16 February 2006 PACKAGED M CROELECTRONI C DEVI CES AND METHODS di6 Felayany;2006

SAME TECHNI CAL FI ELD The present invention generally relates to

m croel ectronic devices. The invention has particular utility in
connection with form ng packaged mcroelectronic assenblies, BACKGROUND
M croel ectroni c devices such as sem conductor dies or chips are typically
contai ned in packages, sonetines referred to as first |evel packaging. The

package hel ps support and protect i e t i 7 n

Drovi do o PREAAGEOMISROFLECSTTO Bl D pooer ROUES RBBAF EBRINEES (o the
m croel ectronic. device. Increasing asis is being placed on m nim zing
the size of packaged mcroelectronic assenblies for use in smaller

devi ces, such as hand--held conputers and cellular phones- Mnim zing the
footprint of these- assenblies saves valuable real estate on the circuit

board or other substrate carrying the devices- Reducing the thickness al so
enabl es TECHNITAeF#ELPoni ¢ device to be wused in smaller spaces. One type

of packaged m croel ectronic assenbly which has gai ned, accept.ance i.n the
field is a solbgl P@éemhW&“#’P‘atgqr@é%'@dm'?%@l\bo BE%QSEE&tFOa'Gd§EY'C§?-y|@1e
packaged;, .cond or_di I esfQr h, ds t enyit I _

out-war dl {/n %ﬁd ftf%é (ﬂagl'icgﬁa tﬁgﬁ ng@gsu ll;larlribt&ﬂ\lj?,;ﬁt h}Aﬁm\/\hf&ih!t e?{gi%%%ésd/

packagedmicrbbesgrdngagssanifdideent down and passed through or attached to a
pri-nted circuit board or other substrate- In a QFN package, the |eads do

not extend outwar dlé beyond t he encapsul ant. Instead, a series of
el ectri cBAOKGEBOWNE positioned around a periphery of the |ower surface of

el R s e R L e
pads on gheafidhsin Pekalies, sometimes referred to as first level packaging. The =
package helps support and protect the microelectronic device and can provide a )
iéad system for distributing power and electronic signals to the microelectronic -
device. Increasing emphasis is being placed on minimizing the size of packaged'
microelectronic assemblies for use in smaller devices, such as hand-held
computers and cellular phones. Mihimizirrg the footprint of these assemblies
~ saves valuable real estate on the circuit board or other substrate cartying the
| devices. Reducing the thickness also enables the microelectronic device to be
| used in smaller spaces. _
One type of packaged microelectronic asserhbfy which has gained
-acceptahce in the field is a so-called "quad flat leaded" (QAFN) package. Older-
style packaged semiconductor dies are formed with leads exiending laterally
outwardly beyond the die and the encapsulant within which the die is packaged.
These leads are bent down and passed thraugh or attached to a printed circuit
board or other substrate. In a QFN package, the leads do not exdend outwardly
beyond the encapsulant. Instead, a series of electrical leads are positioned
around a periphery of the lower surface of the packaged device. The
" downwardly-facing leads of QFN packages may be electrically coupled to a

substrate using solder ball connections to bond pads on the substrate.
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-1 16 February 2006 I n manufacturing a conventional QFN packag#6é Rebeudhe2006
IS supported on a paddle above the inner ends of a plurality of electrical

| eads. The die is typically attached to an upper surface of the paddle

usi ng an adhesive. Bond wires are then used to electrically couple the die
to the electrical leads- The termnals carried by the die for connection

to the bond wires are spaced well above the | ectrical | eads due to the

t hi ckness of tReMgEHHACEH S qoRveriel @FNiprekgpe, hsdie henmeriednes s of

t he adhesj t ' ; T; o] h: def.j ne
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electrical |eads and the paddle tend to remain exposed, the rest o

QFN packdféniusedein |e&6érdcq{§t spupiahe ndapeulhenelectigsl dastls: alhelteratihalsr esi n
mat eri al . | esji.n_.. exte r.dl bove the tops of ;the bond wre
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Lhe hei ghslecficaieads eiueQoetneNBicRABLaf thd pAKLRL the Bk Sohe X! ghg! Nd
device density .on a . substrate is to stark mcroelectronic vi ces one

on. top ofth@ffytiegss cithe lkdhgsivastseddndotig\the eliofo treppaddle. Thedsordewlree can
footprint. In

ef frectiv o] the gircuitry carrie within a_give

f orm ng ?eﬁp %C%@bgn?g?ﬂgﬂnchPWﬁﬁJy d{Ech‘eaéﬁjé’i%l §/-‘rf‘?g('te q?sthﬁeé&s%'ﬁiﬂef 0
provi de ¢h@6hsihgahe FRYM & eQvii I
conponent (s). lLﬁfig)?t uﬂﬁel glr?g%égN&B};%kg\é@%etg%%dr@%?gge% [é]?ﬁ'rei %l%??ncal
connect i deasisaand e thealdpe terphty yembint bepdxet ohe sost et thed QAN pabREdRge. . Thi s
ef fectivel é!@gr vepts an upper QFN package from being el ectrically coupled
to the FO e%m{}b'aaaaa U, Yipissly 2 ealdablepgsinmatentalo, Tie resar nwor t h
et al. t ' f | | ' .ed r.ein r ef er ence) ._suggests
an al ter%gkte Iﬁgg%&fagdl ngggﬂ%{goz)s %ﬁ%ﬁeﬁé%’é’g Sb%ﬁé@?ﬁe&ﬁﬂeﬁmﬂe@: es to
be el ect padgey tend bt bel abpraieblptidtharthan th@hsight ketheadibangenent . Thi s
package enploys a relatively thick, nmulti-layer substrate. The die is
bonded to thePNBWEFreasiIghe @oakias teradidee| fay gnaxmizing device density on a.

substrate is to stack microelectronic devices cne on top of another. Stacking just
one device on top of a lower device can effectively double the circuitry carried
within a given footprint. In forming a étacked microelectronic device assembly, it

_ Is necessary to provide elecirical connections between the substrate and the

~ upper component(s). Unfortunately, QFN packages only provide electrical
connections around the periphery of the boftorn surface of the package. Tr;is
éffeotive_!y prevents an upper QFN package from being electrically coupled to the
lower QFN package or the substrate.

