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PACKAGES RELATED APPLI CATI ON Thi s patent application
claims priority benefit fromU. S. Application No.
11/173,939 filed 30 June 2005 which is incorporated
herein by reference. TECHNI CAL FI ELD Di scl osed
enbodi nents rel ate to nano-si zed sol der paste
conpositions for use in mcroel ectronic device

packagigigs cHASHERRWMO NNGEEIRRANINAND CONERITIANSCWIRE

ci rcui t NP cCONRBCErSONAaO Jsatb QU IasER BIOMPORITIORES OF
for vari °“S§§f§’§1§§/fs U?%’E%?NE@F RS ARG DR]HES O
O

heat genera qﬁ@ﬁl ses in a
di e package. HiA ms‘t3 |ﬁ\r119 png soll)%xgjlrl,é‘&gr hough t hey
wi t hstand the hi gh operating tenperatures caused by

t he densely packed circuitry | [ requires high
processi ng tenperatEV%%AV$$éﬁqﬂéﬁA&g§§e hi gh

t hermal - mnechani cal stress due.to coefficjent of .

t her mai i pigAsIPBHCAtiOT ElIRE E%Rt&%e%'#\ﬁé’ghb-g Application No.
S ?pﬁé’,@?yﬁfeu\é@ T2 (B8 H1REHIR McPrnied h@tR byButerdnes. | ow
nmelting solder, the electro-mgration is nuch nore
easily to happen. Additionally, corrosion can occur
bet ween the two di sparBEGINEEAL$IBEDt he sol der bunp

and the bond pad. BRI EF DESCRI PTI ON OF THE DRAW NGS I n

order Disclosetbershalidentheelatatoemoisizedidlder pastscdimpesitigns for
are.obtaingd a gnnelpa%%$cular description of various

e RFOGITHERFECTTY IRACRASHS S by reference to the
appended draw ngs. Understandi ng that these draw ngs
depict only typi cBAGEHGROUNENISFORMAHON not

necessarily drawn to scale and are not therefore to be
consi déndutegrated sirpyingl€) fig inefign lgbrentgslntosioprecessor for various
e dipents.w | ' - ' it -

SRR Bt vl USR8 e, ARPRKD ST REi elppsiop

t bifessesan applamaickaped Hagh mgking poist saltier, although they withstand the

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

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 particular description of various embodiments will be rendered by reference to
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



FIG IAis a cross section of a mcroelectronic device
during processing \ according to an enbodi nent; FIG
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depicted in FIG 1A after further processing; FIG 1C
is a cross section of the mcroel ectronic device
depicted in FIG |B after further processing; FIG 1D
is a cross section of the mcroel ectronic device

deppleinediwith afdiGonal Cpaificity ahddelad thrpugicths ssagf thé-h&oniphnying
isS a.cross.s ctlon of the mcroel ectronic device
déﬁﬁ“@’ﬂ@dnl"‘ﬂn ID after further processing; FIG IF

is a CFfﬁslﬁﬁ%tdré’ﬁ s@étlotnhﬁ' aFhiloeRLPEHiE AVibe ABMIgGRocessing
depicted in FIG 1C after further processing according

t eceardingivondi emebadim@tG. 2 is a conputer image
Cross-s t I]é) aé%s%gectf% o?al{\]e %fo%i)écg'g c%@tﬂ:g dﬁ?&?@ﬁqélg} 1A

depicte erbod|
BAftJ_nSfuﬁhérr;m@c&ssiﬁg;tl on of an |nterconnect tenpl ate

during_pr ssing according to an enbo

e " RBE IR S Seaopiag U g elneRRE Seuh 5%&1@6&% 1B
deRbChfRer Rodeb&ng,3A after further processing according
to an enbodinent; FIG 4 is a cross section of an

| nt er c5Hnddl 1sta€qm55?@1°@lﬂﬁh¢9mm®é@§§mﬁgiey§@éepmq:tﬁ@lq]gG 1C
gmﬁgé@wef&f .G 5 is a cross section of an

er conn | at e during processing according to

an enbl.ndhiks a ckdsSsedbionh of theanioswlestraiit davicd depigeatndde. 1D
orfgi E‘% to an enbodinent; FIG 7 is a cross section
HeR RS Brding to an enbodinent; FIG 8 is a

pr ocesgych | 10Ws dicAaE 380tioR 6P iniBrobRcivdié ay\ﬁceem@mmrm@. 1C
and FIG 9 is a depiction of a conmputing system

aeBerfuithy preseasingpsouiingsintn DEPAIIMEDEDESCRI PTI ON The
f °' ! OWF;@r x t@%%h@wﬂnaga%&g%éctfoﬁrdéaﬂ YGRS HERRE e

comp051te depicted in FIG. 1C according to an embodiment;

FIG. 3A is a cross section of an interconnect template during processing
according to an embodiment;

FIG. 3B is a cross section of the interconnect template dep1cted in FIG. 3A
after further 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;

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.



etc., that are used for descriptive purposes only and
are not to be construed as limting. The enbodi nents
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manuf act ured, used, or shipped in a nunber of
positions and orientations. The terns "die" and "chip"
generally refer to the physical object that is the
basi ¢ workpiece that is transformed by various process
operations into the DERATED DBSERIRTION ci rcuit device.
A die is usually singulated froma wafer, and wafers
may beThafrloptingdaserasionand idrg ,terﬁ’éns-u\é\gﬁ? EIBHIRY £ st speond,
c [ 3 7 Giieddi;e g
R o S R S R

f libting. Be egthodimantseoftahdeyicaor srtighs deswribadherein watbst r at e
for the die. An enbodinent relates.to a wile. .

| fea B iR b T g o ot e P B i dud ligatiopg, The
NaRes olideind ‘Thipe rgenaallf frefintatir@hgisical phjtiethbtiathe basic
includes a netal particle, havi ng a dianmeter in a_range

f MORkPAS that 35 Tansformed by YRHAYUS PEPCRITAPErakgnsfpfo the desire
Tﬂﬁé%ﬁgtg§ ?ilrr%uétt RSO AIGE iPRSAIS disgulfbd SVRc Waxer, %fsidg WaReSmay

a so grain size in d range from about
naeorde ef sefmiegnduetinghoen-seagcendue e pegonibipgtionagf

enbodi nent. i ncl udes the .w [ LCO . . .
B e e e s T A
" piadd Eddryladsheusarethaaialas a nduntisg subsead do thedikean
substantially the same chem cal co sitio f t al

or all éﬁi‘.en@@ﬁg%’f‘d’ﬁéﬁi?tﬁ/tf’ aa"ﬁ‘ree%%ﬂnﬁgﬁ?ha}t h%?r@beglge ma

MekReaef ’F}f%q{atﬁ&i.oﬁg:r & HJeviEfoRla Rdetpithatiansidsyn hoat

is allowed by the presence of the wire interconnect

anerticledaning esibirerser ip eirprgedinme ebavt 2 appgmeterdngy fpabaut f nm.

