LEAD FRAMES, M CRCELECTRONI C DEVI CES W TH LEAD FRANMES,
AND METHODS FOR MANUFACTURI NG LEAD FRAMES AND

- M CROELECTRONI C DEVI CES W TH LEAD FRAMES TECHNI CAL

FI ELD [ 0001] The present invention is related to | ead
franmes, mcroelectronic devices with |ead frames, and

met hods g, RR0H "i’&fdﬁ'
m cr oeligé?fr%ni C g’ew c&%ﬁ%ég%ﬁ?égﬂT%kws
[ 0002] M ANBYEEHODRFORIGANTESCHTEREN@ LEXDIFRAMBS AND

(i.e., achi ; i @%@g LLcuitry
with a high %%%P%E%fi@m%@ R ol FRAMes
typi cal process, a large nunber of dies are
manuf actured on a single wafer using many different

REBS may be repeated at various stages
?ﬂé. g., élgirrplzf[gaiﬁ i ng, doping, photolithography, chem cal
va&gr deposition, plasna vapor deposition, plating,
o, b ) AR M i o

. - . I ! .coup

o e odk ol B e A ol G s dfvices with T ames
external electrical contacts through which the supply

GFOUNPgnal s, etc., are transmitted to and from
the integrated circuitry. After formng the dies, the
yeoozy | s Miltb&1a8dnib YeBiaGK gkl a ep Lae di es :
are. separated fr om one %nort ﬁ,e‘rm?ia. &ei.g,&'gs]’l %é:éllpgtthé%)‘mwes integrated
GF R inehigh fesity odareay, smpl eomipanenta Tp a'typicekprges?, atlage number of dies
aR Withefatthed BR A dmPR IS Asifly 1k Lectrical _
term nal s that Icl:lglﬁ be rr%?ge egg(? ff?%{:t%g%iesg%g tﬁ G gy be Tepeated at various

dGg- pBRERting, slopipe) phnsadithogtaghal chbmivels yarmn diegasitisnd plasma vapor

biépdsiGon, GRANE MindRahs, RAPERRRSS 1Rl i LN i es
E‘j‘?Cl udeggl e%trbtr1 i cal Igy coupl ??g tlﬁedlﬁgﬁls&%gdgd%% Prigray of very small

ndgpafisyelegivicgHy ggupksl tp dhemtegtated| cinpuitts, Toe botdaekls ateydx@Snal electrical

Ontels rbidhGatlicH GE G ndod.Nen. epcapsulating the . .
dies to o ect tﬁﬂe%@ﬁga ’e%%/r{a Eoﬁ%’e%g g‘ﬁ"m?taegtt?)gg‘} HSin te intgrated
pEngy, rdfeing theaties el wafersis thinedi by bickginding] ind, thanthe dies are
Mol BbmIoHP aGkRer (il<0 - S, nbQr exampl e, ;
PR Rom o Bicfter (le8 UBliab A RARKRGER N0 GG e Fackagea 1o
epls dlie boadrpgds do o Hresr mrey of aldetien! Grmiabls dwhed bainieetdsy éddpled to the

baigud S . - -chi r& angenent.. The bond- _
28 B P B B OO o
lgsgpdudepipstricallycbofiplimgghediodd-giads omahye didvan aberray of leads, ball-pads, or other

; d ound, to. form a packaged
et e A LRI S ST —
fagterg (ol prristarg @aitivulaigsl eBticelbaidity,gni phyaicalayipache casi ng

encapsul ating the | ead frame 7
[0003] 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 lead 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 array, the casing encapsulating the lead frame
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-1 includes openings at correspondi ng ball-pads on the
1 eads. The openings are formed by contacting the
bal | -pads on the | eads with correspondi ng projections
in the nold during encapsul ation. Next, a plurality

Oﬁclﬁaﬂs%émﬁg@ &m%Ep%mﬁlL fgpag ?lfﬁ)lr Eegf?so %%o?%].ngp %r']el foed by contacting

and attached to assom
cbnhdkradngn the éeaéft)‘{vtﬂewﬂgaﬂlon@ng prh]ectpms: inatyedold awqueene@@ulamn Next, 2

@t clLeuit board or
o S N bt e BT ol 065 S GRS oapoiaca balpads
e sancrtig thawkdeybally, the bebaped deltosicaebd stakiatio b ﬁnted cu:cmt board or

nﬁ&ﬁ@ﬁEﬁﬂQ@wE the nold may not contact the ba
and/ or the nol'd conpound nay | eak between the

qosvagct i Qs ARGk LDSr Qg‘ljlvent%gigls %tﬁ\?f%ofér Pic g%ng 6\}@1‘1‘3%5?‘@06 is that the

encapsul ated device na
drojedtionsoif thermaoli nudy mtd:uahct le| tal-peddSind/bil thé SoMl ofp&itbldmaly Qeak between

r om.th al | - pads. wi t hout
tﬁégg&ﬁﬁﬁ%&? ﬁg@{[:hgsblanga ‘i‘f‘%fdalé& &S enﬁgﬂ'éat?de%emos Jmaygpglude mold flash

evenpritar el alf tl‘pamdmg\eﬂi bhlepeded It idlevi R S0 Rabee MRIfbid h@g‘h om the ball-
| der ball and the ball-p

Qriion the. s
N kob? &S\gﬁg&gfd%o ?heea"&%mg o’f the a‘ﬁ’é@e Mereeds SO"%eW@ﬂYﬂ@P@hal Packaged leaded
fdb'agﬁh hﬂwmlmashrbetﬂ‘een 5bﬁfﬂ5ﬁ bif tBd soRIREDATN an@ ROl pﬁ@l)f ong or more leads.
&Fe%%& ?% mﬁi@ h sol.der ball and the ball
r en fsB &iay dmpalicths stecturad ewier @ﬁ@lcdrcama@du between the
@cﬁldcmmtw amitthedmﬂpad) acicegreliht eadeddeyices is that the
devices have a different coefficient of thernal

€0P3Insi ofng Idalwbadkeofp:fohf’ﬁnﬁdlac bi&hgteﬁ 1&1@@({ Q@vuteQ ML e devices have a
n ration, i fference

e Ao Rloh AT Ao IR G e oo t P dhy ar attached.

Bufilg qricetivn, Stter diffgrenct h HAUSEdieRislod (HRmid) eiﬂaﬁslépéaq %fea@ Aihicient stress
&QQE%?I ezﬁ%?&%% ﬁ% nln%ed circuit board

aged device ? 19 Pgtwesnas prigted CéFCWé’éQ?IQ ayd pagkaged device.

Anq@rcbmgty Cloany/ 13 rﬂﬂa@cﬂﬁ)l (apﬁﬁjﬁﬁ&%@ﬁveﬁ%amg&%é R9 pgékggcing dies attached to

% ed 1o )Iead rame augnent the
éélg & pgrment dhene ’fslmﬁff Ticetp?/\é%e‘ttﬁé bevgee the leaded devices and

d@vmﬂe&nmﬁd external nenbers. BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0006] Figure 1 is a schematic side

ER@@%gﬁ@ﬁ&pﬁg croel ectronic device in
accordance w ﬁxﬁﬁe %%%@%ﬁ%nt of the invention.

@0007] Figure 2Ais a top plan view of a section of
sl of thigure daigse sehemntipuside trove-sebtionhieview nifer an@e@&tronic device in

RERIRN wRDhe GRS, RG el SFRY %q’entlon.

[6007] 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.

[G008] Figure 2B is a schematic side cross-sectional view of the lead taken substantially along
the line 2B-2B of Figure 2A.



