M CROFEATURE ASSEMBLI ES | NCLUDI NG | NTERCONNECT
STRUCTURES AND METHODS FOR FORM NG SUCH | NTERCONNECT
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[0003] Figure 1 is a side cross-sectional view illustrating a portion of a
conventional assembly 10 including a microelectronic die 20 attached to an
interposing structure 30. The die 20 includes a plurality 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 portion 23 and a
stem portion 24. The base portion 23 is in electrical contact with a terminal or
contact (not shown) on the die 20 and the stem portion 24 is positioned to contact
the pad 32 to complete the interconnection. In the illustrated example, the stem
portion 24 and the pad 32 are bonded together using an adhesive material 40 (e.g.,

a conductive or non-conductive adhesive). In alternative embodiments, the stud
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assenmbly wi thout adhesive.) One concern with formng
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
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¢ h

bump@Rend Ad 32 peufdlos PeTdRY USPGT Qe SGTAEE FRFIEONS(Ggerirasonic
die 20 and th
assef&{lﬁm%ﬁégféﬁh%ﬁné?i) cause an uneven di Stributon of
rces.in t
ok o S e g 0
gfg deuttre t3GtinCRigueaUB ds athaeltbetsudaﬂessbbrtheme and/or

d
mterpesmgss\élrucq%geogf% {anﬁgﬁﬁgcgpmyt f%@ﬁﬁe{ ,ﬁ Selog égészlr&llué) 8,8 Thumber of
wregptﬂ'lg?% onn egiﬂhg gr%tﬁ)ngeﬂgf\@ééry Hg'éé}{tgbt%ubﬁaﬂ% ffié 20 and the

correspon I Nng pads The stem
mterﬁ@élhgoéltraétuﬁé Sm&:asi L@ﬂ) tauge 2 MnleuenrdlstrdbutlpnFo@de@eS in the
een coi ne

1, f
pacl@ggd?;{ga;cg 28} genqa,r@;% dig, rpgtgée% %rt q§m %hd\?e ﬁg C]Eéﬁt &%&mcﬂon in
the ﬂ&?ﬁ&& gie%f“fh%g chh %@Q a?Pélfe@ﬁfé‘él Short e trfd devibe! rrmhezapproach

p provide a nore uniformsurfac
to addressing ¢hisqroblzin am"cmummg‘f be flptiesing 2he stuchbumps 22 on the die 20

to prsyidred qnelablKPGoRh Suligoe Ok THEEETELHAN WG Ebfi8spbridhg pads
32. %@"@é\ﬁﬁ%r’tr&ﬁ@ﬁdﬁﬂ@'s‘fhd BUﬁlpDQZ)hﬂugffat@dtlh Rigere 1, for example, has

nterco structure illustrated in Figure 1 is
beer kainedhte pritvids acflattercendsudace for megeisugfaga contact with the pad
32 extrenely long in-process cure tinme to allow the

adhesive to sufficiently cure such that it is able to

oS S B U 5 0o
can ggﬁ)h@%gﬁ@f e lﬁ‘r’ﬁgﬁgﬁr{r shPA&Efor- intERGoririttion With the mﬂs 32 on the

rcantly ease throughput of the packaged
mterﬂesmgestrucmrmtiiﬁlermtmo@hmntlstrudialtessWébrC@ﬂiB@s%B@ hugps 22 can

oGl b5 s, e 08 BB SR riicomeo

stru@0fd ‘Hkﬁﬁl‘%‘téd”ﬁ Pigutd1g isOtHHt. thEna8hesios| matertal 40 can require an
exacerbated during reliability stress testin

extreraebynbhg ineproeess curitiong gg,gllgwdh{ah%dh%wq:%%pﬁ@entlyoqure such
that ﬁégt ’tq Witlhgﬁagﬁ]ﬁeyvaf@ tf’o sotrh%? ﬁﬁlFﬁé e%@ﬂebrbﬂ {ideassembly 10

remsl

or réSUMYY phekRfedraeviee (@@omemmh;el aad ethbtryallmrd;&s) The long cure
extrenely humd conditions.  These c?(ndl tions cause

timet¢an significastlydagreasa throsighpriouthe paskaged gevices.
interposing structure 30 to expand and/or contract,
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the interface between the stud bump 22 and the pad 32 can cause delamination
and/or failure of the joint. This problem is exacerbated during reliability stress 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 extremely humid conditions.
These conditions cause the various components of the die 20 and/or interposing
structure 30 to expand and/or contract, which can in turn cause delamination along
the interface between the stud bump 22 and the pad 32. Such delamination can
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the interface between the stud bunp 22 and the pad 32.
Such del am nation can result in open connections and
el ectrical shorts in the assenbly 10 or resulting
packaged device. Accordingly, there is a need to
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[0012] Figures 5A-5E are side cross-sectional views illustrating various stages in
a method of forming pads having engagement features on a microfeature workpiece

in accordance with another embodiment of the invention.

[0013] Figure 5F is a side cross-sectional view of a packaged microfeature
device including the pads formed in Figures 5A-5E in accordance with an

embodiment of the invention.

DETAILED DESCRIPTION

A Overview/Summary

[0014] The present invention is directed toward microfeature assemblies
including interconnect structures and methods for forming such interconnect
structures. One particular embodiment of such a microfeature assembly includes a
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m croel ectronic die having integrated circuitry, a
plurality of termnals electrically coupled to the
integrated circuitry, and conductive bunps on the
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engagement features that mate with the first engagement features on the pads.

[0018] The term "microfeature workpiece" is used throughout to include

substrates upon which and/or in which microelectronic circuits or components, data
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engagenent features that nate with the first
engagenment features on the pads. The term
"m crofeature workpiece" is used throughout to include
substrates upon which and/or in which mcroelectronic
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M crof eature Assenblies Including |Interconnect
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micrafgaturealassgmily 200 mcﬁ:d(l:ngI a rﬁ%rgelegt?grfulcgg{eatzl%n cvc\)nupped 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 inhibit relative movement between the die
210 and the workpiece 220. Compared to the conventional stud bump interconnects
described above with respect to the Figure 1, the interconnect structures 230 are
expected to (a) reduce delamination and/or failure of the interconnect structures 230,
(b) increase the total contact area of the mechanical/electrical connection between

the die 210 and the workpiece 220 as compared with conventional interconnects,
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I nterconnect structures 230. The interconnect
structures 230 include interlocking elenents 232 that
substantially reduce or inhibit relative novenent
between the die 210 and the workpi ece 220. Conpared

to the conventional stud bu i nterconnects d '
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plurélity bhtermipals 2112 (shownan braken lingss eletiécally zouptasktodhe integrated

Ot E ORI A P
corréé*oWdﬂﬁffé&Mﬁ‘ﬁ@Z@ ethé isg@d bunfRuM £ard 0uﬁd5tﬁned" stud bumps that

circuitry 211, and a plurality of
can qmiddetbaee porenso 215t and taiems pertionsr 3 @ Rroiggting ofipm the base

correspondi,n 21
porogh 8 PG e eraL RS L e B B 7 o the st
bum s%ﬁ@%rétﬁﬁfﬁﬁféd QB%r?gb@@b@tré@ﬁcbﬂiﬂné remgagbméMSfeatures in the
ortions . di scussed in greater detail
pads Iﬂ@4stoefnnpmthe mﬁsrlczd@meletmentstm Obéh%én 21@“&‘:@ structures 230

fi
ot SR BTN B A e BP0 v

0gh D CAR R §° a%mé ?ﬁé PB4 i 0w
bon@%thooLQ'\dp‘i ﬁé’gdm@ﬁte‘a wirBebGridiflg prodsss2 LFoe axample, 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 die 210 and the wire is trimmed off close to the individual base
portions 215, thereby forming the individual stem portions 216. In other
embodiments, other methods can be used to form the stud bumps 214 and/or the

stud bumps 214 can be formed from different materials.

[0023] The pads 224 on the substrate 222 can include recesses or trenches 226

(i.e., non-planar features) that define engagement features or interlocking elements
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bondi ng tool (not shown) and a nodified wi re bonding
process. For exanple, the wre bonding tool can press
a gold or gold alloy wire onto the term nals 212 under
predeterm ned conditions of force and tenperature to
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prevents shear forces along the joints between the
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[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 corresponding pads 224, as well as increasing the electrical contact between

the contacts on the die 210 and the workpiece 220.

[0027] In the embodiment illustrated in Figure 2, formation of the interconnect
structures 230 and interlocking elements 232 is complete. Figures 3A-3E described
below illustrate various embodiments of methods for forming pads having

engagement features (e.g., recesses) in accordance with several embodiments of
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the pads 224 from causing relative nmovenent between
the die 210 and the workpiece 220. Wthout the
i nterlocking elenents 232 of the interconnect
structures 230, such novenent can cause del am nation
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reciated that a plurality of pads are
layec Gmetaauaneludel Guilor atheusuitabie matetalpk pT*&@fSt congestivsylayer 310

was 3&\@5%%,% aee’i%la d %E@?i@%e%h@ OIgoESs, & 3y} %%enmgs 315.