I [ t : r ' . ..

o TP SR T e SEHRERA o ERMI | R gy sie in o
Rednge dnarcabout 50 mmonteter (mdetotaboutt®® miiceomater pmhe Aiembodiment
i ke structures will be provide jt.h like reference
ainaRa IR GHE ierecgnessFod Bleibirolist bate it GpBhe BRe
PHRELS By CHRBLIRR! the FRHE meta€2Ft!1Yintdnded & A¥inN@Bstantially the

i ncluded herein are diagrammmati c _representations._ of

e ATBRiFhraTieal comperition ofeneiel i allonphewratrally.om quphodiment
Lﬁr%ﬁddé?& ﬁgt}ﬁbtdroggb%ﬁﬁg a Iié)vricreea{s I@ { brEnt! dan that is al,lolvifed by the

tom crograph, nmay appea er ent ile sti
i posepe pfthengrd ineressent tdthegnosotder being fubstantiallyntha same

Mr)nre Al B an émhbeod‘i-jr{lgn , 4'dRrent 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
provided with like reference designations. In order to show the structure 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

show only the structures necessary to understand the embodiments. Additional



show only the structures necessary to understand the
enbodi nents. Additional structures known in the art
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drawings. FIG |[Ais a cross section of a

m croel ectroni c device 100 during processing according
to an enbodi nent. A substrate 110, such as a die that
can be a processor, includes a bond pad 112 for
ekiaehireClalowadmmedrtlvdvie @ot Beeanndinkd sohminaih ¢held ity of thee
outside world. The mcroelectronic device 100 is
deBVed as being processed with a patterned mask 114

that ep Sl%slstaré?osg’ 9fdioR 86 Mldoelbftrdhic @FRRAIOORINting hRRessing
bond is a copper upper netallization |ayer
ngmta@

t o wwextbodingendnd substeage,/0asuchas a1diq thakgag R@e a processor,
lﬂ@%gﬂdeso %Eortdma)éalqalfgr el&t%ﬁ g;%h!nﬁﬁ]ﬁ:ﬁt?& ﬁ(ﬂ}{ ile ﬁH&ﬁt@?lO to the

a mcroelectronic
dewkide waelde The hﬁmbelemﬂnlm@nﬁc&dtoo\m :ﬂdpmtdxbammg mracksdetidyith

I n anot her xanp Iayer such as
n%P%tFe“EWd"‘(‘s%E‘ ﬁ;&ﬁteﬂ?%ﬁﬁfﬁ%g eI ectrical contact
with the bond pad 112, The makes el ectrica

with tHenogmb %‘im%m’ot%ﬁé?n%?é‘gﬁﬁés 2 GOnpEt Wt E”&fall”b%‘ig?% Pt
SHG Ao Ay ohb BF&VQMmeﬁmzaﬁbﬁ:fa%@ dﬁoﬂ@éﬁ le ametalhzatlon

el ectrical contact with the bond pad 112. makes
elaget suck a$ mctahom(ﬂ\d linphpigteed)m a mr@ﬂeqmntqﬁqvlq@%@s
el.ect.ri,cal

B he E0E ol i 02, Do g B BRBRG 0 BRI n Brver
pEhls ttial nmk emz;ah(ﬁ @tdtureda)l males tkctricali dohtatheitlh dredopd gad

2. The MA S ctr|cal C C . The
VB oM RAer Pt Al GHRER Vil R M gBOMGh PRI ot 1
%ﬁﬂl?ﬁ{l@&t&&éﬁsﬁbh GPRALALTred (M3, hbEpiblured) haREOERical contact
exanple, a netallization Iayer such as netal five

nwiththechand ey 1hxkEee M anakes laptricdroaiast Witk hegWa Vblaﬂfum turn
Tﬁﬂk%%%ectz{&? C(gF c‘mfﬁ% cfy hﬁcﬁhercegl Eﬁ?%éa i%?aml_z{':‘aggnwiggier

ectrical contact wt
malchss eletad foird®4, santictoted winakestelsetriv@] conttdct Wyithithe bond pad

eI tr| cal, cant,act t. h
CR o M eSO Aehadtallh HEGL] e N3 B Mebiriget
Nedntsdt GHIUABRSIM2ITRKRS i€ h@@ bk €dle bl aGktaottvtith thE®IID CIﬁ @dnother
pad 112. The M6 makes el ectrical contact with the

Terenc, gaRealligationtlayes stchas Mokt dvi(Ve, ?wél%ﬂredmékwlecmcal
ot $iBGhe &R a‘c‘lqnﬁ aﬁfle ﬁleSt Hallel € mﬁ%@tcalﬂlﬁta%wﬁﬁ KRSM4. The

ectrical cont in turn makes
eMélcmakes alectrical contact Wlth 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
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
electrical contact with the M6. The M6 makes electrical contact with the M5. The
M35 makes electrical contact with the M4. The M4 makes electrical contact with the



contact with the M . hi another exanple, a
nmetal lization |ayer such as netal seven (M/, not
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612. The Mf makes el ectrical contact wwth the M6. The
M6 nakes electrical contact wwth the Mb. The Mb makes
electrical contact with the Md. The M4 nakes

el ectrical contact with theM3. The M3 nmakes el ectri cal
C D8, e MB tiakieh eledtPical whntadt vwith thelM2, mélkehsin elra atialece betrical
contact W this_disclo ngagl t . becones

cF@gFCtt“ﬂém’ttL?/My o‘%ﬁéthésecm% o PEFOmSS S VAUt ur es
akEnRBRIUCER Qh‘@stﬁaﬁ stl16ruMeR bieOipBl B RAF B RDus EhbddifBhisS

a cross section of the m croel ectronic device 101

depi ct g i 1B &l a%oéiAe&ﬁg Lfﬁlm%recmrﬁe aaawﬂn dEBfted in FIG.

patterned mask |n an enbodinment Is a
pattafien Bdthehpiooesesigs The pa@nt@éenasmlll# ewhivl inhaneembodiment is a

T N T e T S

ephacparaet Solaeﬁpakt@rpbb/dbml lehacofliirfClo AV aious BmBodiments set
enbod] nent, the nano-particle solder paste 116
i fRrfhiadhis disgloswei | e binder and a flux vehicle for the

nano- pgy i Gho &Rk dethe RAR- ?ar&él@ sSlHEH JAGke N1 B R BRIO volhlle

an enmbodi nent, no patterning per se s done, rather, a
f bmdedamlmﬂ)ummqle:foe t}(eh@nemmalfclegpldenmtf» K6l chn@mg prasheHing.

| anket f r.med r
Ci b bt EanE pARIPR r R o ol AR Hiifdicts g
p(lﬁa;rﬁﬁﬁ’fﬁﬂ ﬂnF%olS@t)%oﬂbﬁpd@&ﬁdblﬁﬂ;B fdﬁikﬁd efg:ldddunng heating to a
preferentia eCOes c..of the substrate 1
 selfictent toppetp ihe ks vl tiaes i rrsbrea et 18 band
Wehds ltlbeam}gfe%i‘ﬂall)J-ge%om-gbﬁho%%b@tﬁéll&sﬁétg 16@N.eD& does not

sem conduct’i ve, di€lectric, mbi nati ons t her eof |
Fet the@ubssrate i0cs svollee it vosts thf: bpmbpaﬁ 2o dihe substiaied 10 canbe

d%‘é’rhfé&nd’u%véj %Pél«%h%g ah(g%frgb%adg ﬁ{ L%‘f furt her

rocessi ng e patterned mask 114
h as be®IG. rle]mm&doss Redtiou a;lf thefmittoelep@ditie ﬂmda asiepitfed in FIG.

