M CROELECTRONI C DEVI CES AND METHODS FOR NMANUFACTURI NG
M CRCELECTRONI C DEVI CES TECHNI CAL FI ELD [ 0001]
Enbodi nents of the present invention are related to
m croel ectronic devices and nethods for manufacturing
m croel ectroni c devices. BACKGROUND [0002]
M croel ectroni c devices generally have a die (i.e., a
chip) that includes integrated circuitry with a high
density of very small conponents. In a typica
process, a large nunber of dies are manufactured on a
single wafer us different processes that may
be T epeatdgRa uﬁé?r SCRBYICES AN METHOPSHOR g,
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etching). The dies typlcally i ncl ude an array of very
smal | bond-pads electrically coupled to the
iﬁé@ﬁﬁé&g?ﬂﬁégCUItry The bond- pads are externa

ntacts through which the supply voltage,
signals, etc., are transmtted to and fromthe
[000EQr at Eghbediituist 6 theAbiesdnt finveRtiong drd@elfie® o Mhitfoelectronic
wafer is thinned by backgrlndln and  then the dies
dvices apbipgtbeds for BaRuGTBIiRg siFres! ef?tfon@ eV’§PsnguI ated) by
dicing the wafer. Next, the dies are "packaged" to

BAuRlcRGepbond- pads to a |larger array of electrical
term nals that can be nore easily coupled to the
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HRERR e B Arciow® bRraliE s haRT kil ey Sudl fpripads
d&ridaBadsudlél & theaslsgrav@cireliir) TAE baMDFie ke extéiBal electrical
bond- pads on the die are then w re-bonded to
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aged m¢c app

roe ectro IC evi ce I cation
ﬂmbn tie dibe ajeomparated dokmgre amtherdes., singulated) by dicing the wafer.

Next, the dies are "packaged" 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 electricity, and physical impact).

[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
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a ball grid array, the casing encapsulating the |ead
frame includes openings at correspondi ng ball-pads on
the | eads. The openings are formed by contacting the
bal | - pads on the | eads with correspondi ng projections
in the nold during encapsulation. Next, a plurality
of solder balls are placed in correspondi ng openi ngs
and attached to associated bal | - pads. After
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& ARIPCiiofsal™ tenmold mak gt sontariq sty bak @éermé/ar the mold
A 10y RE WeRRen RS pRfcHESs B lheaﬁh‘fll $aie balchs

and render the devices d ective. [0005]" Anot her
encapmlatd dsvice may érelude medld Aeshieyerspaticnr a @ r&@gnda@dml ball-pads
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subsequent attachment, rendering the packaged device

the sldarbold andaihe Balktpadang, rertdﬁrefhé dgwgces dﬁfé%ta/et o i nprove
conventional processes for acka |n dies attached to

08X £ r aﬁ@@thersh@@ﬁclseéwmom TReANES [Posddpvice
S0t e fe b 8F t!hle 5‘1?1 o&ﬁafg)%ﬁnn% Hlt@ {)11 dcat/gsr cause the
ura r ey "eee
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contact the printed circuit board during subsequent attachment, rendering the packaged

device defective. Accordingly, there is a need to improve conventional processes for

packaging dies attached to lead frames.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figures 1A-4 illustrate stages in a method for manufacturing a plurality of

microelectronic devices in accordance with one embodiment of the invention.

[0007] Figure 1A is a top plan view of a substrate for use in constructing a

microelectronic device.



[0008] Figure 1B is a schematic side cross-sectiona
view of the substrate taken substantially along the
line 1B-1B of Figure 1A 100091 Figure 2 is a
schemati c side cross-sectional view of a

m croel ectronic device including the substrate and a
| ead frame attached to the substrate. [0010] Figure 3
is a schematic side cross-sectional view of the

ron devi ce,.aft.er atta
FBB0S) cataBh e iy i 5ol iof kb Sefital Sieb ot e substrate aken
aubsRsfially .alch@ tlellneHiBILE 6f Figirs 1A. schemat i ¢ si de
cross-sectional view of the mcroelectronic device
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rame. [0012] Figure 5 is_a schematic side
epvirsdududing b ambsgaté #nd lead Frime attached te div swbstiateyi ce
configured in accordance w th anot her enbodi nent of
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the invention. [0015] Figure 8 is a schematic side

[poezys - sebiguanalis i Rhediticasidd croesbRbdadView ofl@Vihizfelectronic
onfigured i.n accordance wi.th another enbodi nent of
Fyiceic qadR acoorsigaes With yipther embadingent of gy yeption.

illustration of a systemin which the mcroelectronic
Blces Highren@ 15 dcishapstior dde cpesrcliem! mrogcr prpigelectronic
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I nvention are describ owwth reference to
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attached frames, I'n ot enbodi ments t
deivise @etf@ytqdom a@otﬂameomﬁi anathei embaditeent bfite inventiqronent s.
For exanple, the mcroel ectronic devices can include
[ﬂﬂtﬁ]onecﬁignﬂee&lis acsohqanﬂﬂ'mrﬂi@ cobet-sectidmal apey ef e maintoglectronic

R B T ot i

flash menp flash rrermr
[E%éesso €and I%t‘heﬁ"? igs 1%‘?5“6%% é’g a RpisEbar | "‘X’“’h the
rﬁi@t«b@readrom@adwesﬂﬁp@@lma&@bﬁteaf the invention can have
di fferent configurations, conmponents, or procedures

ABERIEBGERAeD, s section. A persan o

[0017] Specific details of several embodiments of the invention are described
below with reference to microelectronic devices including microelectronic dies attached
to lead frames, but in other embodiments the microelectronic devices can include other
components. For example, the microelectronic devices can include micromechanical
components, data storage elements, optics, read/write components, or other features.
The microelectronic dies can be SRAM, DRAM (e.g., DDR-SDRAM), flash-memory
(e.g., NAND flash-memory), processors, and other types of devices. Moreover, several
other embodiments of the invention can have different configurations, components, or

procedures than those described in this section. A person of ordinary skill in the art,
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-3 therefore, will accordingly understand that the

i nvention may have other enbodinents wth additiona
el enents, or the invention nay have other enbodi nments
wi t hout several of the elements shown and descri bed
below with reference to Figures I A-9. [0018] Figures
1A-4 iIIustrate stages in a method for manufacturing

m crodevi ces m croel ectroni c devices in accordance

ent af t ven Fo exanpl e, ..
Hedlo W??g’%lﬂgg PRt S iR B0 e e S Rirpgiments
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bstrate 110 taken_s bstantlally along the |ine
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CES R dplﬁxaﬁtyl JFdbirhiesa] 20088 lNE AR Wl tRANR: AdleadtRt s%ffa&s 116

si ze recei ve an interconnect elenent (e.g.,

a5l Hes anshi Flpt 122hextendingdhetverce dhfsﬁ@t angipegnd supfagss t1'16 pedi118.

