LEAD FRAMES, M CROELECTRONI C DEVI CES W TH LEAD FRAMES, AND METHODS
FOR MANUFACTURI NG LEAD FRAMES AND M CROELECTRONI C DEVI CES W TH LEAD
FRAMVES TECHNI CAL FI ELD [ 0001] The present invention is related to | ead
frames, mcroelectronic devices with | ead franes, and nethods for
manuf acturing | ead frames and mcroel ectronic devices with | ead

(oo achip) Chat tnoiuee MR EERRONERGERs i A i, ' °

dexi ty ?f OIvery smal IA]\@B?EH@EB§ORIWA@1MNGMEH§&MESMQG
nunmber of dies are nmanu ng. many
di fferent processes that ?raéﬁ]ﬁe ﬁ%@g?g?%@@&f% (e.0.,

i npl anti ng, doping, photolithography, chem cal vapor deposition,
pl asma vapor deposition, plating, planarizing, and etching). The dies

typi cal ly i ngkugeican, sty of very small bond-pads electrically
coupled to the integrated circuitry. The bond-pads are external

el ectrical @Q@?Ct s .t hrough which the supply voltage, signals, etc.
are transmt to dH8 PRSEIRRion s adated wdleas framesit m;nroeléﬁtroerc deoices Wigh lead

t he di es, theaafad mbtﬁods%rﬁﬁhﬁ@fa%r@%&ﬁﬁrhé@% cro gro%%@m S, V@*egq?ﬁ'a%lreg

separated fron1one another (|. ., Singul at ed) |C|ng t

Next, the dig REROURB ckaged"” to couple the bond pads to a Iarger
array of electrl ? termnals that can be nore easily coupled to the
vari ous pomer supply lines, signal lines, and ground |ines.

Convent i onall ‘H)rzbc es %TO?IWFOIEa@R‘a@F ieperhile davierg fig die.ch eh:p)r ﬂﬁtahblydes integrated
coupling t he:ublﬁﬁﬂWﬂﬁéjﬁg@&bnElﬂzeof dér? §mélpcoﬂl90 £, ?% acgpuj ocek dlgrpaﬁcé of dies

or other types of el egtrlca term nal s, en’en psu a
dies to protSPRREee PhHASERG PRGBSIy ﬂlgélle@rPSOCQSeesghatmbstewaed at various

parti cul at esstagat atgl Cim@laptidel idEpihgy, phaﬂagﬂlpga &C&Emlcéﬁpéagg) fdel{OQ{{Q %%?ﬁvgpor

packages, for ex L?g%g@? cl ude a die rame
die either s “8!“’6’ aem‘bzéf’édf‘“él %?hmal t'g@?’d@ﬁ fpipadly tipoJude gn tarey dfemgssmall
in a leads- dvvmkpadmlpcmngactg@mmd the TGerb@NGAAHS TAO bl a&'é Se %{t‘émhfk%@mcal

wi re-bonded f o, d,g%r%,ﬁ;%%{l‘cﬂ' t@gsulgﬁgd aeTtrs]%nalﬁse fa:'tgl T%{ara %greé@?{&g@ Ln% ﬁ-rg?n the mtegrated

be encapsul ate a nol
m croel ect r ewiudryd edfies dornting &prdias,ctaé wafes isi thinkddi i@hbakt@nhﬁgdﬁ@ 1RAGKAGEs are

i EI-CI udes a Q@LIlateQ rt"rblq oﬁé Erﬁ)ﬁer (t( su?g%?a eﬁ?by 1c1ngp tlsle wafer. %ex% rt1hee dlleesaarctis "Lagcgarggd" to

couple the bond-pads to a larger array of electrical terminals that can be more easily coupled to the
various power supply lines, signal lines, and ground lines. Conventional processes for packaging
dies include electrically coupling the bond-pads on the dies to an array of leads, ball-pads, or other
types of electrical terminals, and then encapsulating the dies to protect them from environmental

factors (e.g., moisture, particulates, static eleetricity, and physical impact).

[0c03] Leaded packages, for example, include a die bonded to a lead frame with the die either
seated on a die paddle or attached directly to the leads in a leads-over-chip arrangement. The bond-
pads on the die are then wire-bonded to corresponding leads. The ledd frame and die may then be
encapsulated with a mold compound to form a packaged microelectronic device., In applications in

which the leaded package includes a ball grid amay, the casing encapsulating the lead frame
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i ncl udes openi ngs at correspondi ng ball-pads on the | eads. The
openings are fornmed by contacting the ball-pads on the | eads with
correspondi ng projections in the nold during encapsul ation. Next, a
plurality of solder balls are placed in correspondi ng openi ngs and

attached to 3ggREd - pads. ter connecting the solder balls,

t he packaged devigéc@ggg%qiglé&rae ptmé% @EPS‘ES nﬁé]eiq?ﬂd%dn?i Openings arsdermgd by contacting
ot her ext er ndte tabepdsen @0 iBn@mrepaniiapkoj@fions AWML, éﬂ?z{gm‘g@n fﬁ{xt .
packagi ng a lpﬁ@ﬂi%ﬂofqgl\{ér%glgﬁe%ﬂtﬁc%ﬁi& he projections in the nold may not”
contact the ball-pads an e PR i gogresp PREUIFE G Hlaehed by sreasiated hall-pads.
proj ecti ons #AEr toheccting the goitdsballadicopadiapgl devicd dae be REARAYS A b BNLCE ard or

may include gpbd.flasover part or all of the individual ball-pads.
It is difficult to renmove the nold flash fromthe ball-pads without

damagi ng t hejogefi N9 O & } | some_convent i onal
packaged | eacljegﬂdevj ces %g’?gﬁ%f}%v?@%aﬁ"%%?ﬁé%p %&f}%?gt ?g??s%if deyise is that the
sol der bal | Bi§ctomeiniba molfhauy et centast be batienads dndladibe mbld copSR SRY IeREtween
the nold fl agh tidrdRAd felARnSis, ctrical connpection

bet ween t he solpiélﬁg‘?é and t he gga}cwr%g%ﬁg%/de%ag%%#éﬁ%emﬁ ¢ mold flash

bal | and t
def ective. [ 6"66%"1@{@%&? Hrpadividust ballpadee it is difadultpackmye the headdh GoMiteas-

i's that the ghdyiviiast Daeging i chdigy e R8s fALI t her nal _expansi on
than the printed ]ci rcgi t na%ﬁrcds@{ o \,/?/hi ch télsg}ill%g}f“’egofﬁetcao% ereﬁg_na%ﬁ‘ﬁiaﬁ leaded
operation, thHE i PrEPLR dahibetesa rogtioniof tie &idcs belk and erbatipadotpaeiar me leads.

can create Slftfescdegiots, Sie h&5Ads® mapi#iRir bRistribnfal s e al

connection bsﬁ{d%\ﬁb%ﬁaﬁcf'{&tphi n%sng circuit ,bgard i}ind 6acﬁ§‘84é§9‘é‘5‘5103§?nveen the

Accor di ngl y, T Rer e 21 PaP @AY senderybhs diyipes defecismvent | onal processes

for packagi nghedj s af, to |lead. frames, an ) .augnent the

r obust ness gf_ tjne con%\g%?v ?%lﬁ gé?la'@%ﬁn?lﬁg&ﬁ%eﬂg?ge‘fjgwcé%g B dhesdevisenbdve a

rerer s, GRETDCOOECHLOR THECRAMNGSH OGS, I#08 ok

schematic si bRs55S Setdanal, ¥ a_ni.croelectronic device in

accor dance w tﬁgol%e céff’rbo | ment ﬁéfﬂ%;/xﬁe et t%feg?f‘.l CFPATER o Feptesullsiopistress

top plan vi éwfate Bluseis thegpidebalberanastion tewvckrethel sririted clb@tboardlandbaekhot divice.
Accordingly, there is a need to () improve conventional processes for packaging dies attached to
lead frames, and (b) augment the robustness of the connection between the leaded devices and

external members.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 is a schematic side cross-sectional view of a microelectronic device in

accordance with one embodiment of the invention.

{0007} Figure 2A is a top plan view of a section of one of the leads in Figure 1 with the

interconnect element and casing removed.