U.S. Patent 6,020,629 (Farnwarth et al, the entirety of which is
incorporated herein by reference) suggests an alternative to a QEN package
which permits microelectronic devices to be elecirically coupled to one another in
a stacked arrangement. This package employs a relatively thick, muiti-layer
substrate. The die is bonded to the lower surface of a middie layer of the
substrate. Electrical leads are carried along the upper surface of the middle layer

" and the die is wire bonded to these leads. Vias can be laser-machined through

the entire thickness of the multi-layer substrate and filled with a conductive
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substrate. Electrical |eads are carried along the upper surface16fFebdraary 2006
m ddl e layer -and the die is wre bonded to these | eads. Vias can be

| aser - machi ned through the entire thickness of the nmulti-layer substrate
and filled wwth a conductive -2 1 6 February 2006 material. These vias are
electrically connected to the electrical |eads, defining an electrical

th f th | tri | | t act d | ed the P
o face dnalineeqbess vias Senfifintl Aufeted By 4R deplicel Boddadstinpaan.
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vias to provi an électrical connection fromt upper sur

| over sursuataeeodf the subsiibatier afamwantii's snultidaydi subisfrate adsle gomeeatbepal OFN

packagi ng, t echni s, ,whi ch have been  devel oped for high throughput
appl i cat ﬂﬁwgﬁeﬁ)%\l&ﬁﬁe‘ﬁﬁ% WY s (R addienpihesess of fHlpshy s fo prewiiled an

pp i cat MBIEICSAA _ P10 pro
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assenbl i figits thiecabiiety ¢o serionvdatibs QRS pakhdin @ecﬁm@iﬁs& witich y
attached to a lead frane. The | ead framasl‘aghasg{ag t hi ckness and gﬁéggghi ng

passi ng CEVBegsdtachioh: breghput Applisatiensd surface of' the support spans
t he- openi ng. A back surface of a mcroelectronic device, e.g-, a

sem__condgq_;_PﬂMAqi\e, is releasably attached to the exposed surface of the
support. e mcroel ectronic device nay be electrically coupled to the

lead frame. AEmbenirapatd aifit tHeyréfen pRefbn Visbora! Midrdeidttohideidned by
the . support, the mcroelectronic device, and a peripheral damcarried.by
the | ead@fsMRlIesTard mataashs of asseridiigsucheassenblies.c in aomirdades gty dres t he

the. m o aatbersRRERL pri¥ing, dolatod B S4RGnbIES & diponsgionte danee
oo ey, sae e et st mattin il
fingers thidmpessandemopeaimg. paesing theough theethiskneds. mank exfosieliestirfatengd on
provi desya dRHAA% s the opening. A back surface of a microelectronic device, e.g.,
a ;@miconductor die, is releasably attached to the exposed surface of the subport.
The microelectronic device may be electrically coupled to the lead frame. An
encapsulant may then be delivered fo a cavity defined by the s.upport,‘ the
- microelectronic device, and a peripheral dam carried by the lead frame. The
' encé-p?u!ant bonds the microelectronic device to the lead frame. The support may
then be removed, leaving the back surface of the microelectronic device exposed.
In a further adaptation of this embodiment, the lead frame is cut within a periphery
defined by the peripheral dam to separate a plurality of electrically isolated lead
fingers from the lead frame.
An alternative embodiment of the invention provides a method of
assembling the microelectranic device assembly which includes a microelectronic
die and plurality of electrically independent lead fingers. In accordance with this
method, a first support is releasably attached to a back surface of a first lead
. frame and to a back surface of a first microelectronic die. The first lead frame
~ includes a front surface spaced from the back surface and an opening extending

from the front surface to the back surface. The opening has ah inner periphery
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assenbling the mcroel ectronic device assenbly which includes a16 February 2006
m croel ectronic die and plurality of electrically independent |ead

fingers. In accordance with this nethod, a first support is releasably
attached to a back surface of a first lead franme and to a back surface of

a first mcroelectronic die. The first lead frane includes a front surface

d f i i i he fron
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fingers extending inwardly fromthe first outer nenber. The

posi t i onedviihhat perippyeyi agthenfitst dieperagsideinyandlyt dle af ilesst pare dfpheeidner
to define

i nwar dl f . ast,.part _of the jnner eri phe f the openin
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encapsul ailherepening enayt he fiiledsabqyer fhehfesabugapt wid atfirsicdnddpsufdnt strieead

frame to.the first dje. The first support nmay be renoved, |eaving the back
surface oft I‘?QCEP?H"?F{ = eéﬁ‘ifcﬁ?@d'["éﬂéer! Irsiny pred pHerh dhe fiest dead frame fir st
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first | eafirst diegexpossaharedt teavirigothenbacienatdterofant YirblickRardrhs %kpﬁ%&fpﬁrm ant
ding wires via the first die. An alternative enbodi nent of