Thet mﬁﬁs@ém{ BligiEr Roldl that axesrdiandeasti partiatly throu h-the first
{Ee difrent of the invention. Figur P Y ?

condlmueflaw Bw orapwneses i JaisseRaqTisAbN, Poiplipd hale! refers to a
hole(% @‘Eﬁ rg) gggtteggg drﬂ%&)'aﬁ gll?ftﬁr%‘gllghbéemténélh@r iBaftferidde closed

evi ous processing
atosé8Rg, a first conductive |ayer 310 was deposited
onto the substrate 222. The first conductive |ayer

[00%&0 Caﬁefé?ﬁlll ‘i'l%xpfb ngdi’éfw $Hoédctd eomhictivedayer I2kis deposited
rst condu ive layer 310 was then patterned

ontoettlwéleﬂ%nrl]xslem@ 2201 aod evernihe fistoserdudtiver layer o‘b@ﬂ| njge second
cond e 1 378 S5 A e e AR H 156 o ¥ st

ontcﬁ%ﬁ’e i Bh'&t%tﬁlésla@%rtiﬂ@|r$mlefeon@lessnplamgbbpemtlon In other
refers to a "hole or aperture thgb ext.ends on

embuaimeats, ysoweweugheasaeaﬂérqomue?vq laygt AP falbe Psglé’&sgd of other
swt%te]ﬁgr%%tqer‘n?i ﬁf)re é 50 | fétd bR d; dlgé”v?orﬁg’recé $26Qhg a different

ep03|

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. Referring next to Figure 3D, the first and second conductive layers
310 and 320 are etched to form pads 224 on the substrate 222. The openings 315
formed previously accordingly define the engagement features 226 in the individual
pads 224. The second etching process selectively removes material from the first
and second conductive layers 310 and 320, but not the substrate 222. The substrate

222 can accordingly act as an etch-stop for the second etching process.
-8-



onto the workpi ece 220 and over the first conductive
| ayer 310. The second conductive |ayer 320 is

generally a netal layer, such as a Cu layer, that is
deposited onto the first conductive | ayer 310 in an

(003 by dREfOrTNg 58K HS FIHTBUSE: Pty I GIsgVE AV g 520 1S deposited
ontoC P Wi ngg%?%ﬂf noGWvElakih@ SR ebﬁd@&%ora £ 320. The third

dep oSt ed he wor kpi ece 220 using a different
condl!otweSlayer B#Decandpokidei agNi hayesethatds cfdﬂnﬂﬁc!’fﬁﬁv@n’loay?ﬁ second

cond i 357 57 St BB RS bl RS B Bt sutabi

metHEﬁPkA3ﬁﬁxrﬁﬁeoﬁcﬁ:cﬁuvba&§ér 9h2 ieshéh depositsd beer e tmﬂd eonductlve
oto-active material "that is patterned according

Iayet 840 dammmthrcmdgemtay@r 3gaandpaludeiagune I@sjerothat ﬁedeposﬂed

ont A SRR M BRG b BES, PRl plbdsbr anoter

suutd-tfPe fn‘i’étHbGaOIﬁ ctRér @mﬂdwnéhtss&h@&!ard?aad fdeth apeduotye layers 340
fornmed previously accordin define the

and eaqx@agmmluﬁ@az;neremezgealmnd{@r Brorencsian onjadtoeswarkpiece 220
t
using B enﬁ%“%f*%m;t e fi Sgesinéeéiﬁéhée%néﬁgﬂié | ayers
t
032hy Cinadeans afl Peateindd X5 Efind s nesf 742 UekBhfipe above

ith § 9o IFi BA-3EREMARE tHROsiBEdndldr Stiaper 6f tBE. 315
W %ig%acgn uctive |ay ert 340 |§I gosn teﬁntto topﬁmngs ean

be cmﬁgqmedoe azzordameombh atdesired contiguratian af the engggement features
226 Tt Gl By S EPRBIAOSCR LY Mo 0o LB T Feabls hat e

engagirREnt3atues 2Readare be Gustdraized Hbausa withir aawety of interconnect
anot her suitable nethod. A fourth conduct i ve I a

strugures. s tﬁ%neli%fﬂil@éﬁ t e o_%'é? ohetheniapgningsd Ao gl Q%rresultmg
o RS RSN AT A o

shaﬁ@Mﬁétua%m@s treat amayeintetconhestswith tite padp22t.ess or
aﬂotger suitabl e method. In other enbodi nents, the
third and fourth conduct.i ve Ia ers, 3 nd 342 can

D. i nfpditienat Hembeginaents, sofaﬁ'af,%? 'H@Cﬁeégyp@éﬁs ohigYingy dnterlocking
woElgmenrts 220 using other methods. One feature of

the nethod for form ng the pads 224 descri bed abov
[0033]t h rEigpeas 40AE| iHusteatesseveral different @'Wéoélfﬂ%ntﬁn@f/ gyterconnect

hape h
s Q8 o8 PR R BEFAEE 38 reGS U SL i Pt movement
betwitgRgRNaB 12 focahdi ties workpiece 220. In each of Figures 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 in Figures 4A-4E. The interconnect structures
described below are expected to have many of the same advantages as the

interconnect structures 230 described previously.

[0034] Figure 4A is a side cross-sectional view of an interconnect structure 410
configured in accordance with an embodiment of the invention. The interconnect
structure 410 can include a stud bump 414 projecting from the die 210 and engaged

or otherwise mated with a pad 418 on the substrate 222 to form an interlocking
-0-



226 that are defined by the openings 315. An advant age
of this feature is that the engagenent features 226
can be custonized for use within a variety of

i nterconnect structures. For exanple, the size of the

clemBbA1d or T MibracBRePLsEarbE A3 TG oo e nfeRrofifept structure
230 6%%&%%8 as@% ngﬁa g%éwmi) ifdh@ded By ehgégérﬁﬁ@ﬁﬂ%@tur‘dl 420 having

i't1onal Enbodi nents of
a dlffétemcomﬂcgura&m ulxhanr te Hengaggmentefealdigsn@26E108nbgt pads 224

o TSy AT AT G P9 s
first Ealoftwtﬁzt ﬁa\gﬁg%%rﬁngfm’énélmlm biné €4 &idcvad rmyrﬂmemm having a

ween t he and the workpi ece 220. In each of
secofidguimensgiend B),. marthef secand fdimension fdy e larger shyap the first
dime}ég&ﬂﬁse di scussed above in connection with the

'y 200. Accordingly, like reference nunbers are
used to refer to i

[0035] gur ekhey gngagemeat l}ﬁ?téll“g neFtﬂi"? Irplr%gtl:lﬂi r%ndggr}grrbgg by over-
etchg\?I t{ﬁgeﬂrs ﬁ&’l‘f&f\/@cﬁay& Bay svHEorRfind hﬁe éé&ﬁmgd\ﬁirﬂ agedescribed

erconnec fructures 230 describ
abov® with wesabe}ct to FFigunes3ALA Ih one aspest of this estradigal. the stvd bumps

414 sorertiraNOnTaR e Sarviionar sy ABUEE hEaust the engagement
feat%%tfi(‘? ‘Pi@l@eé?‘greétbf Velume a&lébraparddnwith dhe aengagén’mn’rrfeatures 226

rojecti-ng fromthe die 210 and engaged
(Flgwer@r wiThe stud durps H1d gan ageerdingly frclddes ‘puhle-stagked; bumps.

n interl.ocki
onel 5 B8 15 4B SUTERRE 41 TEE AR rgaure a0
can g%na’@%ealti@ﬁal alpagthito theaesiltieg juiot Iééi&leelmcﬂhadﬂsd ahxump 414 and
ngagenent feature 420 having a differe

the poRi4 1 patcasmparRewithdne B IeRIRCLISUACtTEs2 Y £Fgprg P to further
o b W 2 i ety 20

[ooisbgf,:]dﬁ‘ébf:q' agdggﬁﬁﬁ\é@g% sgcﬁé@% vﬂé ?%ﬁg;@gﬁoﬁgﬁt %tructure 430
comyfr@& dindi 'a@E&%!a%e D&iith Sstilpra@thdrhambdaiment sof the invention. The

nsion D,. The engagenent feature 420 of the
intertbBneairsttiectarsr 430 cay idolude st hgmpH34 prajecting fro the die 210

o SRR oh S S 1 Ao, BRERUBRRaEI222 46 fom an
inteASEMATg  Eleridtits 4gabodiTRNtinterbenisdatd struose 430 differs from the
interconnect structures described previously in that the pad 434 includes a plurality
of engagement features 436, rather than just a single engagement feature. In the
ilustrated embodiment, for example, the engagement features 436 are relatively
small openings extending to an intermediate depth in the pad 434. In other
embodiments, the engagement features 436 can have a different size and/or a
different arrangement on the pad 434. In several embodiments, the engagement
features 436 can be formed by adjusting the concentration of the plating baths used
to deposit the third and fourth conductive layers 340 and 342 onto the workpiece 220
(e.g., the concentration of the Ni and Au plating baths).