[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 enbodi nent of a nmethod for manufacturing
t f9609) M Crogl&Cs 5 Qb shrall SV GE; gure 3 S .
schematic %%Ide Cross-se atg‘?so%la({ng\%%%é&ho tHe @8%‘?4 gﬁ pufacturing the
t HroeleglEpnjcideyist.r at ed in  Fi gures 2A and 2B after
form ng the recess and depositing a sacrificial
nd0H i a1 Highre3 isteschamsgs side CI‘P@@&J:II]OH&?IV@;MOEE thé sb&o?of the le?d illustrated in
na W Q ection o

tslﬁgﬁfg?éﬂ d&g%gq?ﬁgg&ﬁ t‘flgpeu:? nc! deposetmg aﬁ%c ﬁlé matenal into the recess.
oo f i cq@éurg@tl@g{l ash 012
5 | su a schenatic si ggﬁg‘?%gggrgéeggsfglgﬁglwewg 8fse‘]tt‘ﬂ% of the lead and the
@Ry ol smoving the eendfiginldnatérel arsidlsd mejd dihdher f or mi ng t he
i nt erconnect el enent on the pad. [0013] Figures 6-9
| gggb’;@g af&%ﬁg §fiee e‘ﬁlemetmmdegupatsmmsilgiﬁew e&ntgs gﬁﬁloh {E}f the lead and the
R Rfads ik n er enbodi nents o

r fofifilS EL(S%%%‘?EC an 1%911’[0 f‘ I

t he 1 nventi on. gure a top plan vi ew of
cordance wit

Jo@ReFt i omy ies 8.9 igad, @l epe%t &np athons oaf[crec‘(?isgi 1n|f1a6{ﬁféea§q)xg accordance

anot her e odlnent 0 e |nve 1on.

ivath gtheropehodiments of the ub’lﬂlnis)sr sectional view of the |ead

taken substantially along the line 10B-10B in Figure

00A [ 0fiEBle PAGE P dopitian wiew of ¢ betian bita kbdlkaving a pad in accordance with

@ﬁ%eﬁ&%ﬂl&p@i}myﬂn@g}@;ﬁ a mcroelectronic device in
accordance w th another enbodi nent of the invention.

[[(Q@éﬂ] FF@WeQOﬁ%s'asscﬁerﬁa&le %ﬁtdrc%s §écqona‘l: rxrl%%sodts tﬁ%i aﬂq;'?(ﬁn substantially

!:qu of a mcroel ectronic evice I n accor
aiaeg the ned9Bol@Brir FigusflOfhe i nventi on. DETAI LED

@%f | PTLON A. Overview [0018] The foll ow ng
| osuFigugdd cisjheshenatipetid crosssodtiondntisv of 2l mtbelectronic device in

ﬁdc&rﬂﬁﬁemtﬂhﬂ&%ﬁﬁddﬁﬂ&k&fﬂf{ﬁb@%? with |ead frames, and
t hods for manufacturing rames and

[mmoel eEkirONh Cis deith&RAicWideNerh &2
?idl ment of one such nicroal ect‘gIC rt%%a?crw %Ve"é\n microelectronic device in

ge itk anether esphadimpanpef] the igvastiomd a plural ity of
conductive | eads connected to the die. The die has

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
microelectronic devices with lead frames. An embodiment of one such microelectronic device
includes a microelectronic die and a plurality of conductive leads connectéd to the die. The die has
an integrated circuit and a plurality of terminals operably coupled to the integrated circuit. The

conductive leads are electricaily coupled to corresponding terminals on the die. The individual
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an integrated circuit and a plurality of termnals
operably coupled to the integrated circuit. The
conductive |l eads are electrically coupled to
corresponding term nals on the die. The individua

I el pad with a first side facing toward
ﬁﬁgg?éédhg ng)(aj.(g W?lelc 3%5& S’éjf’ Ea@lngﬁcb%qq the diepnd pispeopd siflejapposite the first side.
Tﬁ@ seoninddesshaden bagecorp i@ Gl 1e0dds ABHgRfed 3o rxﬁ@%ﬁ with an interconnect

C r ed interface with an i nterconnect elene
ecwmeng&fsgdIS‘31|1<E—1,‘ bB@rl) [0019] In another embodinent, a

electr ce includes a mcroelectronic die
g[}(])gfﬁ sﬁ%por{l ﬁg‘ﬁﬁ‘ﬁweﬁt%’&z%&qu {rgicy insludeyremigtasleptamic die and a

asuppomtt Iegnb):f etthchddr 16 Whd di@ NTheAdip hakl Al xhtEQfathf c1trc%ft 'Eht.rl] leﬁlrahty of terminals
to the integrated circuit

d
suﬁrﬁo %Héﬁﬁgor %edg egra@g cgcxﬁ urTaF ﬁtl}ngﬁfﬂlm includes a plurality of pads

dl@ﬂcﬁllyc@hﬂl@éteﬁ@@ 06:8dsfhding 16BN HRY
The i ndi vi dﬁgll gads i ncl ud ehlg 1jlihrgst ‘H&Lﬁpa‘ﬂ jnclude 2 first

e,
Sglg}iwﬁ 6& g v R dicanda saendauitise eprgsitafhe ﬁl@@uzfp;po ) h¢ econd surface has

tahf@rstf poitsdn spabiell a8t frdf §ucS
por f %on ssicgg d g%art fr o%n&?%ga‘%l R’fsa?ﬁlgtuélg grgg a SGCTOW‘ Byrtion spaced

sufageiohigoqne distapes diffaent than the first dlisuamm t he
[M@{ surface by a second distance different than the
f di SrgheersPeeheithy inxgiie rdirseprte tlead firamie for pareitgiminroelectronic

idges. it @0t @fbobitrchead ﬁrﬁ@ﬁ% fks £
m cr oel ect r oni ¢ dies. In one Sen@‘l%mﬁe feads, The indiyidugl leads have a

Mg euriage fir ftaphmeyt top dieands comisesiferfeli opiuinglio hremtbgeonnect element.

rraaeldaudummdﬂm@gessw@% bRt AGD
contact site for coupli ng to an a?l%t Eeyfdcrfhz)%%tesc acelgenng’pamﬂd fo the

FHBRY 08 SyaACE urgTe ceisetipntfeatyre bas aisepohdisieface trpswese td thimounting surface.
}]@ghure nd a first surface generally parallel to the
ting ?ﬂ‘?raé‘%?e“Tﬁé hensEfiponis f dizcied e toh asetizds efoo Noanufacturing

SitrdedR Qorlid AVREE MONE Qmﬁdalfrné'ﬁp lérhtléﬂﬂ)g %lﬂ{dg%l?lglampég ?r}%%%fgromc die to

Anot her aspect of the invention Is
? SPPYA HITFACTt SIPSTGILY pnepcsieg e elurabinl of tatwidalses. thd die tmt@n'espondmg pads

enThR GupRAt merfbelBLNAL 'tﬁlzclilU dRSa gﬁ%'ah B ‘ﬂie%upp e&aqnfi)}-emowng a

mCiE Eglectronlc d|e a sup

tahgiah i ﬁmulie@ﬂswyn @Prrftsmngmaés @ﬁ'ﬁl‘ tetl@sn.:ig ehﬁt Gie and the support
genkespondi ng pads on the support nenber, encasing
the die and a portion of the support merrber, and

[062MVi Ngnanoti@nivbligleal 2 MRUBH 'u?clludfe{ ﬁgﬁﬂélﬁggﬁg%%lh%omc die to a lead

)gorresgondl ng. pads after encasin
méﬁag@fof lpade 2Dhe individnd tepdsrinaduds adidmith 2 fisst side facing toward
tﬂBHi@Qﬁd h B&ba{l88e %Hﬁ&'tﬁ@ﬁl@t M€ rﬁ? %g%({ 84 ]%ﬁ% p?o;gc%or? and/or a recess

lead frane having a plurality o
ROSHPYA of dnterfesy cpeith Fit Int@ieonpech algmpitt hTIE thithet fistheteincludes electrically

dodSling G ﬂhﬁéﬂﬁf dr teﬁﬁlﬁalgbl?thgﬂ% tgﬁ&'?eg %'_13%8 z}ng%gSI %1?361}12] ﬁme die and a

first sid he second si j ec
nogicagEthe 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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positioned to interface with an interconnect el enent.
The nmethod further includes electrically coupling a
plurality of termnals on the die to correspondi ng
| eads and encapsul ating the die and a portion of the
IdaaqlgﬁgggciL i detai |l s of seve al | .

mbodi ment s eo? ép%e 1%%@ gnihelgc gen&seslpc"rr i“HEY %é‘veowcwe%eﬁtromc devices

rCé‘F @P@ﬁ@:@lcmnqwhmc@mompbmmg GatAl @b gogentdAB| SifficE) Yead/write components, or
enbodi ment's t he 4

tronic di er
ﬂlﬁ %g'{u%gt ?‘gsﬁi T’ aélvoi eégm Oélﬁnﬁnggcql} e ntigycap bitfski&mens configurations,
lcgmpcemamlr procddoes that (hoed @edﬂbeminctm@l LG A péeddh of BInARkitt in the art,
%% reghani cal g ﬂﬁ?ems ata storag e el enents
ics, redd Wi ﬁsﬁaé]ﬂeth?t © Jpventitth &ayfllé%i% lﬁPﬂ@fs ‘embodiments with
Ni dugnabaemmisl oohb afverish Qdalyﬂiﬁfbt (&hé?%mt)chﬁmér{ﬂé/\%ﬁ{dup&v&éﬁnof the elements

ve dlffere confj gurations, onents, or
g%bce ure%lFHQWOWﬁ%@g 8@@@F?B@Hﬁ$h ‘hi s section. A
person of ordinary skill in the art, therefore, wl|l