RSB B R G RIS B Mo RS

bedbgrid anragt HBRvan th dvthersématedimeds, lesipeintme R @nlbe arranged in

i gned ith.an array.qf .fermnals t hat
S, 1 el ahol mvidvel Sntes 170nSeG Sarield g ped to
feddv@ g/ i@terdohfech REMicHE €6g.1 20s0ldeR Bm) f oruee mubtvaté@%l@f 122 is
drillin punchi ng, routlng, et ching, or
Rasitionst getwﬁ@c%s%@lps oh 2RsEES R0 anbordends ﬁ@agly th%@ntlre length of

r
BRI DT M 15 25 1 LBy s s

Vi ar piyexpismnindls sora die tha eai s»hsmuerhlyraeﬁadxeé fe ehet substrate 110,

TGO 422 shdifc BORRERLS 10 0 Y g, ol Misel SRS g

fontihg) drhing, @i othee Glitable Progesdes. 1]112seWbrhherﬂ)odﬁﬂénts fdrleyample, the
i

d |
Cur g t%elfs'g?g g‘f&%ﬁ?@%ﬂ%@%@@? : E{"é‘%mﬂ@ epgpodimegisgsuch as
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pre-preg naterial wth woven fiber cloth enbedded in

laCIBde@'lag‘éf ¥22sin. Suitable substrates 110 i ncl ude

[0019] The illustrated substrate 110 further includes a dielectric layer 112 with a
partially cured material (e.g., B-stage material) for subsequently attaching the substrate
110 to a lead frame. For example, the dielectric layer 112 can be a pre-preg material
with woven fiber cloth embedded in a B-stage resin. Suitable substrates 110 include
Product No. MCF-6000E manufactured by Hitachi Chemical Co. America, Ltd., of
Cupertino, California. In other embodiments, the substrate 110 can be a flex film or
other member with unimpregnated resin. In additional embodiments, such as the

embodiment described below with reference to Figure 6, the substrate 110 may further
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Product No. MCF-6000E manufactured by Hitachi Chem ca
Co. Anerica, Ltd., of Cupertino, California. In other
enbodi ments, the substrate 110 can be a flex filmor
ot her nmenber with uninpregnated resin. In additiona
enbodi nents, such as the enbodi nent descri bed bel ow
wth reference to Figure 6, the substrate 110 may
further -4 include a conductive layer 114 (shown in

[ § h ielectry | ayer .ln
B AR 98P QR Bl phal 8! ekl
il 1z | Incéhea ebiddinents) tieckietedtae lagér. 112 cQDROhdER Gilly@uedd infateRial,
schematic side cross-sectional view of a
foocopel e@igdd2Cis #ledhematicl 8ide i cisskdekitiogalt View IS ini@bdectronic
10 and a Iéad frame 130 attached to the substrate
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3 ndi.n en the first an
e 7 el ST P YRl 86, 88 st ang
secidisiefare 23l alB3 6 The iwdividtal dBadsi 182eimclade @cgadel 38BN hich an

e.g., solder pall) can,be attached. The pads 136 are .
éﬂ‘ﬂf gFt ﬁje{“ﬁm wé@srow ﬁ@’é‘h"p"é?a{’ esT:Li? § IPoapaligned with
EMREINAIng apbRure@Ndo HRAVIR SibStrREBY 6 addNBlve CABakSter that can be
greater than, |ess than, or approximately equal to the

geaiprethan, Ieps BAn.taeappregingately #ual dpdhe diamster 30, ofTthe indaddual
| 0 i o
PR B8 AR B nBHILARSe b bERD S e AR} fifiting

Cineedtioh wé theaintedcoshast eleB@nts.s The kdustrhicy skl it §8) &sdgenwvialiyaligned

t sl ot 2 1n the s trate 110 has wi dt.h_D3
B 0% 42 st T ondhs @ s B3 Bia e ity o e
dite12D] msta resild e dirstIddacef13106f the add fiaaed 38 30exipssed at the slot
exposed at the slot 122 of the substrate 110. [0021]
}4% of fhe suptigte 18t ed enbodi nent, the lead frame 130 is
attached to the substrate 110 wi thout an_adhesive

1883811 i onbBy thseillistericd wmbediment, dhe fond eframe 430 fis tagfached e the
PBR L R R LS o ML PR bR ik U 131 By ona
feampee B Ormandl dhrei firbt surfacehld 6 of the eahstinte 11181y Bathdr] theadiadsive ptdperties

d fr. 130 to . .renai n att.ached t upstr.at e
TR oo el i R BRUE PR Kb 50 BE 100 0
remnaif@ttachddto thbeubRirgte 080, eAfi¢rQith¢hitetie SibstAl0 1 0@ A€lead frame
]Bﬁated to fully cure the'partiallaécured material _in

o i WicEelsclrenic dgwipe 199 camde divdigd do dylht oyrpdhe pErlbaswed
mak8id]l GIRE AfelcRNGFd 882 and ensure that the substrate 110 remains connected

to the lead frame 130. However, in other embodiments, such as embodiments in which

the dielectric layer 112 does not include a partially cured material, the lead frame 130
can be attached to the substrate 110 with an adhesive. In these embodiments, the
microelectronic device 100 may not be heated after attaching the substrate 110 to the

lead frame 130.

