teft);nogfl gn B8Nl dnfeR AR&RERonhdRFdulstiaf 25 X NoR% BeldBlidhaRbiithd! €
P can act as an underfill material. In an embodiment, the interconnect substrate 122

can be softened during reflow of the solder bumps 117.
In an embodiment, the bond pad 112 has a substantially square footprint and
20  an edge dimension of about 106 pm. In an embodiment, the pitch for two adjacent
bond pads 112 is about 175 pm. The interconnect substrate template 122 is
configured to substantially mate with a given substrate with a bond-pad width and a
pitch-matching configuration.
The microelectronic device 105 includes a mounting substrate 130, which is
25  coupled to the substrate 110 through the wire interconnect 128 and the reflowed
solder bump 117, In an embodiment, the mounting substrate 130 is a second-level
substrate with a mounting substrate bond pad 132 and a mounting substrate solder
bump 134. In an embodiment, the mounting substrate solder bump 134 is
substantially the same metal or alloy as the wire interconmect 128 and it canbe a
30 reflowed nanosolder. Accordingly, significant electromigration is avoided because

the materials of the solder bump and the wire interconnect are substantially the same

10




attach enbodi nent. These and ot her enbodi nents are di scussed subsequently.
FIG IF is a cross section of the mcroelectronic device 105 depicted in
FIG 1D after further processing In an enbodi nent, the interconnect
substrat e WO200740%92 15 materi al that can be di ssol ved BEVEP200HRSHE r e

I nterconnect 128 is soldered into place. In an enbodi nent, the interconnect
substrate 122 is a lowk dielectric material that can act as an underfill
material. In an enbodi nent, the interconnect substrate 122 can be softened

during reflow of the sqlder. b s 117.. I n.an enbodinent., the bond pad 112
has a subst arfestaliof ?11‘§fq§é‘F’§I“Yo§‘FnB}"F’H‘TJ1 nﬁﬂﬁmhz‘ﬁs@ﬁwét& LRI WE about 106
pm I n an enbediERNYE ihetrBRovidiraiosbder soler Rahipte) and the handntpadmedtd® i s about
175 pm The interconnect substrate tenplate 122 is configured to

subst ant i al | yubpangally g samegneraheraligyst rate with a bond-pad width and a
pi t ch-mat chi ng copfd G4k abiodybectioAd T Bipsdkagd 690 taccnding Wex iembodifibnti AC| udes a

nmounti ng substrate 130, which is 25 coupled .t he, supst.r 110 t hrough
the wire Pnt SFTAIOED: stdhpas e thakeap E‘F?B'iﬂgﬁsc’r’slﬁ‘iaﬁcgﬁaﬁﬂ?fgmfﬁ# EFn an
enbodi nent,  ti@uiTRWRnnIRicBlidSkdnR iR sdiRBate 51@totRootsidd veorkd. [nsubstrate with a

nounting substrate bond_pad 132 and a nounti ng.substr at ol der. bunmp 134.
In an embodi FElkpdimeRte Pqﬁlgmé‘%ﬁarﬂa@}lmﬁwa}ﬁﬁmﬁ‘?ﬂ 8¢ ant i al Iy

thfel Sam; et %yle%e@s&&yamﬁaamm?wla@eré.mﬁaﬂwmmlt»saia&mn@e‘w, can be a god
refl owed nanosol der. Accordingly, signifigcang, ctromigrati.on i s avoi de
because theaﬁ%@?mtgewov%@ﬂg%wﬁ#}ﬂﬁ%@ﬁ@méﬁ%ﬁ%&@%‘ﬁﬁect are
subst ant i@l | Wyhda8te M Bndl{8 a WreARRoRR2ER8. PCTI US2006/ 025548 netal or all oy.