[0008] Figure 2B is a schematic side cross-sectional view of the lead taken substantially along
the line 2B-2B of Figure 2A.
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i nterconnect el ement and casing renmoved. [0008]Figure 2B is a
schematic side cross-sectional view of the |ead taken substantially
along the line 2B-2B of Figure 2A. [0009] Figures 3-5 illustrate

stages in one embodi ment of a method for manuf}e]lct U[I ng ftge

' | ectron evi Q1L Lgure 3 is a schenmatic side _
21 r g; g-es ect i 02%@9& ewﬁ%?m{ %gjlfsﬂésg %tlg cs){rallge(.s)f111 Pﬁeeeqi@aﬁ‘ef‘tl ¥ fsmpthpdefer pgnutacturing the
Fi gures 2A amdcrogpceniedevicor ni ng t he recess and depositing a .
sacrifici al terial_into the recess. [0011]Figure 4 is a schematic
si de cross-s Z@F?lo nal Figiredisgfschematissidstcianscofiontlvéew e st sedtion biBe EASIIARated in

: £ ~d oAl ' Jhe mol.d flash, .
f | '
?Oz)(larZ] L?gﬁyem%ut%g%ﬁggﬁghmbﬁ%{%! el%rtg:elrssgdélg -Q%g%{u!lgoa A “ﬂ\%‘&&fwl pigdhe r:"’ess'
section of tlmiijead Made 4 Hea caemE Rel Sdss LREIINGed NP L ggc%crn% OPRS Geud and the

el ement on t Qa%ing gi‘ffiér removing the sacrificial material and the mold flash.

[0012] Figure 5 is a schematic side cross-sectional view of the section of the lead and the

casing after forming the interconnect element on the pad.

[0013] Figures 6-9 illustrate different configurations of recesses in pads of leads in accordance

with other embodiments of the invention.

[0014] Figure 10A is a top plan view of a section of a lead having a pad in accordance with

another embodiment of the invention.

[0015] Figure 10B is a schematic side cross-sectional view of the lead taken substantially
along the line 10B-10B in Figure 10A.

fo016] Figure 11 is a schematic side cross-sectional view of a microelectronic device in

accordance with another embodiment of the invention,

[0017} Figure 12 is a schematic side cross-sectional view of a microelecironic device in

accordance with another embodiment of the invention.

DETAILED DESCRIPTION

A Overview

[0018] The following disclosure describes several embodiments of lead frames,
microelectronic devices with lead frames, and methods for manufacturing lead frames and
roicroelectronic devices with lead frames. An embodiment of one such microelectronic device
includes a microelectronic die and a plurality of conductive leads connected to the die. The die has
an integrated circuit and a plurality of terminals operably coupled to the integrated circuit. The

conductive leads are electrically coupled to corresponding terminals on the die. The individual
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0013] Figures 6-9 illustrate different configurations of recesses in
E)ads ]of Igeads in accordance with other enbodinents of the invention.
[0014] Figure 10A is a top plan view of a section of a lead having a

pad i n accordance w t h anot her enbodi ment of the invention.

[0015] Fi gure, :!3 tic., ipe cross-sectional view of the |ead

t aken subst an%ag lud tEﬂaéﬁ‘r‘“’lt f‘ﬁ% aqipgtowert the fliqqnd arsecondside opposite the first side.
8 harm fofectiin0Rd/6F @ 5&es CohiRRa! o it

e Lo e e sccsncasx y g((:)%?dance wi t h anot her e%bo%ﬂr?g&vtﬁﬁoa’rn ]Ptﬁmmm

v
Immc;re(r)]te! gﬁtrogiﬁ%ﬁgﬁ usr(gléi s a schematlc si de cross- sec%ogal Vi ewf
t her enbodi nent o
of a m croel §oni c %EM grdance wi.th anot he
the inventi O?ﬁﬁ T Al T @%&EP nycrpglectronic device includes a microelectronic die and a

support member attached to the die. The die has an integrated circuit and a plurality of terminals
operably coupled to the integrated circuit, The support member includes a plurality of pads
electrically connected to corresponding terminals on the die. The individual pads include a first
surface facing toward the die and a second surface opposite the first surface. The second surface has
a first portion spaced apart from the first surface by a first distance and a second portion spaced

apart from the first surface by a second distance different than the first distance.

[0020] Another aspect of the invention is directed to lead frames for carrying microelectronic
dies. In one embodiment, a Iead frame includes a plurality of leads. The individual leads have a
mounting surface for attachinent to a die and a contact site for coupling to an interconnect element.
The individual contact sites include a connection feature and a first surface generally parallel to the

mounting surface. The connection feature has a second surface transverse to the mounting surface.

[0621]. Another aspect of the invention is directed to methods for manufacturing
microelectronic devices, In one embodiment, a method includes mounting a microelectronic die to
a support member, electrically connecting a plurality of terminals on the die to corresponding pads
on the support member, encasing the die and a portion of the support member, and removing a
sacrificial material from recesses in corresponding pads after encasing the die and the support

member,

[0022] In another embodiment, a method includes mounting a microelectronic die to a lead
frame having a plurality of leads. The individual leads include a pad with a first side facing toward
the die and a second side opposite ths first side. The second side has a projection and/or a recess
positioned to interface with an intercomnect element. The method further includes electrically
coupling a plurality of terminals on the die to corresponding leads and encapsulating the die and a
portion of the lead frame.

[0023] Specific details of several embodiments of the invention are described below with
reference to microelectronic devices including microelectronic dies, but in other embodiments the
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[ 0018] The follow ng disclosure describes several enbodi nents of | ead
frames, mcroelectronic devices with | ead franmes, and nethods for
manuf acturing | ead frames and m croel ectronic devices with | ead
frames. An errbodi nment of one such m croel ectroni ¢ device includes a

m cr oel ect ropk ur.a of conductive | eads connected to
the die. The |°ege%§°s“?°a%"‘|°%éto % aﬂlﬁlugag@ierr"eﬁi:?neatﬁd%f mitie the yicgpleotronic devices
term nal s opeandiniyde mqnheﬂaxio@l doh@oﬂeﬂﬁs,&@faaio e BlbthGMY, bpticd %d%&qﬂﬁﬁglegts or

| eads are el 5@l Y gou to gorres i ng termnals on t
e el vi Gk Rl WkORE g Ofpeperboie ¢ Rikoliay ofa havalifrepnt conBiguhtions
the di e and empewwiscerpiodaiuep fhas ihbe dhd&ﬂba‘duﬁ&ts sEoHiEhE - Aﬂ'é?ﬁm%?&r@iﬂﬂ-yﬁhﬁﬁthem
has a proj ec{t 08 a0 Okeofiil cesds onf Lﬁ[led to interface with

i ? o Spders ‘Eafrﬂ? TEeien ey e qier embodiments with

i nt er connect el enent er
enbodi ment , additpest dlehents, pothe mveimm mey have: bilietemnbadiikties RilofCdet R e mdi 'el‘gments

and a suppor%oﬁgg}aqgscggetd%?lg\g%é@eft hn%°ggeé§1’5 |132dl e has an integrate

circuit and a plurality o term nar ‘coupled to the
i nt egrated rcupt, The suort rrenber ‘includes a plurality of pads

lll‘ E ~a
el ectri cal |l yo confeetaaen ermnals on the die. The

i ndi vi dual i ncl,ude a fir t surfac facing toward the die and a
second surf g‘%ﬁ%ppoglgfme R& sphemafic %ﬁﬁ‘ffasééﬂmﬂ?&%@éﬁeﬂ@mﬁcaw dexise 400 in

fi & st porti @ncosc}amedﬂamrdnaﬁommtt df?ha‘ tnﬁréﬁhoﬁ;lrI‘hail&stBYedamﬁ:fth?Juoﬁ{l: %E\Q&Cﬁ)o

and a secon rom t i rst _surface a second

di st ance di ﬁ%@gﬁﬂl@%ﬁ&foﬁl d?l I s’taséﬁ’%QF ec?g’er ‘Irdﬁéérﬂ&ﬁé%on‘@?méﬁ trelbe digfl 10, 2

t he inventi dHrali& ef lrlfemplmdctte@meefadso (@g‘mldfeﬂballﬁ)ad{ttééﬂe@ﬁ) fﬁb%a@%éa%@tlﬁéé Nhé 2

dies. In ong arm| urality of |ea
FEN0 L TRAR 0 A0 TR e SRR By B0 ol an

The i ndividual | ea ave a nnun ing
and a cont aétiveiside 11 tedupifis hig apposite theratmrecsmanez,ta HlraneR RE ternliBfs 116 (e.g,

i ndi vi dual e@iat;ﬁﬁst) aSthrleB i apwg,emamg%am%&de%,f acéurll?,tﬁ%&g%ﬁtﬁélgtlll%ﬁshown

surface general @% g{aral | el to the nounting sur
feature hasS@dem @ dorstipl sewpledighe tpemings 116 t he nounting surf ace.