[0022] Figure 3 is a schematic side cross-sectional view of the microelectronic

device 100 after attaching a microelectronic die 140 to the lead frame 130 with an



to the lead frane 130. However, in other enbodi nents,
such as enbodinents in which the dielectric |layer 112
does not include a partially cured material, the |ead
frame 130 can be attached to the substrate 110 with
an adhesive. In these enbodi nents, the
m croel ectroni c device 100 nay not be heated after
attaching the substrate 110 to the | ead frame 130
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by e G0 142, nd A SeseBaett Ot S isGors Schgatga) vigerably
Shiiftedltd dne ﬂanﬁinldfsaﬂ%t ¥in @fe il1gtAted FhiSrobtbirdife Sevice 100, the active
bond- ads alrrangqCﬁ in an array on the active side

%
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?é; Rex 14%%4 Xﬁ 9@ Wﬂﬁ%y slofsqﬁ laﬁ(ﬁj 1§§ g‘evg s&b%kg% rﬁ{) %ndléig lead
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spémdany & gmﬁheyn@if \ﬁ/iﬁé‘-bbrﬁﬁd 52 fafefoBmdBRetwb &SME Gdrin¥iRlsY146 and
After attaching the die 140 to the lead franme 130, the

theringer peréion Qﬁ'@e&ﬁh‘ﬂﬁéﬂ Weds 1820 can be electrically

connected to corresponding | eads 132. Specifically, a
{02331 i t JFigwe dilp a-sshamanticlssle apss-seeioneldvipetafdenmidgeslectronic

?s 13?4%6‘&1 @Shﬁe L %hq ng SC e?rg?}eciggdl gglg é%&u%fm

lgure 4 1s
thg Ehecim b4=QattIo the ad Ghme 130, rﬂle:d@édeeld)()roam be plad@l\ah @amolding
100 caS|n die 14 nd orti
el AR 0 e Gisosbies B 1S o b B o 5 rame

lamdmﬁ rtmu&:wndst ez, dmth&gh (30 ﬂmaﬁatbua c&h@cmb &dVeR the entire

di.n apparatus to form a_casing
&%&S%lﬁ% ﬂ‘}“a?fgtg e digd “B i othen embodigents B’ﬁ béfkstdﬁ’é 4|4 ghthedielf9 can
330 leai it ggbonds 152. Although the illustrated
casiﬁb 160 28%%%5 the entire backside 144 of the die

%94] in %ﬂ%?ﬁmﬁﬁ@q pglzt iof' (;/thgag %gg(gmg[? ggefr(jotnﬂ%t gl'eﬁlents

O can be at |eas
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I Nt erc. C I 6 I %

S SLERIRRSly S AERNT 20 B S Ll Sl S

Hdprojeeicfon atle isﬂibs&ﬁtﬁ 0 aing direa@xez[ﬂgbﬂ &5 aﬂ.aﬂaﬁfortd@mectmn to a
bstrate 110, The interconnect el enents

psri'lntgd cr:naculet board or ot%er external member. The interconnect elements 164 are

electrically coupled to corresponding terminals 146 on the die 140 and form the

external contacts for the microelectronic device 100.

[0025] In one embodiment, a microelectronic device 100 includes a substrate 110
having a plurality of apertures 120 arranged in an array and a plurality of leads 132
attached to the substrate 110. The individual leads 132 have a pad 136 aligned with a
corresponding aperture 120 in the substrate 110. The pad 136 is configured to receive a
solder ball or other interconnect element. The substrate 110 can be attached to the leads

132 without an adhesive positioned between the substrate 110 and the leads 132.
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164 project fromthe substrate 110 and are arranged in
an array for connection to a printed circuit board or
ot her external menber. The interconnect elenents 164
are electrically coupled to corresponding term nals
146 on the die 140 and formthe external contacts for
the m croel ectronic device 100. [0025] In one
errbodi ment, a m croel ectroni c devi ce 100 i ncI udes a
rat pI [

r r aLgedeIP#gjgﬂr}e%?%%gﬁg%%& allflll 015: ec IPC d ‘?"Q‘TL a partially

atiled sitattate 010, hdead thgter 130 eoﬁ:ib&ed ke pirdalw cﬁhhﬂl submdaSl 10, and
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cerifrbigyi@d to receive a solder ball or other
i nterconnect elenent. The substrate 110 can be
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1 d I
P RALEEAR5, PILAEMORAHUIES, B Bl S oo,
pmchlnglt]heyswmwa:il Huosit lead fardd 030 laavihg @pluiatityadipads 13@nvieh the
frame 130 and/ or the

di e 140 che to the | ea

ﬁ%ﬂlfﬁﬁﬂ@@ Hhe.cpbsisgip P 5[1 1%ith pererspqnding pads 136 on the lead
galedagent, a nethod for nmanufacturing a

m croel ectronic device 100 includes formng a

pogsRl i t ¥n QhoBBCEMMEESert2Q héh& SF *ﬁ%ﬁ%ﬁnﬁ%% WidrdbidcREnic

apertures 120 arranged in'an array
queh@pludwmrgﬁé@g aapardallyf owed supstrate 12pand Lfmesnazm‘lurahty of

| pad a g
SRS MM, 03 UTRRARE A0 g’ B3, T Moo hol e
svnged iataa afrdPcoatesgymethgwod adaregrof psisondileg fpasks 136 on
the lead franme 130. 10028] In another enbodi nent, a

[#29i0d ofin ymrankgthﬁtenrﬂodmeat, ﬁ:r@dﬂﬁﬂl ﬁﬁiémmﬁ‘%@un@%/ﬂnibﬁ)glecmémc
nCI Vi |n a partia cured supstrate 110 an
A3 i Sl evidtod ety st et ik cpyplig b subcate

PRy fol @bﬁﬂﬂl%uéﬁﬂa&umt hfdcBink ]aomlc}_&?ecﬁrbﬁlg W 1 801eme 18s 132

are arranq in an array corresponding to an array of
lé(é‘@rqdrsgh@rate[ g@gg_cmwlly epnngaldnghi@e microelectronic die
, r