and the first bo \

t he. i nveniq @{?Sﬂﬁgv e Jirgt teaslc Rea@ersnmayotieache ovepardted fonmadise ivsty awhirch

i ncl udes kst ; basse and a plurality.of
el ectri carﬂe@'lg%%egﬁﬁgﬁé .saeﬁ%téﬁ'fw racgt% ﬁé%dee@gﬁaﬂ @ﬁﬁ%@%@em P82 nuch
the sane arathiert orlg by the fifstiesicapstiansameping firk vi o2 first
t hi ckness and | ncI?uge a IpI ural?ty of el g%t lrri %cl)chﬁ&?ﬁ%gpvén eenﬁ%¥|8're§t | ead

fingers, a fir¥l @iternaiivg #mbodimeshcabstieaninvbotioi ngrovides i rst stadked to t he
have a thi.cknéss

cqual t o Repeaic e eCond Ay guRbRd aIEs GodEy FEBRPORPget Seemhee and
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subassemblies may have much the same structure. The first subassembly, for
example, may have a first thickness and include 3 piurality of elecirically
independent first lead fingers, a first die, and a first encapsulant bonding the first
die to the first lead fingers. Each of the first lead fingers may have a thickness
equal to the first thickness and define an exposed front finger surface and ;tn
exposed back finger surface. The first die includes an exposed back surface and
a front surface. The front surface of the die may be electrically coupled to a
plurality of first lead fingers by a plurality of first bonding wires. Fach of the
electrical connections may electrically couple the exposed frant finger surface of
one of the first lead fingers to the exposed back finger surface of one of the
secand lead fingers.
" A microelectronic device assembly in accardance with an alternative
embodiment of the invention includes a die having a front die surface, an exposed
- back die surface, and a die periphery extending between the front die surface and

the back die surface. The microelectronic device assembly also includes a
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a front surface. The front surface of the die may be el ectrical ig Redurphrd2006
toa plurality of first lead fingers by a plurality of first bonding

wires. Each of the electrical connections may electrically couple the
exposed front finger surface of one of the first lead fingers to the
exposed back finger surface of one of the second |ead fi ngers A

onboar moRUraRS pf SHEGHRET B Mk <205 R 3R cobbta Tedid T & pade, an
exposed ekz@weugq geﬁwé@s%r@r@e@n&aleﬁ%a%g t@&eélgb@@abe%ep Qg f ront

di e surface an the back die surface. The m croelectronic | Ce assenbly
al so i ncbtigepluraliy 06 U%lurnmwrezomypélﬂca‘iaauy cdupdé dbr dieato lop@dsf thet h

each of the el el\ctrl cal .| eads havi ng_}qa g % ?xtendl bet ween a front
el ect ri cESUHR d8PI%n A BEERSERBLMNAYCBRVR Shiraet en 'a'ﬂfsﬂfmﬂaﬂiay of

bondi-ng | | X ectr,i cal
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encapsul front dier $artare, The periphasllded buifaye angl A9easthe pbﬂﬂ.ﬁ"l BOtHY h&Sy of he :
front die surface, t he peri pheral die surface and at |east a portion of the

body of eagdewefdhe ﬂl@twdea%aﬁheeﬁa@t elppirica @nnta@tseof tha:aleotnmtl deads of the
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staggered array may conprise a first set t he eI ectrica cont acts

exposed %m;t@sellﬂnttnrn@ ﬁaggglﬁdrma}f This ﬁaggerwﬁmm@mmmpnﬁ@@ef rangeia -
second s %ﬁf el ectrl contacts exgosed at . |l ocations spaced

i nwar dl y° ﬁﬁ'?ér‘ffj"g"f‘ Fh%xﬂﬁi? eflassat the ¢ Peiphesy eof Bre Hrck
DESCRI P@l@& %iaﬁ"@u NG EhGHE s vt T i gabécfkoé‘ﬂe?ﬁ{cﬁlé@{)rhﬁggst? %‘gﬂgtugl hg a

subassenbl y |n accordance wth one enb

| ead fr doeations @mpnwrdlffrgmmp@phemosmwmmmo@p@ﬁ@nﬁ@@ﬁa@al vicew
taken along line 1 B-1 Bin Figure IA

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A is a front elevational view of a subassembly in accordance with
one embodiment of the invention including a lead frame and a support.
Figure 1B is a schematic cross-sectional view taken along Iiﬁe_ 1B-1B in
Figure 1A. \ | ]
_ R . Figure 2 is a front elevational view of a die received in the subassembly
shown in Figure 1A,
Figure 2B is a cross-sectional view taken along line 2B-2B of Figure 2A.
Figure 3A is a front elevational view of the subassembly of Figure 2A
wherein the die is wire bonded to the lead frame.
Figure 3B is a cross-sectional view taken along line 3B-3B of Figure 3A.
Figures 4-6 are successive cross-sectional views illustrating the addition of
an encapsulant to the structure of Figure 3.
Figure 7A is a front elevational view of an assembled microelectronic
- device assembly in accordance with an embodiment of the inventian.
Figure 7B is a cross-sectional view taken along line 7B-78 of Figure 7A.