[0021],Anotﬂlg as t of the invention is directed to nethods for
manuf act uri N>t cr oel° 4B fiamF 129 addse s Pluality of keads 182 alfasisri tio theaatie tidxdll 12 of

i ncl udes nothatlier1®o itiircadbatve ¢40, Oﬂhbfndﬂzﬁcﬁaﬁl&dﬁlﬁqﬁﬂ%ﬁn é{‘gﬁi{ 1’233 an outer end

electrlcaIIySEOnn %tcin1 xtIur .termnals on the 0

cor r espondi 1ig pads PN eh g tf" er andpuigs pridy 1234 dheinasrgnds 123a are

portion of @ltpmosllbpmnactemcspoamg feRfiRAld 0% éh tﬁaﬁfellflo %tﬁ'wn@%ﬁs'l@i The

fromrecess G 0 ds aff ncasing the die and t

support menber eﬂjﬁ gizbrztﬁ}fptgnot er e g @é’ﬁ © compp ERPFRed pyr dlag casmg 160.

mounting a Hiedrdigduabbadisnil24 wilede ofire shfiwel 1252 facing toward the die 110, a second surface
125b opposite the first surface 125a, and a pad 126 to which a corresponding interconnect element

(

150 is attached, The illustrated individual pads 126 include a recess 132 for receiving a portion 152

of the corresponding interconnect element 150.

[0026] Figure 2A is a top plan view of a section of one of the leads 122 with the interconnect
element 150 and casing 160 removed. Figure 2B is a schematic side cross-sectional view of the lead
122 taken substantially along the line 2B-2B of Figure 2A. Referring to both Figures 2A and 2B,
the pad 126 of the lead 122 has a first diameter D, (Figure 2A), a first side 128 (Figure 2B) facing
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frame having a plurality of |eads. The individual |eads include a pad
with a first side facing toward the die and a second si de opposite
the first side. The second side has a projection and/or a recess
positioned to interface with an interconnect el enment. The nethod
a.plurality of termnals on

further incl trhecal |y..couplin ]

the die to c?pg‘ iazrgggﬁic:ﬁ 1%8@%‘5%9 3‘:‘#&' s@%’ﬁ%\ﬁ%ﬁpﬁﬂ’ﬁ?&tqt%ﬁ@ﬁ sidedA® Bhe first side 128
portion of t e @atll 26 hanaetrstsQiiie 8 | Bk tdnibe gehetaly doplafr wIB VS

enbodi nent s q,fod3]; ifh\éesg(goingnidarlzo dtﬁt‘ﬁcr%geg _bﬁ?lﬂ%v(\;%wi trh rﬁ%ﬁ%ﬁgﬁ“‘%l&hoﬂm
mi croel ectroni ¢ devi ces inchuding®nfePel?8dusis te agcess, 3B1a secondoitfee 1312
enbodi ment s tekemalgo thereaessd8L emt candi gend@NY @PEBNE HikhiRCLANE sﬁ?a@ffz b of the bod
conponents. Hoi LXAIR} SrvedN81LG508] ect rﬁgi ¢ devices can' incl tide Y

m cromechani cal’ conponents, “data storage &l enents, optics, read/wite

conponents, @fo2@t her T EALMLES .several other enbodi ments of the
i nvention can hgve different con ?%Faﬁ%@%“ B Hp o g °8 mnsf diameter D, and an

procedur es t RYAF 4i45esée Dde The tuter dliskngtet Bi e e bbd than orAqe (0o ffef di8h G, BRIGY the
h

skill in thepafizs Hher i_ngl nderstand that the
i nvention may, have ot ﬁﬁﬁg%gﬁ %réeﬂl?%%\%;ﬁ%hr Bt e GhesriRiginghe K, gl thejaner
i nventi on mafeReEF SEmbs paienisieheldd smuilit st bmbwinena) the fonthed/s! RRRRbSetors

shown and depg siddageth; ba)l mavitid-d.h 9 Fiagures 1.1 o
B. Enbodi ment %‘8Of M étioel ecftﬂf%ﬂi %%&%?%g’gheflgﬁ%%?ﬁ%ﬁ? bﬁ‘%ﬁg‘%& projection 134 at

schemati ¢ si 8 TR PENEIe {istgiedrrecss 1P ivaduibe grovartha exlends &6m 13Qecond
i N accor dancerfadet181:00 @n BRERACHAERDMIS, i Jﬂép&dﬂ‘éﬁ”ﬂé Qfn .ﬂq;hpgd 'Iﬁéﬁsg%%%t O ycncss

m cr oel ect I’O,Pi eg(edgl.vi ge 100 i ?cl udes.a m croelectroni ¢ di e 119

support menber “EPUPE 3GV he b srrfren, ROt s setvad dinficd 18]a adpl weecabl,i ediced
of i nt er connibickneal B rEtEiding bofvebitthé fisst 5@cd @59 2akleShin to the . . .

| ead frane ]Tﬁgﬁ Apd asscﬁzifgl% 1§%§enCﬁ£sul atin "the |e%ﬁg" alonie application,
portion of the Tead frane: 1oFad T2p Poarpramaii 128 &8 an the depteDsifdie recess
112, a back ¥?dwm bekpropmasly €0 ihenatter ypliciich, tbkaver, ndUitl@bhd o 8 diforent
termnals 1 ac(c@dogal,empgﬂ_gén%a u%% %r%%% d in an array on the active '
side 112, and an I ntegrated’ citeurt® @"T@%Wb%??%?$%f&fﬁ¥w9etﬂFiguresG-9,
operabl y coufsréd 13aran heye g esoess with 8 diffb6nt opORRaTR 84d:@ast, 110 PorkBments guch
includes a Rk HE LI 4 ttached to the active side 112 ¢
the die 110 with an _adhe%@@f%%@%?ﬁ‘ﬁﬁ%fﬂ%ﬁéa L0B; $19 ppch|26 engis by 2
i nner end 12%iEcticyin Bepodper igpdliiedbareeassl a body 124 ext endi ng bet ween
the inner ag‘% g]uter ends 123a-b. The inner ends 123a are electrically
connect ed t 8" r esPraRHE of e srerifis anbodiensiof thhmicdbelect il dovieh100 illustrated in
Wi re-bonds Fipdres TOB iOMhtahe @nibas 15234 thBYreRs R the casing 160

or be .conpl ?gzel%heen%agﬁjl at e Sy t he casi ngk&ig%?&[ﬁgfegoiaﬁe F?/efvlilj © recesses
bodi es 124 itcludeP¥s f1% ¢t e e rosdvaiess efgthis deaturelistthes tig dacdi@t oBthe

second sur f aotonk 25D of RORictcBnehteeldneh 1156 W R GEed25 1321 146 4.0

which a cor;oglsm%%lsdoi g}g i nt%{gcgnnect el ement 150 1s attagﬁgec?.%%é’%mw the

i 11 ust r at ed™ PRV G %I 1 pesyeen e iepdnl 22 apdfppintercompotielaments ¢ 561 \Namglyathe

por ti on 152intkfatelietvear Hespendi 19 indtRd meRBAGE SRR 15 ;

[ 0026] Fi gurgﬁog%icgmgcﬁ%og Jol?n vi ew of a section of one o?xpﬁ%%d fonyide a

122 with the 11t ércofinegt omt compared to leads without the recesses. For example, in one finite
element simulation, a conventional connection between a solder ball and a flat pad on a lead had a

maximum stress of 318 MPa, and the connection illustrated in Figures 1-2B had a maximum stress



el enent 150 and casing 160 renpbved. Figure 2B is a schematic side
cross-sectional view of the | ead 122 taken substantially along the
line 2B-2B of Figure 2A. Referring to both Figures 2A and 2B, the pad
126 of the lead 122 has a first dianeter DI (Figure 2A), a first side

128 (Figure 2B L, N rd. die .110 igure 1), and a second

si de 130 opposih? je.ﬁtﬁ)h'eg:# Fslt’ g%l\@lglgl él?a%%.ﬂ‘&r‘ﬁ‘éwﬁg‘f#ﬂﬁ‘%f@%déﬁ rpgranupasiress by
126 has a fi rgRrogwpeNGE%129 it thailuieteg eResoRkkahiCRRLANY is \%%Jwecftg%crease
first surfacenelpdi®f ofle; %%g%egt%ﬁim The second side 130 of the pa

126 includes the recess 132, a second Quiesiopdetvs the deyice 1A padraprinted circnit
recess 132 t hatrd erpthepexteyeabmembdry copl anar with the second surface

