M CROFEATURE ASSEMBLI ES | NCLUDI NG | NTERCONNECT
STRUCTURES AND METHODS FOR FORM NG SUCH | NTERCONNECT
STRUCTURES TECHNI CAL FI ELD [ 0001] The present
invention is directed generally toward m crofeature
assenblies including interconnect structures and

met hods for form ng such interconnect structures.
More particularly, several aspects of the present
invention are related to interconnect structures for
use in flip chip assenblies. BACKGROUND [ 0002]

Sem conduct or devi ces and ot her types of

m cr oel ' i i j I oni c

i e o MIERATATURASSEMERTES JenG NTERCRRGET

printed cBiBRUGTURES AND METHODSHE®R FORMINGSUCKHpPe of

i nterposing stru ' ttached to

i nterposing str j&%ggggxﬁﬁﬁtgﬁﬁf‘@i‘ﬁ%ﬁap Attach

(DCA), flip-chip bonding, or wire-bonding to

electrically connect the integrated circuitry in the
TE?‘{/ éf— ewring of the interposing structures. In

"WQ or flip-chip methods, for exanple, very

smal | bunps or balls of a conductive material (e.qg.,

[000d] der JThar greskan aa\vénedn G idRettbe gensiaty tGwall mickHfGaturENBssemblies

S, e the nnect orrespondi ng contacts or
incB i R Gorniefl st iR o Paeds for Tp OO0 suR qUpteonnact Sluctures.
Mosé (hartiutsly; Sé\t&rﬁ[oﬁlﬂiectél 6WHel preséritahidifion ReMbl&Y & iMerconnect
nveg{gl onal O including a mcroelectronic

Smé‘fq'éreﬁ rd{SFé%ﬂ'é’d’%{poa%ﬁ%!bﬁ?serpo& ng structure 30. The
die 20 includes a plurality of stud. bunps 22 (onIy

BAGKSRBUNRown) incontact with a plurality of -
correspondi ng pads 32 (-only one i's shown). on.the

[{)O'OEI:er P& nﬁﬁétHrC&s%Uifes%%g -otl:lr%?%{lsetss%q nﬁ&ggl gt?on‘f riewcpﬁ can include

|udé a base tem portron 2
a rmjargelestwmm dﬁi attza@he@ td @ celapti¢ chip akrmeortrgartic phinted aircuit board, lead

framB! Bt BHler @ @?&go&@tﬁ%&r&aﬁ’ﬁéﬂ) R gl l?? ﬁ’g %}fg @therposmg

stem port oSy 1o Jisse Sty
stryctures Nphetﬂbrech@h:p nﬂ’t@ch dboag tﬂlpewhlp bondifige or wirtdmhdiat dol electrically

corﬁ"?é eelnt gFﬁeékﬁéﬂltpyofnt tjhgrhlgs Bg \A‘ilﬂrg ﬁfaf%fa ér%sl%roggg sr%rucg:res In

dhesive
typ@@h@@é\tor\f@-dmp mogthedm dercdxavpleadbessmal) burhps at balisnaftd ¥ehductive

ma£e?19§?egg8%3@135%80(9#%%%%28%8 ﬁ?igléontacts of g/dz e5 1%9 bumps are then

connected to correspondmg contacts or pads on an mterposmg structure.

[0003] Figure 1 is a side cross-sectional view illustrating a portion of a conventional
assembly 10 including a mlcroeiectronlc die 20 attached to an rnterposmg structure 30.
The die 20 mc!udes a plurallty of stud bumps 22 (only one is shown) in contact with a
plurality of corresponding pads 32 (only one is shown) on the interposing structure 30.
The stud bump 22 can include a base p__ortio_n-23 'and a stem portion 24. The base portion
23 is in electrical contact with a terminal or cbntact (not shown) on the die 20 and the stem
portion 24 is positioned to cdntact the pad 32 to complete the interconnection. In the
ilustrated example, the stem portion 24 énd the pad 32 are bonded together using an
adhesive material 40 (e.g., a conductive or non-conductive adhesive). In alternative
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enbodi nents, the stud bunp 22 and pad 32 could be
bonded using other suitable nethods (e.g., ultrasonic
assenbly w thout adhesive.) [0004] One concern with
form ng the interconnection between the die 20 and the
I nterposing structure 30 in Figure 1 is. that the
surfaces of the die and/or interposing structure are
not uniformy flat (i.e., the surfaces include a
nunber of irregularities). Height variations between

the contacts agn t-he di ng. the i
emtqum@itﬁrgte\ggtugalppm;e ;5% (ﬁé)@% ﬂz @eﬁe j:'oglﬁeg B—%t']%ﬂ‘“&f suatable
metft@dé??Sg MtrhdidRskrBRdvitheut sdhesiyb) generate die

fracture and/or (c) cause an open connection in the

[oo?ﬁckgq@@b d@mg;e Wlthabrmmﬁ thaustercanneatibr dieivesl trehdiet 20 rend the

) e devi ce e. approa t dressin his pro

intero8ing HEICisp 30 nat O g (el s e’ 3% ¥ 8 R Erposing

struth{é Qrem&uhiftﬁ‘n@ M{(flf]ﬁ ahé %uﬁéde%ﬁﬁdll]cﬁw t(ﬁjlﬂﬁlgezrfoﬁraegulantles) Height

I nterconnection w corre S Ihe s

varigiine] Bewean dhe (qeBtaci, 6n R0 A ¢ Taipapsing #45HG 30 can

(a) é'auseoén %U@r\ RistiifioR eMNforéedl M the Packaged deevivef | B} geeferate die
surface for nore surface contact with the

frac[uweesandlqrt(wdt@gﬁe @B ORPR GORNRSUYM I 166 PRAIASE] S1PVIR g cause an
W%h&@ u?'ﬂté B&vigh.€ O apRoacheoPadefébsingethi frobiem is “conmng or

ormsurface for interconnection with t

h
flattgping e styst BupBS iAo thaueeufl i grovide @,g@aﬁwﬁxtun%m surface for
mteﬁ:to nﬂ&&tféh‘ﬁg‘}"b&r%sﬁgh&ﬁ@ p§8§@2buﬂ'ﬁésst8% scttiorl P4 |dﬂ<ﬂ% @tud bump 22

exanpl e, one pr.obfe ﬁ
lllUSlrﬁteériﬂdﬁMét" o example hq5| hegstgoieddfo; mo‘ﬁﬁj"g@r@ i r°'§d ‘slitace for

mortetg@pfaw@orﬁgaeﬁﬂh\{ﬁeﬁyagﬁl al 40 can requi re an extrenely

'ong 1n- process cure tine to allow the adhesive to
[ooééﬂf i CABRLEY B HECdhdt Maceé of theabtli@ Huﬂ'lpyl Zlhﬁh anél die 20 can

e various forces that wll be exerted on
helmgsevidg ya 10018 URIDEM| Flﬂ'f?g"epgﬁk'ﬁﬁ?é@“"%ttﬂ”c@”th("@egpads 32 on the

inteFB%%W@rHtﬁz%tur@@@ lh{é%dﬁﬂbctfs‘%ﬁt@lﬁés withsoihdtNgug lbUﬁan; i2Pecamdnclude a
- signrficantl éedecrease hroughput of the

nund@ﬁ@feﬁ"awm ] PeoEKamPlisy sihte Rioblem Witk ”é% le"‘:%”“eCt structure

lllus‘ﬁﬁfeﬁslﬁ Grdsy @ttﬁ?é‘PthEYadhEﬁv@rn‘M a‘ﬁ)ttoadaﬁﬂ@qﬁif‘eﬁan extremely long in-
I nter c bet ween the stud bunmp 22 and the

proessasuraiinaie Ay te athasive ta afficently cyre syce ti‘% e a%*ﬂthé""thSta“d
the %ﬁ&.’lsemrée% tﬁéta\%mrﬂéa‘éﬁ‘#teg Wil 8 afs%l'nBQ 10 6Nres§|'t1ﬁ§§§ckaged device

testin e assenb y tocl ave and
(e.g, heenimmgt cﬂndnt@prmatdprceﬁ)arrmhé Iomgslcp%t'mﬁt%ﬂ"t dgnifigagtly decrease

'thrﬁgﬁremﬁ@ﬂﬁgéwﬂﬁg heating the assenbly=10 to

t enperat ures -and/ or exposing the
[0DG6] Another problem is that shear stresses (as shown by the arrow S) along the

interface between the stud bump 22 and the pad 32 can cause delamination and/or failure
of the joint. This probt'em is exacerBated ct_uring reliability_sttess testing of the assembly
10 (e.g., Autoclave and thermal cycling). 'For_example,'reliability testing processes can
include heating the assembly 10 to extremely high temperatures and/or exposing the
assembly 10 to extrernely humid conditions. These conditions cause the various
components of the die 20 andlor :nterposmg structure 30 to expand and/or contract, which
can in turn cause delammatton along the mterfece betweén the stud bump 22 and the pad-
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assenbly 10 to extrenely humi d conditions. These
condi ti ons cause the various conponents of the die 20
and/ or interposing structure 30 to expand and/ or
contract, which. can in turn cause del am nation

al ong. t he interface between the stud bunp 22 and the
pad [ 9 0829-8837- SG00001SL052090. 27?P 2 8725/ 05 32.
Such del am nation can result in open connections and
electrical shorts in the assenbly 10 or resulting
packaged device.. Accordingl there is a

32.i Py delarination; e eyl st’em&em%&%s&ge%eﬁmaﬂ% in the

ass'éhfb!\ﬁﬁ@%? %@itﬁ?sﬁ@@ége@ﬁdeﬁ@ Efcdarficdl, AihbNs GFndddFto improve the
0007 ure is a que Cr-0SS- sectl onal

mtewcmneetrstwcwéﬁ s "&Pa%t‘aﬁir@r"B‘F qiyre agsBhiR

i ncluding an interconnect structure in accor dance W th

BREFEDESORIPTION ORTHE DRAWANGS [ 0008] Figure 2 is a side
cross-sectional viewillustrating a portion of a

.crof eat ure. as y Qf
1007 er RN oo PO b oRiohP Pyl B oRhllios B misotesgpre pssembly
inclading anthateicorndct sfrudtre in aventdarme. wihQO@HspEctg thesprhaBE

are side cross-sectional views illustrating various -
[00880esFigurea2 |srmtshmdcroés-a§€mt|nmatg/:qmtlllesttaimg@p@'tlgtag‘éa“e'nlcrofeature

T e A

embodiméR efitiee Bivdstiotr oss- secti onal vi ews of interconnect
structures configured in accordance w th additional
j00e9podi Figotes 3X-3E hseeistdeea:mss)se(itib@@1\&§w5:illgstraimg4»@ridﬁs atages in a

bl Lo o BB SRR BRASHEE worioo i

accerdamde nithtas snﬁbddi‘reentmﬁﬂtetihmmtiorﬁ.0012] Fi gures 5A-5E are
side cross-sectional views illustrating various stages
[ooimt] a Figtleedtfobnd @Bﬁmganimd.shaettimgtalevigwg@rfrﬁa'ltterconnect structures

°°W?rﬁ8éﬁ§?:‘%?é‘?a”éz%‘gtﬁi‘oﬁ9§ﬁ‘?}{ fer?lﬁoé’k én’g%ﬁ ﬁhgﬁ"‘féﬁﬁ dance
5 I f :
[OOE{I]glrjgfe elggr&%?g éiﬁ g?e %tﬁﬁ ZS!%WSOEP paM g'ygfvﬁt Oé%ﬁ];ém?(*eatures

corfiggret drs abobrddnce nvithcti fudthec emtnodlhneats tIE theoidverdion. of t h e

i nvention. DETAILED -DESCRI PTI ON
[0012] Figures 5A-5E are s;de cross-sectlonai views |Ilustrat|ng various stages in a

method of forming pads havmg engagement features on a microfeature workpiece in

accordance with another embodiment of the invention.

[0013] Figure 5F is a side crosseseetionél view of a pa;ckaged microfeature device
including the pads formed in Figures 5A-5E in accordance with an embodiment of the

invention.