Simlarly, the thermal m_smatch_is substanti aypj ded, because the
material s of the MWQ%&G@I%m@WWFt@E%%%Cms °re

i nt er connect fﬁe’hﬁaboﬁkﬂi?rﬁlﬂidbahﬂ 106 e I8 alBmbodinidnt, Glic wird @Yercolthéct 688 i S a Cross
section of a_package 60 '

0 according to an_enbodi nent. A 5 trate 610,
such as a di &8 Hkc %Fﬁ“%@’oétﬂ)rlﬁ%eg’sa&refng’%ﬁ Ewgeb‘ﬁﬂﬁc’”ﬁﬁﬁ%gg%sﬁor
el ectrical COogEHoGAHINQRpdot @b tErafgtiidni ot B0 td bohdB21.0ltagi de world. In an

enbodi nent, the bond gl? 612 is a%%&r upper r‘rﬁ allizat.ion | ayer that can
touch ary orfEibpdiment, ke Jyirejpsergpymes 3 ~lo- Wit ASPRCHRER THYRBESs ol der bunp

617, from about 1:1 to about 4:1. In an embodiment, the wire interconnect 628 has a
height-to-width aspect ratio in a range from about 2:1 o about 3:1. In an
embodiment, the wire interconnect 628 has a height-to-width aspect ratio of about
3.5:1.

20 The package 600 includes a mounting substrate 630, which communicates
with the substrate 610 through a mounting substrate bond pad 632. The mounting
substrate bond pad 632 is soldered to the wire interconnect 628 with a mounting
substrate solder bump 634. The mounting substrate solder bump 634 can also be
derived from a reflowed nanosolder according to any of the embodiments set forth

25  inthis disclosure.

In an embodiment, the mounting substrate 630 is a second-level substrate
such as an interposer for a processor. The mounting substrate 630 is further bumped
with a board bump 636 for mounting onto a board such as a motherboard.

FIG. 7 is a cross section of a microelectronic device 700 during processing

30  according to an embodiment. The device 700 includes a die 710 including a
plurality of die bond pads 712. A reflowed nano-solder bump 717 couples the die

11



according to the various enbodi ments set forth in this disclosure, is
attached to the 10 substrate 610 and to a wire interconnect 628. In an
enbodi ment, each wire interconnect 628 has a thickness in a range from
about 20 pwoteo7ahssex 106 m I n an enbodi nent, the w r ePCTURIGOMATdEt 628

has a thickness of about 40 m In an enbodi nment, the wire interconnect 628
has a height-to-wdth aspect ratio in a range fromabout 0.5:1 to about
5:1. In an 15 enbodiment, the wire interconnect 628 has a height-to-w dth
aspect ratio in a ran{; fromabout 1:1 to ﬁbout 4 In, an enbodi nent, the
Wi re inter corfiBq otheralentisal gonneationst Thedeyieg 0 F2YY in a range from

about 2:1 t0aBQMned 728 alddrdil to® inm'e@memohﬁ@t é@hﬁdﬂ:ﬂmé&ﬂeﬁﬁﬁﬁ@ﬁﬂusﬁZS has a
hei ght-to-w dth aspect ratio of about. 3.5:1. 20 The packag139600 i ncludes a

mount i ng subsiiselesie.c T Wighiotercoppathi & srupled W MRUERg sUREE P e 610 through

a munting s gﬁh@reheﬂgd&i’dérﬁéﬂp7ﬁhwhmﬁm&ﬂmedwﬁ5éﬂaaé@om@@dst@ad 632 is
soldered to the Wre interconnect. 628 with_a nopuntjng strate sol der

bunp 634. SThacensding torigy sfibs panerseldeppastecnbadigens setfogh ’&Iﬂ% @OSUfar i ved from

a refl oned nanosoktfiﬁlren?o%ﬁﬁ{eﬁiE}ﬁcfe?ic@?OO@élude@@b@ifh@ﬁhﬁﬁ%&ld&ﬂioaﬁdorth 25 in
this disclosure. In an enbodi nent, the nounti ng sub‘s5 ra 6§ ;
Bxa he nounti ng

second- | evel 738 pushase motherhorrda dn aherbodispesh s di¢
substrate 63%tb&acfa*7&6i&%fhe9tuﬁmeﬂzsmhtéaaﬁlld%edtghmﬁ@@&(ﬁm) maunting onto a

board such as a not her board is a cross sectjon of m'croel ectronic
devi ce 700 dmtﬁliqgﬂwfd@@%ﬂ?ﬁézISﬁOMﬁF@WWtﬁﬁ“m‘ﬁ%n The device 700

| ncl udes g d'n?cm%@r%ebt’%&hﬂﬂb'?ﬂzﬁdeﬂbﬂéﬂﬁéde sodlis@n BAREGIPANELA LZhich: T ef | oved

nano- sol der 717 couples the die 11 2007/ 005592 PCL%'T/ US2006/ 025548
710 to other Oéll %OﬁP@élan Fﬁﬂﬁé’é@@cﬂ#@tﬁct?héﬁ‘&@\?P’E@cWEH?B es a wire
i nterconnect /28 sggs‘lta%g@y of wire interconnect enbodi ments set