Figure 7C is an edge elevational view taken along line 7C-7C of Figure 7A.
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Figure 2 is a front elevational view of a die received in the sdB&Fsaohy2006
shown in Figure 1A Figure 2B is a cross-sectional view taken along |ine
213-213 of Figure 2A. Figure 3Ais a front elevational view of the
subassenbly of Figure 2A wherein the die is wire bonded to the |ead frane.
Figure 3B is a cross-sectional view taken along |ine 3B-3B of Figure 3A

Figures 4-6" arfggeHeC®sR e SotepfatRe Grongdctivraysviel! Wiisttingg o Ngaaddj tion
of an encapsulant to the structure of Figure 3. Figure 7A Is a front

el evat i onmaicradlestrenic atevicss angstrellyrih @oseidariceonitt a fugher emimsienbhiyof ihe
accordance w.th an enbodi nent of the invention. Figure 78 is a

cross- sedfYSSHDN: vi ew t aken along line 7B-7B of Figure 7A Figure 7Cis an

edge el evatio m;éi %ﬁ}é%i‘e%\r‘é%ﬂéliﬂ&v%@aﬁﬁam‘raﬁiegﬁr%grrf‘g . r{éga&g%ﬁ%

2006 Figure 8 i emat1 ¢ cross-sectional view i

m cr oel eanotierembedirer s drebinyentioraccor dance with a further enbodi nent of
the invention, Figure 9 is a front elevational view of a |lead frame array

i n accor dance Figum, 104 koa fent elysderahviewrofehaigreclestroois. devieguaesamity i s a

w o an 3 RERSERhGd W B el P SRS N o el 1o o & 70 o
cross- sect i ongigurbetnR ak encrisangclibngl Wew3akeB Mndiigs" fp-168 eﬁfﬂjg&é 10C

is an edge el evational view taken alone |ine 10C-10C of Figur
Fi gure 100Ai s a back el evational view of the microel ectronic device

assenbly of Figur ._Fiqure,l'1l is, an isol atjon view schematically
il l'ustrating g@)"&?ﬁb IS Fﬁ%e e#ﬁ‘@%’ﬁ'@f"e‘ﬂ?\”’&ﬂ]ﬁ%" ﬁ@?d@%&%ﬂﬂ@oﬁﬁgmﬁur\e
10A in gfgAater detail. :
Figure 10D is a back elevational view of the microelectronic device
assembly of Figure 10A.
‘ Figure 11 is an isolation view schematically iliustrating a portion of the ,

rmicroelectronic device assembly of Figure 10A in greater detail.

DETAILED DESCRIPTION

- Various embodiments of the present invention provide microelectronic
de\(ices and methods for forming such devices. The following descripﬁon
pmizid}as specific details of certain embodiments of the inver{tion fllustrated in the
drawiﬁgs to provid.e a thorough understanding of those embodiments. It shou[d
be recognized, however, that the present invention can be reflected in additional
embodiments and the invention may be practiced without some of the details in
the following description.

As noted above, Figures 1-7 schematically illustrate successive sfages in
manufacturing a microelectronic device assembly in accordance with one
embodiment of the invention. Figures 1A-1B illustréte a first stage in assembling
the microelectronic device assembly 10 of Figures 7A-C in accordance with one
method of the invention. In Figures 1A-B, a lead frame 20 is juxdtaposed with a
support 40. The lead frame 20 generally includes a peripheral dam 22, a front
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DETAI LED DESCRI PTI ON Vari ous enbodi nents of the present inventi ¢6 Rebouane2006
m croel ectronic devices and nethods for form ng such devices- The

foll owi ng description provides specific details of certain enbodi nents of
the i.nvention illustrated in the draw ngs to provide a thorough

under st andi ng of those enbodinents. It should be recognized, however, that
enbodi nepts and t he

th t fI t addi t,i I
| nvent | on SHEPCEE P A A SHTIERGLAC. e ROY EREA SR 225K SRt Gondral ng
descri pt [ Q,gm(%sﬂgg&%nﬁ% %Mufgufé@@@& tﬁe?‘r&rﬁ@ﬁf‘@&éc I ly illustrate

successi ve stag acturing a mcroelectronic device assenbly in

accordance w t A pinealiteobledidfegero B0ty éxtend tinoardhFbiivegserberalBidn byst rat e
a first Ska%ﬁ i n. assenbl i ngwthe m croel ectroni c device assenbly 10 of
i

Fi gur es I7 of heclsrd dingeTsd0hmeydhaveea Hiridlel eayl ﬁOnﬁF@nhf]léhf of ﬁheFlle;w es
1A- B, 0.,.. T
3 %ﬂ-l% ggg? ﬁg%ﬂe‘?‘idé tﬁfB &%ﬁﬂéﬁgﬁ E?B%g&f %W?a‘?’&glﬁ) og rface

generally I nc

24 and a bad#ics @if gicthed@st &hehep frddoingmal 200 aRy 22 baBY cortRBEISNES d
verti cal | fromthe back surface 26 to the front surface 24. A plurality of
| ead fing R may heelianed wilta e resbef thedaskriuskaee26 dkiimedead fidaphoof t he

| ead fing ht ual e he| t. of the | frame
20. . A f ro%%éh %ﬁt ac{eagiaﬁQ)QE?%@@h Oéjécggﬁaﬁﬁ’@ ecgg: r"é@;ygﬁ%‘éP'Wgﬁ‘P\ agie front
surface 280 of It lgge r@st 6o fist Kk n 36~0f each

| ead finger 30 may be aI|S trio’ljee\n%?%éﬂr%r@r énguﬁl% ?%Qﬁ% ‘ %stgﬁgé@eg%ggf t he
| ead. frar@)m@ntm&al@w@bomdlegjemhﬁﬁ thgéead BAgais@al mabenddaéh%bﬁcopétﬁsz :

| ect led to.a die the die 60 is to be electricall
Coupl el 18 RGBT S o FonaBeART I RO e i d iy Fidbien 746t he

connect | o1 o e heTpRAEe Y o, SpaLe Rt ne HRofieh tou Rl P YA Bfaads S"a0 ™
are spac@rﬁ ihembeiweela.not her to define a seri es of gaps 38 ther ebet Ween
The inner surfaces of the peripheral dam 22 and each of the lead ﬁngers

30 tagether define an inner periphery 27 of an opening 28 in the lead frame 20.
The opening 28 extends through the entire thickness of the lead frame 20 ie.,
from the front surface 24 to the back surface 26 of the lead frame 20, -

. The lead frame may be formed of any suitable. éonductive material.
_ Typically, the lead frame will be formed of a metal, with at least a portion of the
tead frame plated with a nobie metal such as gold, silver, ar palladium.