38 B B00 Palihy IR SR T P e

f edpid@d: aReﬂio%?lroQtﬂﬁe pafibed fhasit nemah)be @Bﬁé/By pllEnPaAGay from
pads 112. FIG 2 is an enlargenent of a portion of the

rri}@rsﬁbﬁt@é‘t Hbh ped beveby écagiagitha nagoispldey gasterlds vhieh is fornged as

S R g e 1) 1o 2 dovl et

conposFiG.c¢hispn eslargsorentasf agpontiinadf tiamidradlestronic device depicted
in FIG. 1C. FIG. 2 is taken from the area within the dashed line 2 depicted in FIG.
1C. FIG. 2 depicts a metal particle composition precursor as a metal particle
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
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.
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this disclosure. Because the solder paste matrix 220
substantially protects the netal particle conposition
218 fromcorrosive and/or oxidative influences, the
netal particle conposition 218 can resist substanti al
grai n o srhbodithentgthe efetadparticle (mmpesrtlmdiZhﬁant;ludbhEparticle
netal particle conpos% ion 218 _after refl

t
ghaying 3piZe M 412R8s HAELPYGATR LY B0 Ihf £5 BpugEt figme!
g&{"ﬁkle c%m?QQH&n 2{8 fudédn ﬁaﬁ‘hﬁﬁi@ﬁhé@ Bize i BMBEHBM about 10

rticle conposition 218 includes a particle having a
s nme‘.o iahout 3P amy elnfanembabisnant, 2hemetabpaticla gpmpesition 218 includes

t I t
SRR g TR Pl S FQTRIRL 2808 sy 0 m
about B@cause bﬂhabaﬂble’&»&e rmbotimenis, auddedion®fithe thétal particles

tal t tion 218 includ
0 gRRIaPTs PP & DY Gh SO VT SQ gk e can be

etitdied 2 BBAU002E AMwEE TBH AR le, (ORI RalekpsiteBcsh §&id-to-
embodi nents, nucleation of the metal particles of the

nﬁﬂawspanﬁm@1@ab@Wﬁ%@|€1on to cause a transition from
solid irt% S&%ﬁo%%f:ntct%g nf% dal ?%ﬁie%%&o?ﬁmﬁ??ﬁ"ﬁwﬂﬁgs zg:m%ftlng

| owner. réxa I'ence

S @nipdrdt@s @ljidl ¢S ot Beddis abdud AOGKIC. alquhdﬁ@ Qp&h thle rm«ﬂaii type and the

enbodj nent, the netal particle i npasiti o

i Retiglesizeathg@efal ﬂ?@ﬂkc]é’fﬁﬁé}i’aﬁldf”é §ican haygag a%é% et
Féggperel?ﬁ@%@ divagh URRRd AGraRt Bbr LURSISRGIE BAd RA 4 kg

nmetal particle conposition 218 can have a
C Feanmgeatimg orﬁrelbctut ﬁg64°e<hp§ﬂ)an geld ipformed éntap nmmw@hpartlcle as set

d B
g%%era ﬁ’rtg 1 oulflp?f%tgkf %n%g\ﬁgduggé 2ab %dc())r %ed into
a nan OIrsarZﬁﬁble&héntpﬂhe niegal @emcfearohﬁbohemelzhs inchdenefitst ngtal
gggerature .can be re dhto abo g In an
GHIEHHE SEofd Hapen ohie Lhgrcs SOl ENE ghnp gt the first

| petdidlesenf 168 asBhiRé mdal Br & apﬁﬁctrbﬁoﬁlc d}ZﬁiohdSb}ﬁsﬁ: aneg In
of less than or equal to about 20 nm and the first

et embedimgpie Sempetal reriiclaeompqsition 248 ingludgs sifiger 4Ag). Inan
R T T
| ambodiewrhio tiemeets], pattivde cetaisitipar2l B glodudes gpldgiAt).oln 418
TR TR T A T
(Au80Sn20). In an embodiment, the metal particle composition 218 includes tin
(Sn). In an embodiment, the metal particle composition 218 includes a
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 Sn as a shell structure.
In an 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



enbodi nent, the netal particle conposition 218
includes the gold tin alloy (Au80Sn20). In an

wepodissent , the metal particle conposition 21BCT/US2006/025548
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| ead aWdnembodivant, tag ¢z pifpctire ba

includes tin (Sn). In an enbodi ment, the netal

particle conposition 218 includes a conbination of at

| east two of the above netal particle conpositions. In

an enbodi ment, the netal particle conposition 218

| 0@l the simllatracuoizi in adléoaxdtl fém adbppegaiiver] kadendtint irambove

nmetal partjicle conpositions, In e i ment, the

e iR e Pere SORTBE B GHES Jed A e B Lo A5 from

S&Jpgsrf, sitlek Db1d, A6 HET HohnAMRLirRert AhEcdTE EtediieGncdidks B8R and

as a shell "structure. In an enbodinent, the first .

nibe shell sticuiereis sele¢todfromapphiesiypie Bpldsand jeadsrla angmbodiment,

sel e d.from , (W s

oot e e P SRR oA e AR et iions

stelule fHelcord sifietutessbehd redentlinfa greateappant than ktheeshell btewdyre.

and tin. In ag enbodi nent, the cor Stélgim:i"e i ncl udedsh
TSCPEHDE FIPR LT Psepnc the

SiHeM §fruct@RItds 2 88dnd hdltinkRe@PerRTRAFAIEREs thhh ehedRbtEnelting
structure includes tin and the shell structure is

siempetatite.f Inghis sotppdiment jtheqore stgsivge cairhe godd@nd the shall
eﬁgﬂ{rgvg&tbet y of the above core structure and shell
structuré nmetal particle conpositions include the core
st r uctlnran ehiodignent, elsemttal particlg campasitioar® aworetand mudige-

shel | structure. ]n.an epbodipent,. the care structure
Gl Tt e G OENp BF B BN SIS O TR LR el des H it
ShrtidW Redi@Spatt, FRERNGrudRIr ishEbrt @ ABefoathbcRs bfdbme@tion than
| ess than the first nelting tenperature. In this

ersorahadesiuctifhe core structure can be gold, and the
shel I sy gﬁti]yﬁgro%@&cﬁ@n bt dﬁinﬂe&oﬂﬂec?é&%%ﬂd&g@ng? du 'Iltheprﬁc?slsing

metal ‘parficle conposition I's a cor tipleshe
sdacocting te an lembadiment oslh intertonni¢teubsitiatel 32366 piephred with a

c ition includes in a first. part and a seco

R N L S
aggbcamER] tho itéroéwheCiuBstaike3 12 is b tigdrlayer difleCiric 3yet ALD)
cross section of an interconnect tenplate 300 duri
phaicEdsheRRsRRYYaNfymetTian FaeRsetRmetie nsrooneel enRitct0
Sﬁi@ﬁh?@f‘oﬁi?é%ﬂﬁex@%ﬁéﬁﬁ%é’%&'32@ plurality of vias,

one o I s designated wth the reference nuneral
324. |ln sapmbotiotinhin interdvan¢at seistatadéd is paitsoted atith pmask

| (?109 &céupetd? grllda e rplu%lﬁly oF irais 5241 %¥§r§ne§1 Ibk?@rocessing 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
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
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



material such as a polyimde material. Processing of
the interconnect tenplate 300 includes formng an

woO paogoesspnect in the via 324. I n an enbodi ment PCT/E82006/025548
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i nt erconnect substrate 322 is patterned with a mask
(not pictured) and the plurality of vias 324 is forned
by processing such as etching, with the mask, or | aser
drilling through the mask to simultaneously formthe

\t/)'toaﬁﬁaulfé nggzzt qnﬁatehfbbdlintelne amasiled physizal Wp@ﬁ dgmeition &PVD) is
e 1 nNcl uded suc as. a n n r