DETAILED DESCRIPTION

A. OvemewlSummarv

[0014] The present mventlon is dtrected toward microfeature assemblies including

interconnect structures and methods for formmg such intérconnect stfuctures One
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A. Overview Summary [0014] The present invention is
directed toward m crofeature assenblies including

i nt erconnect structures and nmethods for form ng such
i nterconnect structures.' One [I

0829-8837- SOO0O0Q SL(52090. 2711 -3 5125105 particul ar
enbodi nent of such a mcrofeature assenbly includes a
m croelectronic die having integrated circuitry, a
plurality of term nals eI ectrically coupled to the

a tr ond -
perfifropibfimedt R it ¥ e AR HAFREs Al digectonic de
havfng thege?tgdgﬁﬁ&m éqﬂurantemf ;&:hmais stthricalhalcsypled ¢ dake integrated

m crqf eatur i ece, havin ratg an
or St STt BUR S5 B D R 2 Mg bumos
inclogd filsk @Rgdigensent taidures.g arge resdmible ateoriedu@sgmgﬁ:dof&atdne workpiece
cor.r espondi,n

AR O A O T M —

secBhd a@ﬁ@@;ﬁrnér@aifeﬁtm‘és afgagude it khag fiedt e emgagentémt features on
r est ati ve novenent between the die and the

Corigsp “%Q:%O“dl'l’ﬁté"eft?ws and ‘'second engagenent: features
of different, configurat.

nunber S
[00Z8 o1 b TR SRS PefongEisARERT" feATaR S8 dR BT glements that
resﬁ&ptdlatﬁﬁeom&}f@ﬁelﬂr [dtweén ans drnand filee mﬂepﬁécanaﬂ'ixe S"mlloairdj second
engagenent features can inc r ecess ural it
enc3OEBEalsoS EPb NGNS a IR HOLEro GRURTRT- oF of eample, the
flrstt éﬁ nt ABEHIASS BT GRGRR gfﬂtﬂubidh@gb_roplbjeeﬁoﬁsr ané hﬂé non planar
Anot her aspect of theé inventio ect ed

SeCH"‘E)é‘@Eﬁ@%’BG'Pﬁ {epbremban sl teseseona QUAIYeOcRresses, Slongated

trerlcRES, UiSuRlity of HeREIRE! RTIbiCreBbsiel Méiudihg JltieOFdHchds.
circuitry and a plurality of bond-pads electrically

[00¢8UP! eAlndtRert dxpettdfeigs ml/Eftioniis aikbdiéd/to d peckagud efcrafeature device.
includes a plurality of uncoined stud % S E ity of
Thq)ge,\ﬁcep%ynclpﬁg aswj;ao%emﬁggm & haying jriieqra gﬁcu%&ﬁn GhRiura ity ©
borﬂtvbd%t SBHASIN upledr @) Bt |hf@refté@mr¢:diﬁy bage pevitd ams. includes a
The stem portions of the %%31 ‘%qurpi chﬁe first
plurahity H dBeABEt istHy Paps PRShe PRR-gRLS. c&h Giiph.pan include base

porhd’lﬁs' SHIE siafh pbrib@d PR}RInG WoRT hat asBPdriithsa THéJﬁtéh'l bortios of the
The pads can i nclude :non-p Ianﬁe econd

ds.
stug RUBIRSORIPARG i sty interseanestingdeairas: t Ahe HASVESpERTer include an
mtef‘[bd's%l; R ﬁé\ﬂl@@h'dﬂﬂ&tlﬁt?@? Héd%s THegadsHéan tﬁ@lu&@ﬂoﬁ-lp%har second

i'nclude an adhesive material between the die an dft
mtep‘qqngpggg, fe@turgq maieq, vath corresponding first. interconnecting features. The

device can also include an adhesive material between the die and the interposing

structure.

[0017] Still another aspect of the invention is directed to a method for forming a
microfeature assembly. The method'includes‘formmg a plurality of pade having non-
planar first engagement features on and/or in a microfeature workpiece. The method also
includes attaching a plurallty of conductive bumps on_ a mlcroelectronlc dle o
corresponding pads on the workplece The die includes lntegrated circuitry, a plurality of
terminals electrically coupled to the integrated circuitry, and the conductive bumps on the
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[0017] Still another aspect of the invention is
directed to a nethod for forming a mcrofeature
assenbly. The nethod includes formng a plurality of
pads havi ng non- planar first engagenent features on
and/or in a mcrofeature workpiece. The nethod al so

i ncludes attaching a plurality of conductive bunps on.
a mcroelectronic die to correspondi ng pads on the
mnrkpiece The di e i ncl udes integrated circuitry, a

termnalseectrl cou to,the ,
terfinblse TP Ene DR iSpie Sroond AnedasfREP lRies tiat fpte with the
firs{ erld202MeBBRAtubEDEDhe$205.2090. 271 1 4 8/ 25/ 05

term nals. The conductive bunps include second

[00@8p ag et terfre dhidrofsatl Monﬁpibed\/\ist Usetiteroubhsuttto include substrates

upe IRHE PR i) Firelattied el broobianlE. f8b Marmegglements

or l[aydrs viad erSconmefweNmeehmambpmc featundy, mﬁkl:mb@imtf@amee and/or
or, co onents ta storage e
i oIS S e TS B fere br YT ARE DTy g aphic Techniques. The
terrh €ahibrofsaturdl assMf1aRi 6edd tiRatighoRs o andllios a varlety of articles of
cal features are or calp be fce%brlcate

m cr.obi gl
maﬁ%f?ﬁ'ﬁf%"&f?@'ﬂq Hogr SHRICENIEEHN BN igeactiv cpmponents, individual
integfdtd Ofileatt Wies, 2psckaley "diess &wEGubigserdles tcohprising! Wl or more

a variety of articles of manufactur cl udi ng, ,
micgelectroBieTeIRaERS F CHRPLIH AGng S IS BiksRRncdany specifc
detalrsdotvwﬁaﬂ% embBHIR@NE 60the! ihdaHtibn Giré Set f@:ﬂﬁhﬁgﬁéi féllo®fhg description

and subassenbl i es, conpri si nL%l'dtV\o 0

andin Fig PR S OF AP & BlosRuislh e SiARSget Hese srgpodiments. A person

skllﬁeﬁaiﬁ ktﬁe 2, hoRRKR A8 uMBdt¥taR@aBat the inekption |n$ayOBe @%dn@e@ without
nmbodi nents of the invention are set forth in

SeVFEﬁ[ chiresg detailsrorddiional srlailscan; %P%Edzt%thet'@’eﬁp%l Hell- known
str@tdré@ré}%gﬁuh’&ﬁ)ﬁéshﬁféﬂ'rﬂﬂ é?éent h@s6in e BPOGHSBRIYS - iri Adetail to avoid

person skilled in the art owever, W |l -understand
unr\eﬁa%saﬂlyeotﬁﬁwem therfiasarptioa 95 ﬁ%&?mée@!mﬁﬂtsrfa‘dbe inygOigTa| Where the

con@éxt tJeRnRs, dﬁﬁg’l}!élf/\%rff)lu?éﬂ%ﬁﬁsoﬁély 4188 ?MdltﬁjeC@]B PBrah@d ashdufar term,

he |nvent|on known §tructures and functions
resm!éelMotM@feevﬁrs HegRs dte weslciorbiepresalt imitedi tg ragan gnly a single

itent BREGEHFESREH e SRS B rbRPe R3S biliBt (beWo of n{o?@:tems then the use
enbodi nents of the invention. Were t - cont

of "perinrsud) a §5irigin be ingerpisted a3 inckiding (ﬁbanyaal@dﬁ ltemaurmér@ lisheb) all of

theﬁ’tle s3h t |I§tl Blggil) @ﬁy ES&]%atldrﬁéipl@lStlfeﬁ'%l il thdVItE QRfitionally, the term
ess evvor I's expressly [imted to nmean only

"comp§$ln@'| i@ seq Epustioutisl mean Msldingeat daastineireelingl feature(s) such that
any’ @fe%fe‘?nﬁﬁnSé} & tHeSharRé ¥R LndBF dbikisHR tyb&e%f tf@ﬁui*é%‘eare not

In such a st is.to be interpretéd as
P"eﬁlh@%dl ng (a) any si ngle itemin the Ilst (b) all of

B. Embodlments of Microfeature Assemblies Including Interconnect Structures Havmq
Interlocking E!ements o - -

[0019] Figure 2 is a side cross-sectlonal view illustrating a portion of a microfeature
assembly 200 including a microelectronic die 210 coupled to.a microfeature workpiece
220 in a flip-chip (FCIP) configuration with a plurality of interconnect structures 230. The
interconnect structures 230 include interlocking elements 232 that substantially reduce or
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the itenms in the list, or (c) any conbination of the
itens in the list. Additionally, the term

"“conprising"” is used throughout to mean including at

| east the recited feature(s) such that any greater
nunber of the sane feature and/or additional types of
features are not precluded. B. Enbodi nents of

M crof eature Assenblies Including |Interconnect
Structures Having Interlocking El ements [0019] Figure

nfiBlelye BovaRRCranas hrote 240 he SBH e 207 Gompared to the
cormeﬁt’ @Rl ettidr Bwrhe |rd®r@oxﬁié&t$@mhbéﬂ tbove witie rexpeett torthe Figure 1, the

i ece 220 -a-fl nf, ti
ntqlpaTies SiuptEs 290 ofe Pl ot dERAIbEh S faiure of the
intdrodRieePstNRAIres PBOIQbLihEBagSthel toRl tisHadt @t‘e%r ofab& reghanical/electrical

el epent s, 232 t hat stantial | . .
configgge ES@’P—‘*BGE%%@%&S é'@? vo fce%% redl iyith; gonventional
intdr@dritfelcise aﬁ@;%ﬁ@dﬂeeh@ﬁa%@@ﬁeém fhe by li@cr%ﬁﬁng fife time required for in-

wor kpi ece 2 Conpared to the conventional stud bunp
Processerds§ Ve CHENGescr i bed above with respect to the
ure_1, the interconnect structures

10020 Pect 508 WSRO 220 1A DR SAACBRCRIRRY G il cesigetrate 222

haviftea dimmamlg Pa@sizz@tdrmea WhemdZ3 G tHeddubstraleea®e THEsubstrate 222
total con area of the nechani c?l /el ectrical

can: e, ﬁ&et“iefﬁ#V 6'@1“\/\!@%‘?”%%’ itexile matgiia! (aseianerings Relew yiify respect to

Figfes@IBRY. EThehiRidaaNyRRIZ2an the isibetft0 D2 64 be @Rftrically coupled
reduce total processi 2(% ti e by decreasjn

to ety & suBstrdts, CopAGSedet Syl @NcRRACRIE %Psdgdfw FHpstrate. 222.

Thé‘@ﬁhﬁl’aﬂ@ RoRERts (hot BBom) atetarRingdd SRAATRNMor %@ﬁace mountlng the
include a substrate 22 having a plural ity of -

assembly SPRe @ Poartiobmqdyla RE 28018k ASYiee- 2255 SH¢k RS Spstrate 222

d;sﬁmht%fsrs@gr@#@m v%ﬂf‘srhﬁl @Wbﬁmevd.é i290 4o RS 18Fdelar@y ofisubstrate
lexi bl'e material” (as described bel ow wi.th respect to

COT#?Q}%J Atthenrpasiie sidhef the sepsiiaiRied2. pads 224 on the

substrate 222 can be electrically, c 0 an

1003113 b 206 ® 20n4art NS IR IeaTh Frainars  dshews Sobpmatcaly).

pIuFﬁcllt)I Beteriild ai2 (sr?&@r in BidRers Mhéé)ré?écﬂrlééﬂ?toagbléd toNAé integrated
shown) are arra@g in an array, for surface.nou

cirquitey 2bsaitbPyPlotslity: of eondysive %wm%&u|s&1dobu'a%t%4&rprOJe%tmg from
corﬂ%\ébﬁ&n fémﬁr%@ 213 hﬁ'hé% b@hes 224 aréj"tﬁfcbineé!’t §t§d bumpﬁ that can

na S romvery smal | contacts on the die
inciige dese POFiRs B SAngsytemt Roticnsr 18cRrojesting fﬁ@mdb@ é’§§? gortions 215.

As HitBsd ﬁr@eéﬂépﬁﬁfaﬁttﬁl&zahe stem portions 216 of the stud bumps 214 are
configured to engage correspondmg engagement features.in the pads 224 to form the
interlocking elements 232 of the interconnect structures 230 that eiectrlcaily and phySIcally
couple the die 210 to the workpiece 220.