IO By 12, e Al 0 op R ARG 416 B completely cured afe

paplitgthe yubstmate tll Gstohist leatsd 3210, coupling the subst rate

110 to a plurality of |eads 132, attaching a

02 oel eAnrenbiodingkine ofl 4@ thivrdeleetrdréadevide3 P00 illustrated in Figures

1A-4 (and described above) includes a substrate 110 that is aligned with and covers the

gaps 134 between adjacent leads 132. This arrangement can inhibit the mold
compound from flowing through the gaps 134 and onto the pads 136 of the leads 132
during molding. The substrate 110 further inhibits the mold compound from flowing
outward from the slots 122 and 138 and onto the pads 136 of the leads 132. As a result,
the mold compound is expected to not cover the pads 136 and not impair the structural
and electrical connection between the interconnect elements 164 and the pads 136 on

the microelectronic device 100. The improved structural and electrical connection



and/or the partially cured substrate, and electrically
connecting the mcroelectronic die 140 to the |eads
132. The partially cured substrate 110 can be
conpletely cured after coupling the substrate 110 to
the | eads 132. [0030] An enbodi nent of the

m croel ectronic device 100 illustrated in Figures

1A-4 (and described above) includes a substrate 110

ned Wi, t.h FOVERS { a 34
E)g@;ac eﬁ’t 8Ime tﬁlem?ﬁ 26 ?I}deﬁlﬁ é’ﬁ@ 3691 ﬁﬁm??ﬁeﬁ?etcg {\Elgcrease
thelﬁleldcmammblémmcfdhﬁusn@mhr ough the gaps 134 and
onto the pads 136 of the |eads 132 during nol ding.

To031 B ubstih #esiltlstBted WitbdBiment b the hicrbélectidhicdetRETO0! Elﬂ)wn in
fromflow n outward fromthe slots 122 and 138 and

5tess et sqrisd gpovienthe substrate 139 canpgireagthensthp dead frame 130
SR din&OfFR QLd frl(nﬁe 5066 lek ?ec o) Boltlot g‘%ﬁﬁ For (A& Qgﬁjﬁcm during

and not |npa|r the struc el ectrica
moldieg: t Ao A résultvibe tead If@meriﬁ@ ns: cxmetcd toetbeecrmﬁgu;ed subhaha:l all of

d
B R Ry 107 o SAEL T RPN B o B

hemhae niutihe silh%b@feﬁﬂﬁtﬁﬁﬁxhetﬁ] an@Bising 164 righifitytdi @omathesslebthe
rease, the vyi eI d of the

lﬁa%{f'u B 2@‘{ a8 ng%%{hga/%i]dc afghe m[%é@f}mmﬁ grieesilPust r at ed

errbodl ment of the mcroel ectronic device 100 shown in

Ot es  1ntha emhadimeaicefthemicaslpironie Heviea 10 Hugtiated imFigures
P&ﬂ A gstden 16 RechRay, (A0R k?éolea&u EBAt th&?)l n{eﬁatﬁrcult

frame 130 i s expected to not bend ow si gni fi cant
bnard Wgothmtﬁm?gmembera Agurkult, thh allblealdcthVmBoOD seed not

SR S 00 G TP o o e 2 e o
leadscl3R tand twgprebent acoidbstal @xtaer and |pos stbderiiREtingthetwdag the leads 132

?F’(L‘j e gt attachment. Increasing the rigidity or
E?%l}‘?g e the lead frame 130 can increase the

d of _the m_croe|ectronic devices 100. [0032] In
Qf’ﬂglenbo&gﬁﬁn iBHe h%m*mcc%% Frogt-seshenal iy ek a pigroelectronic

deviced 300 %Bl@ﬁkukeﬁl i d8¢tr&mce WithbnothBCersbRthérR 08 thbilvention. The

electrically insulates the Ieads 132 fromthe printed
Pﬁt@tﬁdtmic ptepodsr dayiqe00 éxgenenally simslabterthe migocdeatresigldeyice

%OQ’Q '%)Jl i%rquev 1!0%%% QSO ge (it'op 8{&111&)536 ﬁ'l%l mlt%?]oelectromc

soI or ot I nsul
dezmd QOG_B@uﬁ@s | smbsttm 2I0 hdead IﬁaméQB(l Bﬂachétdtottbe qmbetmémlo and

ara%%l d t aI gbe%r#g 8&?:&%@%3'1%” N betl\ﬁ/e lﬂlstrated
microelectromc dewce 200, however, the substrate 210 and the lead frame 230 do not
include slots. Rather, the dielectric layer 112 and the apertures 120 extend across the
substrate 210, and the arrangement of leads 132 extends across the lead frame 230.
Moreover, in the illustrated microelectronic device 200, the backside 144 of the die 240
is attached to the lead frame 230, the active side 142 of the die 240 faces away from the
lead frame 230, and the terminals 146 on the die 240 are positioned at a perimeter
portion of the active side 142. As a result, the microelectronic device 200 includes a

plurality of wire-bonds 252 that electrically couple the terminals 146 to the second



[0033] Figure 5 is a schematic side cross-sectional
view of a mcroelectronic device 200 configured in
accordance with another enbodi ment of the invention.
The illustrated m croel ectronic device 200 is
generally simlar to the mcroelectronic device 100
descri bed above with reference to Figures 1A-4. For
exanpl e, the mcroelectronic device 200 includes a
¢ ] f ] egd to t

SHBRE 1 of B 1ol 157 in doBHEn At SR B RENE e D B gpvice
200 tdnchaveadiffereatnBgiatidnn t he i1l ustrated
m croel ectroni c devi ce 200, however, the substrate 210
{0034 he Ifégﬁie for 3 nee schidfatito side terosk-Bedtivld viewtoF.a Madrédéctronic

r| c,|layer 112 and the apertures 120 extend
A Feso0 EHEIEL it Scapdanss gribnathen SoRrd g il ingpntion. The
hﬁ@@&e&é&r&ﬁcﬁ‘ﬂﬁ@ dBAEORR it DérelBFdinhil AP IR %choglectromc device
Moreover, in the illustrated m croel ectroni c devi ce