8eccorkt n igbdeatkotibBevitdde i nventi on may have

ot her enbodi nents with additional elenents, or the
19%4nt i oRieweyl 1avsshaadtic side mivadantmibyivk bh @ WicSEV@BAE device 100 in

QJcoxtdQ&e Q’!’lﬁln&{ét énboﬁm%m; ﬁ%‘g n%vee% | bggﬁ,fgﬁlftga\{vegfwmmroelectmmc device 100

reference to Figures
Wcludese mistoelostiopicDis | es St[];@@@ﬂ']emsergiﬂ e@d frams 120 ;ehea®b it dic 110, a

)?llhﬁﬁtycd'fqmérﬁ g&' e%h%nt LS%% ?}8 !.}éel eGLy l(t)g Igl% Igaedvframee 120, and a

I'n accoraance w t
tasing A6Q envapsTlaeng thé dustlmmebh Pergonag MRabddFinG 1dev Tﬁ@dlél @Q) includes an

o I roni e 110, uppo
ST BOETIZ a0 98 TEL RORNT B B aioe Ui o Pl iraminag: 16 e
idippdse ruaEne df ae |aHHI£ nt Shd&ﬁvé @idg.112,SRMARN inRglded )circuit 118 (shown

:ﬁh&%@fﬁg@ (Sp%ra‘ia[} %peicfﬂo tl!f% éqéé and a casing 160

encapsulat’i ng portion of the |ead

0] I de 112,
RO d%ei%g%pﬂeﬁéﬁ‘é‘mm?%" ety 2Piepa) 1ele 1S e soiv ice 112 0
tb1= diedlq with of adthesum 144l §he;|m&iv(dea1 geads 122 @iudtrdp @6l Srherdndl qzmeg outer end

ive side 1 and. an_integra
fg@? 2«18(1 ?5&%2? %ﬁt%xl?cﬁng en eeﬁg}e inngr oug:b @%2?% B o”{'}mn@@r gr@s 123a are
dastsicellr gpnnezled t@ Toresh RG] terfhieald HBchaf thaar 113 thhnmréisiﬁfas 142. The
22 ttach to t
0%168 HH% Eib I:hl¥1a}9?re] e%i%)m 3 ﬁasg}g 12@ ﬁg g nglpiﬁa%y gn%?%glgteg Iby the casing 160.
Tha dll(iwl‘llj-uhbodlfs dads iftRde Ifﬁdt gld&cél [12_‘Jarf£b@fgdt8\ﬁﬂ'd %1%3@6 180a ﬁecond surface
a I ng between the

19% gﬂrpoﬁ{% he urts utfg(:ﬁglgs ad1 %é ﬁH‘fEIa cgingsRonging intgreenuect element
1é0 ecttadhed| The 1rhana1e¢ In&ﬁhdhél p@ﬁH 12655idd b Rideds Qﬂmoﬂfyc§v1grg-§pomon 152
o? Ele cg]rrespongmg i} erconnect V\fement kfﬁ%] ds 142. The

[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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outer ends 123b nmay project fromthe casing 160 or be
conpl etely encapsul ated by the casing 160. The

i ndi vi dual bodies 124 include a first surface 125a
facing toward the die 110, a second surface 125b

0 rf ace nd a pad 126 t
R)I‘}lr‘gﬁd tg@%lg??()egdl Y dl ynd 4 sec0 % Sﬁﬁ g%ﬂf‘ pgp%tﬁélm ﬁrst]_&g:tg, 1|2§ The first side 128
atftherrdd 26 e ﬁri;tlsuﬁdce M%lﬁatlcﬁldﬂ:e\/geﬂétﬁly cﬁgﬁﬁ%r R tHeriﬂtléﬂ'?ace 125a of the

a S 3% fo tion 1
c%??gggogélﬁ%mPnf%?gg%ﬂt@%I@?Eﬁ%ﬁ?“@@dheF@@?@FZPigmpmimnﬁweLna
O i pary s aendt ey 008 Pluk RELh SRS of e vy
renb%% tmﬁpaﬂ% Igg’ ﬁ@&ﬁ@ﬁé??c si de cross-sectiona
v of t 122 taken substantially along the

qﬂﬁflgf] 2B- 2B° 4 ‘“%f“aﬁ F%"SEA@E R 4 8108V ulst ing Fn guree disghater D, and an
aruter Zﬁmetet D@ DMoﬂ&ﬁlﬁfetér g chi@iesk aganrb@%%lﬁé {ol ﬁ"lé Eirst glgsneter Dy of the

d e ure a first side 12
ﬂa?ﬁ% f“ t%&a‘ﬁﬂ‘e’e‘h © P digmeterrsgan be ﬂl)pm?amtela 4@é¢lm;dnd the inner

Shzdleatelm ¢ foRint fonst. B

. o At
be2 aél ]éP%qun)}P(f]bf renh o fn qighenragen the fiflystatedsigedsn £32 (kﬁﬁas Ofrojection 134 at
ttlireceniat)ﬁf}thell?aﬂ 124 hensineMadd sdcele 13—2?’Q a%ﬁi?& %’% \%%%a.t extends from the second

%? ﬁgf the, recess 132, a second sur
Stnface 1312 tp an lqtf:émf.dég% ggatlg_@,gmttlppa{ad dan zbaestgbnmlaldllw has a first thickness
(o pkandie Wtibent he 5@ GHRE: 556 faﬁfﬁle %c,%gd 9& éaceb 930 %r}él% sgeond, reduced

#Bé% a d a third surface 13 F ecds
8 Trdending hepyesy th firss E‘E’@Se 1.9321111 the dinirdemrfaded 3 1tg r @ @WEapplication,
higviirsighigithelsnn & i REELEE L gl @ t er
}&? outeregrgnete#ﬁDG cgﬁq%e gggﬁmHQ5g - equ Eﬁ@fﬂwrﬁw%
& by pepRtRptely 10 my freothes applita®ns, lnwome ﬂmﬁmehsmam t;an be different.
h£1d0idh S emBbAIBLE buch3s GRS
the | nnerm di anet er Dz&ggﬁp@é appér%%ééﬁggr&a K %Wg%f??eﬁ?ﬂce forfigures 6-9,
Bemad 120 8n vee AEcess ithe diffanant cenfigiirationo Maoveli Andalice Bfibodiments, such
B2he B dAimdaBas@HbePBel
|Ilustraf%d recess 1 eg& Jﬁgﬁﬁégeéﬂﬁgg%gg aT@%ﬁmHFd126nmyh”@a
PRiscliain bigu qffor ’fﬂWédlpﬁdtoﬁZ@?ESSThe i |l ustrat ed recess 132
bﬁ a blind %roove that extends fromthe second
tilace Pmfgatpsg ofthe spreidic mblodment dbthe hﬁdmeldcnommevp:adoo illustrated in
Bighres ASB SsUﬁB‘t thd ﬁﬁ’tlﬁﬁqS% 2Punb %ﬁer@ofng%cégl%rat hi ¢ n;i?%gecfg}é%l J ghe recesses

gﬁen |na% bet ween t he irst sur
Hiherats 126 amthedeada dah dAn addueegdof mhlfeﬂnﬂe&tha'tﬁhe placement of the

PortiR disP Gf REL WeeDnhle ef‘eanxﬁ 1§d"frf Bt %F(i?'?gs% ﬁ‘% l1st ?ﬁ%ﬁ%ﬁl@s@hance the

surface 131b. In one applicati
rppusgiresstaf thegamneatios betwiserbibe @p@rm amlﬁhein}aerdbﬁﬁscpmm@ﬁdl sbNRamely, the

Ry ol Wl 86952 0nd B SARBC-ARIGH! MBLELL 200 o rrovide o

pm In other applications, howev
§yanger £enmeaian or joint 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