-10-



414 may need nore volune than conventional stud bunps
because the engagenent feature 420 has a greater
volune as conpared with the engagenent features 226
(F| gure 2). The stud bunps 414 can accordi ngly i ncl ude
"doubl e- st acked"” bunps. One advantage, of. th

[0037ht er Figurest4GHiRLBIItRP plaR ViEWSH (ﬁ% hewag%ftﬂﬁﬂemem features

conﬂlfggg t"$ n%gﬁ%ég%ﬁéeog{nﬂt“étﬁ tu%lﬂgbdﬁﬁéﬁgggﬁ the |h0@ntlodn The

ween t

folloWihg @nbodimmertedfor éxarmple, manebe:uee@mhm thmadhesmemﬁaterlal 235

F 2 f
(Fiodse @i nomeconioig Faste( Nerworeplid oad, ST ame ipples is

non- gﬁ?ﬁ%{tfdggm%g%ﬁ 'tﬁgf E&R 'Fégo\"dee‘ﬂ‘aﬁf)eé withih &he Qﬁteecdinnect structure

contirgurea 1 n accordance with stil
and &npedieltherdtmtrmalnmomfeatlbe hetwernitba. stad bumps 8ﬂéo¢m&€t die 210

and ﬁtﬁ% urg(z:atp%r %ﬁf' 2)912 réﬁg%%ez %hgwfp m%ﬁ%lﬂ 'H) 0 Hleviate this
probferﬂaﬂ] ?ﬁld@ﬂn%r@n%@ﬁérﬂé 8neldde tpadsohaviag "escape outlets" for the

I nte | enent 431. The i nterconnect str.uc
on-ééﬁdubtfvbepasterwnh that it itk me rhesemss trappedr wihin t e interconnect

strucgescrl bed previously in that the pad 434 includes a
V&Sal ity of engagement features 436, rather than
ust a_single eng Inth

[Oofgi,bommgme 460,fore;>g§fgeﬂet iqf %attogr,tggaé/ﬁ%%o faegllﬁe@t oj%%qjs 450 on
the gu L ?22;’ €he ?ﬁ@% '45@%!&%%6@5@1%@@%@3 452 positioned to

erne e dep n the pa I n ot her
g?’éfJ?dotmenMse rmhate wnga:gempondtlegtstmbbum oha dig(rotghown). The
| fferept size

engegﬂmgf@tgf eat we§e@€£ 1n thiscem ﬁfgfﬁﬁéﬁn% eLdg'g;%‘teﬁi rtrten%ﬂeé Rfat extend

acros§ #he P%ﬁs% CRQ sﬁ@hf Qﬁ%@n%n@db&tﬁé pastet (net shown) that becomes
concentration of the plating baths used to de
lodgetiewithinr thearahgagement cieaturesi 422 |y Sttashingy dhe4 & 210 to the

subq(tfﬂ;e ,\#?22 6@ F{Egﬁecﬁ ég‘b ‘,95‘ etg? end B9 % g%g Sﬂgﬁé‘gt&ﬁhﬁg rather than

becd%ﬁtf@ YASYE Rithinars dhydgememdegtarasds2 eat ur es
onfli gured in accordance with still further

[ooa%jg"d'lﬁg{]fé zﬂfg 9% i@ lg:térpwuewhef éobtu%ﬁtylgof pads 460 having

or exa can be used when
eng@ément/teamesmaﬁ casfigurediinaceoipnce vutmanottv@ﬁ@a&qdment of the

ion e SBLHE, Bk S S AP ko above

wuthtrlés é&ttSrFfiQ% VeeAt, Skdept itNatethe dhgalgBRfsit fédtared 462 bhdhe pads 460
co ectlon etween the stud bunps 214 on the die 210

mclwdml tiwoe gradsor224renchese extansingitacross thes Radswfd, In several
i gure, 2 Tq .allevi ate thj

et fsehie oo BBl L S8 i LYoot showr)

withith8 substrate 222 because the pads 460 include multiple areas (i.e., the multiple

trenches) where the stud bumps (not shown) on the die can engage the pads 460.

[0040] Figure 4E is a top plan view of a plurality of pads 470 having
engagement features 472 configured in accordance with still another embodiment of
the invention. The pads 470 can be generally similar to the pads 224 described
above with respect to Figure 2. For example, the engagement features 472 on the
pads 470 include a recess or opening generally similar to the recess or opening of
the engagement features 226 of the pads 224. The pads 470, however, differ from
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non- conducti ve paste such that it wll not becone

trapped within the interconnect structures. Figure
4C, for exanple, is a top plan view of a plurality of
pads 450 on the substrate 222. The pads 450 incl ude

t f
the rg]dé gﬂrrgg tha’fggalﬂmrp%%sgzg%q @%ﬁé{hﬁg@%é gﬂtlega gﬂf 8%{e£|dmgefrom the

recesshy @S{}b%\”@ds 198 o° 3&@&38& & QAlHE Padéa470.n THel éutlets 474 can

are el ongate tre ches that extend across
accotdifglyadiowiaty nda- condctien pastentrappesuvithinethgaecess tptescape” or

shown) that becones , |.odged
v i SAGR BRI 4t e S st
does’> lp%H %h@ﬁﬁs@%é‘g‘éh@@l ekt e éleetriaticonmédtionshetiveen the
She nches rather than econi ng trapped wthin the
die (rotgstymrdrand thetsubstrates222. Figure 4D is a top plan view
of a pl urallty of pads 460 haV| ng engagenent features

E. /gqicﬁﬁnfllg gﬁgl neﬁf%hgf %ecsr &hF@ anePaSQh-‘Pﬂhﬁ@'Engagement

si 'T_ﬁ’@tﬂfest an ﬁ@tuﬂ% %@ﬂg’o rggctures Formed
t oUsingFuchyiea %xcept t hat t he engagerrent feat ures 462
on the pads 460 i ncl ude t or nor.e trenc

[0044kt endi m@feg@qgfﬁg r[lﬁsftr%;gd@n@gg stqgﬁasslg\pemthoc? for forming pads on a
mlcrgﬁ%?lgpnﬁghgapeéé]% aﬂ:@ é?{&'ovxﬁtheé}%lﬁér ‘éﬂﬁbd‘&#}%nt tof the invention.

h the t shown
FlguﬁéJBAt heoré sib’éalﬂl?auﬁusea side q:aslsseammawiayw@f mwoimeé:e 520 at an
ar eas ) t I
it svae Do Hisnapob eV Bied BRTEE: L T8 PRulEeg Spdyincludes a

subdit %é' r5%24#a\hﬁ%% £ir® sﬁHé‘BZl('eﬁW Qfse@oﬁb lg@é 506 & Or)ds’i{ésthe first side

ngagenent features 472 configure
524. aifmrsimsuatenbtzﬁ cbflfensl fremdhasubstiated? 22 dﬁsmbed Above with respect

to Fiani a3 35 Bt s 26 SR 0B 4L febledoliiece (e.0. 2
flexugle Fﬂﬁ»exWr@woh@epﬁj&%gih@e@tep‘seaé URret cﬁ‘ﬂuotlvé Heyer 530 was

0 1 nclude recess or openin ene
depmammtoabewcondm.sag offthehesAgaaehe e Ut Graditive layer

530ppgﬁq?cf:lu{! Igg%rs fg(glj or%“?ﬂ%?%%ﬁég%a éﬁ%ﬁ\% urt f‘léler
(00420, ggﬁgf%iép'@ge :r%xﬁﬁé‘ ggrgngggg ﬁ@?Bﬁtgﬂﬁ%?g?g%ﬁrﬂw through the
sub&}gt{a Q‘f%%rt%@( Bﬁﬁfndéﬂ%bflrét' dorduBtive Rger (530d WMbrevgarticularly,

pas |n the recess to "escape
the dil“rétebpemag dSGﬁ I$ raa bdangalgdeeﬁhat faxtandse ony the Jgﬁt gide: 524 of the

subsiegla e gmalereihichB e SUER R 2 RRE0E APt gt ver 520

The! fifst opening 535 can be formed using an etching process that selectively
removes material from the substrate 522 without generally removing material from or
otherwise negatively affecting the first conductive layer 530. In other embodiments,

the first opening 535 can be formed using other suitable methods.

[0043] Referring next to Figure 5C, a mask 538 is applied over the first side 524
of the substrate 522 and patterned to have a second opening 539 over the first
opening 535. The mask 538 can be a layer of resist or another suitable photo-active
material that is patterned according to a desired arrangement of pads on the
substrate 522.