Wfodeserrhed ighevesvidhereference to Fileresil &4 Apr exmpsle,tth@memoeﬂ@tronic
|
$Res OB SRUE o¥Re S 1B bR W e

4 dficrociedidoeicdiicel DDiaclted tothsildad dnad 130. The HIuSﬁﬁé(Biubstrate 310,

ortion of. the ctlv [ sult

BVt B et i icTeranls z@g anﬁa ?P/g@%cﬁa(e Biend it P’E ﬁieo«iwlecmc
Mhdrer 10oNd%r ?e'igmbl'éaftheeklﬁﬁttrz&é cabl dnCHIR! Sre ;}Pe“% hiffhNaing the
146 to the second -8 surface 13 |b of th eads 132

foRdaciye dysh b4 eribs gisigktcoppe iskaddedlod ondbe premires Ia@vmaée The

GO0tRR BN 1@ fIchl LM 160 BhRG 58 h e LARELe o819 can
i's a schematic side cross-sect |dna Vi EW 0

lm Qiemalimcomto oaiew versSi@raondct glemeuts il 64.aEarcaxdmpleein the

nt .of t.he inv
1S M”:t r arfqu{ Ry Se Percgﬂl? c°fo‘§%|°88§“§%‘6" q%"eﬁ gﬁé rlﬁlql‘ipmcany
@upled ad atfivsttilRrosheaco elemeiitr 194h,Candey béebnd 32001166 el d@ﬁ&hctlve
above with reference to Figures | A-4. For exanple,

Iy #Z‘é IBEEs TR coppled toe sseend intarcoaaect glemenisqtht éssslleh “the
st 8@ sédoAdBntddOnRbt achsds 11844-5oplls ttﬁ@tlo%d ¢ 386 to he

m croel ectronic die 140 attached to the ad frane
cpgdpctive dayer | ifst Inathe dliustrpted embedigent, ’fhehmweqpéqctromin devide 300
' [ 0 e 4. 0n
Artlechante £ AU oFheyeRihm SOBHEL ol Sl BB, o

a@jlert do the fisst pné -spcroag mtntcenneai elemerts tli6ga-b c OTigULabhd \p@ds 315
on th

can b er cl added . foi
iplEls, BFoaPl T AL IndisErBl pieteonagrt cieonts £64a8 o the
oahdu’&ﬁb@ &0l 1uh@dlce@be EompBRed 3ON/ANGr bRy SARBILGhANMSLs. The
| ayer 114 can be electrically coupled to one or nore

wsHy hvieictl 4etag mesrrdinglg fungtigh ag eagrpins!, plpne, hipas sink, or other

device to improve the electrical and/or thermal performance of the microelectronic

device 300. Suitable substrates 310 include resin-coated copper (RCC) materials
manufactured by Hitachi Chemical Co. America, Ltd., of Cupertino, California.

[0035] The illustrated microelectronic device 300 further includes a dielectric
layer 380 (e.g., a solder mask) covering the conductive layer 114 of the substrate 310
and disposed in the gaps between the conductive layer 114 and corresponding

interconnect elements 164. The dielectric layer 380 electrically insulates the conductive



illustrated enbodi nent, a first section of the
conductive layer 114 is electrically coupled to a
first interconnect el enent 164a, and a second section
of the conductive layer 114 is electrically coupled
to a second i nterconnect el enent 164b. As such, the
first and second i nterconnect elenents 164a-b connect
t he Iead frame 130 to the conductive layer 114. In

nbodi ne electr c .devi.c
L3 1 00 AR RUREC S Bler e Pl Bkng &30
friay mednelodd the dieleoitic CGayie 380 anyoF calﬂh‘lwe ambza@ﬁﬁgurﬁtﬂmb.h e
first and second i nterconnect elements 164a-b. The

[0086] padFigdd 7 L sdHetnati€ sidb torsshRBIonAf vibw & ffd MSdroedddfronic
second i nterconnect elenents 164a-b to the conductive

e 0D1epniigiyed Bhagserdaraepidesnogier rinpediment oftthginvention. The
ﬁiﬁ%&ﬁ@ﬂ ﬁlc‘f@etlé%frbﬁtz Fevidd 00 i§ g&g ér s}ﬁ%la{r‘%fﬂﬁ e nidfoels mc dev1ce

accord g Yy function as a ¢roun ane, eat sin
b@m@ascnbﬁé\abc@ wrdl vefigerwe ¢o Figaree IIAe4: rIfoa'akaIallﬂd,/tbe midncmiembmc

B OIPR5s ARG SP 16 R B AR G Rippg e o

oREE) usahted hﬁd:r‘éelemmtf deoice 400, Howevbr arhsubstardioas p@ﬁ’t-xoned
lifornia. (0035] The

bePerontheseatiiie 1 SRR O 140 A Hoss DI pREEs aligned with
oMk piBig Epaag BJ6af el 16ad Y1303 &%e e@osqate 430 SQLARY l)ﬁﬁﬁ&}ons

covering the conductive |ayer 114 of the substrate 3

e adhespeesbat aftachen e gegond burfage éhlbt ofehelsadiframe V30 1oay@acuve
sé&e“ A Qb %i@of&gﬂg}g ulph{é]% &m%? % ﬂ%1 @%ﬁq }E@f‘thegéﬁiauy

rc a er rlca InSU
mbshrate 410 9a1’1 by eomfilélyf cuved. eThce tlhlaﬂrateibniu&esectlbmic device

TG R et e PE0 e o oWl mi e g gl dme
Hoheid dapoiddan iiad spRI34 B&%&ﬂadfa&meadz 133, AsSeHEe MR diSlectric

si de _cross-sectional view of m croel ectronic device
layry 380 ety elvdnsuptes dhedleerbliee WOthPf%ﬁ’éiﬁlﬁé‘r cEi¢podi ment

of the invention. The illustrated m croelectronic )
[88%71ce 4BiBuress denetchempaficsyidg cmps-gestionsd vinve pb el mistaclsairenic