I n addi tional enbodi ments, such as the enbodi nents

descri bed below wth reference to Figures 6-9, the

pad 126 can have a recess with a different

configuration. Mreover, in other enbodi nents, such

asf 203EMRATD QRSB e Qﬁmw fle ref eren

Fi %ur es 10A and 10 the | 3 g@t&%dwﬁa\?gtmél fe 8‘?2&9“8‘14“‘“‘1 stress by

f quglaat%!: 3% |Aﬁ aa-%%tt th@) ﬂluﬁt(ﬁtt’d mleﬂ)e]SSEOH(C Qﬁﬁ% 1(@1@ expected 10 increase
e é—lllﬁ]ﬁ]l of q é&g c{nts

ni cr oel efgt f oni ¢ del\(r}}e t Serls 00 93%11 ng?l} %‘%@ﬁ’“ tﬁe dejcg PR and a printed cirouit
1021§qr§ﬂ19mtemah@erpbqrt| ons 152 of the interconnect

el enents 150 are received in the recesses 132 of the

pads E2BodmehiDer MERANE rrdfanufABu@dM U2 gtroOf'c his
feature is that the pi ace—r‘g%%mg—r%%nen 52 of
tmm] nt er@nReTs 11a1 £48 Hafes 12 @nd By
1? clt dto enhanceS t he §erso ugt neg(tsaﬁg%n?%ﬁgﬁeglﬁo#etz Fl%ufacnmng the
BEFREEACr K dlerien HY- Foo expmples Riguierdtie p sdhemetix sidd @omBéGional view of the

16ion DM efd 12 Ntustiarth 8 FiRGEs D [ecesses
and t e i nt er connect el enents 1 |sfleg%%miencl:l rf’CSSS ﬁgaﬂddﬁpowmg

F?I’SSV’I §ia! atergyl L HhigiortherserseRi dhe wees tﬂZWhn tofopadsdeg efcﬁmg, stampmg, or
logtel Suitablt theTheg e fin
el errel;wlt s Wﬁt i on, ;ﬁ?gﬁ%éﬁ?%}] g%@g% nﬁée ?poﬁlﬁgb‘ﬁtf’v@% fiecess 132 by
Aispensige, Prighing. ox other switabie pprsebsen Hlellk}@ttathmdacﬁﬁmm&ﬁht%ﬂpméi fills the
$&E£S§2ﬁfd iR oLl ustrate
glu 52 1213 eé\/gﬁexgés@ng it?féﬁemﬁg?tgﬁgé éenefallﬁagn % tljehcﬁgond surface 131a
hihe pad Qﬁm@ﬂ thar gabodiments, however, tie eatrioianestriad D44flﬁ@»&9a€5’0mpletely fill
ke crépsxnawnl%ﬁtﬂﬁé sl hesy
the illustrateq mé?: P%[g %g?ﬁeée" Sesv]‘?{,’czz ean{f}ﬁmflgn%%é%’éﬁm material
llf ﬂﬁé‘?’é Hewe 1%1@1@1@1;!%&%} Heinpopnied totthedie hI(Hgigﬁféﬂ@ @id the assembly can be
SABR, GRANES & O
grl Sted crren i L dﬁgrﬂ%% ?djefts eﬁcﬁ%e‘?ré‘aﬁ%’é’r congentional molding
Eﬂﬁﬁf‘éﬁfﬁ E@?ﬁ’t modype weld{acts1 ot mi\@amﬁ@mztmlg:m with tﬁ; pad 126 of the lead 122.
6é ARLER v ures 3-5 illustra
st ages in oé%?oglnnﬁgtd lth%eqﬁ b 91% Rotba et %68851?% PP (RGP oY ﬁ‘Fraﬁ‘@ 145 of the
ciiralegal| ¢t r oni ¢ devi ce 100. For exanpl e, Figure
| S_a schematic side cross-sectional view of the
D8R4 on Beure fés 4 whematip 3ide bﬂoas&qect@hﬂdneiwmfﬂhegddmﬁﬁ o2thedd 122 and the
&Bnafibe Eﬁér%lﬂbﬂlgg Méesa%%ﬁ? ﬁ}at‘lég??l ﬁgdang z.gesmf a%lTHg4 The sacrificial

sacrifici al he r'e

e $44gis Eent,oamd @@n thererest 189 afidr fdrinfg, ﬂlesdaalﬁpllmgso t’dt the removal of the
QbR St b i fi erial 144

can be dee%%lm t e%g%%t% ??‘ﬁ e Oﬁéglgszla&rf ex]bqsgc{)%@% > In several
PPlicatignsgthe grcrifeinlematerial tiabka pr oadgsasso Hheitd dtlehtsit iPfe@itted during

i fi 44f||| re ess 132 and
PR o R Ghe gl ' T S gmarin e reoss 132y
qylingn ghe witeral t1|44.= a9 diomndwasting amn%ﬁgngggft}tltdgﬁgf%esﬁﬁz In other

eHBo f tgér%ggﬁc%noa?éngngerép genpqqui om the recess 132 via other suitable

materi a
methods. In either case, removal of the sacrificial material 144 and the mold flash 164 exposes a

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

-




the recess 132. In either case, after formng the
recess 132 and depositing the sacrificial material

144, the lead frame 120 (Figure 1) can be nounted to
the die 110 (Figure 1) and the assenbly can be pl aced

i told £18% 194 Qﬁé/éet:%dtsﬁrfgcg rlm alﬂg th%a&%cggd s gag oczaal@@gly treated and

above, convent i onal esses often
I”Féﬂaﬂe'df s fhen g 47 eﬁ%blﬁma@f#@ ri|561 garﬂl&Zdeabmgd} 6. vlithd)tone Paeecond surface

J{%@a E’ffd tﬁ@@xplogeﬁ%m]fgc% ‘133, I th &H{g em o&fStlit%téJ%gyBsogto tge %F%Cé@énatenal 144

mol d fl'ash 164 i's deposite
:mag net beg mpovgh&pm fthectieedss iﬁﬂ eud/al thel #éitableGRdéHal FSOMAEnd be deposited

t f th
's"éz"?‘ﬁ%% S RE Pdind 68350 %w'éa%gi’%ﬁsﬂéwlgo af ter

GisRVi Ng r ] mat er t he no| d
f I asﬁ 165{ éﬁ%h%@% asgﬂfel |1%%1%ﬁ Cmsnﬁ?cZ?Ifa Vle‘i’ﬁ’ggfeéectn@?rﬁb@?jlead 122 and the
fepsng oA efterdomgng ths itafdneect élemmt N§0 bihze paS1280 TL@ Bluteated interconnect

t I .t sac mat er 144
PR I8 PR Pl PSRN bibThe ool wud sroseme porion 154
pmj‘,echmg]frgle\ma' MConda.mnﬂamec?lln @ﬂsh(;: liahel2ﬁacﬂhb fit€rcdinect eler1]11ent 150 can be
con sp that its strength is
TBLEL Bl e R Lot o oo o wota
Stawrlalf 156|adjacamatoetﬁle adecoﬂdfléhrﬁ&mﬂl@ ah & e O g il OdOnERGve material so that a
&d%ﬁg&? Zagﬁﬂ curi Fq t he terlal 144 and t hen
P%W?%"&.Qp?ﬁj of the recess 132. In

rificial rial 144 can
gdg r ermvgg ? ' om the %%‘l @“ %Ilq’ﬁe‘ﬁ“%rﬁfeti dBpe with reference to
Fighivo s is fhat tbé trmmrﬂasias@ frdn@ iB\iadldiRd prodees iS déidved Fblthe pad 126. An

AL e e L hathel ot Sxpoces B SULSE

blhfén@amnnécuo:n bdtwerntierinadcorkdd cRAEnt N e kiR hiash ogﬁé microelectronic

0 surface 1 and t he exposed surface
e 06 iy R S B B0 S Pt baraen Wefrtamsomnet cloments

Vit and Itlegpadsal 261inc@dasch 56 Yeld oDBe HpRTck & {RicBs 100P|ARbRD advantage of
%_ ﬁm% e se%?gq%%yrface %méoand t he exposed surface

33 SO RERRS asho it soh e GFIAmBY Soreqvpd femthe pad 126
witltoet sigdifickdilly darRying e chnd 1G0DMESh dldo0Briabe theS &8 Sf tﬂtg’l%l roelectronic
gnd/o the wettable material 156 may not be ‘deposit

Eﬁngﬁﬂe second surface 13l a and the exposed surface
133. [0031] Figure 5 is a schematic side