-12-



die (not shown) and the substrate 222. E. Additional
Enbodi nents of Methods for Form ng Pads Havi ng
Engagenent Features and M crof eature Devices

I ncl udi ng I nterconnect Structures Fornmed Usi ng Such
Pads Fi gures 5A-5E |IIu§hrate vari ous s

[0044}t hoReferrinopextis Hadee K| sqﬁogpoqoggyﬁ \%&&5@0@ deposited
onto, tﬁg&ﬁcﬁ&é@@@c@d’wthegﬁ?ﬁm sémb?&% §f535h=ﬁ1d 539 and in contact

nor e speci a side
with @lﬁ@ﬁ&t&endum layer 630§ Tauemdqmdemots@nvaiaym 55|0n¢etr1 igclude Cu

stage before t f Th
that Eﬁzéepﬁ@ff% oato, e, Niikpace 525 Chng: A Sleqtiess Blafbgafoess. n
otheflﬂ_ fHel8eBafy PIRIctfe tlé'ﬁerf 556G tcami trecluddbther suitable
he su strate 522 differs fromthe substrate 222

matetizis ahtled betdeposited ising pber mthO@ .gures 2 and 3A-3E
in that the substrate 522 is a thin, flexible
[00469r kpi&cthifde.qpndustivé | layebl %2 i isnjthen ndepasiteduover the second

RS e T -
depﬁ?ﬁi%d Jrﬁ? t&u rs%Foﬁ@% ALkt iag¥€550 @%ngcﬁlﬂ elgttiolsts ;&latmg process

anot er suit conductive materi a
or a.ﬁ@ther suitapleene¢thod. A fpurth ecmdwctwed@yer&&éwsﬁbewsppglted over the

i S 10 850 B5PB5 By PR A e

that lgedédcfsﬁég O&ﬁe'tﬂ% el bénéuélivbnléyép'%ﬂ ﬁ@ihg&aﬁ @h@tﬁroless plating
irst side 524 of the Substrate 5

prooeeer:dreand)tjnet lsuitable tethedibsky ch@rmb@@m&m&f thes third and fourth

condGRLTANE A2 e 38 o Pl Ghe AL 5 Bebostea ont

the \FVSFR%Y&:% 570 65ingl otheoettisdssubst rat e 522 wi t hout
generally renoving material fromor otherw se

[Ooﬁgat'ﬂgf‘éfnﬁ%fﬁ&t' e F@%rélsét tRENAHRki B88! ayaenfied from the

di ments, first opening 535 can be
workp:eareszoso rfgrrotehplurality to&ma@lsr@anéqm ongds ShPWRY ofethe workpiece

s20L e . b ou BBt AR 8 Tighn fo mate or

othe?\‘r?/ %a%@'\}vﬁlg c@?r%s Uﬁdm kenglgefient murewoﬁa&onﬂmetlve bump of
can 9 @ rgegl st or another suitable P

ampmﬂleetammdee amsdetaqr! Bdthﬁdﬂw s patterned according to
a desired arrangenent of pads on the substrate 522.
[004%f er r Figure\BR id @ Edgumres%;echomicwaw cfoaduiarpfeaturgydevice 560

oot SRR 1 3 SR SBACEF T Tl b 50
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 microelectronic
die 570 having a plurality of conductive bumps 572 (e.g., stud bumps) engaged with
(i.e., interlocked or otherwise mated with) corresponding pads 528 on the workpiece
520 to form interconnect structures 565 (only one is shown). The interconnect
structures 565 can include many of the same advantages of the interconnect

structures described above.

[0048] The device 560 can further include an adhesive material 575 disposed
between the die 570 and the workpiece 520 and a redistribution structure 580 on the

first conductive layer 530. The adhesive material 575 can be generally similar to the
13-



with the first conductive |ayer 530. The second
conductive |layer 550 can include Cu that is deposited
onto the workpi ece 520 using an el ectrol ess plating
process. In other enbodinents, the second conductive

|l ayer 550 can include other suitable t o
adheﬁavejmgrlale%ﬁﬁjgeﬁ@ﬂhﬁdnabovﬁm  feapest toPlgure 31 STAL fedtribution

stru%@%dﬁ%qr’ 24’ lﬁclhggrbsg%m D, tar}ﬂu?a‘?iﬁpﬁfllelectncal couplers 584

've layer r conductive layer
(e.g S F0dlderchaldy fer Sledtigatly ¢m¢ﬂ|ngsthed@qnm 568 tnaon Q)ﬁ@rna| board or

o it SH B oy e oo
coufigfy V@or}v% gggpé& tpgn deposited over the third

conducti ve The fourth conductive |ayer 554

[ooﬁl rdrkébﬁgs’%ﬁn\e/yl %‘%é‘%ﬁ%@?. ir?zthgﬁm?é’% rgos)zegsg it completely

thro@élﬂhwgubsﬁfaiém WtheﬁushemnwﬂtWaﬂamrrfe’iﬂwaﬁthel secondegide 526 of

e SRR e e R LoD SR Y LSS e
565 %ea?’no ?bfhe ga)n ex?m chif cﬁﬁélﬁpgh%c §or5t§QtsU§h r’tﬁeodlé e5707%d teA®sponding

Fin 538 is renoved
elecfrroancbbpiermasnpaad q‘b)smime drdnhibat rplajwalmoyemenbb@'@veen the die

nl one i .th k
570 s W erBpen 57he CABRIONS T SRaE5E adffes, BBy ncice
v:as"BF %tl‘?ér fé’ét{]?ers""b%n% Qﬁrowghhacﬁmsftr%ﬂ@r&i nﬂerposmg structure to
gement features on a conductive bu

e|ectnoallpe:ioemie paids afi eqntastSdats onetside 0 tHe. sutﬁ’tfg@ﬁ do moriesponding

vt o3 A o i o Bl i Ble, T LA o RS oo n e
deVI%EeSGSON%WéVH? elifinaiethe endeid fori additidesl vibs exteriding derough the
20 havi ng pads 528 fornmed using the nethods descri bed

substmteé_Z&th respect to Figures 5A-5E. The device 560
al so includes a mcroelectronic die 570 havin

[0050]ur al Ftom dhe doredyoing, Vit will bpsamrzc@a_eq; thatsmﬁpn%‘u ﬁgg)pdlments of

o SERRSS bt AL AT AP TR it o
c{@édﬁoh@trﬁég@én%*de&hﬁh@mtﬂéﬁa froAnthe pRentien. Slrﬁuméxample the

e I nterconnect structures 5 can include man
intetdoansaimstadiuaas agas iotludee additionab meafiguratiopg c?ﬂ%//@é features in

acof S Bosn BoRtied 95 SH458BT0 OB Heskhba g comten
of p@?ﬁ’cdl&‘reer@ﬂhéﬁl% Ry 86 Combirdd sirr élninated i1 otteruembodiments.
80 on the first conductive |ayer 530. The

For rerxamplal amy of the vBEOwe senfigurationsiof dntefeonnes SREHUISs described
herein can be used with the thin film substrate described above with respect to

Figures 5A-5F. Further, while advantages associated with certain embodiments of
the invention have been described in the context of those embodiments, other
embodiments may also exhibit such advantages, and not all embodiments need
necessarily exhibit such advantages to fall within the scope of the invention.

Accordingly, the invention is not limited except as by the appended claims.
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adhesi ve material 235 descri bed 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

el ectrically coupling thecﬂﬁﬁbﬁf 560 to an externa

board or anot her device, plurality of traces

586 for electrically coupling the electrical couplers

584 to correspondi ng pads 528. One feature of the
I/\Néjﬁ‘é\irﬁ:e 560 is that the pads 528 extend conpletely

t hrough the substrate 522 to the first conductive

| ayer 530 at the second side 526 of the substrate

522. An_advant age of this f s that the
i nfer coﬁﬁ'@l‘:“f&t?? 8%?8@&38@%%%:02[? th (a) electrically
coupl e LhenisRidiadicni®ndiehéndliding 7 thtegrated r eisquingli 1By plurality of

el ectrical couplers 584, and (b) reduce or_jnhibit . . d
rel ative novtaranalpeelgsrically ecqnied goothe,dniegeated circuitry, an

wor kpi ece 528?,a§g&|‘(/§ingéﬁg;§| oﬁ“tﬁéoiﬁﬁﬂfidﬂaﬁ RFNirERS the conductive

generally in ot her features extending

through a supginpatiacladingrfiret eagagementrfeatures; and
electrically couple pads or, contacts