forth in this di sclosure The wire interconnect 728 is co led to a

mount i ng subst r at Shemp enhodinsatssreforta i tigdisclosiraare alsa ApPleable ni ch was
derived fromg . nangsaml mfiﬁe%néuﬁgd&%%ﬂﬁegﬁ @ Bing@fof bRt M@0er SOl der

paste enbodi nents set forth in this disclosure
15  lower, the process of wire bonding can be carried out under conditions to conserve

the thermal budget of a wire-bond device. Further, the bond wire can be
substantially the same metal or alloy as the nano-solder composition.

FIG. 8 is a process flow diagram 800 according to various embodiments.
Processing of the nano-solder paste is carried out during a process of forming a die

20  attach and/or a solder bump, and during a method of assembling a packaged die,
respectively.

At 810, a nano-solder paste embodiment is patterned on a substrate
according to any of the embodiments set forth herein.

, At 820 a wire interconnect is formed in an interconnect template according
25  1io any of the embodiments set forth herein. Between 810 and 820, the process can
flow either direction; through 811 or 821.

At 830, the nano-solder composition is reflowed on the substrate. By way of
illustration in FIG. 1E, the reflowed, nano-solder-derived bumps 117 are depicted as
forming a metal compositions at significantly lower temperatures than the melting

30  temperatures of the individual metals as a macroscopic bulk material. At 831, the

process flow can proceed from the process of reflowing the nano-particle solder

12




In an enbodi ment, the device 700 includes a board bunp 736 and a board 738
such as a notherboard. In an enbodinent, the die 710 is bonded by a thernal
interface 740 to a heat sink 742 such as an integrated heat spreader (IRS).
An i nt er cHINRIBH00EBAP| at e 722 is al so depicted accor di RGTUS268610255M80di nent .
The 10 interconnect tenplate 722 is depicted as serving also as an
underfill material, which can be softened and reflowed to protect

el ectrical connection between the die 710 and the nounting substrate 730.
The bunp enbodi nents set forth in this disclosure are also applicable to

Wi re- bond t edisietalgmethed pfpssombling the disdntp e Prokpgs. AIES2) gnePrReesSange of about
400 or 15 | QuibdindelEs BéRA&se of wire bonding can be carried out under
conditions to conserve the therml budget of a wi re-bond device. Further,
the bond wire canOptonallyin wire-bendigehraleeys kg prosess of palterning »1209s t he

nano- sol der R3bideQRste Fbvaler 8n b dieds %E%%ﬁs%ﬁwdm@@agﬁg opiccording to

various enbodi nments. Processing of the nano-sol der paste is carried out
during a pr ocdeesbonfl selderbumps entejp die. 20 attach and/or a sol der bunp, and

during a method ofs; 858 aistlid il udinPRE 5AEE G Mb Bano-JaRtRREsidey phsteis At 810, a
nano- sol der paste enbodinent 1 s patterned on a substrate according to any

of the enbodiassmbledinte 2 penkege. Hyrveayef iiastration, FG\f depiqtnihe pesemblef2i s f or med
In an '“terc%ﬁ%%&%@aﬁ%%o%ﬁ%%ﬂbétﬁﬁteéé APsANe BlockiGlo®taRdi ment s set

forth herein. Between 810 and e process can flow either direction;

through 811 drocgifforathegmthodofiesseralive fisidirdntocamrplrgpi Ploweddythe | owed on thé
substrat gy |_3 Ve ogi‘eélgkr’%lsg% ﬁaﬂ&-%&@er'c&nﬁdsﬁgn 3150 a%nﬂﬁerfb%ﬁp?‘@ﬁ@ﬂd, one

nano- sol der - derive | 117 are depicte orm ng a metal conpositions
at si gni fi camethpdiempedimentipeanenleiedes t han the nelting 30 tenperatures of the

i ndi vi dual met al SFﬁ’z gﬁgﬁgﬁgﬁﬁ&ﬂ%%ﬁ@b@g@mﬂ%&gh the process flow

can proceed fromt SsS 0 effowng the nano-particle solder 12 WO

2007/ 005592 PoPrdigen0ing 25548 of B feresoing anbedinents ofthsmmeial pampiei ng the die
into a packaggm,dtidie dRRad) BmBSTionSHRRH HIBMer L URp8LiRsh, may

15  be utilized in a computing system, such as a computing system 900 of FIG. 9.
Hereinafier any embodiment alone or in combination with any other embodiment is
referred to as a metal particle composition embodiment(s).