' For reasons explained more fully below, the support 40 s adapted to
sealingly yet releasably engage a surface of the lead frame 20. In particular, the
support 40 includes a front surface 42 and a back surface 44.. The front surface
42 is adapted to seal against the back surface 26 of the lead frame 20, In one
embadiment, the support 40 comprises a flexible polymeric tape which may
adhere to the back surface 26 of the lead frame 20. The support 40 may be
formed of a flexible thermaplastic material and be releasably bonded directly ta
the lead frame 20 by heating. Aliernatively, the support may include a contact
adhesive on the front surface 42. The contact adhesive and the body of the
support 40 should be formed of materials which are capable of withﬁtanding high
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The inner surfaces of the peripheral dam 22 and each of the | ead6fHekyaany 2006
30 together define an inner periphery 27 of an opening 28 in the |ead frane
20. The opening 28 extends through the entire thickness of the |ead frane
20, i,e-, fromthe front surface 24 to the back surface 26 of the |ead

frame 20. The lead frame may be fornmed of any suitable conductive material.
med of a netal, with at least a -

Typically,, lead frame will,.be far t

pgft i on gfteﬁ‘lﬂ):eraft%g% f P cgpg{t@@svwo@ﬁh Dayoet enpyRipred phmasutsstutingsthever |
or pall adi S ' r g ul e support, 40 i s
adagt ed tom%%(glgiﬁtr%ﬁ? gg‘ﬁc‘%?égg@ |y1@gn§étgd§ daé{-l éﬁr {Cg)é}ﬁeor%pg@ hseg?t cadhermate 20.

I n parti cukais! marking tapeoundetOthienoioddesdesifiigtiin TRM-8260 4dhidnds %x@@&éd
nt. surface 42 is adapted to seal against the bac

surface 44. The iﬁrq C :
surface 2608 PHiRhedar FiaAs BuPReft dHEN coppselionwith aneembpgiment 49 the
conpri ses ;,qvé,{t@({bl e polyneric tape which may adhere to the back surface
26 of the lead frame 20. The support 40 nay be fornmed of a flexible

t hermopl asti ¢ nithenitiad sapprbrbd0 iebeagzbinto ban@etwih ties bk karfatd 9 lpqk frame

20 by heai%lqg Al tg@nativel y, .the support may include a contact = adhesive
on the fr bg hSealyingaish the bask pbie peripherahdamad® and aghinst gwppor t

16 '?28??2#’?%%@%%2?@&?2@%? '%’%#iﬁ?g%%sﬁ%@?ﬁﬁ%wwt%%aﬁ%gﬁ& cd
Cor porat | on 861 15 o hornal - roey o o e oy 28 intné leadirfh, 25 e

desi gnat i BRVERN BB eaUEiace d6exibe sapport dOlspanmirigibbpeping/s@ as a support
he invention. Wien the support 40

40 i ti ] . nmbaodi t of

s brought i nt o clRMAR WO ek e e gbiviakbo postione witiadhs oaemingo. i 1
I ] B ' | nst t

Cont act 36 of Gach of ihe Taad 1| HRpey gl Hide B oA BliRke o 2 BEEK ong

the | owesuripgeS@ianchrerinhess 6P exigriuing beWeeh thigronpenirag: 83 dnfl thBgakead
];:ngahgzo ] acti:e éée axeptﬁr%n@%%‘iéﬁ%n%?’sr ;(? (r:neay4b6e grfrart'igeed grl:: %’I?e(a) rfrfr::'nt ggrf;c%agg Io? 9 the
the die In a terminal array. in the illustrated embodiment, these terminals 70 are
arranged ‘adjacent the periphery 62 of the die 60. It should be understood,
though, that other arrangements could be employed, such as a conventional lead-
on chip die having a series of terminals arranged along a éénier line of the die 60,
- The back surface 66 of the die may be releasably attached 1o the exposed
. surface 46 of the support 40 within the opening 28 of the lead frame 20, The
Support_ 40 may temporarily hold the die 60 in a predetermined relationship with
respect to the lead frame 20 to facilitate electrical coupling of the die 80 to the
fead frame 20. in Figures 2A-B, the die 60 is positioned wilh its periphery 62
spaced inwardly of the inner periphery 27 of the opening 28. This will define a
peripheral gap 63 between the periphery 62 of the die 60 and the inner periphery
27 of the lead frame 20.
" The order in which the lead frame 20 and die 60 are attached to the
support 40 can be varied. In one embodiment of the invention, the lead frame 20
is attached to the support 40 and the die 60 is then attached to the exposed
surface 46 of the support 40 within the apening 28 of the lead frame 20. In an
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As shown in Figures 2A-28, a die 60 may be positioned wthin theeEedruagy 2006
28 in the lead frame 20. The die 60 may include a front surface 64, a back
surface 66, and periphery 62 extending between the front surface 64 and the
back . surface 66. A plurality of termnals 70 nay be arranged on the front
surface 64 of the die in a terninal array. In the illustrated enbodi nent,
these termnals 70 are arranged adjacent the periphery 62 of the die 60.