[0022] In several embodiments, the stud bumps 214 can be formed with a wire
bonding tool (not shown) and a_modified wire bonding process. For example, the wire
bonding tool can press a gold or gold alloy wire onto the terminals 212 under
predetermined conditions of force and temperature to form the base portions 215 (e.g.,
gold balls) on the terminals 212. Thereafter, the wire bonding tool is pulled away from the
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[0021] The die 210 can include integrated circuitry
211 (shown schematically), a plurality of termnals
212 (shown in broken lines) electrically coupled to
the integrated circuitry 211, and a plurality of
conductive bunps or stud bunps 214 projecting from
corresponding termnals 212. The stud bunps 214 are
"uncoi ned" stud bunps that can include base portions
215 and stemportions 216 projecting fromthe base
partions 215. As discussed in greater detail below, -
dlq k40 ansnthgorire intiimmeyl 6ff dlose: t@tu%e indivigeal has partions: 215, thereby

for%?r‘iti 'tl'gaufn@@m‘ugl &B G ﬁﬁpﬂ'f‘gﬂhgpeﬂig@% F)tl‘fe?’%éfﬁgdss can be

orm Interlo
used o @rmtth% StUﬁtb@mmémd&r thecstud bempsa14 ham be formed from different
rically and physically couple the die 210 to the
mé\ﬁ%ﬁ%i ece 220. [0022] In several enbodinments, the stud

{odzaﬁms Zla ﬁa'ﬂ% P5y Fﬁrt %u%tﬁﬁ Q"c,ra‘ﬁ mBBEQ r@(g-:-ﬁ"sgg bor (/88Ehes 226

shown) and nodi vv| re
(i. %W'énart F@twﬁﬂe thabodﬂilnﬁgemmlen"@ah fgate@ ar dguedoaking elements

pog%rgada{ol &gal rcﬁ' &lﬁérﬁns@hﬁaﬁe%n DSy %é&{@@ﬂ% id bumps, 24 and inhibit

pre eterm con I ons  of orce
relawemmhwe@tsbetpreem itean slie2 250 (amdgthe w«yﬁptdcé)éilzt)s) Inothet dmbodiment

R 8002 IS e 2 B0 o 24

are Grojetiebs OBcelved 2 Gomaspandmgwiacesses P26 rimetde ofddscidke In other

err%ﬁd“é‘ﬁ c# @gé YIb?d’l B%Ioﬁ%ﬁfﬁ r?gﬁéc't PJ; 88'%? ’4A-¢P§ éﬁ bgngagement geatures |n

'ons
the@ﬂﬁéﬁﬁf@mﬂ@r thet $ted bmphﬁ%cmaha\teejlﬁeremobohbgdraﬂdnst he
st ud bunps 214 and/or the stud bunps 214 can be forned
[00R¢bm dirf seveealtembedimantsaltise a§s@oRB] 20thearpiadber2iBduds ah Rdhesive or

oo SRE ) 4SRN, TS ol SH5AER 2t o st
ther gigt 21tetp dre sulvstraler ER2 rapdetoepretect thep gdertommeet stractures 230 from
R L N G .
an apigotrdpic mpil\@(ﬁIHZQ @on-conduréveepdxdeliametiter suitdbtstatdrias.

in Figure 2, for exanple, the stemportions 216 of the
[002%0di vi @Ualfe@ULedOfotbﬁpstemnnecarsérugucqsezm shsv iectigwred? isnthat the

Steﬁ]n%f)rgllﬁﬁg g 'Gng éag‘:ee%&g&}g%ﬁg vvb %%sesrega%%(: A%%e Iﬁ%&%i%@r to restrict
moviegnerit, bateere atydgmmaps 21£andites pads 2Rhdhatads diddr dudvig)reliability
strésgefes?tﬂdd SQIHQPFeﬂ%\JV r&"f‘&s beakglnfu fa?nde ot‘ﬁe rl]e];'rln uéy%}mg ‘events. The
interconnect structures 230, more specifically, provide a mechanical interlock that
prevents shear forces along the joints between the stud bumps 214 and the pads 224
from causing relative movement between the die 210 and the workpiece 220. Without the
interlocking elements 232 of the interconnect structures 230, such movement can cause

delamination between the stud bumps 214 and the pads 224,

[0026] The interlocking elements 232 of the interconnect structures 230 also increase
the total contact surface area between the stud bumps 214 and the pads 224. This
feature can further increase the adhesion between the stud bumps 214 and the
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[0024] In several enbodi nments, the assenbly 200 can

further include an adhesive or wunderfill material 235

di sposed between the die 210 and the substrate 222 to

hel p attach the die 210 to the substrate 222 and to

protect the interconnect structures 230 from

contamination (e.g., noisture, particulates;, etc.).

The adhesive material 235 can include an ani sot ropic

conductive film a non- conductive paste, or other

sui tahl e terjals. 0025 t
cofSapRRdn ABtT 22k iscielt B naisa iy st arHHE Saptachatueen e contacts
on tHeadie 2t @ ang thid workpiegd 82@Nngage correspondi ng recesses

226 in the pads 224 to restrict novenent between stud
[o0aepps Ail4heraniduimerdiiusttded hatFigae 2,cfummation iofigthe interconnect

stricSireS 210 ol int DS SRR 223 BIpIet o FlodTEs A SE 888GHbed beiow
ilustrdte wamu&e@ﬁbahdumﬁtblwfeﬁetﬁ&ilk foﬁﬂjrmlr@nﬁzﬁsfha@/wgl ehgﬁgement features
ro necnani ca nt er r ents ear
(o foracesses) dhgciniA e s erd cavopiientd Dhte iR ian, Alhguoh the
foubdvmg raj@dalpfhaﬂ mutafr@t@s fSHHgghly BhaRbades it VRV BSBPprebiatadaRBt a plurality
die 210 and the workpi ece 220. Wthout the

of qaﬁils(g,r ¢ BQ'PﬁtrHﬁteQI Sé'ﬂgfﬂ"@‘ﬂto’bﬁ WORPI$SS er connect

structures 230, such novenent can cause <del an nation

C. betmethads bl ird PatsidaiiEmpdembnt Patwe224. [ 0026]

The interlocking el ements 232 of the interconnect
[0028} uct bigeses2B0 38| ibstratecvazinge stagke in atrabthod mf fartming the pads 224

FigHB RIS, BRRIIEL R J 2 e RS 214,000 NERAAS 5a. more

re-can I nCr ease
spdodicalbyelis & lsiestrosk-bentipsal 2ev aﬁmet\mrkplece 220 at an initial stage before

the B 23t %”39?23@3 VSRR Eh | 4L PRl Broggesing steps, a fis
conelbetoteriamlﬁﬁmaﬁsaiﬂpommd\mmegagbsme 2@P s Theffirst hendlictive layer 310

carf TAERrGh & SRERRUREE Feralnd b SRR BB Bhacyes then
pattﬁrmacf:amﬂ e’szgiac’sﬁlrsgg(h finst Eﬁchmg Ipmir@selt@fmmt @ms; atst r5a The openings
PR ot b sERed S PonER MR OT b st ot Rlebergro. For
purposgags s tspeifidationsa "iliad dole” wdea?tg\iaé?]c:le g;rr] ap%n{rﬁ ?lfjagﬁextends only

I hodi ts. of th
parﬁmﬂﬁhq%ggﬁé%q}gn_ ?é’élt?pcﬁ'g‘%'?"bﬁ% dq §§E Pt &Y for mng only
it W { it f.
100588, P e8rorisiaatd s B EBPHH ¥ SisB PliPa Mt Rpp I g onto
the Medrkpielse 220 Bnd pvéevothPdiskst doasuctige Eryga g eire mtie lseadnd esnductive layer
320 is generally a metal layer, such as a Cu layer, that is deposited onto the first

conductive layer 310 in an electroless plating operation. In other embodiments, however,
the second conductive layer 320 can be composed of other suitable materials and/or be

deposited onto the workpiece 22(_) using a different process.

[0030] After depositing the second conductive layer 320, a mask 330 is applied over
the second conductive layer 320 and patterned as shown in Figure 3C. The mask 330
can be a layer of resist -or another suitable photo-active material :that is patterned
according to the desired: arrangement -of pads 224 (Figure '2)' on the substrate 222,
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(0028] Figures 3A-3E illustrate various stages in a
nmet hod of formng the pads 224 (Figure 2) in
accordance with an enbodi nent of the invention. Figure
3A, nore specifically, is a side cross-sectional view
of the workpiece 220 at aninitial stage before the
pads 224 (Figure 2) have been formed. |In previous
processing steps, a first conductive layer 310 was
deposited onto the substrate 222. The first conductive

et B to, £ Py B 15 P4 sBREEL oBHIAP TolfE: AL Befoz0 are

etched Hedoms ipads 2281 ars thee‘stﬂh;trla@ pencase dpeningsnd BpRIAMBE Dreviously

315 | t.hat
acibidagy SRFE% T4 §LrapaEaHReRect AL Be uiedin aapages. The second
etcBih@ prE@Gfss Mcﬂ@p%rﬁévebhhﬁeﬁél&ﬁnf theafirsiosnd §ecohl:llcﬁﬂductlve layers

1§ 808 g0 Y Rt ehle deea i S0oalibrd et evodBal gt as an

etcbmopahdthe[%@a&i efdaihghfdcegs.next to Figure 3B, a second
conductive.layer 320 is deposited onto "the workpiece

{0032D anRefaréng hdxe td Figate 3® rdihird icorductye fay8d 840 Ehposited onto the

t I 320, i ener al . nmetal
woldGfpBF 220t e R srPi) eontipiiaIarr 200 4o Biad HdyclfRulayer 340
carf inchide acmmay@t thee id d&;ﬁisnt@d@nt&th@%e@b@@béﬁ&ﬁ@e Riyaf | BQ@ using an
elegtgcﬁr at i o In ot her enbodi e owever, the second

bR plyets Soamaian UaRe RRIGE B Touth e sty yer 342 i
theAlepbiifddSoveR tHedthir ond@Rios idyed 30t Thk HeurMPEdHRILEGR 13 342 can

erent. process 0030] After depositin
'”C'é‘a%o%lﬂ‘é‘ol?d%tthﬂfe'sF%ﬁPQP't%dz@Ltoa“}?agwdSS@’q%P\é?p;!ﬁyieégﬁ‘m using an
cle@tviléss ;blbﬁr_gﬁﬁfb@@% SOASHIGSr A(Rabla¥esthe®0 |@Btﬂmep@hﬂaﬁﬂméﬂn@&he third
e 3C.. The mask 330 can be a la

andBONE corucif e 40 THLIE EHORGUIEDhoapie@ Andior be deposted

onto tfAkoikpieB8 LG UBIAY ottRf FiEHHABY to the desired.
arrangenent of pads 224 (Figure 2) on the substrat e

[0032]2 1@3899&8%705@5%@%H%2Q9911r%7% pakis @Z@@é&ﬁ:bed above with

to gure 3 first and second

restefidnctIBEs) Syak Js 108 Kioasi5 GndE Shepe i e PRPOMS pikes can be

configdred ﬂntdhﬁoﬁiéhéé ivith € agéiredTétﬁrfIQlﬁ’@ﬂcbrﬂ %13 tr?elénééyeﬁ%%t features 226
define the engagenent

thabags [dpinnd l?ﬁg*?%?[%egﬁg%éd@ 224 aﬁwaﬂ@a%oqfdthl%tfwmg s that the

engRhOMeRS fe@lires 1026etan hENRERMIFERL Rl ®e ﬁvl’tmm 4 R8ridtl 'Flinterconnect
and second conductive layers 310 and 320, but hot the

SHUGHiyiRs. 1 &06 SHOBPIeTIRE SN 1tat GPOMINTT A0 4Bih it FrgHing @ngagement
feaftifes 2IB) cBh BB aHEPS &frre%B&cﬁ@@ﬂ@h&Il%é&aﬂw&f&r%ﬁe of stud bumps

that may interconnect with the pads 224.

D. Additional Embodiments of Interconnect Structures Having Interlocking Elements

[0033] Figures 4A-4E llustrate several different embodiments of interconnect
structures having interlocking elements to reduce and/or inhibit relative movement
between the die 210 and the workpiecé 220. In each of Figlres 4A-4E,-many of the
features may be the same as those discussed above in connection with the assembly 200.