The computing system 900 includes at least one processor (not pictured) that
is enclosed in a package 91.0, a data storage system 912, at least one input device

20  such as keyboard 914, and at least one output device such as monitor 916, for
example. The computing system 900 includes a processor that processes data

i signals, and may include, for example, a microprocessor, available from Intel
Corporation. In addition to the keyboard 914, the computing systcl':m 900 can
include another user input device such as a mouse 918, for example. The computing

25  system 900 can correspond to any of the structures that include a reflowed
nanosolder or a wire interconnect with a reflowed nanosolder. Consequently the
package 910 (including a die) and the board 920 are can include these structures.

For purposes of this disclosure, a computing system 900 embodying
components in accordance with the claimed subject matter may include any system

30  thatutilizes a microelectronic device system, which may include, for example, at
least one of the reflowed nanosolder embodiment(s) that is coupled to data storage
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Optionally in wire-bond technol ogy, the process of patterning a nano-
particle solder paste powder on a die is carried out seriatimduring the
placing of 5 wire-bond sol der bunps onto a die. At 840, the die including
t he sol derWEr20§7H8SSAhino- particl e sol der paste is assenBFEHSIMYASHS package.
By way of illustration, FIG 6 depicts the assenbly of a die 610 with at

| east anounting substrate 630. At 841, the process flow can proceed from
t he net hod of assenbling the die into a package, followed by the 10 process

of reflow ng the nano-sol der corrpositi?él |nhto a sol der bH . At 842, one
met hod enbodiSHErRS dysaneis FASHeI aepessapegoTy %“'Ms’d’é’ PERCE M4 conput i ng syst em

900 accor di Ngndntbriifnd FHEE-GhaiRéinem&de I0thisBRibedifiént] fhe rdflowedRinbghidsrbodi ment s
of the metal particle_.conposition, the, di g-attach C n%) si.tjon, and/or the
G

sol der bunp EBRpGHER(S ks copplsd topny corpipgtion gfjthesy fupne JLest em such as

a conputing Sy APocedsof; | fpan Smbodiaéd Hodbteea raflywednbamdolgant al one or in
conbi nation with any other enbodinment is_ referred H as a tal particle

conposi ti 6n EABHBeRiERAmbegiment(s) set Forth ipithig disciesresis eypled AN QLRSS | cast one

processor ( N@ncbdlitiEe Bor h@ampleen®ginREE dat fordgdiasiidg en &lkbaded dat a st orage
system 912, at | east one jnput device 20 such as ke b“c[)%rd 91@, and at | east

one out put déARAM cagheron adlisyMiditiopallyyig an eigbodiment {ha reflovigdnapes ing system

900 i ncl udes camPsMERTEDOAIIRAM(S) MaORREGRE 16 dedroctdsB @bipictaad) ispart dncl ude, for
exanpl e, a m croprocessor, available from_| ntel ﬁ%%;l@sgr atjon. In addition

to the keyboeFyssm withadelomsd pposglden compriiprmby thatis carltdher user

i nput  devipCe 1$e R StoragTBPME DRAS cdcE. SIBHGaBY in BiemBaTHAL 1@fldbedsy St em 900
can correspond to any of the structures that |tg‘£l ude a rjflowed nanosol der

or a wire i nBarEBldpSOmPOFiEon cubedimeatiBd soupisd tn tardets EIREESdtrent | y t he

package 910 (i ncl pinhtdditeR), tHRROmpitfigRPadntlca o Ficuds alieithet botflind hese
structures. For purposes of this disclosure, a conputing,system 900

enbodyi ng  c@siiabvenel pracesses SRR wioH eqntolls. apjapplitatPnsy t matter may
include any susgeBa cidfit(BSIC) Wria mi&BrodestirC 0B MbS BRAER, HEWHEReBYSt €M Whi ch
may include, for exanple, at |l east gne of the refl ouwed, nantgsol der

enbodi merf ( s panoselder compenitimeanbodimesi(s) isqoypladie any gombination of these

functionalities by being coupled to a processor. For an example embodiment, a
DSP (not pictured) is part of a chipset that may include a stand-alone processor (in
package 910) and the DSP as separate parts of the chipset on the board 920. In this
embodiment, a reflowed nanosolder composition embodiment(s) is coupled to the