1251) of the body 124, and a third surface 13 Ib within the recess

132 [0027) Thee | | dntatiahedr Mathe Sor MiRuh A0 MMM L, O Q0YE having an

i nner dianmeter D2 and an outer di aneter met er D3

can be | ess {128 or Bgued 3-5 dllshe ftigestn SlcasmBb@AelorQl 126, .1 n
“can be ap%rgx?n%%tﬁéﬁyfgﬁ%@uéar%m“g the

one enbodi mept uter diameter D3 € i
and the i nne?ﬁca?egintgotn&e)cr %ﬁe gdé)h r%’ée’ﬂﬁ‘ﬁlreoéi;%% 5| aschenptioypide qtososévtional view of the
enbodi ment s, SGWF_@ i mﬁ@adamﬂﬂlmh’aﬁfﬂhﬂ’iglﬂésamh@ﬂﬁa@?fcﬁﬂg e réd sclgila[ﬁed it
di fferent. 'E‘sa%ﬁcﬁ?hm%ﬁ‘aﬁ%ﬁ’ﬁ{&??gr' I uigéalth%d recess 13 de%%snes__ g | rosimg
projection 134 at the center of tHe pad '£38sHean bs fygraddy eidhing stessing, or
132 is a bl i fler gricableepredesses. eXbeesuchdficlal ametibte1 43 @B dSJekif-aGHo RO 13y
:c_nt er medi at egigeRidy ﬂrﬁﬁiné,ga:to&@%&ﬁgﬂelﬁrg' SAss i‘gcljﬂ t he %d 126 has a

irst thickness Ti extendi ng between the fast” sUrrhceniidy maial ki Alls the
second sur f dE¥551'31 andipeiudgs repasel surferd udtlatis Hendanp $Bmak bidth @elsBddd Race 1312
bet ween the dfiHephd B4 TPGBer LaBod@it DSt £ d surface 13 | b. In one

appl i cati on, thet brst thi ckness %1*”3’?"%&%3 Sﬁ%rgi%‘fg%gﬁ%ﬁ“ﬁémymt completely fill
appr oxi mat el B¢ o5 B3 I aither prse, @Bsttbroitng the retdse] Lene 8podildy BakcRfial material

appr oxi mat eliy4,1¥e4d Bame k0 iy &RBL j - er he di mensi ons
can be different. eI n addi t(lmgﬁlgl )emoﬁf‘?tééﬁ?€§°%’Egﬁﬁgﬁ"“{%i@ﬁ%&ﬁewﬁf@ be
described bel'6%W Wit MorefRie i rogheriineds0.6-4p, dastidedatbvi, 2GnosmtiodaRiBldie

recess Wit h pacetsdsoReanbdueOnbii @udhakh 8n o iendd i I
enbodi ment S’Inﬁlg?l%a%dt%@ nbodj ment des%@%ﬁggﬁﬁlg]ﬁég&%&ﬁa{r‘é Y Sirdwd 13-
Fi gures 10A an e oﬁﬁ’ﬂmi‘%wﬁﬁ}hw i deppBied or Hisrexpased suefacedfss of the
i n addi ti onstcofidalmatreals44.] 0028] One feature of the specific enbodi nent
of the mcroelectronic device 100 illustrated in Figures 1-2B is that

the portiond0382 ofFighie4 isrtseliepmtingdet orab-emunbis/ickb 1S 8ot 68hY REH 129 ahd\Es
recesses 13&sRb 1508rR3050vhad t.he .| eads 122. advantage of this

feature is t ha% the pl ac%&néntthgg an‘ﬁae] TE %‘és‘mﬂ% BPldiiheh {6t o Fheonsridicial
el enents 1582ER {4fels Fasaedfoom thigRoiss 13Daferbedng (e @RI tAEthe removal of the

robust ness gkrifidi® npeRpecul e ds 122 and the
i nter connect el ement s i}%&%kaﬁgﬁ%g @Fllgt}?’ﬁ{ g@f%{lctée BT 195 4P I Sayerg]

132 and t hed P ctag?lﬁ,otﬁﬁ é@_{iﬁ_@!qﬂ a5 144560 beg catpeet @_dthitcits pErengthdie r@inced during
stronger CORERE t in@MksOémtloRinthts CRIRAERMI Qe TS L pe?n\%%?é %10%?.:&? Sovsss 132 by

For exanple, .in one finite element sinulation, a con
connect i on BERGHEMaferab b pndythen washingathe Imaterigati4onut af Iteartcdads® In other

Ta)z( |erjl ;nd S ;r@&s?irﬁ;ﬁm@ i&r éggfgﬁcia@gﬁtcﬁﬂ Qak Qﬁ%ct&h%d 'ﬁ‘l}llnl"lget {eggsse 932i vxna oFtig'lélrxitealSJIe
rge%%(ods. ﬂ]en}xer case, removal of the sacrificial material 144 and the mold flash 164 €xposes a

surface 133 of the pad 126 in the recess 132, After removing the sacrificial material 144 and the

-



of 203 MPa. Thus, in the sinulation, the illustrated connection
reduced the maxi num stress by approximately 36% As a result, the
illustrated mcroel ectronic device 100 is expected to increase the
reliability of the interconnect el enent connection betmeen t he devi ce

100 and a pri . ot h extern
R oy d L R e R R g et ———
[ 0029] Fi gur esle®ed and rmsanwéalmm 156canrbe dqammdl(é]g,nﬁlatérf) ofto B f8chd sQface

manuf act uri n I c VIC l e, Figure 3
is a schemat ?%lraglﬁ %tehg]g%%)ge? Sgl(eécct% ?géna ViceW 0% m?eﬂté’ @g@f‘? SYeckfirial maiggal 144

122 i |l ustr af@tnetrbe Rmpyed o theamabss2B2 adntlfor th oveiblgnithRl | GRSl B2dRRGted

deposi ting apsagk kb recess 132. The recess
132 can be fornmed by es chﬁggggfthe%osec? orace&?%er sui t abl-e processes.

The sacri fi cloa;h] mat exguad 5 M‘&clﬁ@x%c@?de@ﬁ@&s’%b&oﬁg vieRto? itk Qr—.'ecn{:rre?fﬁiet IFa;ltléa and the

di spensi ng, nt| 2”1% or other suitab rocesses.

sacrificial er fauning the §1t@m?énepfe?é@§st 15821 thagad 126] Ttekdluamnics Krp®atket

surface 145 éléiﬁht 15 B0k al pidl pRas S Jace 131a .of

the pad 126. In other embodi ments. ISp&eggvrlm g%ségsgg??l & A°S50T Bl 154

144 may not RYRHPeERyhs Fff:?ﬂdt%'aqeelééas@f@@zad 126. &ibg hﬂém@a@eeleméﬂt&ﬁo can be

foming the segess tB,éSﬁadalrld b5 PREiRE ElﬂBQaﬂlé1€on§z§:8H Mtﬁlaiign Hi@%%x' :?&f e ttable
g

the | ead fran;géﬁﬁ? ge % can be mpunt ed are

1) and the 4% v a&‘% o é seey spadecs 1331 4d eeéwrcng thecrondyictinet haterigh® thay 2
160. As desqmnbedfthématmalﬂmwa&m@aadslﬁml di ng processes often produce
nold flash 164 at an opening 162 aligned with the pad 126 of the |ead
122. In the [P03RLst r 8he feawrbotiihmenbodithine oﬂﬁiednétﬂmﬁ&husir@t@d aBovd SRASEERRLe 1o
on the expo f 4 acr i.al material 144.

100301Fi gur ?%Iﬁggﬁg %hﬂ]m]% caéshlh1 4%8?10%5 4D8 Prgsrsn s PeWPddrom fepad 126. An’
section of tHentageaef thip Zeﬂmﬁlettm thecrn@ié! figsh 1168 i éxpetedr 1@ MOV infpir i#destructural and

sacrificial & -Talo I of dié

ot er ol 144 7o R chihoBlen b fuckuitel 4930 Ty O Bp AL t{t%eermeraglmmc
160 so .t hat %t YRndhaimpetved sraciest pidfelasitiad! conmeaion hétwéﬂﬁlthdameﬁ:lﬁﬁleﬁfefements
the nmol d fl ashandGie i B &cREROES cﬁi%%(ﬁﬁcr&&étm AT uiaogher advantace

appllcatlon%‘ ﬁhes crificial paferial can econfl

its strengt HEUFE E‘@‘B"%@r‘hﬁdh"cﬁﬂdrfb"*h I“?i’f %ahé’s@ff@rﬁb@)drmmdsﬁom ke pad 126
sacri fi ci al withduesipradicadifitas: e £8P YR w

the materi aI grﬁﬂ(i:l tﬁfn \Xag/;zéﬁﬁng ?%e na%lgﬁmgllﬁkﬁeﬁf@%?ﬁodf]&ta}]y?g%é&g%&
132. In ot her SHS@m nments, the sacrificial material 144 can be
renmoved fromthe recess 132 vi a ot her sw tabl e nmethods. In either
case, renovBl ofAdditens j16 gkdadd 144 and the nold flash 164
exposes a sajrisice 133 of t he pad 126 in the recess 132. After

renovi ng th cri freso-SiusEptp different gonfigerations of reqperesin phdzsoRledd dn actdndance

second sur f aftieotle} dabanskntshe e XROSRE BHEiARE: Fidde &
treated and, ¢ Jgﬁaragd and t hen a wett abl e&%af erglgg %%Stgﬁplmﬁ@&a“e%m"fa

deposi ted (& Y128 2PAT 23R it arecesdan dhs ilipsmated repes 332 d blibdbgreoye osiba
surface 133triadgnlapédnBfuraih @t 88TMESa tripPlal PBRctRE 284 eFlEIﬁ'g ﬁgg 4 &IP%L&H view of a

material 144 pmay .not epoved fromthe recess
wet t abl e rraie%‘i”flé’lf %@%tﬁﬁééa‘fﬁﬁta 7 3de pifaarersssotito Tbﬁélu%@d mebess BBE ascablind