R t . ope si,de pf .
t he subgtm@f@eﬁwrédﬂ?féﬁtﬂ?ﬁdﬂﬁ'g'g'@aﬁ|S.l%§H§pea?ngr? plirality of pads
opposite si dggo.fthéhesﬁ’dggr%tté at ﬁyoe(sgﬂﬁ?]é NtRNFRNNA6H-planar second
e i)

structures 565 inth evice owever, elimnate
t he need for eagdgémentl feataresesangadedg with olhgh firak engagement

substrate 522.  Fromthe foregoin jtowill .
appr eci at ed f@?éw%speeiqqf@seﬂﬂawn‘g‘?ﬁdé‘cé}f’e tf‘ﬁggs and wherein the
i nvention haﬁﬁgeeﬁéméi%sqmbm&séwgr@éter_ftﬁtanpw@meoﬂfthe second

illustration ut that various “nodifications nmay be
made wi t hout edgagamentfeatanest he i nventi on. For
exanpl e, the interconnect structures can include

addi tional configurations and/or features in addition

toot hosefg@?éé‘één%g QYR 1ARPERSiA thE ddRiuchive blungps include stud

described in the Context of particular enbodi nents .
bumpsyhddng baiserEattions & contast withi eoreaspendingolegninals on the die and

sk b U6 SERECHTAERE. S, T 6, oo
defité the Fi&‘?ehbbgeﬁfehﬂ’fédlb@sf ate described above with

respect to i gures 5A-5F. Further, while advantages
associated with certain enbodi nents of the invention

haye be described.in.t .ext of those

en‘éodi ngﬂﬁs"‘?ss Y°f8(%HHQ$Wé§{égﬁ'rray al so exhibit such
advant agesfirsti@fgagemeint fexittredi inelotie preedsionscasbari |y
exhi bit such advantages to fall within the sco

f
the i nvéhe inon-planes cserondl pngagRMPRY dRRiLERS ilﬁclﬁgfﬂorecesses that
limted except A3yl cbiEsFminy rbthlsine:

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.

5. The assembly of claim 1 wherein:

the first engagement features include protrusions; and
-15-



CLAIMS 1/ W claim 1. A microfeature assenbly,
conprising: a mcroelectronic die including integrated
circuitry, a plurality of termnals electrically
coupled to the integrated circuitry, and conductive
bunps on the indiYiduaI termnals,, the conducti

bunps ithel Jadivigua r élonéﬂ@%%’en’%%‘ior\dea?'?ﬁ%%‘?m%'ﬁtd fé%tures include
m crof eat ur ere\é‘,@géé’é ﬁ?ﬂwi@ﬁhé‘%é‘@nﬁté Wipt éaH&spomdingy protrusions,

plurality of pa on t substrate, the pads having,
non- pl anar stheosecorzhgmgagement deatures; havijgyadfitgttpertion at an

the first en enent _features o 0 spondj .
conduct i ve dor SHifaferd; ﬁ‘% h a&pé'i‘i ﬁa\ggb@% portion at an
thi ckness griadrfedidtendéptH apithin Qhe tgael, seeiowterein the first portion
engagenent features. 2. The assenbly of claim1

wher ei n t he kamdudirstvdimengien iand fe sacepd Bertigs has a second
havi ng base &’@Léé{sgé}igg%ééﬁ@%ﬂ%e‘m RiifhghseaPondi ng

term nal s on em portions projecting
fromthe base portions, and wherein the stem portions
define the first enfgag_emsnt features. 3. The assenbly
of 6.cl ai fiha agpembiynof ¢laen fliwhareligagenent features

i ncl ude, pr ' B;ﬁ Qrelnk S5O

engage tfﬁ%égﬁéjé) S ?ﬁfgfgaggg?écés%eé%gt r‘n%ﬁg Wi th

cor r espwpdi figh-plapiar usiecond 4ngabement efdrtyrest iockiden lelongated
wherein: the first engagenent features.include.

pr ot r usi ons; trapehesmh B?ﬁtﬁl"‘éﬂ&\h?orm NSRRGSR

features include a plurality of recesses that mate

Wi th correspondi ng protrusions. 5. The assenbly of

cl ai m | Thbessbmblyt bclhin dtwissrgagenent f eatures i ncl ude

rotrusions; and th di vi I - '
gngagenmqfirﬁgg@gﬁggnpﬁﬁpggge”s ?#c?udg Spotpuls?onnasr; a%%c ond

the individual non-planar second engagement features include a
plurality of elongated trenches that mate with corresponding

protrusions.

8. The assembly of claim 1 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.

9. The assembly of claim 1 wherein the conductive bumps include

uncoined stud bumps.

10. The assembly of claim 1 wherein the conductive bumps include Au

conductive bumps and the pads include Au pads.
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recesses in the pads that mate with corresponding
protrusions, the second engagenent features having a
first portion at an exterior surface of the pad and a
second portion at an internediate depth within the
pad, and wherein the fjrs has. a first

di hbnsi bie ey sefc & |t03rt gherhé:grrg) fisig, A adhesive material
[ et he fi di
betwgel B 6 3R SlorkeiBRel 1° 11 1RG£l Tt Sengagement
featuges i ncl ude protrusions; and the non-planar
ts ﬁi:? nnafﬁeg’ %gslesgen{]thyf %hﬁ%ﬂl iy %?rf ngl %ﬁggéﬁg rﬁxﬁ@?ﬁ? ri“‘?:?udes an
amsﬁ‘g %J%IOYIdBEtl\fé ﬁhﬁ‘bﬂa‘mﬂé‘drwudlb@ phkfeSt engagenent

ures 1 nclude protrusions; and the individual
non- pl anar second engagenent features include a

plurality of elon a d. trenches f hat i . . .
coﬂ@espi‘iﬁ@iaﬁéemgh‘)g? égmﬂs whefel W&@%@%ﬁ?@%&'g’l flgxiblg fim.
wherein: the first engagenent features include
protrusions; and the individual non-planar second

engagemamictefenture asseoiblyecofrgrising:r ecess t hat rrat es

2 gorsechindac ol sl ahy Ml gyl puraiy o

the pad. 9. teTHﬁn@§38I&ir}6aﬂfl €oupI&d Liowkres Gihtegfréled CIrcwtry, and
conductive bunps 1 nclude uhcoined stud bunps

The
assenbl y of cbadmtlve\mgﬁmsnoﬂhf@ectb\ﬁi@m}ﬁv ”ES‘!JT?&% %ihe’ Gnductive

i ncl ude Au onductl e Au

pads. 11. T 8”?5%%?&;‘%0%@1"2%}%0%“& en:rtglccéodr%rl si ng

an adhegiyRroRbRirealorkpRicseeudirg ¢ dlsubstrdtet hed a plurallty of pads
wor kpi ece. 12. The assenbly of claim 11l where

adhesi ve nat enithe substigharpadsnhavng éﬁFE”‘éd’i‘F&U@?‘f'Og elements
filmor a non.ceRduGh e RASE Snterlocking elements on corresponding

conductive bumps to restrict relative movement between the die
and the workpiece, and wherein the pads have a thickness

greater than a depth of the second interlocking elements.

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.

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.

17.  The assembly of claim 14 wherein:
the first interlocking elements include protrusions; and
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13. The assenbly of claim 1l wherein the substrate is a
thin, flexible film 14. A mcrofeature assenbly,
conprising: a mcroelectronic die including integrated
circuitry, a plurality of termnals electrically

oD o0, T RS e W AR G s that
burps i ncl “%%@eWiﬂw%oriéé&)%hbm%ra&ugibﬂgﬁnts; and a

m crof eat ure wor kpli ece i ncluding a substrate and a
plurality of pads on the substrate, the pads having

d interl ki | | t ted with the fi t
T 81 | obRe ASSEMbhLt Salh T4 heE ondi ng  conduct i ve
bunps t §d &8t fnitériodkPEIHRr® WRIGY pReiuskaz; bhe die

le
and the workpi ece, and wherein the pads have a ,
t hi cknethe inghidduak secend dnigslockingf elemenie dpelyde recesses in the

i nterlocking elenents, 15. .Jhe of i 4

wher el -t ho Ra e ypaf il Fedtiepkihel bréirdighd. the second
havi ng base éﬁ%ééérﬁént' feat@esariving & irstgyortispabdnrexterior surface
termnals on the die and stem portions EE% ecti

from the basef fur padend asecome perten Aka ﬁ{rﬂﬁﬁﬁlg?%ﬂ?pth within
define the fﬂ”@bﬁ#?%ﬁ& 'vﬂ?é?bfﬁgtt?hg&fpbﬁionlﬁas Ihrst dimension and

assenbl y of wherern: rst 1nterl ocking

el ement s i nctnelsequrnt potioarteis asdcottdswensioh greater than the first
i nterlocking elenents include recesses that nate with

cor r espondi ngiMpeR%PRsi ons. 17. The assenbly of claim

14 wherein: the first interlocking elenents include
protrusions; and the second interlocking el enents

i ngbude Theplssenlbly yf ohimddeske®in:hat mte with

di [ . 18. Th nbl f clai
e L OA 4t S on e BFORIBA S oL
protr us'tl%@é?ﬁggirﬁé‘ﬁodk;ﬂéﬁsé!m sSREG8E eldHRfé® EehBBes that mate

t
el enents 1ncC reces n the pads that mate with
cor r espondi nyithredrraspoading profrusepsnd engagenent
features having a first portion at an exterior surface
20. The assembly of claim 14 wherein:
the first interlocking elements include protrusions; and
the individual second interlocking elements include a plurality of

elongated trenches that mate with corresponding protrusions.