20  DSP, and a separate reflowed nanosolder composition embodiment(s) may be
present that is coupled to the processor in package 910. Additionally in an
embodiment, a reflowed nanosolder composition embodimeni(s) is coupled to a
DSP that is mounted on the same board 920 as the package 910. It can now be
appreciated that the reflowed nanosolder composition embodiment(s) can be

25  combined as set forih with respect to the computing system 900, in combination
with a reflowed nanosolder composition embodiment(s) as set forth by the various
embodiments of this disclosure and their equivalents,

Reflowed nanosolder composition embodiments set forth in this disclosure

can be applied to devices and apparatuses other than a traditional computer. For

30 example, a die can be packaged with a reflowed nanosolder composition

embodimeni(s), and placed in a portable device such as a wireless communicator or
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WO 2007/ 005592 PCT/ US2006/ 025548 such as dynam c random access nenory
(DRAM), pol ynmer nenory, flash nenory, and phase-change nenory. In this
enbodi ment, the refl owed nanosol der enbodinent(s) is coupled to any

conbi nat i oWORAMHMERR functionalities by being coupl edPCHUS2006/625848s0r. | n
an enbodi ment, however, a refl owed nanosol der 5 conposition enbodi nent(s)
set forth in this disclosure is coupled to any of these functionalities.
For an exanpl e enbodi nent, data storage includes an enbedded DRAM cache on
a die. Additiaqgnally .in an epbodi nent, the refl owed_nanosol der conposition
enbodi mnt(s)al{aﬁ‘éﬁglﬂgeﬁw EF%WWQ%P@E%%@S@%&@*W@%H’F@P? part of
the system wiihdi tha baopficitgaDsih 8 aflowedRaskdiie Bodphaihnent (s) that is
coupled 10 to the, dat sto%a e of t,ge DRAM cache.. Addjtionally in an
enbodi nent, £498 §a“ﬁﬁ 6%611%’?}“ B M825 1 BHomeRisH RIS 4 s coupl ed to

the data st orag@crfan airdraéorespadimRnt , the conputing systemcan al so
i nclude a die that contaipns a digi tz%l si gnal processor (DSP), a mcro
of
|

control | eP, an appt¥temiodineng apsrption ofthe computing system S0P s comisdoft o a
M Cropr 0cess G¥ith d dhrreh Een@iyTRA WdBIdlothetWiSe BN th denVaiiosd baap-asRnPosi tion

enbodi nment (s) ,is coupled to any conbj nation of these functionalities by
bei ng coupl edvifedrisToprcEERsre. dpn epbadiment) opetationmef thspmputing $38em not

pi ctured) i s goaistcafiedBubRitos frrehl BhsifPtt e able 16° St -ak gstat pysocessor (in
package 910) anﬂcgtﬁhe DSP _as, segar ate parts of the chipset on the board 920.
In this enbdBPEBht I af srrREGEY OPRIMELO! HisCoRBRIESYHEB Y08 sadichdawt (s) s

coupl ed t1o t REthAQuReit deAdls betweBPMoat B @blcaMasl HRRORS kAG/mE ORRAS ti on
enbodi ment (s) nma present that is coupled to the processor in package

L e * [}
910. Addit i ofEPPYER, aReratiopghie AerARUting systq 80(a cAtERGUE MEBR CBBFl0si ti on
enbodi ment (s Hehsty 6aRELEboLiO108 ampoR? hitBdboliS 0P RUPLRE RNmlchBodimk®R, board 920 as

t he package 910. It cannow be appreciated that. the ref|owed nanosol der
conposi ti on SREALAL e coPEting Eem Q00 Bearied quizkithpurrept degsityabpver espect to

the conputi ngoSysd/am, 8RGeiow Gt deadity¥hht wohildbasse RS poiBsmReRASHE der _

conposition enbadi nent (s) as set forth by the various enbodinments of this

di scl osurlé aif¥ SHiFfdnieraensctanddhn sflowsdnagouelderdnepde trash wiligestofton

embodi nents set  fPhd Abductlidprovidts camply SvithCATC PR, §APLI tqhivingay i ces and

apparatuses other than a traditional conputer. For ) o
abstract that will allow the reader to quickly ascertain the nature and gist of the

technical disclosure. It is submitted with the understanding that it will not be used