S
e OB cOMLAEPE ORI MG bl LSEABESDE LY R BHOES The
liln&ﬂatedemcaebmm davece 500 is genkmbiyl sifnilant th8ficragiebtranic device
oele tronic.die.140. | ustr
o SEHEa1bE i uSrewns s Pl dior Rhades e pisrogtesimepic
desicp 660 irichiderha substaes1D, hidlfead 550 aﬁ&h&@& tAe shibkthe 61102 and
140 and does. not |nclude apertures aligned wth

aBiereslss s Ais Y4 atachedtq the syhstrate 340-+ Fhgvblustrged nyigroelectronic
RVREBORURWENY, 865 AoHIRBLY witdMohdLlSctrically coupling the die 540 to

the lead frame 530. Rather, the microelectronic device 500 includes a plurality of first

interconnect elements 552 (only one shown in Figure 8) extending between the
terminals 146 on the die 540 and corresponding leads 532. The first interconnect
elements 552 can be reflowed bumps or other suitable conductive members. The
illustrated substrate 510 includes a plurality of apertures 520 (only one shown in Figure
8) aligned with corresponding terminals 146 and sized to receive associated first

interconnect elements 552. In the illustrated embodiment, the substrate 510 accordingly
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as an adhesive that attaches the second surface 131b
of the lead frame 130 to the active side 142 of the
die 140. After coupling the die 140 to the |lead frane
130, the partially cured substrate 410 can be
conpletely cured. The illustrated m croel ectronic
device 400 further includes a dielectric |ayer 380
(e.g., a solder mask) covering the lead frame 130 and

i sposed in the.gaps 134 between adjacent | eads, 132.
RRBGRCE: b ubdiee? SRBorfd by bty GLERY pnd R Sructura
istigpoktab @ firftentbiachett cbetentsF32f r om ext er nal devi ces.
100371 Figure 8 is a schematic side cross-sectiona

Y0038] Of aA#Y 606t @6 tniifdkiectrahfy H&eced A00,C200f BAKIT4DE, Add/or 500
accordance w t h anot her enbodi ment of the invention.
tawribed phsergitie sefprerdeciel BetepAAS aay be deoppratel into any of a
B4 A oS ' |t ' IeC s
R0 R Mo o0 SP ok ool bRleR® 964 Ak GetfHizhe of Which i
e behemptiallyriic fogire 6t r Tind systede 69€ earb @@ lidacl prdesssax 691, a

substr 510 fr 530, attached to, the .
BifgRry 8L Saosram, TR BRG, Radef hR SR Gy Rrties) inpuripput
devitd3®9s ad/iof ather Sub&stem@r drhpimbrtab®r MicEdeRlreit BO/MdeS may
geyl eggoo, hgmever, does_not _i nclude w re-bonds
£ g@fqd 1 g0y of g semRgnenfsshena insheure 8. Thp gespliing sysfeam@d0 can
2 widd& ik To‘?%l)ﬁgﬁtﬁ%[‘ ?&c&@ﬁﬁéﬁﬁor@@@ sexfggé Mféﬁﬁ FRher
t el only

T
pluralitfy of first “interconne erfent s~ 552
ometiervowrAdeprditighur wpByentative ndstens bedOwdeindeh avithout limitation,

' I 6 ' 40 and_c e di ng | eads
hEBGR dae bl 48 HEsoBt) B L ERIE °IE30P, Do Staptop
cahaﬁ;mml ::inbumsppddian@khﬁnd-helﬂtda{gbﬁ (e]gn qbumi-'tope:lompﬁte&r Sfear?bie
The .illustrated supstrate 510 ing) udes a uraljty o
CTEtiicEollag < oP 0 A RRSteR GheEsePH et essiohish] miitoceksor
WstethsC PlotQSRMAHANGE fr8&rAnMable chARnRP dleSir@id, héitwbRC@nMRters,

associated first interconnect elenents 552. In the
#d My campieranioWenr repsesentative systews pAQ nclide caraeras: dighiirypther

r'alillgttigljlJ @Qﬂsb NSerfets 3 !ﬁ%@fa{egl s!erv%; E\g:fé%%éngsf %sg%aarr c}ﬁvices, and/or

el ectrically I nsulating and provi

weppor devices.t Kempbrats ¢fithe systann 680 mely dwehvnisedsb 2, sifge 38it or

@%ﬁ on q% thﬁwn%crogk%ckgggic. evice%Flo , 200 SQQM
Dutell a7'ST BOYPley JLEIPREG AL BYE: \fign HRYER & dyhpynicdtions

fdtgotke SCorApdhetia Real) @cdondifFl P Afi iR otdl ta@d/3N Yente ehemidyy ktdfge

$f_|arg r and/ or nore conplex systens 690, a

jsiee B ER APV dnEAristy QfteprRRutesTeadgglifRediz hemat i cal |y i n

igure 9. The system 690 can include a processor 691,

ISO Henor Jragythe faregping, drpllbe prynrsiated hatspeifieipmbodimends of the
RSN 1ROY bE&) dedeAD hQULPRE purposes of illustration, but that various
modifications may be made without deviating from the spirit and scope of the
invention. For example, the lead frame may also include a die pad attached to the die.
Further, 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.
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devi ces 693, and/or other subsystens or conponents