Accordingly, like reference numbers are used to refer to like components in Figure 2 and
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[0031] Referring next to Figure 3E, a third conductive
| ayer 340 is deposited onto the workpiece 220 and
over the second conductive |ayer 320. The third
conductive |ayer 340 can include a N layer that is
deposited onto the second conductive [ayer 320 using
an electroless plating process or another suitable
nmet hod. A fourth conductive |layer 342 is then
deposited over the third conductive |ayer 340. The

urth ive | ayer 2 can .inc nAuIa
n FRlfes 45 o he el Boet R et IRt bl el At Bfbesiad to have
mang ontheasameeddahtagbe a6 tY intekddginBet GEasEreRr23a Rk Bftfed previously.
suitable nethod. I n other enbodinents, the third and
[00Bayr t hFlngFéiuaA; isve él@é’dwc&s%té@tacﬁﬁﬂ vt%éu‘ztoﬁaﬁ thféf(édﬁﬂ@ctoéthﬁiure 410
rials a or he deposite 0 e wor kpi ece
corgpie 1 erast I ltan BBadnecHe the RERBroheBorenRed structure
414 ean fnuuaserw smheaumﬁﬁ:sWﬁfbjétﬁﬁ@ floReBe &I ¥ €0 Whd fang ég&pa%themse

at the size and/or shape

maiﬁsie ur es T%éw fﬁs su 6*.@?9?@.248 forn @@daveaaﬂerag memnMﬂ The

intéi&ﬁirfe@ﬂstﬁﬁﬁﬁrbgﬂoailﬂf@é‘ filehn theaneRoABEHRRUCURALIY 88sc#BBd above in
re defined by the openings 315. An advantage of

thaf Wﬁé’ ¢HBupeudes qy gasﬁ@enbfﬁatageeﬁmawr@aa diftgepnb oenfighfation than
theb 8ngafeinttinit ZReturey ﬂ%ethﬁé"ﬁéﬁ p28 '(?fgﬁré’i) ' W‘Pl&recgﬁémally, the

structures. For exanple Si ze openings 315

engaggmnenh deatitey A20 @ﬁga@fbﬁéﬁt lnclﬂé%ﬁ @r ‘é@t Pogionc 422 thaving a first
diméAsibRMD Qn@%r 5&%99%&]& 220a51ihGY 88comH Zd?m@ﬁtgéﬁ’r éShﬁPee second,

of stud bunps hat' may_ i nterconnect wth the pads
dimgpgion ), m@mqrﬁfaﬁmathe firsb gtmansiondiof | nt er connect

Structures Having Interlocking Elenents [0033]
[008pkyur 51 RNATTSMeNY deqtufect 2edidg Pagi 4 8cgasnbe Efigd i hyeaues-etching

the Gfrstl dnRILSIR@NAGr 319t WHE] Rffr%ghﬁ\é'd!ﬁnlnpg %”15°§§'dﬁgcnbed above with
el ements to reduce andfor inhib ative noverent

respRat jR EIpUrhdAdi 1B opecspaet afiis wetbeginesrd. thegtud burspg A14may need
mofa WHIIRE thly &faventiGHaY s@b dupts BRalisl ﬁr%né’l:%lé?%ﬁ ﬁlhf%aﬁl?éTEZO has a

as those di scussed above in connectio

gregigs ¥AlYMe. 29 FOMPAES N e enapgaresnt dpailemsc 26 (rigee)ar the stud
bunl}b%edﬂ Cbarneﬁt%ordn'ﬁ_’gfil u'fc@ud%omﬁ%nét cheR" P dnBNshivhiltade of the

- 25105 in I gures 4A-4E. e | nterconnect
'nfBWUE@fu$twle@s‘b1rq @ewabm%@n%&eﬂ@r@é@atw #20 580 eproyigenadditional

strefl tct)wt 3&h8 36%uIRdv;amt Egl@v%eﬁsthé [Qﬁd'iﬁ @WQI‘?(F Ehesﬁd'cyﬂéjé@ %ompared

descri bed "previ ous ure 'S

W'trtﬁhééBwﬁ@@ﬂﬁ@rﬁéﬂucmf%@ﬁ%\(%ﬁwel2r)ttfé ftc'mn mmtslatemi tmm@mem between
the die 210 and the workpiece 220.

[0036] Figure 4B is a side cross- sectional view of an interconnect structure 430
conflgured in accordance with still another embodlment of the invention. The mterconnect
structure 430 can include a stud bump 432 projecting from the die 210 and engaged or
otherwise mated with a pad 434 on the substrate 222 to form an mter[ockmg element 431.

The interconnect structure 430 differs from the interconnect structures described
previously in that the pad 434 includes a plurality of engagem‘ént features 436, rather than
just a single engagement feature. In the illustrated embodiment, for example, the
engagement features 436 are relatively smaﬂ openings extending to an intermediate depth
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configured in accordance wi th an enbodi nent of the

i nvention. The interconnect structure 410 can include
a stud bunp 414 projecting fromthe die 210 and
engaged or otherwise mated with a pad 418 on the
substrate 222 to forman interl ocking elenent 411. The
i nterconnect structure 410 differs fromthe

i nterconnect structure 230 descri bed above in that
the pad 418 incl udes -an engagenent feature 420 having

h th t
in e £ 0 ST oo PaRILS. 51 qgacaTIeat BARIRBAAS can have a diferont
sizePgsd/bt @abifférent fh?ran?é‘rﬁéﬂeﬁﬁr’thef L yse 4l%osé\feré!h&n9t§61ments the
418 includes a first portion 422 having a-first =

engagRmRt JRattiiesafi 521 bROREMSRD by i asiusting. they gpieeniration: 6hthe plating

bafis"BsEd & deBosit! i %ﬁ‘@ioﬁﬁd fo@{mﬁﬂﬁ&ﬂvé)?afeﬁs k36 Ui Bwrlmto the
the first dinension DI1. Jﬂﬁﬂe engadgenent feature

wopkniRcsr220re-godbe Q‘l@eeﬁﬁt'%’é)ff“%ﬁ dofu @labmg bathsh ng  t he
first conductive |layer 310 when forning the openings
00878 adigueet AChtE 2iBolR Rlpp hiewse gh aradst baving pngagementnfeatures

coRfitfaratd ﬁ\eﬁéoord%fncb Riih ﬁﬂlblﬂ ﬂhéfeé}ﬁbodlmén@df C{h@ Wétloﬁ" 14he following

nee nore vol une than conventi onal

-emeﬁlal?élés tefeeampeiRerie Heast When Hreoadhesiva m@tfe@dt@s (Figure 2) is a
noN—@bh’d[ﬁ;tr@é ‘é@t@Paﬁl&ﬁicMW&d&tl\Fé“Eaﬁé‘gégﬁﬁﬁhef f?rgnltﬂé‘é 6S a AGPconductive

qg ure 2) he st ud urrps 414 can accor

Mk G%W@ngt?&aﬂ@@a witingse Imeécoaaednstag?@refandwnpede the
elebBtST GPRB&Bh bRtwelr tHE %tuﬂi]tglg?p% 2128 thQ%Ieef‘ﬂﬁ%ﬁ{‘ngﬁ)ﬁds 224 on the

feature 420 can provid tional strengt

substral t44%g (%umowaewe%gurﬁr?é stifd abewiptes s aprablene  fied fonow:ng
enﬂé&n%%tsclﬁm}@é Egds Wiy tegﬁaderﬁtﬁlb%‘amﬁﬁé n&i- E&Huléfl %a’%?e such that

%ure 2) to further: bit Tateral novenent
'tV\ﬂal dneeome trapprfl within ey ikfsrenaect 3oUCtuBB36] Figure 4B is
si de cross-sectional view of an interconnect
[00§§]r uct bigeres46, fas examgles ésdaitep aleooriew of @ plimalitysafigads 450 on the

sutRfiid s emhe gb&? 1) 9‘]‘0' Jdgeedgaééﬂ%ﬁtq‘gatu%fzﬂnﬁﬁr tE‘)ﬂEH §§ Engage or

structure 430 can I nc proj ec
othepish e Wit cowespandingrijudy bdmps ongr ﬂl@r(wbisﬁ”tqmt) edhai Qﬂgagement

feaﬁ;r@@dsf%"th%rbrﬁﬁtﬁmﬁé’rh%é 2l %%8 tlreﬂcﬁé%rtmalaélﬁ%;@‘ & Jg%gljrﬁlg Nds 450.

el enent I nt ercon ect structure o
As f§Usth tHY NAREPedINivR tpaste ootushewrle it beapmesr dadgedsithin the

e
en aggfr%f}fe getaalg%QQSIZ t@vﬁg? atﬁ éﬁi‘ﬁ&ﬁ'ﬁglé’ 2'1'2 %{rfey Lﬁgtrﬁggﬂg c{gﬁrge forced
outf ghifig eand| Rottieas | of| thet tr&n@wSerﬁih&n H’@nt bettqnmm@xteanﬂed_ within the

en ggmeﬁp@gﬂﬁg@a‘{g& features 436 are relatively srra[ I

eni ngs extending to an i-nternedi ate dept h-
[0039] Figure 4D is a top .plan view of a plurality of pads 460 havmg engagement

features 462 configured in accordance with another embodiment of the invention. The
pads 460 can be generally similar to the pads 450 described above with respect to Figure
4C, except that the engagement'features 462 on the pa‘dé 460 include two or more
trenches extending across the pads 460. In sevéral embodiments, the additional trenches
can make it easier to align the die (not shown) with the substrate 222 because the pads
460 include multiple areas (i.e., the multiple trenches) whére the stud bumps (not shown)
on the die can engage the pads 460.
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[ 10829- 8837- SGOOOA SL052090. 2711 . -10- 8/25105 in the
pad 434. In other enbodi nents, the engagenent features
436 can have a different size and/or a different
arrangement on. the pad 434. In, several enbodinents,
the engagenent features 436 can be forned by

adj usting the concentration O the,plating baths used
to deposit the third and fourth conductive | ayers 340
and 342 onto the workpiece 220 (e g., the

0RRC L EiGHL 3 8 W A of 4, BhE 03 RRK 0 Hhgagomen

featuwgad@@eonfiueed inraesordancy wmustelchnomea@mdm ofthklhvention. The

further odi. ment t nvent i on
paf 10 rh e BEheB REUREE tPo Pous B eschban Shive i resnest o Figure
2. t Rer arddimﬂevmerrah@geﬁbn?%atlﬁ:’éb gI2eo thd pads 470 mclude a recess or
nan- con Non- conduyct i ve paste,

as
PR SERSTPRL ST IR EBhe eeoan AUARTIELOF (i8IeBRRGAM A, &patires 226 of the
pake2pdre The @9@@ d7a ﬁdwwei Rigifelr Mof{ RS to2atin Wit w@pédic,dzt?o further

tu
nch B, St £50.16° Hseetromna §560 47016 eneiser sage o the
padsMVES. I B odtitls 4 A6 caNaWardimylyhIW é*nfﬁon %dﬁbt'iv%‘ﬁa%feetr%?ed within
this roblem the_follow n ments incl ude

they RoSerelor 28Hlss op GieBHiES oxibfhe GSRUMPRIGRRITSS 472 Ebitest the non-
corsdietive padte dbés Wbt impRaé oF’Sfﬁ%ﬁﬂsé hg«;}jﬁéﬁgl Vﬂﬂbbﬂ tﬂetena%tncal connection

i nt erconnect structures. uré 4C
betweaiie.die (R0t shpyp) ?J’Ideihe\ﬂ"éwaéﬁ Rplurality of pads -450
on the substrate 222. The pads 450 include engagenent

E. f ecAdditimal Emipaiinbntenet! Mdhedgagre Fofmingt PaaV IS&/inPtEhgagement
Wi tHeatges asdMidbfegtusé DEvibeyREIUAMNGAINtBIcBnf R BEROIY)Formed Using
TheSwwhdgagenent features 452 1n this enpodi nent are
el ongated trenches that extend across the pads 450.

[00A4] sucﬁ:,guzasySME lﬂmmmm:vanmlspﬂaga (nnatmsthomnic)r fohatng pads on a

t hi a at.ur
i RN A RRRLS (e Sttetaife PTG, STRAHERs ST iy avention
Figtier B¢ dnore u;pec:flcallh,as @midep@rbbs-eémoﬁéf \idve of & eRepRscer 520N an initial
staé(ggefo? 8-\;?;“ nc% ; rvzrjlee g%gé ‘t FWO Wn%%ag%gs ﬂtcig{jgg ta su%strate 522
havnga #itst ts;decﬁ24pa1iisa sé@rﬂldhﬁde 826 epyEite TRé first fsiaatszaesrr(é%bstrate
2 QL e A8 2SR TR B W e ks £ g oo
that thet bgbspratts 5350s ce thiry, | fexibleabovgiodet fo.d. 25 Df%i(tblé (ﬂlnﬁl I @revious
pro %&@%ﬁﬁgﬁt ﬁtcth%t npﬁgﬁg?ay%ﬁ:ggg twafsec%tpgélt%% oAh?o the setcond side 526 of

the substrate 522. The first conductive layer 530 can include a layer of Cu or another

suitable conductive material.