Br os d\dditional EmbbdimpreyofiFfadg dud.esddct i on of the | ead 122

and the casing 160 after form ng the interconnect
BPBhent Figgesdnd dherapaliffaas configeratidnk oSteecatee th pads of leads in accordance
Wi 86 QARG ot 4K gidd on

osed %ﬁ%ﬁq n t eH%eelié%gsﬁog%H%% Fig seclzsoantap Bll e 9f a section of a
11 22 hegpg & PchgR6f withne tdoess 982 offila: dustfamed eecd3 a2 6f a IR groove with a

ol %gg féﬂ r n el ement a attached |

Pl g DS B 0550 18 B v o
saitoe roif allewri‘ailtz thevippa tphd B20fith Beccsdt 13aD| e illustrated recess 332 is a blind
groove with a rectangular configuration that defines a rectangular projection 334. Figure 8 is a top

plan view of a section of a lead 422 having a pad 426 with a recess 432, The illustrated recess 432
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mat eri al 156 adjacent to the second surface 131la and
refl ow ng the conductive material so that a portion
of the material flows into the recess 132. [0032] One
feature of the enbodi ment of the nethod illustrated
ab@\bén@\Agtdovw efiiaraante-shaped EbdfibiRSon that binkd a4 "i(h 31

a sh, 164 fr m t.he gol di.ng process is rélrmve E%&]%ejecuon 434,

“”1%6‘5 ARRP %‘(}%‘?ﬁf’ &ecpt phit lead 823 having) aspadhigs w:ﬂuea recess 532. The

nihistiatéd &6d3s 1ﬁﬂlsla33hﬁél ﬁ@l@&ﬁfﬂ Al e coh dont Baddit
{Suctfg‘ra' and ct rical connecti %%%be?we {tigaal embodiments, the

AP %Xﬁéeéf?ss%ﬂ“él faenf senfig@tionge pads 126 of the -
gbog‘ﬂgel e?t r onioc deV| ce 100. The inproved structural
hd el ect i Cal e dhAder PbA Bt REenseetine ¢fm éﬂadoiﬁadmhng a pad 626 in

etoertamieSwithl Bibtian dnibbEmPRAT e e
thg rzq cr“(;lel g{et ronic devices 1%551{}%?110??1 g%é% aSCl%H%Fw side cross-
EHEOTH VigR of et 0t g Substamially dlons theoling 10REI6R 1:151@uzeanA Referring

hfbﬁﬁfﬂxgtr@nidAy ahE O efle 1ﬁ&§{ﬁt£ch a@@gﬁGégﬁl dos'a atﬁPs? L |Sids 128 (Figure 10B)

%Pl fjcantly darraglagg t he cas
Befstedace fivayd ap a @qq@ndrnlct@rﬁé@ berositecthé ﬁrst s{i&\/llzse?ihe first side 128
&ﬂ@e phd 6ﬁ§jﬁjdsté ﬁ’[@la;l.urfggg)%l (?‘%H}esloﬁ ﬂP@ ?Eﬁl b%n {Heer%?}r O%gg 33»111th the first

gures -9 illustrate di rent” con
g5 ipe (:F}Euff’aﬂlﬁ)d?f thehely 124 aEluﬁosedta“tulcade gd0t 6F b tpea 626 includes 2

W&fﬂnr@mtasre&fss éﬁ% 'ﬂ{é\slpﬁi]gdtlgg 634{5 QVsecSi T Q;gllaﬁlﬁ y ?]Efc%izls %32 that can

top 2@ an vi ew of
GRplepar yithdlaesseond 3@ facd hﬁblolf Hlﬂ$bd}aﬂ2§dmﬂaﬁlﬁﬁ£suﬁ&% 631b on the

brSj eéhoﬁ' 30d AGLRRV e iﬁ: 6Phas &'fr@ ng%imess 5 4@%%@1&, eé(te?dﬁng between the

that defines a tri ar projec
frst gpfapn B9 endethe cﬁﬁcoad SB@%‘BI@I}a afd a sbaaﬁdj 1828 MRYhBY TR (Figure 10B)

@@éﬁdﬁ%@eﬁ@ﬁeéﬂ"th@ ffr&csﬁﬁz?‘cesl%g an(}_ e tinré th ace gﬁgr gﬁ}ﬂ;%srg}a(gl%% 634 can be

IS a groove vvltharec angu
tORErcl§@ {9 sraddated) op etrasfoualed eagh Dop@ﬁ)tmemlrm aﬁélnteg!r‘ﬂi @Ufidn 8f ih8 lead. The

i v, f ti.on a | e havi ng

i usttx‘a@d gB e@ﬂ% 38 \rf\ée%eagglﬂ%gﬁem e?h # 1&1&9{ leézgxggg 014t312d1ameter D;.
: q'u@r gla@ptplh}ag gndovess tat hr a]mal th(theshﬂlﬁh&ﬁi D;Q)mhegﬁtﬂ a8td. OIH either case,

th ec | gur e

: Sﬂgsﬂ%fé lré%@sg g@g}s es\?,éve% ?}I} S ec 19 )‘;an é}g}‘argcgﬂeq‘% Elfmﬁlg\;l?aﬁﬁ subsequently
Pached 2g ﬁdhﬂé Iﬁewg@nﬂfi:ﬁlboiiments ithe piGjtdtioh @84 MEERT IncRE the recess

d3§a§dj(glnll gt{ﬂa@%ﬁﬁ% ntth {chl ar configuration. In

addi t1on fHe" pads can have recesses

RAA e v,
agpglange withcootherambedimiettpf sirdtteatiore Mihe eiid®sMctrofic 8@ 700 is generally
sbe W b r}mmF EIMOEIC'(Q\%CG J06 &G HHE(IW% \gllthdreefe%ngg %o_ Figures 1-2B. For
example, the microelectronic device 700 includes a die 110, a lead frame 120 attached to the die
110, a plurality of interconnect elements 150 attached to the lead frame 120, and a casing 760
encapsulating the die 110 and a portion of the lead frame 120. The illustrated microelectronic

device 700, however, includes a first dielectric layer 770a on the first surface 125a of the leads 122



sectional view of the |ead 622 taken substantially
along the line 10B-10B in Figure 10A. Referring to
both Figures |0A and 108, the illustrated pad 626
includes a first side 128 (Figure 1 0B) positioned to

faad @ deanardicl@titi Ry@ OB of 8RO RLoS

fit Eﬂéﬁ i de 1§ The first o de 12%]%%? tsﬁpoqotﬁé ‘ieg%?%asl"he second
Srisdavey 17905 msluglos(a) aplyighity of i) onenings Tt ube ingersadal A3y of the leads

depkanar ot fri bata ( 0

t he body ; 12£hnTﬁhg§W§econgl I?E%a%%g;%}?@%oh@ 96%%5 Ljf a')d (% @ plurality of

ISP @gzgmgs THrabfrepeiolRoemhe lgadsdg Ssthmrrbspomd’m% interconnect elements

NE®} B el 28:1E6B, th@pa%i@Q%‘d &kaggt & se@gﬂtﬁdl?lﬁcn%lagyg% b can be a solder

632 that can be general y pl anar w
S13plf ofcather suigblgmaidiial fow dly intdtinganeld a;omjmundi ﬁsmrﬂc&ﬁ@g Behv&en the leads

oM Add€ontdPHOb&S!
first thick %gis%slb?‘rh(k g%léue}égﬁqu@)lﬁsm %HP 5 dBi‘?’v\g@H ciify@al devices. In
fvpst eafiprlimenis, Uepaisatig firh @nttmmtddhfﬂwﬁcamrﬁma-baﬂﬂb@mold compound

%&%%ngl Gt PIRE Lcﬂ' 1%5 nt & ﬁ'ucrci % né(;ll crk%hcg C}E%] mag )lgtg Eq.qma% without placing a

between the fifst SuUrface
%F%Clalméﬂnph'lmpél@trﬁ@meSMmanphm 126onstructed (e.g.,
FI ated) on a preforned | ead or be fornmed as an

0a3 @g r al Figge {2 dne shemits Slicba‘dlss ida&onal Vibw ot b ati@6electronic device 800 in

RISl WRR o836k, | lﬂﬁbc%ﬂn%l Ptl(l]e Ty 8? JB? mlcl:laﬁlgcta}tcéevme 800 is generally

di aneter D2 and an ou
Hndsrele dhe DB restmtrdnic Hedvs ItOﬁaiescﬂbecEﬂhmaé with réfoRnédl @MBLREs 1-2B. For