SRR T A
f gfn%rﬁﬁy BepoRRel d18YElhe 32620 tihdle & bVD’}bl@cé?sgfs uséd Bor i&Sdation

present” prevents deposition of a seed |ayer
angzﬂm eceei leyer 86, thé maslncanthe remeed3bereafien by singing sdthrianask
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the i nFES. 33@11@ @Ckosk Sedtion béthedmpﬁbnneat EniplatopepivtepmdTEs 3A
is carrjed out  under Iasmac itio t.o formth
B Ao g AL R R R L
COPPRIchRed thklseddN8yet 386 dRfosell it BERRHABA brepafatiandred
physical vapor deposition (PVD) is carried out on both

s iﬁd@@r plocessmgy ilnaBembodiment, thaata 24chag beap fillgddyy chgoplating
t ant i.a | lhgy 324.
SO R0 Tk SEBRRRE ) ey iny 320,
I ay e r BQﬁ], erhlhﬁhmaﬁkeach mnkeenteﬁ:nmweti?ﬁ&‘llms eaahllclemesb;n a range

ri nsi ith a sk | vent or S
AT a S0 Ak Th et pubidemethe B Gegooppess 328
S 844 4 MRkAEss R Gbdud 48 ER NMRGhtefBHcAiEckaedRi cah @ lide tid eed
3A after further proceSS| ng according to an

etyetident . The interconnect substrate 322 incl udes

the segd | kgﬁiﬁ?%tﬁﬁ%ﬁcp?h@? %Sa%ﬂle%ﬁlé‘!#‘ e Vdn%n%ﬁc%aﬁ&t that can

preparat | processi 'Rean e
t Fiex (iiea cBﬁ@lim&w&thart ffaictulreih cb;m@hen Wnthmheasqldag buifnpt IAe

W re Lnterconnect. the s er, 326 W

| bt SO0 AR e SRS b Hishel oot
38Budh@ss. aA tBinpKae Sistedcbnrikct 9ABE6 aém@mb&ktgmm@ lliﬁlgm-to-wﬁth
about 106 mm In an enbodi nent, Wre |nterconnect

3oPeAA3tQIn qInERIHeE svitksubssiftally @erﬁ%nema i btk gpedees. In
t B EDEEmefAhel WiTd fﬁ;@@c&ﬂ@ct%?@ Had AHEENL IS idth 25HIPlakiB M 2

i nt erconnect 1 s achi evab forn1ng an |nterconnect

t reanige Eram 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. In an
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 has a
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

interconnect template 422 by physically inserting the wire interconnect 428 into a



flex (i.e., conpliant) w thout fracture in connection
wWith the sol der bunp. A conpliant interconnect is
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both structures. A conpliant interconnect is also

achi evabl e by using a height-to-width aspect ratio in
connection with substantially the sanme netal for both
structures. In an enbodi nment, the wre interconnect

3?8 4has Ivarh@higdimés; plaiikighis @spied but ayt fist ¢lacteol¢sa pipeing fronthe
about 0.5:1 to about 5:1. d| ment, the wire

i WedetdrHewed @yz%eﬁggﬂagmgé? éﬁtthetY}a th as pect ratio in

a rangpd.5q5 aRRYLeckiod of & RGNt lemp1Rte¥00 ATRREHIHREsing

the wire interconnect 328 has a hei ght-to-w dth aspect
r actcmﬁlmgﬁoamrem’ogélmqnbnﬁa hesencomest ubsizaie 622 &:prepared with a

hg? baﬁltty(t) v1ea ta{l]%o %181(1:Lsn He§ &nﬁ] %toezlt%f%gi‘gc %umﬁfa(]asm In an
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pr ocessi ng accor di | gtoa

di
eFBisgRhweh as ¢ R EP@WE&?O I %gihé“e&égh‘? P ipergonrct

' @i&efs %%Pee&lﬁt e Bed A&l 1ﬂ‘%2th§ﬁﬁ'eré"oﬁfsﬂeét€temﬁla&f 9?0 s1cally
. hi s enbodi nent, the wire interconnect

alnm:ntleg tmaylrmmﬁﬂ‘m@ﬁctﬁﬁs lintel ajvig B4 He ap gmbpdisrent élte via 524

eertl %ll %y g%%fp n%%lf mefgaﬁk{o'nﬂ&t tjﬁ@ wire

erconnec o avi n an enbodi nent ,
_pI at i nBrocessihghas mﬁlnemﬂﬂ alwiref intesdona¢ 628 @l tésmtpxicamnen’gsubsnate

tgggr\é!m%ré$ ’cegigll lggie gqu)%§§1§%g§28g 1ntercfo|n}1cl,ct 528
I Q)Et@ﬁ(%%fbﬁﬁ%n& M AL an®BloRURd MErEINREaSEbMAIAER0TEA]
to an enmbodi nent. An interconnect substrate 522 is

pempedimgninibe hntarcsmaﬁcawbsvat@é%h%@sbe% glshest baggkite gxpage the
gﬁ'bérg%%&% \g/l th the reference nuneral 524. |In an

the i nterconnect substrate 522 is an
i nt er | Blerl Ddis elcewst séatioh @y the nfittoBlecratie dedbe §Qcdepintedin FIG.

TR LT e

t nes 4B uaﬁﬁfgﬁmﬁﬁdontaefrwhabw&aatempnﬁw312@ Qlldhyas ItlliHS\@fré i ng
the wire |nterconnect 528 into a via

emﬁ‘?iéqqﬂi*éﬁt 28 ithpd 15, 4igposedsinihe Inkereqnnest] tprggla{ﬁﬁoo deplcted in FIG.
ek ef 4 Jﬂgm%e it ifRrdofh &k mﬁeﬁheégﬁer FQ%estHoRfinent,

has ac |eve a wre interconnect 528 in the
i ﬂmevlmunwecmmnsm 28 instuslesosbped. tIn aam:mlppémltenwhff wie ilgoreonnect

ei?}gelﬁla 8 ﬁgq u fa%cee 5%%11% Igﬁ/ee wgﬁ BI'CF%IC%? Eﬁ?%&luggs the gold

| th en@omﬁmze.u hﬁzh’f @hleodpdent, the wair interconnect 128 includes tin. In
an embodiment, the wire interconnect 128 includes a combination of the above
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 paste 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

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.



enbodi nent, the interconnect substrate 522 has been
et ched back to expose the interconnect 528. FIG IDis
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depicted in FIG 1C after further processing. The
substrate 110, bond pad 112, and nano-sol der paste 116
are brought into contact wwth a wire interconnect 128
such as the wire interconnect 528 that is disposed in

t he i NFRE.CIG8@&tost espibRbEhS ﬁﬁcﬁdﬁétﬁdn&dddvibeﬂl%deﬁioteﬂﬁn FIG.
an_enbodi nent, the wire_interconnect 128 inc ges .
siPyadier frtherprogsssagi AdREoW PrRsesfilingb «?W@mﬂ%@ﬁ urfgwhich

| feleug %d&%?&@ matdal) o3 (IR g?ﬁ’é mattnl}lQZWdEﬁxcted in FIG. 2 has

i nt ef conne 128 i ici®ides gol In an enbodi nent, the
wbean volatidized ané e metdl Paiitials| oampgsm@resuyb lag] theimetall Haﬁsﬁle