13la and thgo@xmeebcauguﬂaae@ﬁg&&mn[&@&hh@% géafngq&ng&%sﬁe (guﬁssé 98p

Cross- sectl nal. vi {% section of the |ea

160 after fROPIIHE taﬁe*’“%? lethiire brving agnd A6 Viithor rerest 43R B@dllngedmm
illustrated interconnect elenment 150 ingludes a portion 152 di sposed
within the recess 132 and a second portion 154 projecting fromthe
second surface 131a of the pad 126. The interconnect el enent 150 can
be attached to the pad 126 by placing a fl owabl e conductive materi al
on the portion of the wettable material 156 adjacent to the second
surface 131la and reflow ng the conductive material so that a portion




Figures 3-5 is that the nold flash 164 fromthe nolding process is
removed fromthe pad 126. An advantage of this feature is that the
nold flash 164 is expected to not inpair the structural and

el ectrical connection between the interconnect elenents 150 and the

pads 126 of tsmeblﬁﬁcg‘r@ﬁb QA ANC.sHRY 66:6400i0n HIE dbATRL ?’é %}? Eiig% l}é{’?fgn 134,

and el ectri c?, 3nneg n het ween the | nterconnect e
the pads 126 PREréh&&® ‘H’e‘“Wéf Y ssstion ¢fem lpado20 dipvingt 7 padi 26 chetiacess10. The

Anot her advailiheged edoess 582 islal vlisd hat R BekARH
164 can be effici ntl% removed from the adcfggkgﬁ%h%%dﬁ%a?eﬁ %sthe

damagi ng t he” (c:isa‘"’saln gef ﬁseﬁmhcdﬁff“é‘?né@“ﬁﬁ%?ﬁé&%es the yield of the

m cr oel ect rol@ dech }(?4) D. Adgll ti onal Embodi nents of Pads on

Leads [0033] hres T g ds Pt BIay Vi eRferh ocieneti & lred 1622 hevieg a pad 626 in
recesses in a}ga?d@nm‘ witfe antsher Rmbaiednd 3NGR inWhikdd. OtiRGE 1@*&09%55%8&?& %&e cross-
the inventiqp

to |.an vi ew of
of a lead ZZZCth"gFﬁ%?%I&a 5@6%%1’53“?3& élé"éé)tﬁ%zﬂe l’f’ﬁéOBFI}E}SIW 'eﬁﬁedlefemng
recess 232 its bathblfxglnd; womm tthe Hlutrated gl Isas H@Q,a;sl ngfsarsﬂdngg l@ﬁéu:? 10B)

defines a try r, .on 234. Figu is | an view of a
section of :fo Q@&g& %Zfiogﬁéél\r/a?% ki andzase??% ’aﬁ {3@ °Bp°FIECtE%§rSt 128 nEhe fixst side 128
i |l ustrated of &eesd G%Qasmsﬁrat smtthad2g (Oove 108) trint aanr&cgeaéagyl cEﬁlanar with the first

fi t X t
2 Top Pl an uimey s FIAPIRg o B ARG 15 R il o piherineudes o
rec es s 432. PIF&HqT 36 teepsedb2rim e pwjedBR 638-2 second subfadyl 630ulin GReQOO6E 6b it oan
"X"-sh ti
an shaped gﬁl@l@.ﬁ)“ &Hfaﬁa{r (ol tl{e}g%ncgﬂﬂa&q%ba& thexbn 51% ga ngg "‘erﬁaﬁ?/%ﬁb opythe

434, Flgure9| a top plan view of a section or
pad 526 wit Hf°&°‘i‘°élc6é§sA53!£°h tipead; 426 hasta Arstabickmensdy :sF@aemm eate;himgméma{ @e

With a cir cttsaurzeniiogmdahé e8ond i
can have rec Sga)u; W th @ffferg?]t c%%?f%h?g?%gns é)q%‘éﬁgf'émgﬁhg @@Eel B}

a top plan v’f fetyectiofe ifigh swface, 13914 f@z@ﬁa&faﬁgﬁﬁbpé{&e RAection 634 can be

accor dance wnbthlcamgatglq;nat@mb@dpﬁﬁ&h dbadld? 8 FoRH&NYs ! 13..i:s
schematic sj; [0SS- ‘PS?EL%?' onal ef/v 01‘ th?a | ead ggghtﬁgfig&ﬁ& ke 1he

subst ant i al I d Hmjef 1 hén f’@f’g aiﬁ‘B“‘i"ﬁ‘iWFP eRipeer digmeterisfand i quepr tieméiatin.
Fi gures 10ATheamttr m@rBr;textlbae:an bé lt&t thal @ dqap@ t@2banhdns bﬂqﬁﬁe Bad 6265& e?t!h%%ase

128 (Figure ed tq face toward_a die and a secon
630 opposi ttél;g%@a e??% Sts glﬁlém go TINE PePSR °Eﬁ"d’geri%e"bﬂerﬁ%ﬂiﬁa@ummﬂy

has a firstatigehed tobe 142 %26 Fingudditionh D) botiimits, Al pré] & tiGE R Ady! ¥t AR BRALcoss

with the figst,sund re;d0B) of the body 124. The secon
side 630 of the paci@g%g]dl ncfe“c? gémpr%j ection 634, a recess 632 in

t he proj ectpez; 634, he r.ecess 632 .that can

be general Il'0 ]pl arliéigfar e\?mﬁ ? Qgghaﬂi%ggﬁaggﬁ?dgggtvﬁ'ﬁ aJpcrpg] %‘Bﬂ?""ﬂloo in
and a thir g’t‘i‘r ceath@nothes epghodithent pf the invsntiom 'l'&smcro%cmmw‘é&m)opﬁgén@a@
has a fi r stsishibi Wﬂ@SﬁcrgélecﬁgﬁJQHév?ce]igg)des‘éﬁﬁeﬁgg$\}ggwlplerte en(fe tlp égm' s 1 2tB For

surface 129 and the second surface 6 a secon
t hi ckness TSRS dimicrpeipgiropic deviesi 109 inshadosesodic { Hle a flsad Sams 12 G ataﬂmdﬁﬂthaﬂﬂ

the third smofaa@eraﬁ? bt mteraaasecpa@mé‘n@st 15%@1&@(:%@1 &R RSa %%ﬂ?rlﬁ ﬁgsglﬁg?ﬁo

pl ated) on B fforned | ead or be forned as an Integra

the | ead. fﬁ%‘ Tofaf s thp &%Ho;ﬂnﬁ]aé@fqoa 9f §B4eddstiame QAN Jﬂnanllumndde:mcmlbdttoﬁa
i nner di anet@se 13WeleR MncQidbsed firfl &,

be | ess than o?E%qual to the Jﬁﬁg&%@%ﬁ%ﬁ%ﬁm ﬁ% pa oZo. nog%fE%F?Sy
case, the illustrated recess 632 is sized to receive a portion of an
i nterconnect elenent that is subsequentdy attached to the pad 626. In
addi ti onal enbodi nents, the projection 634 nmay not include the recess
632 and/or may have a different configuration. [0035]Figure 11 is a
schematic side cross-sectional view of a mcroel ectronic device 700
in accordance wi th anot her enbodi nent of the invention. The

m croel ectronic device 700 is generally simlar to the




and a second dielectric layer 770b on the second surface 125b of the

| eads 122. The second dielectric |ayer 770b includes (a) a plurality
of first openings 774 at the inner ends 123a of die |eads 122 so that
correspondi ng wire-bonds 142 can be attached to the | eads 122, and

(b) @ plur al kidys SoRCGIRMORRRINES of 1 Blonk ! Qvﬁ{agé‘fgsalgfgthé)Eegésaﬁlz;gﬁag;econd