Qamﬁife Ky c?e?ecé&gc %;Jv{lo%b(s meludeé a émfﬁr(%l%qlg%ﬁll lél%;euljtﬂra su}e;gort member §20

recess 632 IS Size recei
achst doalie 116) erbmality Mterczem&utbeam&ntsloyatta@te& aC e dufpRrt member

2hearfa | opal odi, ment s, the rojection
rmaa?/cag%l 8|6(?‘] g cgrgsgl El c d e ﬁ? an%gi)oglﬁa /OSF ypqqtazy@n@r 8§20. The
1§pqhﬁ@¢l eupport pxfmbegR2at hmver[lé)aﬁﬁ]ect[ﬁlc @uélﬁos&rlsubﬁra% having a first side 821

et SRR I S ———

m croel ectroni ¢ déevic
fasttsld Ao A pluodlityt dfeoitmesBiadihe scbhal sideGRN IpAGAITPH fads 826 at the second

| ar
HEE2ES ) RIS e 53t st o B coptoes 823 to comesponding
pa@sf B cande stod 87 gtemeing betdBen thofirst M a38PhEsiddsB@1 and 822, The illustrated
l‘g&&ﬂl@ggiﬁolnélg edae\é ecefij% g)r |cn1%1 desﬂa die 110, a | ead
r ane ed°td Jresiving paportign 153 pf coprespesfding interconnect
elentertrlGOdnncct el ements 150 attached to the | ead frane
120, and a casing 760 encapsulating the die 110 and a

ﬂ!ﬁ?ﬂl i on Fgim thhé'orb@alt ftrvdinbe dptecialddanhat lshedFic reﬁibS@iment? of the invention
irst

[ device 7 i ncl udes. _a
Bl RR R R YRS En R P Ie et s modacsona mey b made
witbewd devididg émnh the pirit@ndsdpedfand 1[11/@1&1)1@%& exahiph: J(mhe elements of
é:obngjt fa Zb?b of, the | eg 122. The secon
§/ i WbWIFW]l‘LGU gako cﬁrgsnt%mﬁfitypg} fotoy inglfeu of the elements
of ﬂiestheﬁﬁﬁbbd&g&tﬂﬁl dididehe theRentigN Aol 3 !
22 so that corr esi)ondlg%g v?n re- blonds 0142 %dgéxckﬁleds b?%ﬁe appended

*ached to the leads 122, and (b) a plurality of
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second openings 776 at the pads 126 on the | eads 122

so that corresponding interconnect elenents 150 can

be attached to the pads 126. The first and second

dielectric layers 770a-b can be a sol der mask or

other suitable material for ahmighi biting nold

conpound from fl ow ng between the | eads 122 and onto

the pads 126, and (b) electrically insulating the

l1epelsaid22 fromexternal devices. In severa

enbodi nents, because the first and second dielectric

l-ayers 770a-b inhibit nold conmpound fromflow ng onto

he pads 1126, Lcroel.ectroni c .device 700 may be

?Jrned mﬂihpu@gg g@%hgmgdﬂgggppppgp%| material into

the recegsowropBotrdniy tieeingladisg 42 GutedriletB fcultl S £ phRatlts of terminals
a schematic quﬁ‘%%gfiﬁgeggL nal view of a :

m croel ectroni'c JE P ELeddp theiniesralgd Pt ARk with anot her

embodi meAtpleklity hé dontheritd tiads IdH0eABAC OBl ChE TR cfectrically coupled to
devi ce 800 is generally .shn1lar_to the )

m croel ect roni ¢ devi te THt iy decpdipden! fadsiacliginga pad with a first side
reference to fhigaioesrd the2de alfdar secd®d 1B ofposkd e first side the second side
nicroelectroqﬁ%ndeyfc§880% i ncl udes a mcroel ectronic
die 110, a supporf  HEnDeT OlgIgoIeciop Q¢  égess sorffmmredite interface with an
110, a pl ur alinttrgommbctickinestconnect el ements 150 attached

to the support nenber 820, and a casi ng 860

encapsul ating the die 110 and a portion of the support

k@nber 820. Themidrddiassbliadeote SERRANwHIREPEr 820,

however, é& a %hplet%rig i nt er poser substrate having a

first side s &t P'ath¥ds fgrrifethareessss si de 112 of the

die 110 ti tdividnalaedeess venpBdOan AnbIRCAHSSkidR ;
opposi t e theomfirsg s%pe %?ig a pIJ?allty %?é%%%?ggvgumdsmem
823 at the s&COAUTETHE1BDPn feGorzgspangingpadyads 826 at

t he seccohd migbdeu8R2,dedicPliuidl bdndprRs &Y i e

824 electricglly cou Iinggthe co#%acts?gg%ﬁféané&a&ma clements
cor r espondi ng P PadE BOE Y THlescisrBIPgYine Prdsethdindiyidual interconnect
bet ween t he élemeats iasikisecmnbnSt@Rsd Bk @ .
illustr %eetgicmielnq} Vi d4JaI %gges 826 i ncl u_deHgSpr?lg%n S%ng?ffoove’ and
for receiving a portiofe T SPURFISELH T8 ervaiingthe die and a portion of
I Nt er connect the edodd®rive 16ds, [HIO3Ene FioRULbE, f i :

it wll be agggecigﬁed t hat speciFic enb%d?&gﬁﬁggoggbpmmﬁﬁ at
the inventi oh RA0EREY described herein for pur poses

of illustration, but that various nodifications may be

(gpde  wiytho deviﬂtin . fromthe spirit and scope of

the inventi on® "BEPEsEaRs device ol plginpk whesginie| ement s of

one enbouiserend sidanf e psRERiRRE mekdobsQt her enbodi ment s

in addi;ion.t r in lieu of the elements of the

ot her e MSSH gt gocsses eomnpish ) gmulpngsoavavent i on i s not

limted except as by the appended cl ai ns.

[cd] 4, The microelectronic device of claim 1 wherein:

the second sides of the pads comprise the recesses; and

-11.



-10 CLAIMS W claim [ell 1. A mcroelectronic device,
conprising: a mcroelectronic die including an
integrated circuit and a plurality of termnals
operably coupled to the integrated circuit; and a
plur al i 1 ynohaRRNAUGLINELBALS, fiapAget ed Lo the die and
electrically coupled to orrespon |ng termnals, the
i ndi vidual |eads including a pad with a first si de

fiaci ng towar drhhg e opposite the
first side, the slggdgﬁaédéﬁcd&m% Pc?at‘fﬁsié”f ‘I*8ast one of a

proj ecti &bF sspond sidescu s pedmringtiscatk rbﬂ:sieﬁ];taﬁ&f ace with an

i nt er conpRGh4iekE he m eI ectronic

devi ce of claim dif?mﬁgé?see Kﬁlld é?‘ﬂé'egﬁcé’ﬂ S 9BY ap fntqryediate depth in the
pads conpri secafsgpondiogssles; the individual recesses

conprise an annul ar groove extending fromthe second

side to only an internediate depth in the

&6 r espofidi ngltpanicrdeleetranic dodeeat dami ¢ uﬁiﬁx\éinc%e iHdibBA pads further

QRS ur f interconnect el enent
%I sp osgggi?ﬂ ﬁorﬂ W@%%gﬁagﬁlﬂ&e@%a‘@fa Seepd @%%m%g S?@Q@Iisﬁuckness different

ﬂﬁétherﬁdﬂtwmas i nterconnect elenents including a
portion received in the correspondi ng annul ar groove;
and the mcroel ectronic device further conprises a

Edsi ng cdver iThg ntireclatireniafélioa oPOkikd ORnRfin: t he
conducti ye sing including a plurality of

t
openi ngs at écglgdgsr?c}e% g%ﬁ%%ﬁ%ﬁ EPrpEEs the peegpesgandThe

m cr oel et noabdectenic 06/i@f fu@lerbdmrisWEeBiifbial ol
si des of the gads g%“ se t he recesseas 12 aﬁa %ﬁls(ﬁgp%se%mat least

me of
i ndi vi dual recesse fti se an annul ar groove [ c4]

4. The mcroelectronic device of claim1 wherein: the
[§8?cond sé_desTgf t he @ads c&gggrl se the recesses; and

¢ microelectronic 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.

[c9] 9. The microelectronic device of claim 1 wherein the second sides of the pads

comprise the projections.

[c10] 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.