It shoul daiermnativeestlsdiment,1baghe 6P hafirss eaehed toatiigesrmost é@and the lead

I d, h d h
Lo nal sTAPEAROdS TP S reenEan P SRopr T ndntrid e S diteR ik Tt o6
of the di ﬁaﬁ@fz@ana%@a@@d)m@twgmmah@oamaﬁé@f@é@ﬂg th%UsEJ]ﬁfb A% of the

support 40 within the opening 28 of the lead frame 20. The support 40 may

tenporarily hoWth ire dneeﬁ@@ndrtha lpad fretre A0 méfdched & trenshppormidOhthe dpect
g, of the die 60 to the

tothe le fra 0.to aC|I te el ectrical

lead fra [\gtUF’@@y ttﬂéh%?%acg Q%fsﬁ%s&ﬂh&n'@édvﬁrﬁeﬁ& DEISi phery
62 space N8y n s will

define a Q'S‘e:? F%Lg?g?m a}?lag'Bb%et \/\B@ﬁr’%rﬁ%ﬁ%? ﬁ%he tab%ef&?%e%dﬁz ghggn '??d t he
i nner perFighess/3AF, exdfctt tiea p&adhtprdrhmnﬂ&g wines Gsdﬂay be othipidd bhend ead frane
20 and die 60 are a}tac ed to the support 40 can be varied. In one

errbodld merP Hiermpal; rgl%ﬁfﬂeo‘ﬁe G0hend ahther pthpeend to ﬁ&%ﬂ?&%é‘a Qf@rlemfhtbapport
40 46
support 4525 Thts ' o hoRERE dyteh 7P gESPRRF i 0B, ASigRt aigh ary

2006 al t etatds/odainei dRWardyhro heRorktfabl 3 oPiHerBlG0 tfak e HRROTt 40
and the lead frame 20 is then attached to the support 40. |n another

enmbodi merd@ce Ak thgdead frgme 20. Avoshaven in Eigsige 3By tmebsndugtwmmglmay

attached 0, 4 frame 20 attached
to the sutgpoﬁ 4&935&[?'&%‘%9 gp p%y %E?EAPQF%@S? gna %@ﬁ%?@ﬂ"t?@ tHErietad
fingers 3ncapstilagonh @ﬁ&éﬁ@ﬂn?%eﬁm%y Bt \ARQQEHPQQ'F)' ing can be
acconplished in a %@sw tabl e fashion. "As sho Figures 3A-B, .each of a

plurality of Gier&dy is7 suitably etectieglly ebuptecbimettentbad fingers 30 an.
encapsulant 80 may be delivered to the opening 28 in the lead frame 20, as

shown in Figure 4. The exposed surface 46 of the support, the inner periphery 27
of the lead frame 20, and the die 60 define a cavity which may be partially or
- completely filled with the encapsulant 80. In one embodiment., the peripheral gap
~ 63 between the die 60 and the lead frame 20 is completely filled. The sealing
attachment of the support 40 to the lead frame 20 and the die 60 helps prevent
the encapsulant 80 from flowing over the back contacts 36 of the lead fingers 30
or the back surface 66 of the die 60.

Any suitable encapsulant 80 may be used. in one embodiment, the
encapsulant 80 can be delivered as a flowable material and subsequently cured,
such as by heat treatment, UV exposure, or any combination of heating and UV
exposure. A wide variety of suitable epoxy resins and ather non-conductive
flowable materials are widely commercial available.

In one embodiment, the encapsulant 80 is delivered to the apening 28 in
the lead frame 20 and is allowed to simply fill the cavity noted above, covering the
bonding wires 75. If any encapsulant 80 flows outwardly over the front surface 24
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to a terminal 70 of the die 60 and at the other end to a bond pad Fbrahryppeo6
of the lead fingers 30- The bonding wires 75 desirably have a | oop hei ght
whi ch extends no farther outwardly fromthe front face 64 of the die 60
than.the front face 24 of the lead frane 20. As shown in Figure 3B, the
bonding wires 75 may be spaced behind the upper surface 24 of the |ead
frame 20 to facilitate conplete . encapsulation of the bonding wires 75 by

t he encapsifl st legel framee 20hdhai @xasgsi encapisulapl ynay dwt remaveds seciplasdbyo t he
| ead fi 30 | ant 80 be, del i d.to t ing 28 i
the 1 cad ottt hRRERDRR A o ot oiah SRS sibadhee! of thme |
support, tifgeritidne howevep fielwoidRe é?fcafa@@lah?ﬁzgtécrfﬁ@@@ ilgan}iﬁ%pﬁ;gi du@vﬁ ﬁ}g o

define a cavity which may be partially or conplete t he

encapsul amoldDy elematd &hbddiisdrent moldingeelepteet ahaydave6s substantially tae di e
The sealing attachnent of

‘and the | ead - letely filled
the- supporto G0t BeF D Rt FRRIE v el b ishaganHanpe it cviiecs 2ot

encapsul a f ' l.hgers

30 or 1 e e T 2 TR SRR ETEBE SRR B i ebmp il ol b ey

be. used- kamertesighttasitreeuppertshefacerthpbihkdeasd Bameaso bt fohi yaitassas &

f1 owabl e tleri 3[ and 3i“ubsequent ly cured such as by heat treatnent, WV

exposur e, {%’ 2R fIndsis AP Spreed iBfgr Mirdetsapselalisauprecess ig dempletéet y of

suitabl e Y/ | non- Vv I le materials are

wi del y coﬁg@’c?g@as\{/%rﬁ% (g(g%ﬁﬁg"r*{e&gébqg% ilhcréitghtc,gn{ar?gs\,\g%c%’ﬁguwgfﬁttﬁ%é‘sﬁsd

del’i ver edtheombluting plemherg &8 dny extdees lepdpduianes@Bnansd fioht %h&}ﬁ?@& Qe Ml y
any

fill the cavi tg noted above, covering the bonding wires 75.
encapsul ait FECYedWEh Seiveatw by @inding aepslishing, suothereutabledetnBabs uar y