21.  The assembly of claim 14 wherein:
the first interlocking elements include protrusions; and
the individual second interlocking elements 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.

22.  The assembly of claim 14 wherein the conductive bumps include

uncoined stud bumps.
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of the pad and a second portion at an internediate

depth within the pad, and wherein the first portion

has a first dinension and the second portion has a

second di mension greater than the first di nension.

19. The_assenbly of claim 14 rein: the {irst . .
i i3 | otke rRpsenihi¥nefs claip ﬁ‘be}m r CRTBHRNY a%ﬂ?l qdpgsive material

opel i | Ntyghérdfl Wee RfIrHuzgat eshterial includes an
betvsfe%@ngﬂeeéﬂ% %{d}gﬁ%g%%ﬁ?éo\ﬁéespondi ng protrusions.
anis@fopitlendastvedfiyn of acicai-corichie pesie. the fir st

i nterl ocking elenents include protrusions; and the
i ndi vi dual second interlocking elenments include a

plypali ‘rﬁg%fsseﬁibweﬁélsﬁn tmwgé}éﬁw {rleasulyshiate 18 4 thin, flexible film.

correspondi ng praotrusions. 1. The assenbly of claim
14 wherein: the first interlocking elenments include
protrusion i,vi dual . second i nterl ocking

; the i ;
el 3ﬁent§mslﬁ>&‘?f§gg"?eﬁ%slﬁn SOURENY ates with a
corr esPQ'}H'}dﬂaele&ﬁbﬁiésaiennclaamg( inlegrateal Eir@iitry,r @ phivality of bond-

extending fromthe recess to an outer edge of the _E_z;}d.
22. The assephtly efeciricallyncouplaseiteithet tearatas streyilry, and stud

b i ncl ud i ned. st _ _
oF %oty 14 e B 5 A R LS BRARR i o

bet ween the gdhge Fitibhandod ki gortioh erejectingaway from the base
adhesive material includes an anisotropi¢ condyctive

filmor a nopogismdwhergin jaestem portign. dglines irgl engagement

cl ai m 14 whetegj . ubstrate is a thin, flexible
film 25, A*?étgf%%z‘gfure assenbly, conprising: a .

ni cr oel aohicdicateieewbr@iend ingluding gr sulbestrate andi a pjyrality of pads
plurality of bond- pads electrically cqupled to the d
i nt egrat ed cPPcuther ySubsitate: uthe pRAPS JiFie nhon-planar  secon

i ndi vi dual b%“g?géﬁ‘%mt heafifred béh'qé?édncmi NgoRespdihing first

portion and m portion projecting away fromthe ]
base porti oengabemeinh fedtarest terfoprariniesconffat siryctures that restrict
first engagenent, . .
relative movement between the die and the workpiece, and
wherein the pads have a thickness greater than a depth of the

second engagement features.

26. The assembly of claim 25 wherein:
the first engagement features include protrusions; and
the non-planar second engagement features include recesses that

mate with corresponding protrusions.

27. The assembly of claim 25 wherein:
the first engagement features include protrusions; and
the non-planar second engagement features include a plurality of

recesses that mate with corresponding protrusions.

28. The assembly of claim 25 wherein:

the first engagement features include protrusions; and
-19-



feature; and a mcrofeature workpiece including a
substrate and a plurality of pads on the substrate,

t he pads havi ng non-pl anar second engagenent features
engaged with corresponding first engagenent features
to formlnterconnect structures it restrict

rel at i vi@enpipdiyigual b&%@'ﬁn?hesﬁ?‘%ﬁ gngﬂ%er\%pk Teeaéléres include
and  wher ei nréc%@s@é‘gﬁeng d§ thBi ﬁ*ﬁﬂ@%ﬁtl’gb@ﬁé%odm@ peotrusions,

depth of the secon enment features.
assenbly of tHeasec@ad mlgagemerﬁrfeaturegthwgeeﬁ@sﬁ portion at an

features inc r ot rusi o and_th 0

second engag%ﬁ@ﬁ'? f BYHRA% O ﬁ%?uaaa gggsge %ﬁﬁ{i porton at an
Wi th correspppeinficiBfeodépthi Ritin thé. pad) carks wrbéin thé flrst portion
claim25 wherein: the first enga?errent features

i ncl ude pr ot hasiarfirst dirdensgien gharsgcons: grgion has a second
engagenent f atures recesses
that mate w W%’?ﬁ'?%%%%‘%fjﬁqﬁﬁ %ﬁrﬁ@@%&% %8, The

assembly of claim25 wherein: the first engagenent
features include protrusions; and t he i ndi vi dual
noB9pl ahhe asseoidy eﬁglage@@nuhw@at ures include

recesse { g

or ot rus st SfaB0debl FauiBintlly efatadaR WL |

first pgid i ponplarfdr swcoad Mngagehmm cﬁéatluh% pmd:ltajaj elongated
second portion at an internedi ate depth within the

pad, and whefrenghesthatimate W} cprEesPQriding prqtpusions.

di mensi on and the second portion has a second

di mnensi on greater than the first dinension. 29. The

asgenbl Thefasskribly 3bclairai2s wheteie first engagenent
features include protrusions; and,the non- Iana

second theytigtepgagement feauresdn H@e@r%tﬁﬁ%l? an% enches
that mage, Wobividii" ASRYIHAIY sBEShd Ushgafement features include a

plurality of elongated trenches that mate with corresponding

protrusions.

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.
32. The assembly of claim 25, further comprising an adhesive material
between the die and the workpiece, wherein the adhesive material includes an

anisotropic conductive film or a non-conductive paste.

33. The assembly of claim 25 wherein the substrate is a thin, flexible film.
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30. The assenbly of claim25 wherein: the first
engagenent features include protrusions; and the

i ndi vi dual non-pl anar second engagenent features
include a plurality of elongated trenches that mate

\(I:V: E%hmc ggpﬁfgﬁ&d& %ﬁ{g{)&t@r(‘gs r&gﬁgﬁ% #gﬂérgee%gfrﬁfcg%elgct%mc die and
a mic?&eﬁgﬁep\%ﬁ{ H’édé)”t?le élédur{éﬂfdlh#‘qhﬁé'g%téb SIRSLitPY &Y a plurality of

econd éngagenent Teatures inc recess that
termﬂﬁmeiemm&alla coupled po i n'gegﬂeloed guswtry and the wagkpiece including

outlet trench ex endi n f [ S

2 SUBHGRIS VNS PUTAITAD Pafre R CLsIGP) e e Riy@S soHiteing:
further ﬂ’ib%sbﬁethéﬁtbﬂﬁlr@ls thet stadrourhps including
di e andatcpﬂmmoysEplgeleﬂ]ebﬁmherel n the adhesive materi aIp

i ncl udes an flr@hirﬁelb@iﬂn@elﬁﬁm@ﬂdéta% fil m or a

e Congchl Ay Rhii iy S B SUBHES fy e pacs.

A plurality ghetdlh Qhecrmmemtanat seeond meritmﬂwmgealeaments are mated
m croel ectronic die and a mcrofeature work

di e i ncl udi ngithreastespoading fisbiintey/oaHag @lgneﬁiaefq {)e%f'gt relative
termnals el &'\lieh?éﬂtl 1%8UR'RE dia QBQhé%&Q tc@‘jand wherein the

circuitry, préce T nc s f at
having a pl Upadi$tb'a\m‘ aoalaisknestse greater dbaneatdepth of the second

structures conpri si ng: urality of stud bunps on
the terni nal Bteqogking gle "B%h‘ﬁs i ncluding first

interlocking elenents; and a plurality of non-pl anar
second i nterl ocking eIenents in the pads, wherein the
nogs5pl amhe nﬂ&m@e’cﬁ&&ubﬁuo&i ofclaine 3dwheraine mat ed

with correspondln firs nterl(a’ikln .el.enents to

rest ri cihe Wishinterocking glaments daqlids, PROIECHANS: 2R t he
wor kpi e r@?\dplggﬁf eddbohBeint@dstkitth \Wemehfd G686 recesses that

greater an a pth of the secon interlocking

el enent s. 35mateeavitmt@responding projesiionses of cl ai m 34
wherein: the first interlocking el enents include

proj ections; and

36. The interconnect structures of claim 34 wherein:
the first interlocking elements include projections; and
the non-planar second interlocking elements include a plurality of

recesses that mate with corresponding projections.