-12-



-11 the individual recesses conprise a blind hole. [c5

5. The mcroel ectronic device of claim1 wherein: the

second sides of the pads conprise the recesses; and

the individual recesses extend fromthe second side to

dally an ilat er Techkteelethemid el ite 6ﬂ'b%imqoﬁ1ﬁﬁ§?%ﬂ$s%eapc%sqiﬁg covering the

hﬁ?%n . TQP nifroelectronic deV|ce_of_cIa. rel

tie “Tndi BT eRIa Pt Sa ot dpads.c thapepiag ivelddingse phomlity oo openings at
wotréspendingipads. t hi ckness and a second portion with a

second thickness different than the first thickness.

[c7] 7. The m croel ectronic device of claiml wherein:

tdg secono sideSniehetORnRAN LR E%Iﬁiﬁ?cc{mep%%ls 3ES,

and the microel ectronic device further "conpriSes a

sacri fi cPalelenEe Brterpl qQysive 8 gertipmotihe indiaiglnal comheivefleatifand
recessesSac co®erin ' ' ice.of.claim ,
1 mherein:&ﬁﬁie seggﬁ%ﬂtﬁgggiggﬁ%gghég §ﬁ§dﬁ%?wggnﬁﬂ@ﬂ’me°“ﬂg
recesses; anditiplingd Hytality efenewingsoit devesmadihgpidaer

conprises a plurality of interconnect elenents

di sposed_on the second sides of correspondi ng pads,

tehe i ndi ¥A-dualhei miceelsermisc devicel ethaitns 1 fuetherdéddgpriging a solder mask
Peveiih O o tm I M8 Gh i : ndi ng recess. [c9] 9.

The é?ﬂeoelectroﬁ?@m%ESF%%hgfﬁggain1| wherein the

second sides of the pads conprise the projections.

Gil0] . The m .G [ce.of claim1 wherein:

gh% secogﬁ_sfgggﬁ%%a%ﬁgn%gﬁg%%%I%FESe t he projections;

and t he? PHUPSIectionr div djcading omsintgrdi deuidrn@RNPLAlity of terminals
menber. -12 Laldpiddouplf®, 11 ﬁ{egr%!eggitrcrul nig device of

claim1, further con%r|5|ng a-casing tovering the die

and a pdy PRt BImhehattacknddel the idiectht edert mbfBerGRKidig a plurality of pads

including a plyfiadl ty¥hnlfieAR %&e@&%dl%tg terminals on the die, the individual pads
including a first surface facing toward the die and a second surface opposite the
first surface, the second surface having 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,

[e15] 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.

[c16) 16.  The microelectronic device of claim 14 wherein the support member comprises

a lead frame including a plurality of leads with corresponding pads,




correspondi ng pads. [cl21 12. The microel ectronic

device of claiml, further conprising: a dielectric

mat eri al covering a portion of the individual

conductive | eads; and a casing covering the die and at

lleast a parti @he eficrbd@uehi€ldeatd Lol Rt Bf iliein e, GAS| N

i nel udi n? a .gl urn%l i tﬁ){ﬁ of openi ngs?lgfh g%?v?%glgotﬁn%fnﬁbVIAualgpads further
padar SRRt configured jodpigidace Bith gminterepondcteemndnt.cl ai m 1,
further conprising a solder mask covering a portion

of the iggi vidual conductive |eads. [cl1l4) 14. A

i 8r oel ecfr oni e BAIRSIsstronio eyidestfrmipimal dnivhereie lteClBORiugl pads further
b@priis @ lrébeisREnirdd W REEBLSH GG (;nng{aglel%e@! urality Of
termnals operably coupled to the integrated circuit;

and a support nenber attached to the die, the support

rerber | ol udimnigrobhifodleldkielroRANP wl:GRL 11 cally

connected to _corresponé)l ng term nal s on e die, the

i ndi vi duffie jpdiridual pedsuBirthy eonfiirissta suedsacmif@ed NG interfice with an
toward the diigteﬁglqlegtéeg&gpgndsurface opposite the

first surface, the second’surface having a first

portion SBdeiswelspeonic dovise fultfer chinprides 8 Usabrite] Dyatedtial disposed in the
first distanggead a second portion spaced apart from

the first surface by a second distance different than

the first distance. [c151 15. The m croel ectronic '

fyi ce 03g cl gi LR the support member -

go)r{rpri se%O a g:hglhécf:}?éri\gg&gt@esvfcr@ a (élaiflﬁél“(}ﬁfeﬁb a plurality

of cont albe Hdividualmedy fpethdr yorgmisph edess at (GOt @BRREL

term nal Le; e pads.are electrically

connect e%e ?Ilci} C%%fgcrngisl% o%eg#g% gérghc% t°qepEses [ac:gl%rfﬁll’&’f Ipffgconmect elements
m croel ect r ofisposgdon earegpondihgpads, T indieiddl ttérb@inssd PRQE b including
menber conpr i : - rame including a plurality

of |eads witﬁigi%??%5%2%3?&15%%%‘3&%‘?‘18@%%? 171 17. The

m croel ectroni c device of claim 14 wherein the

iadi vi dual - Padsed HDDBE cakBIPL LSS AL GELION 1 0

confi gured t o : E}lt ern%u oL cWI aalrllncﬂ-%?egg% ﬁlg,ctpe éqag £ comprising a
Rleagy 8t {eqqﬁethﬁix@wmlelfeads dwiuding e\monetigf suefhaifon sbdchRET 8tk dic and a
dohgot! Jeli 14l %{thg’ %js’;‘m thlélthnenrect 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.

[e22] 22. The lead frame of claim 21 wherein the individual connection features

comprise at least one of a projection or a recess configured to interface with an interconnect

element.

[c23] 23, The lead frame of claim 21 wherein the connection features comprise recesses

extending to only an intermediate depth in the corresponding pads.
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conprise a recess configured to interface with an

i nterconnect elenent. [cl19] 19. The mcroel ectronic

devi ce of claim 14 wherein: the individual pads

further conprise a recess configured to interface with

ard i Nt ermonnens 1e8l SARIYrclafgh §Rgeii Cr oel ectronic

device further conprises a sacrificial materi al

di sposed thsronprstion safures eompripeipeessegioind The

m cr oel eGhd REY [ =l.al : in. the .

i ndi vi dual padﬁs"al?ffﬁthﬁgrcg%%%% ggé’ﬁg“%r{lg’gag%ép‘%?p%%e‘“ at least some of the

second surfactcesggid t he m croel ectroni c device further

conprises a plurality of interconnect elenents

di sposed on correspondi ng pads, the individua

ifitler conRéct Ehedwadt Bannof Ldiimg2! avipoit itien coeedioefatufts comprise

tRGecaods espondi ng recess. [21]21. A lead frame for

carrying a mcroelectronic die, the |ead frame

conprising a plurality of |eads, the individual |eads

Al udi ngea ' sur.face r.attachnent to the die )

611%% a ¢ g?ft agfﬂé g %Atde 0 rOfS%ﬁlb?il" %ﬂmt%cog}?n?lﬁ% %rdi?%ﬁ?i‘é Gtaterial covering a
ure and a first surface generally

ggggﬁﬁgkg?%ﬁ%ﬁ%%%ounting surface, the connection

feature having a second surface transverse to the

nting,surface c221 22. The l.ead frame of claim2l
mr ein the i%gl?d\f?%eﬁgr?m%oer‘fhcg’ccloFIBHSIIFgeat ures conprise
at | east a grieroectanior dif endlidiny af iflegi ARG Siscul O zggfu@&ii?f 8f terminals
interface mﬁgpmgﬁ %Qtﬁﬁ o&ne?t Eﬁlement. [c23] 23. The
|l ead frame of Ferar m 2L wher Sr¥¥He @Bhnecti on feat ures
goaniseanﬁadﬁ5e§'amwkﬁmﬂna@sgnmﬁaiwnm& h&taﬁnﬁg&?&@% coupled to
epth in the respondi n S.. - 14 24]124. The | ea
fr gms of cl aicgnlgés e E "H%hlto tﬁ%mglé’m’lf%lé%alﬁﬁﬁlcﬁ g gpalgand
conpr i semeass 68 segfaciapdith bardsgading inddt®nhdit E188Ents at the pads.
conprises a sacrificial material disposed in at |east

some of the recesses.
[c28] 28.  The microelectronic device of claim 27 wherein the means for interfacing with

corresponding interconnect elements at the pads comprise a plurality of recesses in corresponding

pads,

[e29] 29. The microelectronic device of claim 27 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.