2006 of the | 4 capsul ant be remoyed, such.as
by grinding g‘?ﬁ%%rl s ?‘%%’Sgﬁéh\?\ﬁsmgiﬁgﬁ%%eﬁ Y FFPHPEW@¥Q gfef‘n‘&‘%rﬁqo\% \é’hﬁ’@_dﬁ ment,
of ‘the lucentanibe hemeved. Thovipipolina eapanryl BE!rafhak fmBhd okl t e
by use of a front noldi ng el ement 82, This front nolding elenent. may have
a subst arifirigepy2§ |oftthe lead frame 20 and the back surface 66 of the die 60. As

schematically shown in Figure 5, this may be accomplished simply by peeling the

support 40 away from the rest of the structure. if any adhesive material from the
support 40 remains when the support 40 is peeled away, such excess adhiesive
may be cleaned away using an appropriate solvent which isr compatible with the
lead frame 20, the die 60 and the encapsulant 80.

i Asshown in Figure 6, the encapsulant 80 which is produced in this process
inay have a front surface 84 which is substantially co-planar with the front surface
24 of the lead frame 20 and the front contacts 34 of each of the lead fingers 30. A
back surface 86 of the encapsulant 80 may be substantially co-planar with the
back surface 66 of the die 60, the back contacts 36 of the lead fingers 30 and the
back surface 26 of the lead frame 20. This yields a mechanically stable structure
wherein each of the lead fingers 30 defines an electrical pathway between an
expdéed back contact 36 and an exposed front contact 34. As explained below,
this can facilitate stacking of the microelectronic device assemblies 10.

The exposed back surface 66 of the die 60 also helbs facilitate cooling of

the die 60. In conventional QFN packages, the back surface of the die rests on a

-10-




mol di ng face 81 which may lie substantially flush against the f16mRebsuaife2e06
24 of the lead frane 20. This keeps the upper surface 84 of the

encapsul ant 80 at the sane height as the upper surface 24 of the |ead

frame so the front contacts 34 of the |lead fingers 30 remain exposed after

t he encapsul ati on process is conplete. |f any encapsul ant 80 does fl ow
onto the fg; cgq e | 1 h u t nol di ng el enent 82,
any excességﬁggpsﬁ?:ﬁéfégﬁgﬁigﬁggk%gHﬁq@%n?%cﬁ@?éiﬁgéﬁﬂhg@T%%HbV&@hmaﬁh
sol vent s, dyhasvath i paddielnaltha o oe abRA sxiFalhent 8B SHeSedFeg 1 he
encapsul ant 80 is in place, any front nolding el ement 82 which I's ™ used can
be renmovediNFheBY igRying Uz bagk sarfsee K6 pkthm die HPompdsedb ok diss80flageg26 of

t he | d fg back f 6 of t di 60. As h ti ||
shown 1 n KIS SoBREAR B SitisRiReaiih supfigmAmgmbiattanyiongent ulipor |
40 away f reemibbiced,estie 8hntdMd BHENE LUEGHIE h@a}/sgﬂtg n ‘?fiﬂe@t%gé 3@%2 gieve

support 40 remai ns when the support 40 I's peele y, such exc
may be cl d@skdsuriaeg efsthegdien mipinizipgi theaursmoessdryvihibahal meee Meakbdh ehai t h

the lead fr 2 the die 60 and the encapsul ant 80. As shown in Figure
6,.the engé%gglea«ﬂﬁfﬂ-‘g@%ﬁﬁﬁfPE“‘ng@E@EBG‘?%@Q?ﬁi s process nmay have a front
surface 84 whi ' ' Vi |l anar . t face 24 of
t he. | ead framqgomgngy?ﬁg@%gﬁwncgﬁﬁ@f% §'4to Fte]ea(ﬁ]%(g%{ ﬁ%’h’ %H’ﬁﬁ' s 30_
A back soohaeesgachiof tieeleaxidinpes a0to 8he rMwite. WhBS #Rs Fé&iﬂ;;yerg?agh fﬁlar
with the back sfurft%ce 66 of the die 60, the back contacts 36 of the 1ead
fingers 30CRSLRME thefavitg dok reseiving e envapsulaat BParsce the hiapsyisitdy a
mechani cajgl | g [ h_of .t he | ead fi.ngers 30_defines
an el ectriiscgll ﬁ%gtgh\%f/tpl%gﬁ &g'reaﬁ daaﬁpgéﬁ%sggéﬁg%ifrgghltré%?e%‘gha SatP-expEsed
front conpediphedl dam 22phay e sbphted filoh $he dad aphkid abe sé,gp%'gng?igf ~the
m cr oel ecftgirggnl c device assenblies 10. The exposed back sur]ﬂac of "t he

die 60 al'@SNIE: _IhS Pyiadiéng s pagpberal dem 82eanlouten emgth asfttherakd OFN

packages); i ests on .a -10. .16 February :2006
paddl e an};‘gi dabﬁf,%ﬁfég’{ ng{n@r%;?éé@ﬁe t[ﬂaﬁ 8?eaqﬂi§tp°5t«5)ri ?gﬁ‘?f eAAdmgery 3dghnan
one embaodiment of the invention, the lead frame 20 is cut within the periphery of

the peripheral dam 22 using a conventional wafer saw, high-pressure water jets,
tasers, or the like. Figures 3A-B schematically illustrate a saw path S which a saw
blade other cutting implement may follow in cutting one side of the lead frame 20.