Au80Sn20. n

M anaon 31} 17 pHRRE B gk o] [ L RERI0GER b
188 dvolit!stEsm do st ot dqal 1Bfabs@ 0RO VELdREIaprédees depicted
alloys. In an enbodi nent, any of the w re interconnect

e Fassanphing the sbstrate 1 ftq the wire dntericaests 1 AScan praseda gymethod of

a0l bR BELh TR0, AOuife o
v bh siatudtaneviue withoghee Heatittehinpats tof a thiciopigetpmie deséetgokdge. In
an e vated Jj.n the

2 B SEPSGmERD e piodst ey g, Aot AP ¢ he

f hﬁé&oé’l@&&&h@dév&e%a&k&g@ ARandife forhaig abialpdracle abmpdisltlon die-
above about 150 hi an enbodi nent, a flux can be

agitachgmbgdipent.ohagse patpbpraihodgnenss arp digeuspechabasygetly-
100 C FR} Ayt ¢ ?ogQSéEuEA & tnb gneréelec RSEvReA0s aapletfedtuhm

m croel ectroni c device 104 depicte |n FIG |ID af
f ﬂlDtdﬁler fmﬂlct:lerssasmgg IA an efnbodinyent dwgstefraundsé sybstrate 122 isa
d ne. a.sol der ste t
CAGPERAE et it I S Vi SudCor 1PRF FYTBiddntptace
h hSarb@rﬁledﬂﬁbﬁI ihk |112t91fdomﬁﬁidsuastfm =2 ipaldw-&l (Eelécﬁﬂ@ﬁﬁ'tet'iabihat
such as the article conposition 218

r 641} 35hagan mdarfla?@a gak Ipgppmiadmgyt, weantawavwcg%%trﬁ“ﬁ 122

r@m@eJ OHeMRPRRH rofow BT he sbi8SDuldpan1r equal to about
mm The refl ow process depicted for coupling the

s u bst r it an emigpdimenthibe pndepadritle heonsibstantidly squarepeeiperfand
an E&a%e cfj mf:nsmiansgfe a%hﬂ d{b%é‘%% n?ntaﬁ%glbgﬁﬁr[egp 'tfe apq?célef&etwo adjacent

rocess ¢
sbﬂmi peais @ O abbtithl 76t e rTliaaaterdonﬂ«ait sEhstrate tdmplate 122 is

TSt SEA O ST tce Rackade Lo 2, SEROCLIEIL uiba

pltch-matchlng conﬁguratlon
The microelectronic device 105 includes a mounting substrate 130, which is

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 interconnect 128 and it can be a
reflowed nanosolder. Accordingly, significant electromigration is avoided because

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

10



m croel ectroni c device package, including formng a
nmetal particle conposition dieattach enbodi nent. These
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IF is a cross section of the m croel ectroni ¢ device

105 depicted in FIG ID after further processing In an
enbodi nent, the interconnect substrate 122 is a

materi al that can be dissolved after the wire

| el 6PANKC (SihAS1y, $hesthbahed @srhatéloispliatmtiallyawided because the
enbodi nent, the intercaonnecf, substrat é‘:nZZ_ is alowk
dmetesialsaf thepgtlewedipanopeldersqidenbymp(s) ang thyie fyterconnect are

' B ﬁ;g%pg}ﬁﬁﬁ,g, the interconnect substrate
@%Eagﬁgl%{hsgﬁzne during reflow of the sol der bunps
117. | RIGars iemtoounss retion of hpadiegrio(Pagcardinghiagn gmbodiment. A

suhstantial |y, squ footprint and a dge,. di ' .
of o Boutht  fis s BBt neRre FRSEPE iR g
adleagieftcob@nchiPaos frbithe sutabiaie t510 ibthevutsileevorld. In an

i nterconnect substrate tenplate 122 thlﬁ configured to

s gpBedimephriepordpad 44 i 2£09p SRPL dRRAZRHEN R that can touch
bondsRAdt Wi &R RioRi1hvels. TRt GbWE neRNEdIgH Rkp®17, The
m croel ectronic device 105 includes a nounting

s advotding ® thePariovsicathodisnentsispt forth imthisdisadenyts, fseatiachiedgo the
t hr,ough e wre interconnect,,128 and the refl owed

S ?bﬁggtek?gﬁ'ﬁn% Wirﬁmg?}m%nﬁ}g%t | r%ient , the nmounting

subst r & #h ddbdirBerd, &€h ond-ihtexohn@t6ly ag taghiokddds M a range

unting substrate nd pad 132 apd a unti.n
< BEY RSP e ADas TG0 s 10 i ehORRIINFEHES Imfiprgnnect 628

MR G SHRF LB RE: 20 ?ﬂ.ﬁi A8 fan REBBdiAR4t, ke WidStad83inaétl62s has a -
the sane netal or alloy as the wire interconnect 128

aheightttocmidtitaspert rasiol ipnaanasdinss s P->: 1A @bpdi b | Ip, an

S . .ec | ' Al
AL R B oy YRS SRRk
afremsdbost hivté ahduy411hén saembetimentothe atitedyterc®nnedt 628 kgs a

the thermal m smatch is substantially avoided because

t H@g]i‘utatf"ev?ﬁﬁ% PRt 13tpdn Féi“?gﬁa\g’a“ g%ﬁlgé'dltﬁ E]POLE greld dpan

bBéE et thelWite Mtdi€onnBEtBRE BNERigIRNE wi BB SEEHaE Hadib oY about

the sane netal or alloy. FIG 6 is a cross section of

alpsckage 600 according to an enbodinent. A substrate

610, s ' - 3 -
’T%Q%%%age ajquélt]@és acrﬁf\n}gigﬁﬁtﬁﬂﬁ%%g&%l?wh B&Hrz]‘lgﬁl%at@s

bond pa or electrica nication fromt

~ swithttheagubstEae 6t dthrhrghauheintiog warsidte bond pad @2 didiemenunting

: El%sg%tggog(gg%qggﬁ iis 0idercd BPEE wi eel?t%rcrorr?rtle%{ %i & V%}til grrhéu%%{r?é
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
in this 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
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



any one of several netallization |layers. A reflowed
nano- sol der bunp 617, according to the various
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to the substrate 610 and to a wire interconnect 628.

In an enbodi nent, each wire interconnect 628 has a
thickness in a range fromabout 20 nmto about 106 nmm

In an enmbodi nent, the wire interconnect 628 has a

t i ¢k @h& edctridabednnd@ioms Thedavicestidaikorineitidestaheiran r e

i nterconnect 628 has a hq} ht-to-w dth gspect ratio_i.n .
a interqemnert % agpgdingdo gny ¢ Vi5° iisoqmnget erihogmgepts Set forth in this
e HEQ%%&F@.” The fﬁﬁ% iMefcBnndat BILRRPEAEd ©%8nH@1ind substrate 730

height-to-w dth aspect ratio in a range fromabout 1:1
t thraghuthe zeffowet soldar tumipo ¢l hrsdrich waselevivediipmtacianonplder paste

628 h hei ght -t o- wi gt [ [ ranqae:.
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out 3.5:1. The package .ing s n