[0042] Referring next to Figure 5B, a first opening 535 is formed through the
substrate 522 to expose a portion of the first conductive layer 530. More particularly, the
first opening 535 is a blind hole that extends from the first side 524 of the substrate 522
compiletely through the substrate 522 to the first conductive layer 530. The first opening
935 can be formed using an etching process that selectively removes material from the
substrate 522 without generally removing material from dr otherwise hegatively affecting
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trenches extendi ng across the pads 460. In severa
enbodi nents, the additional trenches can nmake it
easier to align the die (not shown) with the substrate
222 because the pads 460 include nultiple areas
(i.e., the nultiple trenches) where the stud bunps
(not shown) on the die can engage the pads 460. [1
0829- 8837- SGOOOA SLOB2090. 2711 -1 1- . 8125/ 05 [0040]
Figure 4E is a top plan view of a plurality of pads

thd i3 DAV RIRASIEE T ol BhibbSiaan el B7niee95 can be formed
usingvadneri soitabl@ neethquisds 470 can be generally similar to

t he pads 224 descri bed above with respect to Figure
[0®43]For Refemipp eext toeFigurgaii® reeniask 638 Ug applibdventid st side 524 of

B 1 DR 55 e 0 PSR et coning 35

Thieemtisk 638 226 hef a tdyer op askist 27 anotHee spitdife HROto-RAVE iRfterial that is
ads 470 further

peftopf s ulodr d%%laede@{f%pamap g ERhe Bsbeiesn | he

0GB B i 055, ' 5 B e coposto o

thepastipidce H20ad the fiflst and Eb@rﬂ&%ﬁﬁlg& ®35eHAHID arfd in contact with the
nt features 472 such t

PTG NP

depegitatii wetoy thaf Mﬁﬂtpmtdeesgm a@irrg @gl ;al@@t:‘d]@;gdz i n beloveaN In other
strate

erRAArS B 0 RS o RS re 1 cer i srfapla ueterials andlor

be ldaposigdusirggehemethddat ures and M crof eature Devi ces
I ncl udi ng I nterconnect Structures Fornmed Using Such

[00R&Hs [ GO danguctie Iayersss Isl Heh rdebesiear é\.@#&hétségﬁﬁj icBnductlve

k
o B L s B b oo e
sedomdecdridantive BEyeu660 Ejélngnﬁﬁ %I&ﬂﬁﬁbé lpﬂé!ingyprot&saors hAGther suitable
Vi ew of iece 520 at an initial

i ona
meied oA B EheNsS s Sheh aperaten verHe Lot Rpndistive laver
sszzcrhe m@mmﬁe@mdacmablapéraﬁsa &A2nclb@y hﬁQ\ualaf/érrtﬁét i§ Idéﬁo&t%ﬂ onto the
? é?g 526 0 p05|tethef|rst si de 524.
3§50yl )5 854 i4inG pa SRE BRI WP R e Apbther sitable method.
In digec emdumahwtmg@zmﬁ Rﬁﬁmt éhd?idﬁbtgllér!ﬁ?erg %Q%@Alsgfgéﬂ include
exl bl e wor
othterh mtatetrlgg zﬂ%&[ (%%PW ontq Werwolélgql Od.fsmgéggqarﬁgethods
0 s deposited onto
[Ooaﬁﬁp S e@%ﬁ&l@%&e&? %leldﬁrtpl o, trlma%%gk g§8 is Temoved from the workpiece 520
to form a plurality of pads 528 (only one is shown) on the workpiece 520. The pads 528
include engagement features 529 configured to mate or otherwise engage with
corresponding engagement features on a conductive bump of a microelectronic die, as

described beiow.

[0047] Figure 5F is -a side cross-sectional view of a microfeature device 560
configured in accordance with an embodiment of the invention. The device 560 includes
the workpiece 520 having pads 528 formed'using the methods described above with
respect to Figures 5A-5E. The device 560 also includes a microéiéctronic die 570 having

{10829-8837-SG0000/SLO52090.271] -13- 8/25/05



the substrate 522. The first conductive |ayer 530 can
include a |l ayer of Cu or another suitable conductive
material. [0042] Referring next to Figure 5B, a first
opening 535 is fornmed through the substrate 522 to
expose a portion of the first conductive [ayer 530.
More particularly, the first opening 535 is a blind
hol e that extends fromthe first side 524 of the
substrate 522 conpletely through the substrate 522 to

a %Iﬂ;r%li%iecff?ggpﬁlgcgfw% éﬁan A 5&9(1 B}J@@giéﬁqsaﬁgﬁ QNeIt[Pl (n g sn?er?ocked c;r

usin &i hg
otheplise mated yiith)ecrcmmepouthn@path;l 57& @mmrvmrkmelfmsmmtodoﬁﬂ thterconnect

s B8 s R Rk A 0 B0k -3 e 558 mar o
the samne m\%msmﬁmeﬂnmmnnmdmaﬁum deawedfa’bave.l n ot her '

enbodi ments, the first opening 535 can be forned
[0048] ng dhbedeviusi 580 eamﬂ]rt‘rredsmcl[l@@éla'ﬁ] alledsive iMem X475 @lsposed

o 3o 3 TR 0 B B b n o o
comm&jlagmm grHeS&dheeive ntdteridi l5t‘75t:an) be rgleﬁeraﬁ{&&mllaﬂ'ib&he adhesive

| ayer ui.t ab
el 825 epObeitatiye HR mlbodt 35 Fie 2, o dbiifhon skpture 560
cam:ndmsiermdlembtran@mmlz @fplurﬂald}‘soﬂérebthealsdd»bﬁtbfsz&@t é%;’- solder balls)
044] . Ref re secon
for (ORHIEIT L Igohons e S B ah el board 148 angihesdsvise, and a
pfuﬁﬁt} ofrirdcbe 586 fartelenibatip counsling peNbIREIFicA TougiBes @ﬁo%ﬂ'espondmg
ontact wiwth the first conductive |ayer 530. The

pa nd conducti ve | ayer 550 can i nclude Cu that Jls
t
fﬂogx‘?lﬁ?f’kénse‘%%é%éf'%ﬁ% BHIREbES B Badnipare 528 aeogd chmpisiol through
thesohshrate 522 tb meeﬁrsﬁ:ﬂia.dganfeumr Bde aotHeawetcﬁth babltsﬁs of the substrate
i_al d/ t ng ot her e
524 O POARS 67 LR dRELTS & 1) o SaBMcBne bR Bpacean bot
(a) eleetncallyeocmpfecthd comﬁgtm}hlth@ diel ﬁg% cbR8spohbimglefickital couplers 584,
d ude
oo YUY BUE i 53R e g o
Coraentibrest tmictofestue! aévits gémagﬁ inRludan@hd&r c&h’ért fthhkRes extendmg

throf8h Gor st MERS S SEOLEA UL EF BRIy 2Gpuplo PSS or Fagtacts at one

S|dé oﬁme lBubstredel ¢ CMﬁastaMﬁﬁg bApsd at ACOPHISItABIdEST IHaYRibstrate. The
s_deposi rd conductive | ayer 2

intefreeS LR B P inoBe Sl b phoES, imisate fipded for additional
viassestérainethratighale substrate 522.

[0050] From the foregoing, it will be appreciated that specific embodiments of the
invention have been described herein for purposeé of illustration, but thét various
modifications may be made without deviating from fhe invention For example the
interconnect structures can include addltlonal confi guratlons and/or features in addftion to
those described above. ASpects of the invention described in the context of partlcular
embodiments may be combined or eliminated in other embodiments. For example, any of
the various configurations of interconnect structures descrrbeqherem can be used with the
thin film substrate described above with respect to Fig’dres S5A-56F.  Further, while
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I n other enbodi ments, the third and fourth conductive
| ayers 562 and 554 can include other materials,
and/ or be deposited onto the workpi ece 520 usi ng ot her
nmet hods. [0046] Referring next to Figure 5E, the mask
538 is renoved fromthe workpiece 520 to forma
plurality of pads 528 (only one is shown) on the

wor kpi ece 520. The pads 528 include engagenent
features 529 configured to mate or ot herw se engage

M I A N T —

thejm:extkméd'rdselemhod[rﬂémg lotfér @it dferits m’ayf‘aﬂs@%xhrbrt such advantages,

a8 Bl BT s AP e bt A SBrb BthaiAesdp Miehin the scope
of |tlnalmntbr1m ﬂmeordmglycehéﬁﬂehtﬁtﬁi lsdest linkitee BRkPLS & @l@oappended
ahaV|ng pads 528 fornmed using the nethods describéd
clalf3ve wi t h respect to Figures 5A-5E. The device 560
al so includes a mcroelectronic die 570 having [ 7
0829- 8837- SG0000/ 5L052090. 271 ] -13- 8125105 a
plurality of conductive bunps 572 (e.g., stud bunps)
engaged with (i.e., interlocked or otherw se nated
wi th) correspondi ng pads 528 on the workpi ece 520 to
forminterconnect structures 565 (only one is shown).
The interconnect structures 565 can include many of
t he sane advantages of the interconnect structures
descri bed above. [0048] The device 560 can further
i ncl ude an adhesive material 575 di sposed between the
die 570 and the workpi ece 520 and a redistribution
structure 580 on the first conductive | ayer 530. The
adhesive materical 575 can be generally simlar to the
adhesive material 235 described above with respect to.
Figure 2. The redistribution structure 580 ~can
include a dielectric |ayer 582, a plurality of
el ectrical couplers 584 (e.g., solder balls) for
electrically coupling the device 560 to an externa
board or another device, and a plurality of traces
586 for electrically coupling the electrical couplers
584 to corresponding pads 528. '[0049] One feature of
the device 560 is that the pads 528 extend conpletely
through the substrate 522 to the first conductive
| ayer 530 at the.second side 526 of the substrate
522. An advantage of this feature .is that the
I nterconnect structures 565 can both

[10829-8837-SG0000/SLO52090.271] -15- 8/25/05



(a) electrically couple the contacts on the die 570 to
correspondi ng electrical couplers 584, and (b) reduce
or inhibit relative novenent. between the die 570 and
t he wor kpi ece 520. Conventional m crofeature devices
generally include vias or other features extending
through a substrate or interposing structure to
el ectrically couple pads or contacts at one side of
the substrate to correspondi ng ball-pads at an
opposite side of the substggA@@%Th i nt er connect
structures 565 in the devi however, elimnate
the need for additional vias extending through t he
ubstrate 522. [0050] Fromthe foregoing, it will be
N@% PiBEi at ed that specific enbodinents of the
i nventi on have been descri bed herein for purposes of
illustration, butt that various nodifications may be
ictirade wilt houk m@ofeaturﬁgssm'tmiy tcheprisingnt i on. For
exanpl g, W&&@ect?ﬂkeaﬁomeﬁﬁhg Egép?étgé et‘:T’r{:ﬁ ﬁ’gshnﬁh}éﬁj@ of terminals

addi ti ona con urati ons
addi tion t oeleftfmﬁﬂ!é coleled tdolbd intborated om;pwx andofondbetive bumps on

i nvention cﬁ\ﬁ&hdl tdr ézo%fx'&o t{cﬂ\ger h&rﬁbﬁ including  first

enbodi rrents ma e conbi ned
enbodi ment sengagemem:mtuaes amy of the various

conf i gYrabiA0g,Ahy rﬂsl?c%e ﬁﬁlﬂﬁﬂbhsﬁ#ﬁ%ﬁr%ﬁéﬁf g?ﬁgyb & pads on the

herei n can be use
descri bed atbsoteates the padgpbating moﬁ+pj;arrae$e5@ncﬁléngagement features

Furt her, 0 3 OOOOO/ SLO 209

8125105 adv nlr?? %g%sﬁglgs%% at e\xlﬂg?%erg%q g‘?ﬁﬂurgﬁbé’& foresponding
of the i nvewhdastiveaumpbeen descrl bed in the context

of - those enbodi nents, other enbodi nents may al so

exhi bit such advantages, and not all enbodi nents need

[c2lnecessari | yTrexdmslanmlysufcdﬂaladVIaMiaelaahé @oﬁ@hdtwé\/lbblﬂp@ ihélede stud
ventlon i s

bunc'iﬁ R?\nrﬁé) Egéc?hg@@%sgl?\tcggp%gﬁgﬁ gogwgﬁélgg terg}uaq $£n the die and stem
porﬁldr%mfeﬁw froeAe Babe PBRIOAS. shdlwHereihThe 8oab pORiokE- AEMR the first

el] 1. A mcrofeature assenbly,
e“dég%nel’lsf%ﬁ@eé m croel ectronic die including integrated
circuitry, a plurality of termnals electrically
couplegd to_the integrated |rCU|tr and conducti ve
b % Tﬁ-n blg o?clalm wherein; Y,