1o interpret or limit the scope or meaning of the claims.
20 In the foregoing Detailed Description, various features are grouped together
| in a single embodiment for the purpose of streamlining the disclosure. This method
of disclosure is not to be interpreted as reflecting an intention that the claimed
embodiments of the invention require more features than are expressly recited in
each claim. Rather, as the following claims reflect, inventive subject matter lies in
25  less than all features of a single disclosed embodiment. Thus the following claims
are hereby incorporated into the Detailed Description, with each claim standing on
- its own as a separate preferred embodiment.
It will be readily understood to those skilled in the art that various other
changes in the details, maierial, and arrangements of the parts and method stages
30  which have been described and illustrated in order to explain the nature of this
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30 exanple, a die can be packaged with a refl owed nanosol der conposition
enbodi nent (s), and placed in a portable device such as a wrel ess

conmmmuni cator or 14 WD 2007/ 005592 PCTI US2006/ 025548 a hand- hel d devi ce
such as a YO2%4/8F9%at a assistant and the |ike. Anot hePCEREWHIESHE a die
that can be packaged with a refl owed nanosol der conposition enbodi nent(s)
and placed in a vehicle such as an autonobile, a |oconotive, a watercraft,
an aircraft, or a spacecraft. 5 In an enbodi nent, operation of the
conmputing system.900 is carri.ed out .with current densit hat woul d
otheri se. be MRy B Hte v PeraPRmarE Aein e b lp P PR B nect
structure. | rincatierdedpBied in thombiaidednlams. t he conputing system 900 is
carried out with a current density between about 103 anp/cn2 and about 106
anp/cn2. In an enbodi nent, operation of the conmputing system 900 is carried
out 10 with a current density between about 104 anp/cnZ and about 106
anp/cnZ. In an enbodi nent, operation of the conputing system 900 is
carried out with a current density between about 105 anp/cn2 and about 106
anp/cnZ. In an enbodi nent, operation of the conputing system 900 is
carried out with a current density above 106 anp/cnR, but bel ow a current
density that would cause the specific materials of 15 the wire interconnect
and the refl owed nano-sol der bunp to reach a solidus point. The Abstract
is provided to conply with 37 CF. R 1.72(b) requiring an abstract that
will allow the reader to quickly ascertain the nature and gist of the
technical disclosure. It is submtted with the understanding that it wll
not be used to interpret or limt the scope or neaning of the clainms. 20
In the foregoing Detail ed Description, various features are grouped
together in a single enbodi nent for the purpose of stream ining the

di scl osure. This nethod of disclosure is not to be interpreted as
reflecting an intention that the clainmed enbodinents of the invention
require nore features than are expressly recited in each claim Rather, as
the followng clainms reflect, inventive subject matter lies in 25 | ess than
all features of a single disclosed enbodi nent. Thus the follow ng cl ai ns
are hereby incorporated into the Detailed Description, with each claim
standi ng on
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its own as a separate preferred enbodinent. It will be readily understood
to those skilled in the art that various other changes in the details,
material, and arrangenents of the parts and nethod stages 30 which have
been described and illustrated in order to explain the nature of this 15
WD 2007/ 005592 PCT/ US2006/ 025548 invention may be nmade w thout departing
fromthe principles and scope of th&LAMMSENtion as expressed in the
subjoined clains. Il 16 CLAIMS Wat is clained is: 1. A process
conprising: formng a nano-particle solder paste on a substrate; contacting
t he nano- g4 iscdiims@lsder paste with a wire interconnect; and reflow ng the
nano-particle solder paste to forma solder bunp in a wire interconnect
article. 2. The process of claim1l, wherein form ng the nano-particle

sol der paste i pr ec éﬁgﬂg.ng t he nano-particle sol der paste, and
wherein the nazb-pa?%ﬁgﬁgsg%P er ~ paste includes an average particle size
in a range fr otorataga nghorparticke solden pasBOomasutBtratthe process of claim 1,
wherein the nano- i.cl e sol de te includes a netal that is
substant i al 1y ERRAE I el Radle BRR Fesld Vit L s BB biest 8% ner e n
reflowing is casflowénk ahe nato-partielt| swideli paste toedigrr at soléer Bt tihes affd er t he
sol der bu has a reflow second tenperature that is greater than the
refIOM/figE?c?%ﬁﬁ QGre. 4. The process of claim1, further including:
formng the wire interconnect in a holder, wherein formng the wire

interconnect 1is selected fromplating the wire interconnect in a hol der
t hrough- hol e, Pnser Thagrocess oficlagm 1; mhereioioraing theypanornegtiolsaddar paste is

thr 0ugh- NfeBodedy BrmfiRL 1Ak A RAURRE paste, adll SHBIALES Sahld-phifle other F UT hET

i ncl udi ng: coupling the solder-bunp and wire interconnect article to a
subst r at epastd inelude$ an average particle size mn a range from about 2 nm to about 50 nm.