S B8 pyching agBherhpen IO SRR AGERE DG Ar 1PRR QA Py aermal

6 1Qelefte 040y 20 o Yk igﬁg s tah dlt6prhea @eﬁ%ﬂreﬁ&%-(lﬁ%}? An

mounting substrate bond pad 632 1s soldered to the
wintercpmteet templasc 12262 8lsaidepicigd apgrdingity asuasshadiments dheler

bt 634, e t.ing. . y .
IR aP P p SUR AL 2 B0 0o BT SR i i
t oarbysoffenédundantiodtdenrsteaetecfrizal donnectionibtetween the die 710

di sclosure.. In_an e di ment, the nounting substrate
6§@fw§n%“@@&%ﬂﬁﬁﬁg@gESSubstrate such as an interposer

for a phoe&ss embodilRnAREIMokAh iEdeute £3Q1sb Spplivablees
bunped with a board bunp 636 for nounting onto a board

s wte-tend dechpelRey-boa the metting poini igitiates it rangeraf ghow fOQ or

| . o
e e T R
i tiel thetimiybadget off awirepond deliiee. Hontier dwdorid HireAandt| owed

e PR el e SRR merbE S T aiPoco B @ ol s a

Wi re i BiErLieapesdess ISy dbgamd80ackordaipyto Fhrivdy énbodiments.
i nterconnect enbodi nents set forth in this disg|losure._.
TREocising qfthenangrinlder pasipisicarried Ot GHINES PEOGrsHA foHying a die

S a’@%c?]ira\?tvg@r %%d&fﬁ Bnd H@m{gej hoss oP&lsQﬁBliMcﬂged die,

whi erive rom a nano-sol der paste
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
to 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
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



according to any of the nano-sol der paste enbodi nents
set forth in this disclosure. In an enbodi nent, the
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such as a notherboard. In an enbodi nent, the die 710
is bonded by a thermal interface 740 to a heat sink
742 such as an integrated heat spreader (IHS). An

i nterconnect tenplate 722 is al so depicted accordi ng
t BasitoRPRGIMBE b assdfilinglth&die Ao atfahcliagapkﬁBEQ,Bﬁa pioSess
depi cted as serving also as an underfill material,
whieodimant ipeomspletedned and refl owed to protect

el ectrj : [ [ .
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t echnol . As the [fing point initiates in the
rgﬂﬁéoﬁggégﬂﬁ¥mﬁﬁﬁngﬁ“%%mer, the process of wire

bondi ngt ¢40) iRadi€ RichudRg tBekoldsh dethe @@MSIpartiORSolder paste is

conserve the thernmal budget of a w

) gel i re-bond devi ce.
Fessembled intpa padaae WPy &ag ahillyalrationsilh fidspicls thpassemhly of a

. = er ! 8
e 10 Mk 1, oo AR B0 BATRSL O Mok o
epiooetidrient the rivthakbsSissenbiing thvalintoa polkdgs, foliyad tiygthe

carried.o during a process of.farmn 1L.e att
a0 orth o - PARE Eatp iy R e B4 865 one
ags el leiboditcpas kamprtedi €, respectively. At 810, a
nano- sol der, paste_ enbodi nent is éatterned on a

subst r 8l 94¢ & SeRirting Afe campuine DEEmeororemedo Bt

f b dhiRehSiChe AmBE0r e WrlHihdUBEROAARE bf the pfpll Foicld)

an i1 nterconnect tenplate according to any of the
endyoptisitiont the slist-atfagh tomprsitisinnandBytthesotdeg bomargmpogtion, ey
process.can flow either dixection: thr 1.
AESRR R R Edah b EAt Pluhe s e B0 SePIo 271
SHbgfafibanyBmbadima@it aloht oisihrcainbiatiomwih @ny bther éhbodiment is
refl owed, nano-sol der-derived bunps 117 are depicted
ateTeERdip ag2 EEF?éP%F‘C]@&ﬁﬁlBgsl‘?‘Plbﬁ’ébogfm%‘}té?ﬂ ficantly | ower

t enmper ?ﬁ@é&lﬁ)lﬁiﬂ? Bysidd€ 90 Inkiules dt SEABEIR S R8s 0P (ndt F[bﬁ:tured) that
i ndividual retal's” as a macroscopic bulk material. At

8 enclosdddn prreckags 910, awWataastrrpgesyaien F12 orhledstons ispegisvise

r ' a i cl . thod
LU oD PR oL AL aseyd e TE b
peaneds The computing system 900 includes a processor that processes data

signals, and may include, for example, a microprocessor, available from Intel
Corporation. In addition to the keyboard 914, the computing systém 900 can
include another user input device such as a mouse 918, for example. The computing
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
that utilizes 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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enbodi nent is conpleted. Optionally in wre-bond
technol ogy, the process of patterning a nanoparticle

W@ elodeesspast e powder on a die is carried out SPCT/HS1008/025548
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during the placing of wire-bond sol der bunps onto a
die. At 840, the die including the solder or the
nano-particle solder paste is assenbled into a
package. By way of illustration, FIG 6 depicts the

ag AR |dynathic fatioth aﬁ;@&s%dmﬁbrﬁ(DRﬁB@E pelyfeUnthog, flash

substrate 630. At 841, the_process flow can
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conpo a solder bunp. 2, one net
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and/ or the sol der bunp conposition, élbe utilized. in
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L%P%ggd#én%oﬁﬁh&ﬁ{&ﬁﬁy is %ng‘dbodl 1‘31:&%5‘& (Rét ﬂl:ﬂurecé) is part of

1 oNn Is referre
atheaystemayitiparefiosled n@tmspldsn qongesitind embmsmem@) tharmecoupled

AT R DR AR Boh ) oS RIGEAEE Ritowed

daisslider @meositivh %mbquaxenmg) it eapledas ehe dapistoragad Qe
such as keyboard 914, and at |east one ou ut dgélce

such a Mofmbesimentethe compuing ystem cppalse (P 1ogicoptpins
glglﬁpélgﬁlﬁﬁo &6%[%5}2 of mm@tmﬁfo%e 88 ﬁﬁplféaﬁ&l peapal s,

a nlcroprocessor
aumgraba eirguitEhSIR), o a@ampmoa@asqm In fris ergbodiment, the reflpaved

rd 914 he ¢ ut|
R Sk GBS YL, 08 AR s
e&mﬁb@hﬁ@hby Beiny u(tupnngi 16 Yy pk@r3BOO0F@an eganple $mbndintent a

an of the structur hat incl ude refl
é’s(zawd%ftu@fi 1§ RFtoda f\%ﬁt@&ﬁﬁa?enwaiﬂ nﬁﬁ?ﬂ&ﬁé‘&cem (in
an@ﬁmﬂﬁebéfra&%ﬂpéﬁth@%p&l On (Heohtddi209 Tdthis

dleL and the board 920 are can_include these

edimeant a refirwaduapesodder edmpasitipngmbefisaayi(e) is goupled to the
¢ %@%ﬁdqagse%x&[eeﬂg}lgxggd I?JHBQ(ﬁXér%gmposmon embodiment(s) may be

present that is coupled to the processor in package 910. Additionally in an
embodiment, a reflowed nanosoider composition embodiment(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
combined as set forth 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
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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conmponents in accordance with the clai ned subject
matter may include any systemthat utilizes a

wor@roedsert roni ¢ devi ce system which nmay i ncl dBEDS$006/025548
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exanpl e, at |east one of the refl owed nanosol der
enbodi nent (s) that is coupled to data storagesuch as
dynam ¢ random access nenory (DRAM, polyner nenory,
flash nenory, and phase-change nmenory. In this

e neei-hEa devitdauch el b pasendl dne asdidait aaaedilee Mroer extample
coupl ed to any conbinati on_of these functionaglities by

bisi arje dih parclep nagkagep M Bpwed RangsoldRRoEResiieD
Q%Xcﬁﬁrenﬁ‘%)r%ﬂﬁi)&% g{ﬁ%ﬁcgé gﬁ_ﬁ 26 SRASbbR4) a locomotive, 2

di ment' (‘s I's disclosure is coupled
t waenorafbfantadesdt, bumegaceaadt.i ti es. For an exanpl e

enbodi pent, data storage includes an enbed . DRAM

cache Drptermfgtegt CHPgPaiof e Ry BER SRR is Spiec out

r @fith QvRe-eniBdvasio} ter wenapasiwisobe rirhdai toarbhtntibhad bump-and-
coupled to the processor (not pictured) is part of the

s Yt dREIRPRRECASTFUStITBWELAD RERROSET et ORSER B OF thegigmputing system
?E@@Q'c‘gﬁ%(&%\gﬁtﬁ %t a}hént(if%ﬁ:?{l}?/%t\k&nta@@uldﬂﬁ _@nﬁyc%{zégg aBdut 10°