37. The interconnect structures of claim 34 wherein:

the first interlocking elements include projections; and

the individual non-planar 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 dimension.
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t he non-pl anar second interl ocking el enents include
recesses that nate with correspondi ng projections.
36. The interconnect structures of claim 34 wherein:
the first interlocking elenents include projections;
and t he_non-pl anar second interl.ockjng el.epents

i 38.udelhe fteficannegt FructyrgsLf claim @at"’g‘ﬁﬁ?' “with

corres ' ' i . ) rered
%qur%i?ngrgiic&ﬁ?ﬁghﬁlen@gmcm I‘f@]éﬂil@ﬁ@;

structures erein: theFb Irst interlocki ngf
el enentthei nonsgdianar ojsecondn #tedaecking e eleragitsdasiude  elongated

ocobses | n e msber et MR tERRRH o ARl s
projections, the second interlocking elenents

including a first portion at an exterior surface of
t hg9.padTha ihterconoeatistpasturesrofalaign34 wheseiRedi at e dept h

i t hi he. pad . wWh ' ' - DErt h
fir et dhadnet terining Eetiehss, Reuldd plojdthboid 155 2
di nensi g GR@deE! tMepldiarf sésdndliinmidicking eld@meiitse include a
i nterconnect structures of claim34 wherein;

the first .
i nt er | ocki ngpleralite mefs elangatrek tiﬁﬂﬁhéétYr@ﬁsrﬁa%dv'ﬁhé’orresmndmg
non- pl anar second. interl ocking el ements include
el ongat ed tS@x%‘ﬂ'é’Qgt hat mate wi th correspondi ng
projections. 39. The interconnect structures of claim

34 wherein: the first interlocking el enents include
pr 49 ect Thaintergamnesbstrueiuiasieftlaind A4 Whetaln: second

i nterl ogki j : i 0

el ongat ﬁ}ggﬁﬁi@ﬁ%@%ﬁaﬂgm%&%gﬁ%@%&ﬁd?ﬂ%

pr oj ect tHeNindidiQuall heniplamarceecarnd isterlacking esleotents dnelude (a) a
34 wherein: the first interl&g}gki n&ﬁele nts inc

.ud
proj ecti ons; reaesst @t Males Wit CABRERATAEY RIBIES §n§, and (b) an
| nterl ocki ngoﬁ%&”ﬁé‘ﬁ&n b%nﬂgﬁysfraan fhe 88 YoldirbulBRte’Rye of the

wi th correspondi ng projectl and (b) an outlet
:rhgnch extengadg fromthe recess to an outer edge of
41. A microfeature assembly, comprising:

a microelectronic die including integrated circuitry, a plurality of
terminals electrically coupled to the integrated circuitry, and
conductive bumps on the individual terminals, the conductive
bumps having first contact sections extending orthogonally
relative 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 workpiece, and wherein the pads have a thickness
greater than a depth of the second contact sections.
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pad. 41. A microfeature assenbly, conprising: a

m croel ectronic die including integrated circuitry, a
plurality of termnals electrically coupled to the
integrated circuitry, and conductive bunps on the

i ndi vidual termnals onductive. .bunps havi ng

fifa¢ cﬁMK?Q%@m'P@ﬁ%até';& éﬁ\‘}f”ﬁ’gccﬂpi)ﬂﬂagnal ly
relativg Mbréélgcf#bﬁ*c aiedmumﬁg qﬁt%gtratée SIRIURD) &pe a plurahty of

including a substrate and a plurality ads on the

substrate, tbengpdds mtn@plb'méﬁd:mﬂhédﬂ egeated &H§U'try,

mated with t t t

conduct f et 185iEeE R bRy, 5 I Bob R B SBR bumes
the die a”dln'bﬂﬁilr\@fdé@leeﬁ@rtloﬁﬁchnwgtahrpdrhen&qniejebawg from the
a thickness greater than a depth of the _sec

contact sect basg . portions, Ahgasleny RPripRs &eé'ﬁt”@r grs(gémeggonnectlng

conpri si ng: arérbrcrsoel ectronic die including integrated
circuitry an ﬁurallty of bond-pads electrically

coupl edaf Gnidipodett Sysaiags ravinguat plurality pf pads) tI')e p’ads including
uncoi ned stud bunps on the bond- pads he stu
i ncl udi ng baaénmmﬁroﬁe%ﬁﬂﬂj sﬂ@ﬁ?‘iﬂﬂnﬁpﬁ% 0P8 ué% r{aated with

fromthe §rr§§,§6r\oqng°»ff.r£¢ﬁuéﬁc%ﬁheee‘ @é&uﬁt%flmé%m the pads

first |nterc ures; an | er poser
substrate haklbng a rxhwkabssygoéatﬁadMarth& |dapth of the second
i ncl udi ng non-pl anar seéond i nt erconnect| ng features

]Emt Sd with BYeICOEPBRINGERatines: ald er connect i ng
eat ure
ég &%@%&bﬁﬂé{ézgg gggveé?ﬂﬁ% die lhdakE sterEdshag Structure.

than a . I nt erconnecti ng features;
and an adhesi ve naterial bet ween the die and the
|nterp05|ng struct ure.

i @Bof el mptesEhaTo 2 fcrededlbite sssrnpl; T M sogerising:
?eglt 3: thrwngfa Oé]ﬁ%ﬁlt)hn 61; b?nasc pgorggltﬁfgb%\rhigfsé ?g\gag@mt features
wher ei n the padndiavim a microfeature workpiece, wherein the pads have a
thickness greater than a depth of the first engagement features;
and
attaching a plurality of conductive bumps on a microelectronic die to
corresponding pads on the workpiece, the die including
integrated circuitry, a plurality of terminals electrically coupled to
the integrated circuitry, and the conductive bumps on the
terminals, the conductive bumps including second engagement

features that mate with the first engagement features.

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 microelectronic die to
corresponding pads includes mating protrusions on the die with

corresponding recesses.
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t hi ckness greater than a depth of the first engagenent
features; and attaching a plurality of conductive
bunps on a microelectronic die to correspondi ng pads
on the morkpiece the die including integrated

g'oééf'eﬂg m@ﬁ'p urakit %ugf fé‘@t g\?hr%gl?llt elsgﬁtaﬁ({! ﬁ%d%ement features
mch@é;%gﬁhy{) stHEE’%h%? hhe term nals, the conductive

ncl udrng second engagenent features that mat
w t h t hforiinga mumgem’emdsf baving ewn-pianartist ﬁggm@mgnt features

nel udo. pr of MELIASSIOTENG RAvS RS PaTay o teearss 2

of padsg R§ PrBlifNer condiitive nerapseIn afm&ircoleleetromc die to
i ncl udesﬁﬁlngng% st? havi ng recesses; and attachin

plurality of cemespending padapacludes MatiicoBIOHISIS @n gh% die with
to correspondin S mating protrusions on

the die mﬁthco@%gb@@ﬁ%ﬁb%ﬁ%gggbesses. 45. The net hod

of claim 43 wherein the second engagenent features

i ncl ude protrusions, and wherein: formng a plural

of 46adsThavme§1¢d) rof pelainardd iwhareim §28) sesand f@ggqgeégeﬁ/t features

. es. farm having a plurality of recesses;
incly pro USIong: A ngv%a}%ﬁ‘ality of conductive bunps on a

m cr oel gsrhdimg iaCpldizAity 6f ﬁ@dﬁ Rapiagdiorgplpadsfifstengdgement features
mat i ng pr otrusions on t

e die wth correspondj

recesses. 4sinclugesniorming rrdhaying @@ﬂﬂ%‘?iﬁﬁnﬂi’@g and
second u t [
anor o nBURG T pIOrEHy B ond RMECEMPS drt & @ftToetionic die to
first engagegenespeading epmdsnnclhddssnétnngmrcgrqsmm on the die with
havi ng el ongated trenches nd attaching a plurality
of conduct i vEOBEARIN ﬂgg'eﬁlpg foel ectronic die to
correspondi ng pads includes mating protrusions on the
die with correspondi ng trenches.

47. 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 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.