[c25] 25.The lead frane of claim21 wherein the

connection features conprise projections. [c26]26. The

| ead frame of claim?21, further conprising a

dielectric material covering a portion of the

iadi vi dudo. | eansmickddRein®) @Gk bEITRL ARl DAY N . .
ST alriflt *}¥ of o&gni ngs at _corr es%%%dzi%n%ﬁ%:eghnﬁgg’tegr?%?relgterfacmg with
[[Q2FP OIS Upergpied sledicnts atihepadesanensise epinplitysif pgjections at corresponding
mady oel ectronic die including an integrated circuit

and a plurality of termnals operably coupled to the
integrated circuit; a plurality of conductive | eads
asfhhachedst o tRemediog i oupl.ed t o
correspondi ng terni rﬁglrﬁgm ﬁtaﬁgﬁ[{gr? | {L/Igogﬁca Omlcélglvd%’%e method comprising;
i ncl udi nFesnPgd migelestionis dicftor sipperembmlodr haying 4 flurality of pads:

correspo Blg"'stﬂ&ll}r @5&1@&9@ & ah%lf %@'}iliallsa(}n thfgge a%i?‘fgm[qﬁ%;%pads on the

28. The mcroel ectronic devite 0 arm
means for i ntSEPROAcnewpeni th correspondi ng interconnect

el ement seRbsitNge PGS i a pluralit f recesses
in corresporﬁdél}n% pads. gfg%efﬁo#ﬁlgmh?%@gel ectronic

devi ce ofe™eras mszFifigisemeteninl fivleerwaant: domespbittigy f-a€ kg encasing the
w th correspgpding i nterconnect el enents at the pads
conprise a plurality of recesses in correspondi ng

pads; and the individual recesses extend to only an

At er medisat e gle 1Nt he ds, -15 [c30]0. The
m cr.oel ect roni cm. e\?:d(r:bé %?mc a‘f"fr’ﬁr?i %951‘5?@% tﬁe tdffetonie §epport member
fogIPrips alipehing thg dig tcha leadr frespbavitisng plurdlier 60 RA&C khe leads having the

@h@gﬁgﬁﬁi%@h&the pads conprise a plurality of
projections at corresponding pads. [c311 31. A nethod

for manufacturing a mcroel ectronic device, the nethod
[BYNPri sifagy: ThoUak mcroel ectronic die to a

support ‘nember H%%ﬁbﬁg’fglabr? %ﬁ av?lTefeﬁF le"“rﬁ’éléél,’e die to the support member
cemgesep pitaghing the digriee ticlagriasybbteatenthic Wigleotic bt OB v g QI pads.

the die to correspondi ng pads on the

le34] 34, The method of claim 31 wherein removing the sacrificial material from the

recesses comprises curing the sacrificial material.

[c35] 35. The method of claim 31, further comprising disposing the sacrificial material in

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

[c36] 36. The method of claim 31, further comprising removing material from the pads to

form the recesses in the pads of the support member.
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support nenber; encasing the die and a portion of the
support nenber; and renoving a sacrificial material

fromrecesses in correspondi ng pads after encasing the
die. [c321 32. The nethod of claim 31 wherein nounting

ti#@ di e t3.t h@hsupaidd ofedihar 31,CAMRE! $ .t achi ng the ,
i a plurali tyg%Pﬁﬁg%agésPo a plurality of

qht%rgoegt 'eIIead frame having _

I'eads Havi RGP ERE corsPeisdads #ir pagsing te38drR3: nEksial, the individual
netetvachectfelondefis tcBilling @b @b M QWAL B 1180t Qed N

support nenber conpr ?ses ]éet tachi ng c%%gpoglﬁlglg{e&esg'

dielectric substrate, the dielectric substrate having

tub® pads.38] C3%e Admod BECHRE HiP @hg%inlflj?%%%ﬂle“s?%@ﬁi@g material from the

renoving the sacrificial materi

COTPFT OB Fomy g S materiaf lispaapd omthesabraficial LeRBhS. The

nmet hod of claim 31, further conprising disposing the
sacrificial nmaterial in the recesses before encasing

& di e dnd theched farsnneionting astippdedtonie nbete, thh&Rfibd comprising:

36. The muheg Ohighad i WP r, conprisin ,

renovi ng nat eri al g r%ér%%ﬁé dﬁe;gjs%pgad E%‘Fn%hf”ﬂ’ég ?‘e@%@%‘@s"f leads, the

in the pads ofdivifesl dugpioedineniped with bEird a2 fadds (ohBR the die and a

met hod of cl gj de . C risi.ng di sposing a
L LT X N

plurality of interconnect elenen

pads after r@¥tipgotarecessgoeitibed it@interfdessithain inttB&mect element:

i ndi vi dugbetrid nts,including a portion ’
received in taﬂé%g%?g%ﬁ% ﬁ%gr}l]é%aésso .%e[‘g%@f"@%sl"’% leads; and
met hod ofic#sdptingahe dihadaipartior it lead fritge. sacri fi ci al

material fromthe recesses conprises renoving nold

mat eri al di s%osed on the sacrificial material. [c39)

38 A metthod Thometirehef caim BP iwigrem miekinelhe dicrt® MeQead frame comprises

AeMihhe kil 1.Si,ng: unt.i ng. o

m_cr oel ectg EOO%F%J] g%gg%g]ﬂ% alpel%r%m?' P gﬁ%‘ﬂﬂﬁ\‘?{?‘ﬁg the ipfiyidugl lqegs include a
B With g deeesserendingdp vild amintdreatitse daptil udi ng a pad with a

first side facing toward the die and a second side

opposite the first side, the second side having at

[T4 ast ortd Of Thg mghﬂ dotan A9 eherain menatsy tOGiE td BBRLd kiQme comprises
attiohHRCE: W 4 Qa@i@an'lenﬁa@{ng %rfnpu%ﬁltty gg 1Gads E]I} Which the individual leads include a

pad with an annular groove.

[e42] 42, The method of claim 39, further comprising removing mold material adjacent
to the pads after encapsulating the die and the portion of the lead frame.

[c43] 43. A method for manufacturing a lead frame, the method comprising;

providing a lead frame having a plurality of leads with pads configured to receive
corresponding interconnect elements; and

removing material from the leads to form recesses at the pads.
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electrically coupling a plurality of terminals on the
die to corresponding | eads; and encapsulating the die
and a portion of the |lead franme. [coo[ 40. The nethod
of claim 39 wherein nounting the die to the | ead frane

cleapr i ses44. at trae biciga Lpg ead.frame, havin
plurality of |ead ds in mhﬁ%%$3hgﬂﬁﬁﬁmHWﬂ%WmPE%ggné%1&ﬂs“mmﬂws

i HEP Utfe™deriy ftpmibe feads tocfoms s plxtionaliregsstOex@kidh g 3 onl
| deptarinmd catBpdd@Rk Bags| €411 41. The nmethod of claim3
wherein nounting the die to the |lead frane conprises
attaching the die to a lead frane having a plurality

Q&ﬂlead345n Wi Ch i vj.dual .l eads, include a pad
wi th_an annul ar g?tgga\e/%é &% Ullf?m TG VIS fitsaabfors i leads comprises

Fgovingmgiaial Eemgicileidnty fmarmpvlunaljtyﬁmhrﬂhula'agr%ﬂ aln 2l
to the pads after encapsulating the die ang F' &$&ﬁﬁ%pM&
portion of the lead frame. [c431 43. A nethod for

féfhuf act 6fi ngThe thethatl 61 caim, 43 mﬁthﬁﬁﬁdﬁ%sﬁg q@ﬁds?ﬂngg sacrificial material
S

Bﬁ@Mka&Q%%i&??ﬂmfra”E having a plurality of
with pads configured to receive corresponding

i nt erconnect el enents; and renoving material fromthe
| eads to form recesses at the pads. -17 [44]44. The
met hod of claim43 wherein renoving material fromthe
| eads conprises renoving material fromthe leads to
forma plurality of recesses extending to only an
internmediate depth in the correspondi ng pads. [c451
45. The nethod of claim43 wherein renoving materia
fromthe | eads conprises renoving nmaterial fromthe
| eads to forma plurality of annular grooves in
correspondi ng pads. 1c461 46. The nethod of claim 43,
further conprising depositing a sacrificial materia
into the recesses at the pads.

g an intermediate
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