122 'so t hat § rrespondlng i nt er connect
to the pads $'%gctrierfger 710bdnclug Btfd @)ty ofi fisdt epaninge 7 May e Bindk B 1234 Mhd16ads

a sol der nask2ab tipi B&fes;ﬁ%ﬁg’?‘mr@bdﬁﬁé epl c% bl %{acl(eg)to I héa fﬁz,p%agg)laz}éurahty of

conpound from fl ow n | eads

and (b) el et é?P‘f“iP%f R%Lﬂ“allelpﬁﬁ lPhen Fhéémés 12 z0 fhatnwespmeimgahte:ﬁmnbcﬁ €Bments

In several erﬁb@dnsmaﬂﬂa&cd 13ehernt ik
| ayers 770a-b | nhl erd E@W oundhl rg%&d%%nﬁgﬁg%?%ﬂ%'% %a'és?anll%a solder

the microel e%?s Sh? foa(p) pbibitiag meld aripdrod fiopl fbmmggnemreen the leads

sacrificial Irawetbmd the Pide 106)@nd ©F SEEBSI 3ulithe 1R
[0036] Figure 12 is @& schemtic g?de cro";sLs secti ongﬂgggifze%v&%xwmal devices. In
m croel ect r SR gabqdimenisofsesuse e ftst ad secendulielretsin layerset?Oe hibbibitmenid ccmfpound

t he inventi divm fldvéngemy e bektieg) mh&mdﬁwbdﬁ@mgggudesmgﬁﬂ? E@ko%edsdwﬁ{ollt placmg a
t he m croel %&Eﬁ_ﬁ%’l’:&ate%%vl &8, 100 delgf Fed above with reference

Fi gures 1-2 or exanpl &, CrHESH; "Ry 19hi ¢ device 800 includes a
m croel ectr ggysg; di eF,%ger,u% SUR aExt § sl nmber C%20 atta hed to the die

110, a pluralit er conne HERY Secfiem! &P‘f’é? A BYFrestecirenie detisp 80 in
menber 820, 2geAtdange @i @t@i@B@@@m&Wtﬂeaﬁmﬂ@ni ke zdﬂcﬁel&&@mara&n@ 8@@fstgl3193fhlly

f th
o e s Upp@ﬁrﬁlaxr@rﬂ?@fmééﬁcn'omede'vﬂcé Yo E&l ?buogg mvtf ﬁggrancﬁt? gtgwgf d@Bg Fpr

however, is a dielectric interposer su
attached t o¥H@leaibe FWB?F%F@IG@@CQ)%OOMV@@E %mtfpéiemomb dan w,dh@ﬁ:bi«t e .820

a second si decddo eRRRS] 10 Bﬂﬁhify' dof ?r}ter(?dng%t g}ﬁ[entsal 5B Tz’f%acg disgo é%sua?orrt gmber

contacts 823 at the second sid
second si de®¥23d 3caspg Se ?W?Ps‘é#“néd}#ﬁj@@ﬂlwdtarmws 08214 segipert tteiber 929, The

coupl i ng t haaart aﬁrfp&‘t &3r3betr @26; Bhw&EeD Qr&%é‘&uﬁ%lérﬁégr@ab%%g hg‘\cﬁ%r a3 Itlrst slzde 821

ext endi ng b%\r/]\qaﬁ h t_and second sid
i 11ustrated PRAM A ?J%ﬁt“’?)% L8 96the i) LQwitlyar adhesiys 8882 stoond sideciR whposteahe

portion 152finsfsida 821k pREfigdtdgcls mmaﬁ@&eﬁé mﬁlsmmm&i@%f &QQ%& ﬁ(egépond
the foregoing, bta‘f“ah ot%e %g%rec i at ed f hat specific enb odi me

the i nvention Rave Basnot GUEaTve Beres i3 slepirialy C%Prtﬁdgf‘e@ﬂféﬁfts #2310 COHeSpondmg
i |1 ustrati arads 826t and halot 823rekeding et G fisOM seYd B8 BROSq Wi hﬂ}éhlusuated
devi ating f: r. nd, sc of the invention. For exa

many of e oy et fedf Bl ceBs BPoeechis agibian A Ol TR Hisronec
enmbodi nent sl4menigld@i tion to or in lieu of the el enents of the other

enbodi nents. Accordingly, the invention is not |limted except as by
the appenddd037} aji mErom thy fregoing, ifwil by rapwboiatddrm kcidie vinb@kmGBGE teSivtton

a m or oel eqijXkeaddiibed REkll AGeRD de EBGAL Bif &l Lo JN:
‘of terminals operably coupl edﬂtg% the I ntegrated (’&ousm?dqgcm’n?may e mad
without deviating from the spirit and scope of the mventlon For example, many of the elements of

one embodiment can be combined with other embodiments in addition to or in lieu of the elements
of the other embodiments. Accordingly, the invention is not limited except as by the appended

claims.



a plurality of conductive |eads connected to the die and electrically
coupled to corresponding termnals, the individual |eads including a
pad with a first side facing toward the die and a second side
opposite the first side; and an encapsul ant encapsul ating at |east a
portion of the mcroelectronic die and the plurality of conductive

| eads, the encapsul ant having a plurality of openings individually
corresponding to the pads of the individual |eads, wherein the second
side of the pad having a recess configured to interface with an

i nt er connect elenent t hrough t he corresponding openi ng of the

encapsul ant . he m,cr.oel.ectr.o f claim1l wherein: the
second si des of Ihe pAdue 8%%%chgamﬁ §§g es; the individual
recesses conprise an anmubdmmgnmoheuewﬂgadmﬁgmﬂﬁ%mﬁﬁﬁgi§@dbﬁﬁm§Wd@’to

only an internedi ate depth, nhpﬁmﬁ rgﬁmﬁmﬁmggt thd caaft; t he

m croel ectroni ¢ devi ce furt rises a plura n?%ct

i
el ements di sposed on @ hblf@é’dlfﬁ@r'@?tﬂ’é éea@ﬁm&‘%?f“?‘é?ﬁ%‘i]g?ﬂjl "‘ﬂflﬁg’gﬁ&%ﬁ'ﬂ’

i ndi vidual interconnect el ghgpksohdisd téﬂmﬂas ahdd Diividasl lé:&l@&mchﬁdlglmpatdhe
correspondi ng annul ar groove, 3 The croelfqgronlg devi

1 wherein: the second si de¥ithe frgt&idg fgme do) &g arsg%oggglg%(’ppc’m?
the individual recesses cogpﬁhﬁgmaaxannular groove. 4. The

m croel ectronic device of E.Ht(r]nenfq?éu {qg:aglea{tlglpo %%%?qmesﬁugr%aec%romuafé

pads conprise the rec&s§¥apsy recesses conp
blind hol e. 5. Theani te gphirdity od corcudiey ilads, ghe ethcalpsmallt lm'@g@ n:

the second sides of the pa mewgghg%ﬁgg g&ﬁﬁﬁﬁﬁﬁammﬂ?%tgagp““°fme

i ndi vi dual recesses extend® to on
intermedi ate depth in the individeslpeds imhereipdlep. second side of the pad having a recess

configured to interface with an interconnect element through the

corresponding opening of the encapsulant.

2. The microelectronic device of claim 1 wherein:

the second sides of the pads comprise the recesses;

the individual recesses comprise an annular groove extending from the
second side to only an intermediate depth in the corresponding pad;
and

the microelectronic device further comprises a plurality of interconnect
elements disposed on the second sides of corresponding pads, the
individual interconnect elements including a portion received in the

corresponding annular groove.

3 The microelectronic device of claim 1 wherein:
the second sides of the pads comprise the recesses; and

the individual recesses comprise an annular groove.

4, The microelectronic device of claim 1 wherein:
the second sides of the pads comprise the recesses; and

the individual recesses comprise a blind hole.
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6. The m croel ectronic device of claim1 wherein the individual pads
further conprise a first portion with a first thickness and a second
portion with a second thickness different than the first thickness.
7. The mcroel ectronic device of claim1 wherein: the second sides of
t he pads conprise the recesses; and the mcroel ectroni c device
further conprises a sacrificial material disposed in at |east sone of
;Ee rgceSSﬁs. g 8a The m croel ectronic device of claim1l

erein: the second sides of the pads conprjse the recesses; and the
m croel ectronic éevic@hqﬁwﬁﬁ@ﬁﬂ%ﬁﬁﬁ??géﬁgglLWﬁ?ﬂFity of interconnect

?'SUEPBS ?isp?sed 0N {HB8ecoMEARE othalRAs @inpeiy thes@erdiany pads, the

i ndi vidual interconnect e e ts includin ortion.r | V. i R:.1he
correspondi ng recess. e individua FCW%eﬁngtfrg&ltg%%%ﬁishete‘%l:f)gée" 'g mjé:e lgfem 1
wherein the second sides ofepthietheadsspodipg psie t he proj ections. 10.
The microel ectronic device of claim1 wherein: the second sides of
the pads conprise the projections; and the individual projections

conpri se an annukar nemb@lcroelectronic detite ofTdlsmni whieoek the tiwdividual phdy furtberof

clai m |l wherein the jnterconnec ement i.ncl udes ]
| east a por tPHGF fj‘ﬁ’i@"%‘?)‘f yub aﬁgﬂh‘ YT P ?@%’g‘gfé‘gﬁ“@ﬁded“ﬁ%"g%s
12. The m crafkacthanhe firsthbickiess. of claim 1, further conprising a
dielectric material covering a portion of the individual conductive

| eads.
7. The microelectronic device of ¢laim 1 wherein:

the second sides of the pads comprise the recesses; and

the microelectronic device further comprises a sacrificial material disposed

it at least some of the recesses.