694. M croel ectronic devices may be included in any

of the conponents shown in Figure 9. The resulting
system 690 can performany of a wi de variety of
computi ng, processing, storage, sensor and/or other
functions. Accordingly, representative systens 690
include, without limtation, conputers and/or other
data processors, for exanQ!gz esktop conputers,

| aptop conputers, Interneg’appliances, hand- hel d
devices (e.g., palmtop conputers, wearable

conputers, cellular or nobile phones, personal digital
st ants), nulti-processor systens, processor-based
or progranmabl e consumer el ectronics, network

conputers, and mni conputers. OQther representative
syst ens 690 i Ac| method afeer asmnufabigtihg o8  afidredeviceadhat method
sensors, servers and associ ated server subsystens,
GPEH¥RE devi ces, and/or nenory devi ces. Conponents of
the syst gmGRE a PRYIRE oNPERBRS i) a Subsstritd vRthURE hpcPlures arranged
di stributed over nmultiple, interconnected units, e.g.,

t hrough a conffu#i @@yiasds network. Conponents can

accor di n gl'ﬁlér dfoﬂﬁilng q& aggr‘&ﬁ%{s Q@Mg Bt 15 T9EM ﬁS&I‘n%rh%Sg a
devi ces, and any~o w dé vari ety o

conput er - r eadalukadityrelipals W}ifl) 8@] apBrtons inhthe fsobstrgtei aligned with
will be appreciateddthat speci fic enbodi nents of the

i nvent i on hav&'FERMIPELEH bed herein for purposes of
illustration, but that various nodifications may be
made w thout deviating fromthe spirit and scope of
fHe i nvénti ofhe method ehalging | wheeein thg quirsiratigwompgjses jaggrtially
biped sleirdle, 3hE whELindhd ACNSEH RS Bel BRpHLK: ~ Further, many

of the elenents of one enbodi nent "can be conbined wth
ot her  ewbupletelinwsing fhegddially onred substrate nfi¢riagachirfg thsobstrate
el ements of t [})et é)feta](?{"r eg‘oodi ments. Accordingly, the
invention is no NREL except as by the appended

clai ms. -<duplich Al Microdledtdoaicndie [t6|the lead Aratid ki therlead frame
manuf acturing a.m crodevice, .the t hod = conpri sing:
formng a pl uP&HR B?“”ﬁ%’éﬁ? @Fégd&gs‘g’s%tﬁét rate with

the aper &lt@isalB ARGtk the Qiedb RN ranfs d
. encasing at least a portion of the die and a portion of the lead frame; and
attaching a plurality of interconnect elements to corresponding pads with

the interconnect elements received in associated apertures.

[¢3] 3. The method of claim 1 wherein forming the apertures in the

substrate comprises constructing the apertures in a partially cured material.

[c4] 4, The method of claim 1 wherein forming the apertures in the

substrate comprises constructing a plurality of through holes in the substrate.

-12 -



after formng the apertures, attaching the substrate
to a lead frame having a plurality of pads with the
apertures in the substrate aligned with corresponding
pads. [c21 2. The nethod of claim1 wherein the
substrate conprises a partially cured substrate, and
wherein the nethod further conprises: conpletely
curing the partially cured substrate after attaching

t he substrate d fr a

Klcr oel ect r OnITEe H}e §8ffﬁ5n ke "?’? 3%&53&3 Thairate to fhe lead
framBEconiPists icoiifidg DAL VRB&Artd 1€ Ghe 1848d flah® KithGit & @dhesive
electrically connecting the die to the |ead frane;

Bofitiosied Betyeen tha subsiate and the lead frampe di e and a portion

of the lead frame; and attaching a plurality of

i nterconnect elenents to correspondi ng pads with the
kﬂterconﬁect éhennnﬂsdreﬁebhbm i fagbocicampdsing coupling a

S AL e LrB e TR el T poutinh Befien the die

ﬁﬂﬁﬁéﬁﬂﬁ&ﬁag the apertures in a partially cured
material. [c4] 4. The nethod of claim1l wherein

form ng the apertures in the substrate conprises

nstrucki ng f gh holes in the
gﬁbstratg -1gh ww%i$a%ﬁ§¥é§%§g'of claiml| wherein
at t achi nghetsbstmtebStthertcempuises halidlestuit layer anda condipetivedsyer on
coupling the ﬁf % %‘ 1.0 the |l ead frame w thout an
adhesi ve posi B%een the substrate and the
| ead fraf@mitg @b SpertifRe iffethd) @dbsthteCtampiisds constrididg through

conpri sing couplin croelectronic die to the | ead
frame with thGaolF ghq“i"ﬁﬁiii?“ﬁ%%r}dt Igfde Beewedat the die

and the §ﬁ%ﬁfn§5iﬁ@subgt§a?é-to7ﬂle Té?iﬂ ﬂ‘éﬁie%glpﬁges(aoﬁlmg]the substrate

wherein: the substrate further conprisSes a electric

| ayer and a ctoribieideai famegyidy ﬂ’@rihelfqii‘éc Wiven nositioned hesyyesn; the
formng the a%ﬁ@%ﬁgﬁﬁwhth@§”§ﬁp§££@te conpri ses

constructing

[c8] 8. The method of claim 1 wherein:
the lead frame further includes a plurality of leads with adjacent leads
spaced apart by a gap; and
attaching the substrate to the lead frame comprises coupling the substrate
to the lead frame with the substrate covering at least some of the

gaps between adjacent leads.

[c9] 9, A method for manufacturing a microelectronic device, the method
comprising:
providing a partially cured substrate;
coupling the partially cured substrate to a plurality of leads;
attaching a microelectronic die to at least one of the leads or the partially
cured substrate; and

electrically connecting the microelectronic die to the leads.
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hol es in the conductive and dielectric |ayers; and
attaching the substrate to the |ead frame conpri ses
coupling the substrate to the lead frame with the
dielectric | ayer positioned between the conductive

| ayer and the lead frane. [csi 8. The nethod of claim
1 wherein: the lead franme further includes a plurality
of leads with adjacent | eads spaced apart by a gap;

atta |ng Iy )
Bpr i sod0uounht R PR R o B eosiind By curing the
yubktnate hfter solgding tesubstraterto ity ledds| east sonme of the gaps
bet ween adj acent | eads. [c9J 9. A nethod for
manuf acturing a mcroel ectronic device, the nethod
EAfPri Sing: PTRY nithivd & a&kd balilther léﬁﬁﬁns’iﬂ@%ﬁéa@hgat least a

coupling the art|aII cured substrate to a plurality
ptipefise dlﬁtatlig@ml’ﬁgﬂ af the teadredfise equpling thg |S@bstreteén the éfadft

one of the |eads or the partially cured substrate;

and el ectrically connecting the mcroelectronic die to
ke | eadd2. -T1ke fn@lh@}l of Olaind 9g ﬁnﬁbhmﬂnprfsmgl farming a plurality of