3. The process of claim 1, wherein the nano-particle solder paste includes
a metal that is substantially the same metal as the wire interconnect, and wherein
reflowing is carried out at a reflow first temperature, and thereafter the solder bump has a

reflow second temperature that is greater than the reflow first temperature.

4. The process of claim 1, further including:
forming the wire interconnect in a holder, wherein forming the wire interconnect
is selected from plating the wire interconnect in a holder through-hole, inserting the wire

mnterconnect into the holder through-hole, and a combination thereof,

5. The process of claim 1, further including:
coupling the solder-bump and wire interconnect article to a substrate selected
from a first-level mounting substrate, a second-level mounting substrate, an interposer, a

motherboard, and combinations thereof.

6. A process comprising:
forming a nano-particle solder paste, wherein the nano-particle solder paste
includes an average particle size in a range from about 2 nm to about 50 nm;
forming the nano-particle solder paste on a substrate;
17



froma first-level nounting substrate, a second-|evel nounting substrate,
an i nterposer, a notherboard, and conbi nations thereof. 6. A process
conprising: formng a nano-particle solder paste, wherein the nano-particle
sol der paste includes an average particle size in a range fromabout 2 nm
to about 50 nm form ng the nano-particle solder paste on a substrate; 17
\(/:\ﬁnt acti nﬁ t he castadin gahd:}anb@alﬁiale(terdepmte_avitﬁigira iméxb&:ﬂelaﬂ; aacbﬁmeiﬂtthe and
erein the nang-particle.,s er paste inc]udes, a netal that is .
subst ant i ampaeﬂ@eg@ﬂ@ww?%@swgai}b@&m substaztialy thesame metal apfegtifeng t he
nano- part ifitorfiRbilend paste to forma solder bunp in a wire interconnect
article, and wherein reflowmng is carried out at a reflow first )
t enper ature, afflowipg ks merg-parHele swoldse rpagignte Fam a soddarobynap dp iy wire
t enper at Upfed fatecd 58, 3R4 FheleRARNSDH g iR ot b Sleb® TRE @hpHSure! and' NE
process of claim6, further includi né formng the wre interconnect in a
hol der i ntieraaftanjhe selderi bumpechas e aefldvasesond tenmpesaiue that i gneatdt thanrtbie pifleni ng t he
wire integcor rticle upon the seed |ayer. 8. The process of claim 6,
further i%ﬁ?}yp%a“%%rm ng the wire interconnect in a holder by inserting
the wire interconnect article into the holder through-hole. 9. The process
of claim®6, wherein.reflown he _nano-parti.cle solder paste is carried
out with a metdl paFhf BIBSSar seiie s RRGsarnyae forianBr WG ngeontst R ¢ i n
al l oy, Au80sZiekluding, tin-silver, and conbinations thereof. 10. The
process of claim®6 erein the substrate is a die active surface, and
further incl udfasEingassed Hyerine v 8 ameask; #dunt i ng substrate. 11. The process
of ¢l alm 6 wheplif jnSvitbitfdofihelt rficié ulbPurdGtddgycpur face, and | furt her
including: coupling the die to a nounting substrate; and connecting an
integrated heat spreader to the the. 18

8. The process of claim 6, further including forming the wire interconnect in

a holder by inserting the wire interconnect article into the holder through-hole.

9. The process of claim 6, wherein reflowing the nano-particle solder paste
is carried out with a metal particle selected from silver, copper, gold, a gold tin alloy,

Au80Sn20, tin, tin-silver, and combinations thereof.

10. The process of claim 6 wherein the substrate is a die active surface, and

further including coupling the die to a mounting substrate.

11. The process of claim 6 wherein the substrate is a die active surface, and
further including:
coupling the die to a mounting substrate; and

connecting an integrated heat spreader to the die.
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