[¢3] bunps e assem

the first engagement features include protrusions; and
the non- planar second engagement features mclude recesses that mate WIth
correspondmg protrusions. | '

[c4] 4, The assembly of claim 1 wherein:
the first engagement features include protrusions; and
the non-planar second engagement features include a plurality of recesses
that mate with corresponding protrusions.
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the individual termnals, the conductive bunps
including first engagenent features; and a

m crof eat ure wor kpi ece including a substrate and a
plurality of pads on the substrate, the pads having
non- pl anar second engagenent features engaged wth
the first engagenent features on correspondi ng
conductive bunps. [c2] 2. The assenbly of claim1
wherei n the conductive bunps include stud bunps

avi ng gbase j I t w th correspondi ng
[cs?er m ngf S oﬁ@ageéeg@%%é&@ﬁe‘?ﬁér%ﬁti ons projecting
f r om t ithe frgkengagemiolfeaturasdnalina protrusions; shém porti ons
defi ne o Sit 1€ 3. The .
assenb Iﬂiléq@%’ Mgf"gli nr%nfﬂgmﬁagr%glﬁ 6rﬁd %@bgﬂl‘n?g& feé@géasgig%%? recesses in the
f eat ur es i neddsdbatgnate witbicorrespandihgtiretrusimspiharsacond engagement

second eng r [ hel ude esses that nate

with corr ggg{g'ﬁ i ﬁ%‘?’g&r %tﬂ‘fﬁsdlogtﬁog [%rﬂ? 2‘?’”1‘?@38%&5%? fad and a
of claim| sdeenépartion bear intermediatradrptie mthihalad pad and wherein the
i ncl ude pr | POS, . a e nan-pl r second .

engagenent rgét:(lfdﬁfr?@sh?sngﬂ[f%lgméenﬁloﬂraaﬂ%ir}ﬁ? sgffor]dne%cgg%gas a second
t hat mat e wiinknsion geeateotitintbe firsd timesisions .

[ 10829- 8837- 530000 SLOB2090. 271] -16- 8125/05 [c5] 5.

The assenbly of claim1l wherein: the first engagenent
[c6lf eat ur 8s i nideudksemblytof ¢kimrsvhergind t he i ndi vi dual

1 he e R A e Aok RSBRISTE D o r uSi one.

t he sethentbreplgrayesvedihd ehgRicnieds fdiavres thohudel &I6Hgadd treRthes that
at an exterior surface of the pad and a second

portion at "% ei“ﬂtﬁépﬁﬁﬁﬁwg'gdjé W3St hi n the pad, and
wherein the first portion has a first di mension and

t he second _portion has a second_  di nmension greater
7 han tfre fi asgemb&f glgim 1 wherein:

the first engagement features include protrusions; and
the individual non-planar second engagement features include a plurality of
elongated trenches that mate with corresponding protrusions.

[c8] 8. The assembly of claim 1 wherein:
the first engagemént fea{ures include protrusions; and
the individual non-planar second engagement features include (a) a recess
that mates with a corresponding protrusion, and (b) an outlet trench
extending from the recess to an outer edge bf the pad.

[c9] 9. The assembly of claim 1 wherein the conductive bumps include
uncoined stud bumps.

[c10] 10.  The assembly of claim 1 wherein the conductive bumps include Au
conductive bumps and the pads include Au pads.

110829-8837-8G0000/SL052090.271] - -17- ' | 8/26/05



[c6] 6. The assenbly of claim1 wherein: the first
engagenent features include protrusions; and the
non- pl anar second engagenent features include

el ongated trenches that mate with correspondi ng
protrusions. [c7] 7. The assenbly of claiml wherein:
the first engagenent features include protrusions; and
t he individual non-planar second engagenent features
include a plurality of elongated trenches that mate

[ th cqyr esﬁ?@@s@&nﬂ?ﬁ%ﬁ Pllﬁin? NS f ki ccﬁhPJ%ﬁ?eqa% f’g@)és}(/e material

of claim1l whereln: rst’engagenen
betweendbediprapdits workpiecand t he i ndi vi dual non- pl anar

second engagenent features include (a) a recess that

mates with a corresponding protrusion, and (b) an
[e1ut | et 12r entife assemisiy ioh glafim drm wihereineth e srihbsiva materizt lincludes an

. the.. . [c9] 9. The assenbly of claim!]l
an@g@fpégéoqﬁgt:\%gfﬂ@&tai &?@"%ﬂ%@'vpr’?@ﬁ?de uncoi ned st ud
bunps. [c10] 10. The assenbly of claim 1l wherein the
conduct ive hunps incl yude. Al conducti ve bunps and the
E1ads | M udLOPSpRHY of PR JuHean T BiGH e b 8 JR0dIexba im.
-17- 8125105 [cl1l] 11. The assenbly of claim1,
further conprisi n'g an adhesive material between the

14 e and*t he MTRISARER assebly, cOMPrising assenbly of cl ai m

11 whegemirddisctradicesieVncliBng' ihlyrdtd® | te@ky a8 plurality of terminals
ani sotropic conductive filmor a, non-conductive

paste. [cl3ackicehis caupietin the dtegpied Aircuiiineinsi Gondretive bumps on

substrate ithe aiddidual f kridtl fhd MeoldibtNel 4binps including  first
m crof eature assenbly, conprising: a mcroelectronic

di e i ncl udiHgreckinaplemadscatdcuitry, a plurality of

ter m nalngicrofda@fk MdRdidoe POUBhES dubshBe At s Sfuf’f‘ﬂﬁ)dof pads on the
circuitry, and conductive bunps on_ the | ndividual .
terni nal s, SURErAe{H6 e BaviIhERFONH intertndkiporealeraents mated with the

first interlocking elements on corresponding conductive bumps to
restrict relative movement between the die and the workpiece.

[e15] 15.  The assembly of claim 14 wherein the conductive bumps include stud
bumps having base portions in contact with corresponding terminals on the die and stem
portions projecting from the base portions, and wherein the stem portions define the first

interlocking elements.

[c16] 16.  The assembly of claim 14 wherein:
the first interlocking elements include protrusions; and
the second interlocking elements include recesses that mate with

corresponding protrusions.

[c17] 17.  The assembly of claim 14 wherein:
the first interlocking elements include protrusions; and
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i nterl ocking elenents; and a m crof eature workpi ece
i ncluding a substrate and a plurality of pads on the
substrate, the pads having second interlocking
elements mated with the first interlocking elenments
on correspondi ng conductive bunps to restrict

rel ati ve novenent between the die and the workpiece.
[c15] 15. The assenbly of claim 14 wherein the
conductive bunps include stud bunps having base

ortio ' : i.th r.r espondi ermnals on \
Phe i Suterobf dieoPelclriotis BRRAR A IS el retsBaat mate wit
portions, ascmreshemdingprotrasisiem portions define the
first interlocking elements. [cl6] -16. The assenbly
of claim 14 wherein: the first interlocking el enents
[c18incl ude8pr oTHeausdsently efrghithea vargsind | nterl ocki ng

el ement,s include recesses that mate with

corr esmﬂ‘#ﬁﬁtﬁﬂteg?%‘t"?qg?@ﬁgt.s n pPretiusionseantsenbl y of

cl a: mdﬂh% inbisidaiinsecbhe iriterdekingIEMERS idi@ieSeB8838E Sn the pads that
i ncl ude pr '

otrusions; and [ - )
0829- 8837- MWBW&&& projgsiopy, JRe gecandeengagemant features

i nterl ocki ngavirlgearsindt portisml &tdgh axtahist flrfdc¥ Afthé %ﬁﬁ%ﬁﬁsa second
that mate with correspondjng protrusions. [cl181 18.
The assenblRPTN 2 @ iAternsghiale depth witfin the gad, and wherein the first

i nt erl ocki n@britdre AR S fish dinkshRidA Shd s QB&SndaB%di&'i‘%as a second

i ndi vi dual second interlocking elenments include
recesses i "i“ﬁ'és'%ﬂ@a¥%§'ia”tﬁﬁg@twmeﬁ's@arrespondi ng
protrusions, the second engagenent features having a
first portion at an exterior surface of the pad and a

1% e cond 1 9-portessamblyof clpire Adwdiictains depth within the
pad, aimd firdienteiidtkindldmérs incRREDrQRsRAS; &hd 1 T St

di mensj on and the second portion has a second
di mensihgriegpediinipriadting ¢lerments riagluds plongated rahetres thed mate with

The assenblosrépdHdfigPrétusiiir ei n:

[c20] 20.  The assembly of claim 14 wherein;
the first interiocking elements include protrusions; and
the individual second interlocking elements include a piurality of elongated
trenches that mate with corresponding protrusions.

[c21] 21.  The assembily of claim 14 wherein:
the first interlocking elements include protrusions; and
the individual s'ec_:ond interlocking elements include (a) a recess that mates
with a correspdnding protrusion, and (b} an outlet trench ext'énd'iri'g from
the recess to an outer edge of the pad.

[c22] 22.  The assembly of claim 14 wherein the conductive bumps include
uncoined stud bumps.
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the first interlocking elenents include protrusions;
and the second interlocking elenents include el ongated
trenches that mate with correspondi ng protrusions.
[c20] 20. The assenbly of claim 14 wherein: the first

i nterlocking elenents include protrusions; and the

i ndi vi dual second interl ocking elenents include a
plurality of elongated trenches that mate with
correspondi ng protrusions. [c21l] 21. The assenbly of

c2§l ai m b4 Wh?ﬁ@ia'%ée%ﬁ‘@acﬁnfidé@hlei@; Irl\p%? kb ggcgﬁngahesive material

i ncl ude protrusions; I dua , _
betwaearthe gl angl e evasitiecs; whbreitethe @dhesive matssiat inaludesbae anisotropic

coM\@iJéﬁv%‘filﬁ?é#&ﬁ&rﬁg&i—}d&gﬁ@%wSi on, and (b) an outl et

trench extending from e'recess to an outer edge of
the pad. [c22] 22. The assenbly of claim 14 wherein

20 6007 SUETPTF RLkOTNo T 1 P58 S LEIE i B3RS nebe fim.
The assenbly of claim 14, further conprising an

dhesi magerial  between the di.e and the workpiece,
lczﬁlher ej égt he ga%te.a%e ARTERaY: COMREPINges an ani sot ropi ¢

conduci mizrdéldatronic diernduding thisdrare sirsits, al prRAIRAof BSnd-pads
assenbl y of ECI alaa? 14 éYng\rel n the sugstra,te is a thin,
flexible fifRringalycpyried to;the Bitearaied Sirguitnagnd, stud bumps on the
conpri si ng:individuglr ldgRide OtheCstdd dubipe! indliday aNbHQ 38rBdh and a
circuitry, a lurality. of bond-pads electricall .

coupl ed to S(ﬂg F?W@g?'é@@ﬂ”%ﬁ?’% PRy the fage Poripny wingtein the stem
the indi vipghtadn definds RES engdfensdnt tbdlirePsnd ncl uding a

base port.ion -?nd. a , stemportlon rorj‘ecti ng avva¥ from .
the bald"FEIRASR Wolkpipes Relupins & ebstrats: andom Plealithekpads on the
first engagreeiitef dal pads ha\ﬂﬁ? Fofiptdrk GREME NBAdEMMSH Seatures

i ncluding a substrate and aw%Hu'ral_ity of pads on the
subst rat e, A"GBIYHAIItHSATRSPHHID | Watkhrengegepent features to form

engagenent ifteRbHR&S structures that restrict relative movement between the die
and the workpiece.

[c26] 26.  The assembly of claim 25 wherein:
the first engagement features include protrusions; and
the non-planar second engagement features inciude recesses that mate with

corresponding protrusions.