DRAM cac I tional i n an enbodi ment, ¢ )
r ehbowdd Imanesbidisentcoppasintaf e compudingeyrtqs POY & carried out

| ed t h t t 912, | eli
e R I R R R ot Tk B
aeﬂb@iif‘r@ht, Sp&hidn cﬂ’fthf a&ﬁpttitng @ﬁl?%m ciao i @metd:@g\ tglrlml) a aitrent
an a I cation spegciftic nt ra circ . or
dssdy Spimeser ayt 167 o/t sl ﬁ%mp/%rﬁje Iflémea&@@ment
NERA AR thE SRRk s Pllerh THO SH TBMA(Suk With LRRhEIENLIR AdYe

coqpinatign of these functionalities by being coupled
t 80"y o6 ybbelowercurentaiensipl thatevaidd ransp the spegipmetesipls of

pletured) | r | 3 | :

P ond S Beha e BGRLERED chlURE G 1d BCHE 1R poie
separ aThe pastiat Bfprovidedctbicpspty with 8H€.HRag d.7a@f) reduiring an
this enpodi. t, r ef | owed, nanosol der conposi.tion

C Risarb L Apt the e Bl aoaRein fe AR S P e

r el hava iR ARA&O T8 kulARe Svith 1RO uRIReMHITIRhS)it WAYnd2®e used
present that is coupled to the processor in package

- 9teointerpren erilawiathepcone ameaning o therplaimg. r ef | owed

nanoeol it ORUAE LA ERPUTE Aol 84 b s
packsigge 8tbodihtent fon thequrinee apgrevilimingdhe fimtlosire This method
TN T I R Y O
S ¥b&dTn3A1a of tH2 ifedHbibA 8dgu@B more features than are expressly recited in
each claim. Rather, as the following claims reflect, inventive subject matter lies in
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, material, and arrangements of the parts and method stages

which have been described and illustrated in order to explain the nature of this
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with a refl owed nanosol der conposition enbodi ment (s)
as set forth by the various enbodi nents of this
waele@ehassmr e and their equi val ents. Refl owed naPOBURI006/025548
conposition enbodi nents set forth in this disclosure
can be applied to devices and apparatuses other than a
traditional conputer. For exanple, a die can be
packaged with a refl owed nanosol der conposition
efrivesticianiy 59 ma@enwhthxmdephrﬂing fompakd IaﬁlloﬁolelfaﬂdcseopaMTthaS
a,wreless co tor or @and hel d devi ce such as a
p&”gléﬂ%?l as gXPLessy éHl?JO‘é‘ﬁg Hes:| i ke. Anot her exanpl e
is a die that can be packaged with a refl owed
nanosol der conposition enbodi nent(s) and placed in a
vehi cl e such as an autonobile, a | oconotive, a
wat ercraft, an aircraft, or a spacecraft. In an
enbodi ment, operation of the conputing system 900 is
carried out with a current density that woul d
ot herw se be harnful to a conventional bunp-andwre
i nterconnect structure. In an enbodi nent, operation of
the conputing system 900 is carried out with a current
density between about 103 anp/cnR and about 106
anp/ cn2. In an enbodi ment, operation of the conputing
system 900 is carried out with a current density
bet ween about 104 anp/cn2 and about 10 anp/cn2. In an
enbodi nent, operation of the conputing system 900 is
carried out with a current density between about 10s
anp/ cn2 and about 106 anp/cn2. 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 the wre 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
qgui ckly ascertain the nature and gist of the technica
di sclosure. It is submtted with the understanding
that it will not be used to interpret or limt the
scope or meaning of the clainms. In the foregoing
Detai |l ed Description, various features are grouped
together in a single enbodi ment for the purpose of
stream ining the disclosure. This nethod of disclosure
IS not to be interpreted as reflecting an intention
that the cl ained

16



enbodi nents of the invention require nore features
than are expressly recited in each claim Rather, as

wa b@70edshowi ng cl ains refl ect, inventive subj eRCT/DBIDE025548
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lies in less than all features of a single disclosed
enbodi nent. Thus the follow ng clains are hereby
incorporated into the Detail ed Description, wth each
claimstanding on its own as a separate preferred
enbodiment. It will be readi IGLAIMErstood to those
skilled in the art that various other changes in the
det ai | SVhatdscdsimedis: and arrangenents of the parts and
net hod stages whi ch have been described and
illustrated in order to explain the nature of

t hi si nent i nviimintdseonmaetartigle pryuprisiegdar ting from t he

princi nd sg gt
Phe "subrEReln T SRRGehndriE A HRE, LR TR BAGH ilghuces
Watfistindtslrand arpedh siae il £laggefromrabsutty) naomelet®rabbutnipmicron;

dis&osed upon a bond pad, wherein the sol der bunp
i @fudes a first netal and a grain size in a range

from abouite i3RrdoRRQNH &ntdePwRR M soldefbhpn; and a wire

interconnect in contact with the sol der bunp. 2. The

wire interconnect article of claiml, mhereln the wire

Inter C%””ecﬁPé ﬁr@e%ﬁ@%ﬁﬁé@?&rﬁ&%' ?Lla}{nﬁr\%h fr@' as

the first WTe I n erconhe e of
C lirtemcodnecwieluéésrsubdtantisily ¢hel satne momaiae die ﬂralsnatalt hi ckness
in a range fromabout 20 mcron to about 120 m cron.
4. The wire interconnect article of claim1, wherein

the wige i nTRE GRBMREoRRSE AtiElBEKARS $, Wherdin iidgRe f r om
about 40 micron to about 106 mcron. 5. The wire

i inteicemieaidies aghicknaseingt raggedfirom abowiR8maicionttio abayt A 20 micron.
|nterconnect i ncl udes a conposite of a seed | ayer
shell and a plated core. 6. The wire interconnect
art [ cI d. of Thaivire intenshmreet artitlbef viaine 1) whereio timment has
ect .ratia between abg¥

iR e e A ek e 1 ApREefor @3?%4% mlﬂ?fl?% %ﬁwu‘: 106 midiSn.

including a wire
5. The wire interconnect article of claim 1, wherein the wire

interconnect includes a composite of a seed layer shell and a plated core.