8. The microelectronic device of claim 1 wherein:
the second sides of the pads comprise the recesses; and
the microelectronic device further comprises a plurality of interconnect
elements disposed on the second sides of corresponding pads, the
individual interconnect elements including a portion received in the

corresponding recess.

9. The microelectronic device of claim 1 wherein the second sides of the pads

comprise the projections.
10. The microelectronic device of claim 1 wherein:
the second sides of the pads comprise the projections; and

the individual projections comprise an annular member.

11. The microelectronic device of claim lwherein the interconnect element

includes a solder ball, at least a portion of the solder ball being in the recess of the pad.

12



13. The mcroelectronic device of claiml1, further conprising a

sol der mask covering a portion of the individual conductive |eads.

14. A mcroel ectronic device, conprising: a mcroelectronic die
including an integrated circuit and a plurality of term nals operably
coupled to the integrated circuit; a support nenber attached to the
die, the support nenber including a plurality of pads electrically
connected to corresponding termnals on the die, the individual pads

including a first_surface .faging.toward e die d ce
opposite the firé?'su&ﬁ%&ﬁ?“%ﬁﬂggﬁggﬂﬁ’9&&?&%6 ﬁ%@?d%”§ﬁ§ﬁ$gﬁﬁ§%%ﬁion
spaced apar tméiérianookdimg bipbisivn efithd indieidiny canddctivesleaddi st ance and a second
portion spaced apart fromthe first surface by a second distance
different than the first distance; and an encapsul ant encapsul ati ng
at least a portion of the mcroelectronic die and the support nenber,
t he encapsul ant having a plurality of openjngs,individual

correspondi ng tol8he gaqjguc(g?elqcﬁgnq ﬁ"(ﬂcﬁi"g Glajm ?e%lagef %@ﬂ’;&grfy 1T PRfst
and second R@fdrin®Rporlén iR ihdidtinal chualctipaesis.ar e configured to
interface with a solder ball via the correspondi ng openi ngs of the

encapsul ant . 15. The m croel ectronic device of claim14
wherein: the SupRert RERLREIGRARGEAGScomptiifg.ectric substrate
including .a plurality of,cog%gflﬁgehg t&%ﬁg Jéaggigﬁgﬁiéﬁt?ngﬁw'ﬁ
correspondi ng term naPdnigiee N @< ! i y
gon_nect esl tlo porrlzsaﬁndi !’lgteﬁﬁi%@@ﬂeﬁablycoupledtoth&ﬁltegﬂékﬁfﬂch‘l':lﬂtl,’ OFI ectronic
evice of claim erei n the support [ conprises : nme
i ncluding a pIura!ityadTmF@%B§“Vffﬁ“%%%&@@%gﬁdﬁﬁgg A §?m?ei%%ﬂm&%%
The microel ectroni c devi cephfalityl dipadslefecinkalyeiomettad ta m@pmum teqyrghds
further conprise a project {)1(1)%fggg%g%a%qmtappiﬂtlﬁgﬁ(ﬁrggea \ﬁrstt Quﬂ:ﬂe facing

i nterconnect el enent. m croefectroni ¢ _device of claim
14 wherein the individual padesl thedielant a esonsk jusfecepppasite e T serfages thed

to interface with an inter Q&W&Ha&' Iﬁqﬁgta first portion spaced apart from the first
surface by a first distance and a second portion spaced apart from
the first surface by a second distance different than the first
distance; and
an encapsulant encapsulating at least a portion of the microelectronic die
and the support member, the encapsulant Having a plurality of
openings individually corresponding to the pads of the individual
leads, wherein the first and second portions of the individual pads
are configured to interface with a solder ball via the corresponding

openings of the encapsulant,

15. The microelectronic device of claim 14 wherein:
the support member comprises a dielectric substrate including a plurality of
contacts electrically coupled to corresponding terminals on the die;
and

the pads are electrically connected to corresponding contacts.

13



19. The mcroel ectronic device of claim 14 wherein: the individual
pads further conprise a recess configured to interface with an

i nterconnect el enent; and the mcroel ectronic device further
conprises a sacrificial material disposed in the recesses. 20.
The m croel ectronic device of claim 14 wherein: the individual pads
further conprise a recess at the second surface; and the

m croel ectronic device further conprises a plurality of interconnect
el ements di sposed on correspaondi ng pads, .the individual interconnect
el enents i ncl udi A§ a P8 MigReIFHENF dsyeq A PEB"& r‘f’lé%eb‘bﬁllﬁ ﬂ’@p?rgérggl o
21. A lead fc'bﬁP@se& PDleaCRdnieihdMiiing 7pheilpedReks Ot @reipenditgyedd. ead frane
conprising a plurality of |eads, the individual |eads including a

nounting surface for attachnment to the die and a contact site for

coupling to an inyer capikocRl@sHR devics bvldif i Whétvialthetadiviaed pals figther
i ncluding a connectiogn feature and a firﬁéﬂsurface eneral ly parall el

to the nouNtYEMBriss@ProiRelion GORRSUE IR Bterfacs Vi f‘lﬁ"r‘@“ﬁ%‘gﬂ’é"“ second

surface transverse to the nmounting surface, wherein the connection
features conprise recesses, and wherein the |ead frame f, rsher
conprises a sacrilBi ci Zhe misrastermicexispefedpim 44 gberpia fas indiyifyal gads fiysther
recesses. comprise adcess FhitighRa e ihfcAare with aCinRidihnddt eWiRhei N the _

i ndi vi dual conhection features conprise at |east one of a projection

or a recess configured to interface with an interconnect el enent.
23. The lead frang of 1fl AicMeRlroicRbdorllitn CORRAGE on feat ures

conpri se recesses extending to only an internediat d%fth %ﬁ_th%h
correspondi ng pads. theindividual pagsRirthes semprise aEeoess CQUiIGYTE 19 1NIREARET ¥ HY: he
connection features conpri g@rdhidcCsdnent)and

the microelectronic device further comprises a sacrificial material disposed

in the recesses.

20. The microelectronic device of claim 14 wherein:
the individual pads further comprise a recess at the second surface; and
the microelectronic device further comprises a plurality of interconnect
elements disposed on corresponding pads, the individual
interconnect elements including a portion received in the

corresponding recess.

21. A lead frame for carrying a microelectronic die, the lead frame comprising
a plurality of leads, the individual leads including a mounting surface for attachment to the
die and a contact site for coupling to an interconnect element, the individual contact sites
including a connection feature and a first surface generally parallel to the mounting surface,
the connection feature having a second surface transverse to the mounting surface, wherein
the connection features comprise recesses, and wherein the lead frame further comprises a

sacrificial material disposed in at least some of the recesses.
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25. The lead frane of claim2l, further conprising a dielectric
material covering a portion of the individual |eads, the dielectric
material having a plurality of openings at correspondi ng contact
sites. 26. A microel ectronic device, conprising: a

m croel ectronic die including an integrated circuit and a plurality
of termnals operably coupled to the integrated circuit; a plurality
of conductive |eads attached to the die and electrically coupled to

corresponding termnals, the individual |eads._incl udi a pad;. and
neans 1? or i n'? er f 3&i ngThs tead &gwe oF ﬁiﬁ‘ffﬂ%ﬁgwqefﬁ"ep'&dﬁjﬁ‘@%‘{apg?n@ﬁ@ﬂ? oAl o
pads, wher eicBmpiie aBRANGneloPs plojetinfon rdagss cadigureiEtodntartace with an iaterconnect

mat eri al di sposed t herein. 27. The m croel ectronic device of
claim 26 wh M- the means for interfacing with corresponding

i nterconnect elenents at the pads conprise a plurality of recesses in
correspondin ads. 28. The m cr.oe| ectroni c device of clai.m 26
wher ei Ir[:: t hegrrgaﬁ%~ f ofthg F?P‘érfﬁag’éi‘f?gd"\‘)\?‘t% WBFR 5o rRRneg el ﬁ?%‘?eéocr?ﬁl oY

el ements at  pRReNRAREIEORRAN I inferfbdidt@ddpthyin e coreg@adiagpadn

correspondi ng pads; and the individual recesses extend to only an
internedi ate depth in the pads.