[c27] 27.  The assembly of claim. 25 wherein:
the first engagement features include protrusions:;:'and'
the non-planar second engagement features include a plﬁrality of recesses
that mate with corresponding protrusions. '

[c28] 28.  The assembly of claim 25 wherein;
the first engagement features include protrusions; and
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engaged with corresponding first engagenent features
to form interconnect structures that restrict

rel ati ve novenent between the die and the workpiece.
[c26] 26. The assenbly of claim 25 wherein: the first
engagenent features include protrusions; and the

non- pl anar second engagenent features include recesses
that mate with correspondi ng protrusions. [c271 27.
The assenbly of claim 25 wherein: the first

mon. bl arand R TRl SEEne b RAadPIeR st iRistlie recesses inthe
plurality opadsthesmete withatresporelivg prbtmﬂm&ﬂmeibﬁ@ engagement

bhor ei n: 1 nigefieE hadlo aiLATIGLA o SuePhE RIS of the pad ana 2
pr ot rusi onssecand p@ﬁmamaﬁﬁiﬂéﬁm;ﬁhmﬁﬂﬁe P4d, 4nd wherein the
-20- 812510 e... ndividu non secon )

engagenent fégg?ﬁ'%% Hf%él 'ﬂ%é"m%'?:sé(grb {hﬁ %eﬁanéjs%rérg" f1ps @ second
mate with cdimeasipngciaer tharothedisdtairsensidre second

engagenment features having a first portion at an

exterior surface of the pad and a second portion at

290 | Nt QOMETIRS S oruidiias rfeinad, and wherei n the
first ftl on has a fjirst di nension and the second

portio 8t eNJageBRTF feRlFRSRGIYIE RIPEYSINS: RGN the fir st

di nrensmennor[ plaRdr gétond RPgagS R ¥atQfesGhaiidg génﬁ\ﬁ% eﬁ‘eﬂches that
the first engﬁe%nent features include protrusions; and

t he non-pl af BeRoN@ seonsinspreysiensat ur es i ncl ude

el ongated trenches that nmate with correspondi ng
rotrusions. [c30]. 30. The assenbly of claim25.
f“‘ﬁher ei A% t hENF 3588 MblRf SlimRAWeERIDUr es i ncl ude

pr ot r UgeGiRst erdBerh&® féétgie‘é'nﬁjd}@zle ;S}Qf?ﬁ]é?ér%nﬁ#id second
engagenent features include ['ur a
the individual non- planar second engagement features include a plurality of

elongated trenches that mate with corresponding protrusions.

[c31] 31. The assembly of claim 25 wherein:
the first engagement features include protrusions; and
the individual non-planar second engagement features include (a) a recess
that mates with a corresponding protrusion, and (b)an outlet trench
extending from the recess to an outer edge of the pad.

[c32] 32.  The assembly of claim 25, further comprising an adhesive material
between the die and the workpiece, wheréin the adhesive materlal includes an anisotropic

conductive film or a non-conductive paste.

[c33] 33.  The assembly of claim 25 wherein the substrate is a thin, flexible film.

[10829-8837-SG0000/SL052080.271] -21- 8/25/05



el ongated trenches that mate wth correspondi ng
protrusions. [c31] 31. The assenbly of claim25
wherein: the first engagenent features include
protrusions; and the individual non-planar second
engagenent features include (a) a recess that mates
Wi th a correspondi ng protrusion, and (b) an outl et
trench extending fromthe recess to an outer edge, of
the pad. [c32] 32. The assenbly of claim25, further

30TPL oS00 APIREART BF WorRirBE! Ao NS BERRC Binftcbdiinic die and

a raﬁrcaieﬁtg@t werppigce, dbadigdnilvding integrated aviraitry eod dustriality of terminals

ele‘&ﬁ' ‘faf?y cé@?@d téﬁ?%ﬁgg ?ﬁ%ﬁ eéﬁ%l: Yy Ohnd HI'?G% WD%(%]GCG nrwglucrillné NE substrate

strat IS a exl b (Y¢ #'%
hawwgmany sB301h8 intEER08Est Sﬂactﬂjresz:ﬂ:mpﬂélﬁ@/ 05 [c341

25 oePLOAY ¥ Sho' AP BN o PUEE! e B RHIBE nByging st
di e i ncl udiintprioekirgelamedtscamdui try and a plurali ty of

ci v cur Ererafi & horkBhovscbBHR ot b B TRS Bogs, wherein the
h?\ru n? ? pl nareplanar sr?tomam&]rlo::lg?g elehwntmfl'ﬁgﬂ%tﬁd with corresponding
heterm nare: MeSCd ciBaBiied rertes frier e e bovoen the die

i nt er | ocki napdehemeritpteceand a plurality of non-pl anar
second interlocking elements in the pads, wherein the
non- pl anar second interlocking elenents are mated wth

Ic35P0|r r espendi T infeirdogme&trstractbm@df BRire ke g{fh@fr'fﬁn to lrk estrict

rel ati ye hmove et ween t nd t'he wor kpi ece.

[oss] 8 TS RoBARERs ndfiofarelp@RNsand oy m 4
wher ei thie ndrislafidrr sscohd intdroeiky REnRIrRERIdludle rBE44E8S that mate with
projections; and the non- Planar second i nterl ocking

el enents i rPerfaa%O'}dwég@@gfqnﬁat mate with
correspondi ng projections. [c36] 36. The interconnect

structures of claim34 wherein. the first
[36] ht er | DEKi ng‘eé'i‘t@@HF%Ct SHestues OE)PIQJ"%@‘?' whaEIN:and

the first interlocking elements include projections; and
the non-planar second mterlockmg elements include a pIurallty of recesses
that mate with corresponding projections. h

[c37] 37.  The interconnect structures of claim 34 wherein:

the first interlocking elements include projections; and

the individual non-pianar second interlocking elements include recesses in the
pads that mate with corresponding projections, the second interlocking
elements including a first portion at an exterior surface of the pad and a
second portion at an intermediate depth within the pad, and wherein the
first portion has a first dimension and the second portion has a second
dimension greater than the first dimehsion.

[10829-8837-5G0000/SLOG2090.271] -22- 8/25/08



t he non-pl anar second interlocking el enents include a
plurality of recesses that mate with correspondi ng
projections. [c37] 37. The interconnect structures of
claim 34 wherein: the first interlocking elenents

i ncl ude projections; and the individual non-planar
second interlocking elenents include recesses in the
pads that mate with correspondi ng projections, the
second interlocking elenents including a first

orti ongat r face d and a
[csglecondréport ﬁ‘ﬁ% a%rgérk ec}@ %la' h%’t‘ﬁ WFhin t he
pad, arbe Wstemtarbcklhgelefnemtﬁ mﬂmﬂé p@fectionss; andl i r st
ortion has, a

di mensigon ngﬁlgﬂ the s%’ﬁoi‘ '{“ﬁgo?'f"?%?'eﬂleﬁegn@fﬂlﬂﬁe %Pongated trenches that

dlnen3|on gr

[ 10829- 8837m@@0®ﬂ©¢&hﬁﬁaﬂﬁﬂga&&xmonQZ 8/ 25105 [ c38]
38. The interconnect structures of claim34 wherein:
the first interlocking elenents include projections;

e3gnd t h&ononTie mmmecm@dm@e@ﬂ Akl JAGVIdrERENT S
i ncl ud e}(.yog trenches t‘g mate Wth
corr es%ben P g eﬁ]P ng ¢leggats in '@ Prargclion$eandht er connect
st ruct e hadd duél AbMplhalRBERidNinterloBiBng ielePlents include a plurality of
nts include ections; and the

i nterlockin e
i ndi vi dual %8 %&Hﬁ'ﬂc@équt%"’% coERsAegdiag @fﬁ?ﬁt'@ns
include a plurality of elongated trenches that mate

with caorres _Fondl ng projections. [coot 40. The
e nt er cBRnectheiniaieanipelstivrtusssehdiam dtwiasein:  t he

first tﬁaﬁéﬂlﬁehba&ageé@ﬂe%ﬁndi CP)rgj%cﬁH &1 ons; and
the indi vidual non-planar second i'nterlocking el ements

i ncl ude ipividuak par-planap secangh wleriarking lamentp dnnllideg(a) a recess
proj ecti On&hataﬂfétésblmtﬁncd?%bs dlﬁ%?"%@c&ioﬁf glﬁ (ggarf Xﬂﬂ?—;t trench

the recess to an outer ed

m cr of eat ureteskna iy thﬁtzr@ﬁ@ﬁﬁ thaﬁg)UtQi edpe cbbegatr oni ¢

die including integrated circuitry, a plurality of

termnals electrically coupled to the integrated
[e41¢i r cui #ty, Aamicreleatine assembihuspmposing:

a microelectronic die including integrated circuitry, a Pplurality of terminals
electrically coupled to the integrated circuitry, and conductive bumps on
the individual terminals, the conductive bumps having first contact
sections extending orthogonally relfative to the die; and

a microfeature workpiece including a substrate and a plurality of pads on the
substrate, the pads having second contact sections mated with the first
contact sections on corresponding conductive bumps to restrict relative
movement between the die and the workpiéce.

[c42] 42. A packaged microfeature device, comprising:

a microelectronic die including integrated circuitry and a plurality of bond-pads
electrically coupled to the integrated circuitry;

{10828-8837-5G0000/SL052090,271] -23- . 8/25/05



the individual term nals, the conductive bunps having
first contact sections extending orthogonally
relative to the die; and a m crofeature workpi ece
including a substrate and a plurality of pads on the
substrate, the pads having second contact sections
mated wwth the first contact sections on
correspondi ng conductive bunps to restrict relative
novenent between the die and the morkpiece. [c42] 42.

A pack f ice ising;  a

i (F:)r oe?gglt%é]‘hpg?dﬁgg% § %Hq %um% gﬂr @Pebo'gq'%qﬁ'ﬁh? $fHd bumps
a ItO| ur aIt [ g ymdﬁdlhgﬁrt]ﬁ;/spaﬁtéoarﬁl aad rstmgggtdh?g[rg%dtrrgga frgl;'ﬁihe base
i ntegrated cjrcui

_23- 812510%H0 S POBNE A R SENRCARREN IRt RS
b:)nd padentetﬁmestau@bthtmhm:m m:biuc‘hhtygoibm ﬂtﬁé tp'aGQSn@uinng non-
stem portio ions,

stem Sortl oﬂ@"%éfgcﬂ"i&tgp? n}"?ﬁ ge,agg 8?55?41&"@ éé‘erF%%“d'“g first
aﬂ i nt Sr poae’lrer?mhsétrngtfeath&w ag a pl u(rjal ity of pads,

t he pads i,ncl.udin ar.. sec i nt ercon ectlng

f oot 88 apfe A ey S DR e e meioSiRg Mhictire!

i nterconnecting features; and an adhesive materi al
bet ween_the die and the interposing structure. tc43t
(433 A fidt hddy qdoqqﬁ?rwgaa RICPigrlER assempls éhﬁomthoeiwempnsmg

et hodfor@mer & ity of Qadk Havidg PAGH-@hharyaref elye@%n{éﬁ‘c’ ¥dHlures on

non- pl anar first engagenent features on in a
ni cr of eat uraé‘%ﬂrkﬁlnéﬁréfeaﬁﬁ@iwﬁf@%ﬁi gl a plurality of

COndUCia’dte\(ﬂ?nri@;UQSFJEEJILﬁ’élhtff1 (5\" CHRRICHES RS Ghe al fhicroelectronic die to
correspondlcr&grpga s.on the workpi ece, the die includin

i ntegrat ed RQfdiNoy Pads ;S’I“ufhﬁl wetkpisce: dharidigalincluding in |gtegrated
el ectri cal |d:i'cﬁiﬂgpé Qﬁjrbﬁ?tytc;ﬁeﬂnﬂﬁﬁgre?édﬁ%aﬂﬁ'cBG;Het':l gy ’thé"}%grated

t he conducti ve on the termnal s e conductiv
bunps i ncl LFHFWEV'S@%HW W&H@%‘f@eh‘ﬂmp%é’ﬂdh@§e'ﬂ1ﬁa@’3nﬁ19e00nductlve

with the figsips iRAOKESTRRINd Efddbhnt faftftbs Mht nTél@ with the first
nmet hod of claim43 wherein the second engagenent
features ©ngagement features.

[c44] 44. The method of claim 43 wherein the second engagement features
include protrusions, and wherein:
forming a plurality of pads having non-planar first engagement features
includes forming pads having recesses; and
" attaching a plurality of conductive bumps on a microslectronic die to
corresponding pads includes mating protrusions on the die with

corresponding recesses.