48. The method of claim 43 wherein forming a plurality of pads on a
microfeature workpiece includes:

providing a substrate including a first conductive layer;

forming a plurality of first openings in the first conductive layer;

applying a second conductive layer onto the workpiece and into the
openings;

depositing a layer of resist onto the workpiece and forming second
openings in the resist layer over the first openings;
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47. The nethod of claim43 wherein the second
engagenment features include protrusions, and wherein:
formng a plurality of pads having non-planar first
engagenent features includes form ng pads having a

plurality of el ted t h ]
pl ural |Qt§ hisg 5@33?& 5% s{ggggge%wdgcﬁy%?%)téﬁg n&gﬁwc adplgrahty of

to correspo S |
the i e wi &P B e e Poa 0

of cl ?i m 43 }eheteneofmerfmsgoaenmhgsal ity of pads on a
v BaPasng a R R e A il A QLRI tyer o

plurality ofyfdihdvidRApaagsand the first conduct | ve
| ayer; applying a second conductive |ayer onto

wor kpi edepasiting atfouttheondpetiverigyer eripd Gtthlffbc‘anqh&?}'é’? layer.
of resist onto the workpi ece and form ng second
openlngs in the resist |ayer over the first openings;

' ngTﬁQen‘#théH JdcrAR0AY, CRIfHeet cumplrisingr Srehmvfmg rthe first
a p urality o ads on the workpi ece, the indiyid

conguctivedayér fram abllemg;t@t pottiensef heewerkpiare pytside the fist openings
vefagh cgnacba e spuend SpBad deTapd Y Goruete ot 2 e

depositing a fourth conductive |ayer onto the thi rd
conductive layer. 49. The method of claim48, furt
coBpr i siThg method wfgclane 48i fusther @@mm@mg/t@mgves the ver of resist

vor o RBP e BV Bt et secon

con#@éﬁ%l gygr0 the workpi ece. 50. The nethod of claim 48,
urther” conprising renoving the | ayer of resist from
t he wor kpi ece before depositing the third conductive

| a Q th G '
%ﬁ 3?1 ﬁ}ﬂde éf) %%gp ﬁ\%%ﬁé&){ ‘rﬁ% n‘ﬁ}ﬂgl Enﬁahti'?ﬁ first openings in
the fflrétsboﬁ@@eiti\,@iﬁayéﬁ includes etching a plurality of blind holes in the first

conductive layer.

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.

53 The method of claim 48 wherein depositing a second conductive layer
onto the workpiece includes depositing a layer of Cu using an electroless plating

process.

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
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the first conductive layer includes etching a
plurality of blind holes in the first conductive

| ayer. 52. The nmethod of claim48 wherein formng a
plurality of first openings in the first conductive

| ayer includes formng a pluralit f .t i .
fi %/st I@Qﬁgl%ij@"tg e fo rc_onggg |\?aﬁ]léa§%%é? Wgar ﬁ'}%ci\'ﬁgq '{ﬁ%ﬁlén&we layer

wher ei n depogij GARFUFAY Bntattry thirdnéshductive layer
wor kpi ece in@ls&}ggg%pogﬁit@?%g a layer of Cu using an y

el ectrol ess péingiamgeleptrolees platvg. proeessret hod of cl ai m
48 wherein: depositing a third conductive |ayer onto
t he second conductive |layer includes depositing a

layer ofpdi mefHdy (dheciams UBl varidinC Forifing | @ysturaligy 0§ pads on a

el ectroless plating process; and depositing a fourth
microfeaturet workplemganclones: t he t hird conductive | ayer

i ncl udes deposi tjn l.ayer u. et hi i
conduct P{RY! '%&{h'%sﬁ%&éns'@%&@fér m%@.gogn%:%a?ritsggf&, a second side
process. 55. odhésitetecftspéidel ahdnadfshbendiiotivé dayerran the second
plurality of pads on a mcrofeature workpiec

) e
i ncl udes: preidedtheyfirst conductivedayayiiaclygingra kayer of Cu;

S e . ' i . .
(7 st sTiaind aiptarafibf @ it GEAGS B 16 foPAde df ind Sbetrate;
side, tRQgpbdifing & bf Yesiiapato ithe Ifinst sigeaof dlyersubktrate and

Cu; formng a plurality of first qgpenings ip the first
theayesishy!

side of the BUDHRY a$@EONMQRELINGSHAN a ayglsjQuer the first

onto the fi r§é r?i.hgg' of the substrate and formng
second openi &St he resi st | ayer over the first '
openi nggepositing it segora senductivedayercontoetheawerkpietenand into the

the workpiece and into the  firs ni,ngs_j n..cont act

with the fir8istopraINgs 'O&OPB%FéP"{'tﬁ“ @E&S%"i %Wﬁ”émﬂ"? Javes

conduct | AVEr. i i ' idfdpeRingstdr’l onto the
second S5RATIG i coMCH® TayRNRE EShRfEpefigs!drd onto
conduct i ve | sgeondobodudtivetlayergandnduct i ve | ayer.

depositing a fourth conductive layer onto the third conductive layer.

56. The method of claim 55, further comprising removing the layer of resist

from the workpiece after depositing the fourth conductive layer onto the third

conductive layer.

57. The method of claim 55 wherein forming a plurality of first openings in
the first side of the substrate includes etching a plurality of openings in the first side
substrate to expose at least a portion of the first conductive layer at the second side

of the substrate.

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.
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56. The nethod of claim55, further conprising
renmovi ng the layer of resist fromthe workpiece after
depositing the fourth conductive |ayer onto the third
conductive | ayer. 57 The nethod of claim55 wherein

formng a ur al i eningsin the first

si?f o%h%&%ﬂ%?& ésc‘f"ﬁ ‘etching a plurality of

openi NGgeddait ffh’lr%t céh@lﬁ;twél!a?érr Bh® tie expose d@hductlve layer
| east a portionh o first conductive |ayer at

second side lnoludelaeds;mmtmgataelaygg of TNE ontq Rbe s(gcogpaq;qﬂductlve

he vor kpi edavenringar IBREaRes RRMUHbNRS B8, o0

an el ecigisitify R #duUrfld contackes |aye‘:'v9ont6h’marﬂmrd3d:ooﬂuctlve layer
cl ai m 55 wherein: depositing a third cond tive

onto the seciosidesrigpesiting a dgyar of A Poi ed@ﬂfé’s?qr?/ tive layer
I f |
o of et rol S e BSORRBAtELIC | B LSt

fourth conductive layer onto the third conductive

| ayer includes depositing a |ayer of Ay on{o the
th0.d cHhelusethas ofydaim B, fyrther cqaseRTising dishasing A adhesive

mat%ﬁﬂ?%&%?ﬁgﬂbe g%oasﬁg%g& agfwéc;ém l/(ran 4§rat];:rjrgregetween t he

die and the workpiece. 61. A nethod of formng a

m crof eature assenbly, the nethod conpri.sing: L
T Aot Togb PSSR, S method compring

substra VLEH n | RAd8b tate havm a
i ncl udi é’g) né i@?anarwfel r"i‘lte m’@; g%ﬁﬁﬁlglj&m‘?eat ureg ' d
wherein the mdahtjnqu)aist Iﬂne;padssn@udmgmon—phmaa first mterlockmg
depth of the first inter] ocki

attaching a faatyrss é‘BF’rV&'PI?r@"HB% g? ﬁé"%@‘b&@&?s grgater than a
di e includinge f%ﬁﬁ??ﬁ@lqn@r gHi‘nbrféatLﬁeéﬂéﬂda' ity of

term nal s elecrlca y coupl e thelntegrated
ci rcui t atacking a microelectronicf digt el tban*p@rlmu\ectmethe die including

termnals, th i nclud

interl ock! ng! %%r gﬁ%g'mﬂ'ﬁx{arpé‘fr@h&'g?fﬁ%f'ﬁ@%ﬁ plegtrically coupled to

i nterl ocki ngtfeeitepRited circuitry, and a plurality of stud bumps on the
terminals, the stud bumps including second interlocking features

that mate with the first interlocking features.

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 microelectronic die to the workpiece includes mating the

projections with corresponding recesses.

63. The method of claim 61 wherein the individual non-planar first
interlocking 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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62. The nethod of claim61 wherein the non-planar
first interlocking features include recesses and the
second interlocking features include projections, and
wherein: attaching a mcroelectronic die to the

wor kpi ece includes mating

c f4.espbhfli 'ﬁ@th@céﬁcsé@mGé S Q b ﬁ'lfdl ons@'?ﬁ%hfﬁt interlocking
featl}?'ggtlﬁé‘, Qdéh hg%fe\ﬁ' ﬂH rénH' ﬁféaéeééﬁ&ﬁnterlﬁémﬁ%qéhtwés include

€ a p |ty of recesses and
-projertiens tandivbiereinki ng feat ures include projections, and

%frkg: &t@aér{ﬁ%” cl%gﬁnqc%)%feclh ?et E)c(?) g‘r\é v?t#r%ﬁ e%\% ?Eludﬁs mating the
cor r espondi n%noZérdﬁoﬁls'Wlth SdrréfsEHRptrenéfes. The et hod

of claim61 el n the non-planar first interl ocking
features include el ongat ed trenches and the second

e er ofng felit o St b G BE iRy iéiifsing an adhesive
matdf] HBWGEEn tHé?buédeﬁfd R WBgpidee, Proj ections wi th

correspondi ng trenches The nmethod of claim61,
further conprising disposing an adhesive mteri al
between the die and the workpi ece.
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