24, The lead frame of claim 21 wherein the connection features comprise
projections.
25. The lead frame of claim 21, further comprising a dielectric material

covering a portion of the individual leads, the dielectric material having a plurality of

openings at corresponding contact sites.

26. A microelectronic device, comprising;
a microelectronic die including an integrated circuit and a plurality of
terminals operably coupled to the integrated circuit;
a plurality- of conductive leads attached to the die and electrically coupled to
corresponding terminals, the individual leads including a pad; and
means for interfacing with corresponding interconnect elements at the pads,

wherein the means for interfacing include a sacrificial material

disposed therein.

27. The microelectronic device of claim 26 wherein the means for interfacing
with corresponding interconnect elements at the pads comprise a plurality of recesses in

. corresponding pads.

28. The microelectronic device of claim 26 wherein:
the means for interfacing with corresponding interconnect elements at the
pads comprise a plurality of recesses in corresponding pads; and

the individual recesses extend to only an intermediate depth in the pads.



29. The mcroel ectronic device of claim?26 wherein the neans for
interfacing with correspondi ng i nterconnect elenents at the pads
conprise a plurality of projections at correspondi ng pads. 30.
A nmet hod for manufacturing a mcroel ectronic device, the nethod
conprising: nounting a mcroelectronic die to a support nenber having
a plurality of pads; electrically connecting a plurality of termnals
on the die to correspondi ng pads on the support nenber; encasing the
die and a portion of the support nper and enovyi sacrifi.cial
mat erial from re@8ssedhe misE C‘P‘é%”b"on%ﬁlcﬁﬁf EJ%‘H’SZ Vheggn @‘%é‘&%‘iﬂé’ 'F{?ﬂgcclf’ %e.
31. The net heth Rfresphiiiny) idGrevdeitRieefd bithd s tdneprisk & plialityloé PRiepims bt
menber conprises atftaching the die to a lead frane having a plurality
of |eads, tHE"FRBEYLERE ng t he correspondi ng pads. 32. The

met hod of cl ai m 30 wherein nDunting the die to the support nenber

conprises attaching the die a dielectric sub t ate t.he |eI tric
substrate havi ng3fhe pﬁ‘ad’éﬂhc’d for manggciuiapge A BPHEEE ?m%ldg?"ﬁgi °3 eggtjedl n

renmovi ng t heon ?ﬁg‘ﬁgfl cial material fromthe recesses conprises curing
the sacrificial materi al

»
conpri sing di sposi ng P}?B“tg'ﬁcarrf"ﬂoﬁle%iomﬁafe Piea p%rtq{l ngbm?lléag}élgqé) i g#glfe
encasing the die and the pe#dsj on of the support menber .

The met hod of claim 3%Iecttl$’all$4r3§’1{%1e&91gg éjlhﬁ%lﬂ}g% F S BN tg@g,@gd &,lnejpgmgt he

pads to formthe recesses e support nenb
pads on the support member;

encasing the die and a portion of the support member; and
removing a sacrificial material from recesses in corresponding pads after

encasing the die.

31 The method of claim 3¢ wherein mounting the die to the support member
comprises attaching the die to a lead frame having a plurality of leads, the leads having the

corresponding pads.

32. The method of claim 30 wherein mounting the die to the support member

comprises attaching the die to a dielectric substrate, the dielectric substrate having the pads.

33. The method of claim 30 wherein removing the sacrificial material from the

recesses comprises curing the sacrificial material.

34. The method of claim 30, further comprising disposing the sacrificial

material in the recesses before encasing the die and the portion of the support member.

35. The method of claim 30, further comprising removing material from the

pads to form the recesses in the pads of the support member.



36. The nethod of claim 30, further conprising disposing a plurality
of interconnect elenents on correspondi ng pads after renoving the
sacrificial material, the individual interconnect elenents including
a portion received in the correspondi ng recess. 37. The net hod
of claim30 wherein renoving the sacrificial material fromthe
recesses conprises renoving nold material disposed on the sacrificial
mat eri al . 38. A nethod for manufacturing a mcroelectronic

devi ce, the nethod conpri sing: untjn m croel ectroni c dj .

| ead frame havi ngba pEEﬁ" &eﬂwg Bt elpmy %“‘?lﬁé cf”ﬂﬁrils\'flgd%%‘fosTégdéﬁraﬁt? &

i ncl udi ng a jRadontkd: Rlemedith lof teoféspénding qadtgatten vamiotting ke eliceficiel dnagerigle dhsnd
side opposite the first side, the second.side. i )
posi ti oned t‘%ﬂ‘Y‘ﬁ’i{a@Pﬁe’é‘?{?’é“eﬁﬁeﬁeﬁ"eﬁtﬁ ‘chﬁlgg?:goﬁt nect cele‘ﬁgg}r{rllatﬁ%Oiﬂrg Pect ?%cﬁsl y
coupling a plurality of termnals on the die to correspondi ng | eads;
and encapsul ating the die and a portion of the | ead fsrane w

casi ng, the casi aé ha?]‘?}'@eta"dp‘?f&}aé{??% 9’8‘3 in gemox|ng §ie Ségﬁcgs%%t?ﬁflﬁ ﬁaﬁfﬂg
the i ndi vi dyglessBd@sprideh fhdi g dRl vifeRBdsposed pothe sicdfigial magrielnt er f ace
with the interconnect elenent via the correspondi ng opening of the

casi ng. 39. The nethod of claim 38 wherein nounting the die to
the lead frame cqgpri 3esmedioliafhi Mshuld@rish @ tricréeldcaadc fdeain® theavinstipda
plurality of leads in which the individual |eads include a pad with a
recess exterf@™PfME only an internedi ate depth. 40. The net hod
of claim 38 wherein naigiting@ niikkeclekitenit dicttie ldad framé having acmdwrplity sklgads,

attaching the die to a leag fr Vi el ki Y0k s Bese tdvard
whi ch t he i ndi vi dual Ieadsg’ler% w[;?ghga [S)é 1“\%“ ﬁ%ﬁh’ghnﬁaﬁl roo%/e. o

41. The nethod of cl ai m 38thefdir srider secandyside ppesite EradrstrsisienBe seopnsk ddq g
adj acent to the pads after;gneapsilal iBgidnb® o BreARd Wik A0tk

the | ead frane.
element;

electrically coupling a plurality of terminals on the die fo corresponding

leads; and

encapsulating the die and a portion of the lead frame with a casing, the
casing having a plurality of openings corresponding to the
individual pads, wherein the recess is positioned to interface with
the interconnect element via the corresponding opening of the

casing.

39. The method of claim 38 wherein mounting the die to the lead frame
comprises attaching the die to a lead frame having a plurality of leads in which the

individual leads include a pad with a recess extending to only an intermediate depth.

40. The method of claim 38 wherein mounting the die to the lead frame
comprises attaching the die to a lead frame having a pluratity of leads in which the

individual leads include a pad with an annular groove.

41. The method of claim 38, further comprising removing mold material

adjacent to the pads after encapsulating the die and the portion of the lead frame.
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42. A nethod for manufacturing a lead frane, the method conpri sing:
providing a lead franme having a plurality of |eads with pads
configured to receive correspondi ng i nterconnect el enents; renoving
material fromthe leads to formrecesses at the pads; and depositing
a sacrificial material into the recesses at the pads. 43. The
met hod of claim42 wherein renoving material fromthe | eads conprises
renmoving material fromthe |leads to forma plurality of recesses

extending to only an internedi ate_depth in_.the correspondi ng. pads.
44. The nethod of2cl ai‘\rﬁ‘e&l?d\fﬂ’fé‘i’aéflﬁal“g"#&\}? B'a%tﬂéerl?%l?‘)% P%%'Sp%é | eads

conpri ses renovi ng mab@tidal afl_édarﬂ'ahhﬂla{riﬁ@d glutatityfof leadsawith pads kenfigured to
annular grooves in corres pl%geqxlfenc%ngs%gnsding interconnect elements;
removing material from the leads to form recesses at the pads; and

depositing a sacrificial material into the recesses at the pads.

43. The method of claim 42 wherein removing material from the leads
comprises removing material from the leads to form a plurality of recesses extending to only

an intermediate depth in the corresponding pads.

44. The method of claim 42 wherein removing material from the le.ads

comptises removing material from the leads to form a plurality of annular grooves in

corresponding pads.

18