[c45] 45. The method of claim 43 wherein the second éhgagement features
include protrusions, and wherein;
forming a plurality of pads having non-planar first engagement features
includes forming pade having a plurality of' recesses; and
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i nclude protrusions, and wherein: formng a plurality
of pads having non-planar first engagenent features

i ncludes form ng pads having recesses; and attaching a
plurality of conductive bunps on a mcroelectronic die
to correspondi ng pads includes mating protrusions on
the die with corresponding recesses. [c451 45. The
nmet hod of. claim 43 wherein the second engagenent
features include protrusions, and wherein: formng a

Peat ar atdeftie RECTARY 0O BRAIAVE Bimod "o o IHERERGIhpic die to
recesses; atmreBRoHRY-EEIS 7 insSIDOSOONStigB208usiohkl on24he die with

8/ 25105 att [ rality of conductive bunps on a
m croel ect r%ﬁ%@g%®$%%e%§Pr-espondi ng pads i ncl udes

mating protrusions on the die with correspondi ng

recesses. [£46 6. The net hod of .claim43 erein the
M%econd%hga@ﬁéﬁ“@eé’? Az E?rWﬂ (fel@ tﬁ? oscercﬁ'g‘?{mc?ﬂ?g?g%m%ﬂt features
inclvde pestrusidner andgherept ur al i ty of pads having

non-pl anar, first en enent feature i ncl udes
f or mpng)rﬁg@s AhBWf '5’ %I?g?‘?gjgt é@”"i’q dRErpRnar -afﬁat ghoagameny features
3_ pl ur al i t yinelfidexoaeing bu€s Ravipelofgledliréiddebasid oni ¢

leto

corr espondi ds i ncludes mating protrusions
on t healiRqing ¢h PHEHY e fgaﬂaﬁ%évet AN e dirogipciramie die to
nmet hod of clomleBpchdiing §ads NintlBes &AL PASABKIBNbN the die with
features include protrusjons, and wherein: formng a

plurality JFOTEHRRIINANHGNeDN- pl anar first engagenent
features includes form ng pads having a plurality of
: el ongated trenches; and attaching a plurality of .. .. .
Thonduct{ve BEnFEUSH & Mt ol HERIM lod dPEonch ehgagement foatures
incle8é bgﬁ@@@qg,%dme’ihncl udes mating protrusions on the
die with )
forming a plurality of pads having non-planar first engagement features
includes forming pads having a plurality of elongated trenches; and
attaching a plurality of conductive bumps on a microelectronic die to
corresponding pads includes mating protrusions on the die with

corresponding trenches.

fc48) 48. The method of claim 43 wherein forming a plurality of pads on a
microfeature workpiece includes: |
providing a substrate includi-ng a first conductive layer;
forming a pI_ur:a'Iity 7_o'f first openings in the first conductive Iayer';‘ |
applying a second céhductive layer onto the workpiece'and into thé openings;
depositing a layer of resist onto the workpiece and forming second openings in
the resist layer over the first openings;
etching the first and second conductive layers to form a plurality of pads on the
workpiece, the individual pads each including at least one of the first

openings;
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correspondi ng trenches. [c481 48. The nethod of claim
43 wherein formng a plurality of pads on a

m crof eat ure wor kpi ece includes: providing a substrate
including a first conductive layer; formng a
plurality of first openings in the first conductive

| ayer; applying a second conductive |ayer onto the

wor kpi ece and into the openings; depositing a |ayer
of resist onto the workpi ece and form ng second

openi n%{)!ﬁﬂtir}d Benhir¢ Shiduchfy gyepﬁgfo ﬁgesé‘é})ﬁ&tcoﬂ&fég‘.\_{?ga:yﬁr of the

et chi ng ~Tirst and second’conductive layers .
a pl uralityindwvidgakadshandhe wor kpi ece, the indivi dual

pads e [ [ t ' .
openi nacboyA LB sBhuIBEE by e Bud st bRk aver.
8/ 25105 depositing a third conductive |ayer onto the
econd ,gon [ lLay f. t i ndi vi dual. .pads; and
ecpoi #ong. 14 JHFPRELhtiir g P sRiBrehE fameiia the frst
comiuetive tayerfrbraat leasf a4Bltios%f thdhworkplebe duidecthaifirgt 4Benings before
. risi removin he first conductive
de;{: éa@}é}gﬁp? %%Eg'td q%gg&t'vgﬂ%ﬂ ?&S&F%‘PO'?‘H*SC%r kpi ece outside
the first openings before depositing the second
conduct.pve Layer ont he kpi ece. [¢50] 50, The .
ot noq bt ol PUSS o sl - LRer cemisadkering thitaver of resis
fromaytes vadrkpiesd Heforkr aspdshing WK BHiRiC @oRRicaE 1808htbl B second
t e.tqlrd conductive |l ayer onto the second ‘conductive
conaiiye lay¥s| | 51, The nethod of claim 48 wherein
formng a plurality of first openings in" the first
conduc&'ve_é? er igcludes etching a plurality of blind
ol es Ph th e)r/ MPed & SR a8 eherein ferming agraigy of fifsd openings in
thenBéthemdattive! 1y4n idduddiestehifg bQiarang ot bihd! halks iy 1 first conductive
first openings in the first conductive |ayer includes

layelor ving a plurality of trenches in the first
conductive |ayer. '

[c52] 52.  The method of claim 48 wherein forming a plurality of first openings in
the first conductive layer includes forming a plurality of trenches in the first conductive

layer.

[c53] 53.  The method of claim 48 wherein depositing a second conductive fayer
onto the workpiece inciudes depositing a layer of Cu using an electroless plating process.

[c54] 54.  The method of claim 48 wherein:
depositing a third conductive layer onto the second conductive layer includes
depositing a layer of Ni onto the second conductive layer using an
electroless plating process; and
depositing a fourth conductive layer onto the third conductive layer includes
depositing a layer of Au onto the third conductive layer using an

electroless plating process.
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[c53] 53. The method of claim48 wherein depositing a
second conductive |ayer onto the workpiece includes
depositing a layer of Cu using an el ectrol ess plating
process. [c54] 54. The nethod of claim 48 wherein:
depositing a third conductive [ayer onto the second
conductive layer includes depositing a |ayer of "Ni
onto the second conductive layer using an electroless
pl ati ng process; and depositing a fourth conductive

[c5lgayer @Bt 0 ﬂi‘@ rhéthbd of OLSHE Us ihdrd) eforﬂglﬁgoﬁgfg rality of pads on a

depositing a layer of Au onto the hi'r
MIErgiesiurg YorgPiene ineludast r ol ess pl ati ng process.

_}_ ggzﬁe ?ﬁgvgdu@ ‘ﬂﬁﬁ/ fé&%@tf&t@%ﬁluﬁ?ﬁ a %('S%g ngr %%&?,y Zc?e opposite

pads on a Whedirsifside, and Mmkpomtetwmtab/endem Ihqasengmdlsitge the first
t hi fl 4 a first side, a
a thin, ee%r#agg%v%ggfetr rgcﬁ@ﬂgpﬂa gl T

second side op 'and a first
conduc farning aplaralityoftiinet opeiogslinghel érst sie of thesubstrate:

' : ' f.. Cu; . for
ConuCLPAS P A0 Ao Y T S R o
substrat e; skepodppéniggsan Itlm/msrsblayemesthegmﬁtmpbhmgé i rst

i on enin
the r odPRAELE SEEAIC oBRlehly BB pofi R to fBEgR AR gRuthe frst
second condypehings i mctmthohéﬂre’gw;ﬁhpﬁ\e?@/ea{ld into

j i t. e firs
conduct SRR Ganeit? [Linft P s naniots o pappe second
into the ficstudjppemayegsandnd onto the second
conduc&é h condu tive

. 4and it ng
| ayer O&O%Itbﬁéef?w 'E@’ﬁ@‘f?ﬁ'ﬁ@f@ W@Sh'“{?%’@}mﬁ’@ aYffe
met hod of claim55, further conprisi nfg_rem;w ng :he
t f th i ece after depositin
58 o1 ofi h RHEIEPT SLCPL 8. ARG T SioraTeUnades e of esist
fromdlye workptece] aftef depbsitimgetheofdudh cohdicive aywhent8ithe third conductive

!ayéorm ng a plurality of first openings in

[¢57] 57.  The method of claim 55 wherein form:ng a plurahty of first openmgs ln
the first side of the substrate includes etchmg a plurallty of openlngs in the first Slde
substrate to expose at least a portion of the first conductwe layer at the second side of the
. substrate.

[c58] 58.  The method of claim 55 wherein depositing a second conductive layer
onto the workpiece includes depositing a layer of Cu using an electroless plating process.

[c59] 59.  The method of claim 55 wherein:
depositing a third conductive layer onto the second conductive layer includes
depositing a. layer of Ni onto the second conductlve Iayer using an
electro!ess platmg process; and
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the first side of the substrate includes etching a

plurality of openings in the first side substrate to

expose at |east a portion of the first conductive

| ayer at the second side of the substrate. [c58] 58.

The nethod of claimb55 wherein depositing a second
conductive layer onto the workpiece includes

depositing a layer of Cu using an electroless plating
process. [cSS] 59. The nethod of claimb55 wherein:

deposi t [ nt.p: econ .
conductsesiing & fobf RO foysP o B8 Rird LEndiRGRE fqver incudes
ont o the sedepasitingnduleyéryef IMyemtoumlen@irdncorEeiuemIer tdyessusing an
pl ati ng pro 8837-5300001SL052090. 271

1 -27- 8125%%&§%8%%@?%gﬁggég?ourth conductive | ayer

onto the third conductive | ayer includes dep03|t|ng a

ayer nt o t.hi r.d n ive |la sing an R
["Glé'l ect rooessT ?a{??thﬁgqu o%@g‘sﬁg E‘E‘%‘Fr &8 rFE?H?@g’Qo?n adhesive
matérdal beth@enftue tieemddbapoikpicag. dl sposi ng an adhe3| ve

mat eri al between the die and the workpiece. [c61] 61.
A nmethod of formng a mcrofeature assenbly, the’

[c61TEt hod 63 0NMPAINSatRgd of fOFmAiNg dldii@roﬁaalfﬁ ré @SS ABIY ][tﬁe Y\@gﬂﬁﬂj &nfbrising:.
0 a

i ncl udi n substr t havi Pf? Pl urality t he

pads i ﬁﬁqq’ rH'SW ‘éfﬁ‘d’i’o" 1P “FWF'@BI%E‘RQ%"TQ"Q baying a plurality of
and attachi p\é]:lsathél pfa’d@ﬁicﬁfeﬁﬁgcwurpplalﬂm& il .ﬁt@&d&%k@ét%%r and

the die_ including integrated circuitr [dral it

of ter AIRASING &8 foaei%,cgpmly %tppth@dfv@r!splﬁ% thmdea;mstuémrg integrated

circuitry, ardig, al Mﬁl%'lliytdf RimhbCIBUARSY YdubRE to the integrated
termnals, the stud bu i ncl udi ng secon

i nterl ocki rfgrori: ahdba pl”ﬁ%'lty ofeitied bprnps em Eher terripals, the stud bumps
i nterl ocKki ﬁ@clﬁﬁiﬁéué&-?ond[ Cil@tgﬂlo&(%g Fogurgt hest, rﬁ’%tec'\nﬁhmthe first

61 wherein the non- r[é anar first “interl ocking eat ur
i ncl ude r edBSERKING@aURRS. second i nterl ocki ng feat ures
i nclude projections, and wherein: attaching a

m croel ectronic di.e to the workpiece includes mating
63 he 62. The method of claim 61 wherein the non-planar first interlocking

features include recesses and the second interlocking features include projections, and

wherein:
attaching a microeiectronic die to the workpiece includes mating the
projections with COrresponding recesses.
[c63] 63. The method of claim 61 wherein the individual non- -planar first

interfocking features include a plurality of recesses and the second interlocking features
include projections, and wherein:
attaching a microelectronic die to the workpiece includes mating the
projections with the corresponding plurality of recesses.
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projections with correspondi ng recesses. [03] 63. The

nmet hod of claim 61 wherein the individual non-planar

first interlocking features include a plurality of

recesses and the second interlocking features include

proj ections, and wherein: attaching a m croel ectronic

die to the workpiece includes mating the projections

with the corresponding plurality of recesses. [I

0829- 8837- SGOOOA SU052090. 2711 -28- 8125105 [c64] 64.

he metghod 6 n -p roficst . .
oo er | ook no Foarad o ERES T wiRfeif e Eh Bt 174 gtorocking
feﬁ“l’féssé@blﬁﬂ Elengated ckenahes candirtbs smhddmterpchpgctaanmes include
[ taching a mcroelectronic die to the

pr@ﬁ'ﬁﬁ?i’@ V?hncﬁhdes mating the projections with

cor r es péaiing a r wivedalectrop@6slie @5. tiEhevarigtibued inluddsaimating the

61, furt her hesi ve mat erl al

bet ween t he” %gﬁgdnébl 0?@%?&@,,&{5839

0829- 8837- SG00001SL052090. 2711 -29- 8125105

fc65] 65. The method of claim 61, further comprising disposing an adhesive
material between the die and the workpiece. |

[10829-8837-SG0000/SLOE2020.27 1] -29- 8/25/05