6. The wire interconnect article of claim 1, wherein the wire
interconnect has an aspect ratio between about 0.5:1 and 5:1.
j
7. The wire interconnect article of claim 1, further including a wire

template enveloping the wire interconnect.
8. The wire interconnect article of claim 1, wherein the wire

interconnect is a metal or alloy selected from silver, copper, gold, a gold tin alloy,

Au80Sn20, tin, tin-silver, and combinations thereof.
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tenpl ate envel oping the wire interconnect. 8. The wire
i nterconnect article of claiml1l, wherein the wire

WO paogoesmmect is a nmetal or alloy sel ected froPeBUR2006/025548
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copper, gold, a gold tin alloy, Au80Sn20, tin,
tin-silver, and conbinations thereof.9. A process
conprising: formng a nano-particle solder paste on a
substrate; contacting the nano-particle sol der paste
Wi th agw reAipmoegmqg@m and refl ow ng t he
nano-particle solder paste to forma w re interconnect
arti cl ®rming, anPﬁ@'Pﬁ?t@Ef‘e%%debf’aSE‘?%ﬂ?ﬁ@s Werein forni ng
the nagospan ﬂfelrﬁné g%: Rle sBRISE SasteSwidl £454esteRYnicRf; AhAY
the nano-parficle s past'e, and wherein the
nanoparcflowire the h@i@qummlc solderphstd ésfoam aawies mpscqpagat pricke.
size in a range fromabout 2 nmto about 50 nm 11.

The process of claim9, wherein the nano-particle

sol der 1(Rast €hd f16bess 66clainBtvetlerdih &rmirp thel bsrtoapmudb bolder
the same netal as the wire |ntf SIP nect,

B#Serﬁje‘ileéi hyferming thypangparic 356 §’P<? SnERR & Rano-
’ 8 a RHFPIHASbEUL 2 nm to

LR S T e RS e

r gidub®p funy st t enperature. 12. The process of claim?9,

further including: formng the wire interconnect in a

hol der, wherein formng the wire interconnect is

sel ected frome pbadss egclmhe9 Wilfegeih fcarnopmticte sohlenpaste

hol der t hrough- hol e, ert| 1% the wire |nte{conne%t d

i chdehemsti FIStSHP%%Pé‘ﬁ }ﬁ&eéa & MFtal 28 TP g nect an

t G/ﬁ&‘éﬁlf reﬂé'r@mg-@ EarREPERSSa RifloW MishieRhperfatiicd, ABA thereafter the
including: coupling the solder-bunp and wire
i snlderdompdies aasfldve fesondtempsiabye i 1 Eetes thawghe pedlemairst
flce;nstefaltuevel nmounti ng substrate, a second-|evel

t1ng “substrate, an inter poser, a notherboard, and

conbl nati ons thereof. 14. A nethod of assenbling a
mcroelectr i c devi pa .C rising: formng a
sol der Yprec ET PWPE)B&%‘%%@%%FPW@E&%ace wher ei n

t hﬁmﬁﬁi #€kvire interconnect in a holder, wherein forming the wire interconnect is

selected from plating the wire interconnect in a holder through-hole, inserting the

wire interconnect into the holder through-hole, and a combination thereof.

13.  The process of claim 9, 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.

14. A method of assembling a microelectronic device package,
comprising:
forming a solder precursor upon a die active surface, wherein the solder

precursor includes a first metal including a particle size in a range of less than or
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precursor includes a first netal including a particle
size in a range of less than orequal to about 20 nm

w@na7mbispei n t he sol der precursor includes a nmedCT/USIP06/025548
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tenperature equal to or bel ow about 400 C, and

coupling the die to a nounting substrate. 15. The

met hod of assenbling a mcroel ectronic device package

of claim 14, the method further including: reflow ng

t bguas @ slRft PO eeyEsEDWhersialtiecdobitr breotisoeitlndesgmblkingr e
coupling the die, gurigg c&gg%in the die, after

c umeratiretequalde @fll’ W O‘Eé &9on thereof. 16. The

met hod g1/ SRAk kO InBufidy LBktaed.r oni ¢ devi ce package

of claim14, the nmethod further including: connecting

an integrated heat spreader to the die. 17. A nethod

of operating,a _m.croel ect ' ' COMNE | Si g .
passl ndoa caPFERRERT sEb AR £ R tE e R Ao of claim
i Nt ehe artrdtfualidrigdedingherein the current is in a

range sol der hunp and the m croel ectroni ¢ devjce )

i ncl udfeilgvaRe BesBldgeRTe Bt %ffegf?gsf@an Iy iae bihee q9ypling the
WRRS Ginihd RRpERE B8GIDURE dolgliedRs dR, fdd StonBihaAlondRstest.
grain size in a range from about 50 nanometer to about

1 mcron, a wire interconnect in contact wth the

sol der ;punp . =] aj : A .
sol der ! E‘u np Tl&%giewyragof ?ﬁs%@?gno%o% g%%r@%l?%t?oécewg&ﬁiﬁ Qkagg f claim
C 04t the mettiod fuahed igclintimgl pad, and wherein the current
density is between 103 anp/c and. 106 anp/cn2. 19.

The metABECHIE 2 Bisgraied he{%ﬁs&)ir%l%ﬁr 1P1ike U5 der - bunp and

wire interconnect article is in contact with a die

bond pad, and wherein the current density is between

10 anpAém aAdnatbodaporemmting areiciRsleeBpmic dages, ggmprising:
curren r B '
procesg%%ﬁlg't ghﬁﬁgﬁggggggronlég edyggﬁggg k of del8,

c eiinprein thg ceyartésinconpgd widegbump and fheehiexteteotrdgic deece

di sposed upon,a.nounii ng substrate: ol der, bu hat
¢ BBIOEE T b PURPSIROR HPOR Py Ops bech s therglter butnp
S uREideah Girst a1 904 d @Fail bibPinl Aveh i &i@ about 50 nanometer to about 1

micron, a wire interconnect in contact with the solder bump.

18.  The method of claim 17, wherein the solder-bump and wire
interconnect article is in contact with a die bond pad, and wherein the current

density is between 10 amp/cm® and 10° amp/cm?.

19.  The method of claim 17, wherein the solder-bump and wire
interconnect article is in contact with a die bond pad, and wherein the current
density is between 10 amp/cm? and 10° amp/cm?, and wherein passing a current
through the solder bump includes operating a processor as the microelectronic

device.
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a first nmetal having a grain size in a range from
about 50 nanoneter (nm to |less than or equal to about

wQ@oomoessenet er (), and wherein the sol der coP@DER100€025548

5

10

15

includes a nelting tenperature equal to or bel ow about
400 C, and dynam c random access data storage coupl ed
to the die. 2 1. The conputing system of claim 20,
wherein the systemis disposed in one of a conputer, a
wi rel egs. Comm)mpﬁnah@ﬁystm bangkidied:d devi ce, an

aut onobi | e, alocormtlv an aircraft avvat%rcraft

and a spaceé?“é?rpe legtponicrdia dispasrdiPAp 2 HAUHAS BPSERE; m
20, wher ei na*s&eemu?ﬁpotﬁh&%mm& rflicRelestrsfb afd 18 4hd oMithg
dat a storage devi ce, digital signal processor, a

mcro edhstrats) ﬂhesoldenbuamollnphjémgon specific integrated

circuit, ang fidst %e%al %Qvn‘%& g%?a?n size in a range from about 50 nanometer

(nm) to less than or equal to about 20 micrometer (um), and wherein the
solder composition includes a melting temperature equal to or below about
400 C; and

dynamic random access data storage coupled to the die.

21.  The computing system of claim 20, wherein the system is disposed in
one of a computer, a wireless communicator, a hand-held device, an automobile, a

locomotive, an aircraft, a watercraft, and a spacecraft.
22.  The computing system of claim 20, wherein the microelectronic die

is selected from a data storage device, a digital signal processor, a micro controller,

an application specific integrated circuit, and a microprocessor.
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