ST g PO ) e SRR LR GBS P Amtrit g 1 ende
The nmet hod of cIa|n19 further conpr|3|ng encasi ng at

| east a ortion of the die and a portion of the |eads
6Bt er codipl i nfhe wethed pEelpim @ vihgreimihe |né3au§ual [l@ig}nclpﬂe a pad

T 08l SR AL DAV A, SO i e

sihiste it the baflocenpoapatiaching e sibiste it t&ae leads ith tienafertures
cl3 3. The t he i ndi vi dual

il e misdate. S b e e PR A BEBRSY | ¢ at o

conpr i seencasifg atNédst 4 Yorfbn SfIRE 8idbS a pyi6H 6f the G bhd1Q

the substrate to the | eads conprises attaching the

subst r at #taching geplyralify of witprgonneet eerasntyioecorregonging gads with

Wit h correspofdifi@cRAcs cledfdbis WRIEH th dsBRiARE eﬂ)gl%res
further conprises:

[c14] 14. The method of claim 9 wherein:
the microelectronic die comprises an active side, a backside, a plurality of
terminals on the active side, and an integrated circuit operably
coupled to the terminals;
attaching the die to the leads comprises coupling the active side of the die
| to the leads; and
electrically connecting the die to the leads comprises wire-bonding the

terminals to corresponding leads.

[e15] 15. The method of claim 9 wherein:
the microelectronic die comprises an active side, a backside, a plurality of
terminals on the active side, and an integrated circuit operably

coupled to the terminals;
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encasing at |east a portion of the die and a portion
of the |eads; and attaching a plurality of

i nt erconnect elenents to correspondi ng pads with the
i nterconnect elenents received in associ ated
apertures. [d4] 14. The nmethod of claim9 wherein: the
m croel ectronic die conprises an active side, a
backside, a plurality of termnals on the active

side, and_an.integrated.ci.rcuit . operabl oupl.ed. Lo ,.
Che- t er nieHaghiae g fied fic s E5mpris®f §ouprad e Bial5r 8 g o
conpri ses cougciedsidag active side of the die to the
| eads; and electrically connectinq the die to the

13

| eads coffseirsally Gpnnsctignile (e tnthe lpads fomprisest wire-bonding the
correspondingK%ﬁﬂgg1ohgk§ﬁnﬁ§gJ;Qg met hod of claim9
oni c di

wherein: the mcroelectr e conprises an active
side, a backside, a plurality of termnals on the

ive si.de, d an in rated circuit er.abl . g
B ot o157 n 2 miflon 3 §o0 §hefialiring B decranie i
steladds oe0sTlid oads o APpdridlytditeddabnaied@mpfisds Renrtctngd the die to
the | eads; and electrically conpecting the die &o t he,
e dJerds At eds TrYense At Iy rapally pgivfeem fegdie gnd the partially
GREd sshendi ng [ eads. 10161 16. The nmethod of claim9
wherein attaching the mcroelectronic die to at |east
one of the leads or the partially cured substrate

ri ses,congect | dj t | : he ..
FO0GS. pod7t i ontsmedy bEdetl &bl ulipiiihembiidh e die o
atriehst e qfalid lieadsloy thecpartbxtiysubedtstiatrete chmpides tannedie the die to

t hod. of cl.aim9 wherein attachin e .
tﬁ? CpfiB&llg (ﬁllfeé st{ﬁtee W atglteas't é'la%qrtl gg% Bp qutéalllye%gd gq,bstrate

pdifioRed bdtmbdnhSdiE @Rl GUlalig at e conprises connecting the
die to the partially cured substrate with at |east a

portion of the partially cured substrate positioned

[?lg]t ween tl@.e O lﬂ&ﬂoé Qpcléiten%herein attaching the microelectronic die to
at least one of the leads or the partially cured substrate comprises connecting the die to
the partially cured substrate with a plurality of apertures in the substrate aligned with

corresponding terminals on the die.

[c19] 19. A method for manufacturing a microelectronic device, the method
comprising:
providing a partially cured substrate; and
forming a plurality of through holes in the partially cured substrate with
the holes arranged in an array corresponding to an array of pads on

a lead frame.

[c20] 20. The method of claim 19 wherein forming the through holes
comprises drilling the through holes in the partially cured substrate.
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[CS] 18. The nethod of claim9 wherein attaching the
m croel ectronic die to at |east one of the |eads or
the partially cured substrate conprises connecting the
die to the partially cured substrate with a plurality
of apertures in the substrate aligned wth
corresponding termnals on the die. [c19] 19. A nethod
for manufacturing a mcroelectronic device, the method

risi P I re strate: d
PR g cttoy il ek 3¢ty B Mpduh oo e tef s
compnbes plaghing e parttdﬁy ctireé sv.thslra:e tadahathge theithirowgh dlasay
corresponding to an array of pads on a lead frane.

I c2ol 20. The method of claim 19 wherein form ng the
feough Mol s The HBAOSRE il 16 NGndr&ig fo%ﬁﬁ%gtﬁe hatoRgh Holes
the partially cured substrate. -15 [c2I

REMPBES Butieg tie partiallyeisedesuhstfab® mi ng t he t hr ough hoI es
conprises punching the partially cured substrate to
construct the through holes. [e221 22. The nethod of
gbapi m 19 28her &he thahed p§ ddim 19 rwehegdin hoheiag the nrougle holes

FPRH S 1R e I Y BPH g RioB0Rbugh ol g

conprl ses constructing the thr ough hol es w t hout
phot ol i t hogr a&h | c241 24. The nmethod of claim 19
WM ei n phovi dhgoathed plafleiny|1Pywhaeia prowdipg tthapertially cured

Qﬂ)gpz;t.é é&ﬁprﬁ@@lyrbwdﬂl% a%r@fn%g BlafeiallBL €7 ial. -16- 0