. As shown in Figures 7A-C, separating the peripheral dam 22 will yield a
series of electrically isolated lead fingers 30 which are spaced about a periphery
of the microelectronic device assembly 10. In particular, the front contacts 34 are
peripherally aligned around the periphery of the front surface 84 of the
encapsulant 80 and the back contacts 36 of the lead fingers 30 are peripherally
alighed about the back surface 86 of the encapsulant 80.

After separation of the lead fingers 30 from the peripheral dam 22, the lead
fingers 30 are connected to one another only by the encapsulant 80 and the
bonding wires 75 via the die 60. The bonding wires 75 are thin and relatively
fragile and provide little structural support. As a consequence, the encapsulant
80 is the primary structural element supporting the lead fingers 30 with respect to |
one another and with respect to the die 60. By permitting the encapsulant 80 to
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adhesive to the paddl e and then to the anbient environment or ah§ FelirasheB006
heat sink- By |eaving the back surface 66 of the. die 60 exposed, the die
60 has a direct comrunication with a cooling medium such as an anbi ent
environment. |If so desired, one can also attach a suitable heat sink (not
shown) directly to the back surface of the die, mnimzing the unnecessary

h | b h i t h i nk_f i k .
I the st itdt e R 3anean Higued B3 bravests DHEralnasin 22, Pryenesmonant
connect s %ﬁhsmo&rtwawé%tffhf&%ggé&st Bf ﬂ{é?béﬁftotﬁgabh%hheﬁﬁré@g:g&rg hgfta'ﬁe

dam 22 hel ps define the cavity r recelving the encapsul a

encapsul amelf#0pransotera plrane strtbiusal femidabetwabn damessaphidanes@engdnhinesy t he

| ead fingers 30. TEE peri pheral dam 22 nay be separated fromthe | ead
fingers 30MEArS3Y JopraBbecergidhe gRcapstantld mthemapsip else hsdps ptepat  dam

22, an ou f : i.nge 0 h t er.i pheral dam 22
and a porEﬁﬁagpﬁ#églsga%eﬁeﬁgggﬁgg% ?i aﬁ%ﬁgpfré%%g‘h?ﬁggﬁhgfaltc%@ ?2\)‘%’&1 I on,
the | ead farsaee 20 is cut within the periphery of the peripheral dam 22

using a conventional wafer saw, high-pressure water jets, |lasers, or the

li ke. Figures Bmoidesieskemare camplex leaddingst shapeamaydiehuSdvristéadiofthy

bl ade ot hey i,ng, i 4ol f in.cutt| i de_ of the |ead

Frams 20 I SheRd L MR B0 TRbel b A e i FisteleaP ginglr Siorammie w 1 |
o 2 seribad . . . . .
Jbout a per) raiaeR, SO RIS pERALr EhdfiRied RIRES, wilh Y8 el ingdice

par t.i cul a8Q tapesingreitwacdntaeatisrged dimensipreirn pldieelidry askiy gred tes fishdrpe -

peri phery E the front surface 84 of the encapsulant 80 and the back .
cont acts %fgt SimicheelPeianicigRyinasassemhik 1901 BwaY Aoy thesbagh &abeBBaf thee back

surf ace ot agER AL (AR 144 & . EUELAIE otl 6 5P 1 et s 30

fromthe peripheral m 22, the |ead I Ngérs ne
anot her 6l gndythe ncepsalast iBan furliterasshdraing tendictBamickE §ni Betvderd ge di €

%0 e egthagt dps e L pand relatively” Tragile andprovide
bne. anot her - ane Y oS ShoabRRAA0 S Wethnidly ShRAFel Pt bt SRE BRI ant
80 to die 60 and the lead fingers 30 reduces the thickness of the microelectronic device
assembiy 10. As noted above, U.S. Patent 6,020,629 (Farnworth et al.) proposes
_ a structure wherein a die is bonded to a middle layer of a multiple-layer substrate.
7 The‘bonding wires must then pass through the middle layer to be attached to the
leads: The leads have a thickness which extends abave the top of the substra;ie
and the lower contact pad extends below the bottom of the substrate. In
comparison, the microelectronic device assembly 10 of Figures 7A-C need only
be thick enough ta readily accommodate the thickness of the die 60 and the loop
height of the bonding wires 75; there is no need for any intermediate substrate.
The lead fingers 30 extend the full height of the microelectronic device assembly
10, with their front surfaces defining front contacts 34 and their back surfaces
defining back contacts 36. This simple design permits the total height to reduced
because there is no need to form separate vias and contact pads.
Figure 8 illustrates one possible application of a micraelectronic device

assembly 10 of Figures 7A-C. In particular, Figure 8 illustrates a stacked

-12-




-t.t 16 February 2006 flow into the gaps 38 (Figures 1-3) betwees Rerguhppgd006

fingers 30, the encapsul ant - can surround at |east threeisurfaces of the :

body of each lead finger 30. This helps pronbte a strong structural bond

between the encapsul ant 80 and the lead fingers 30. The presence of the

encapsul ant .80 in the gaps 38 al so hel ps support the lead fingers 30 as

the | ead fiMgepkchoniar eevine fasmambie whe'rep';heEalpaﬁamfzmjwobtbct@nﬁ;avaevh{e S0
a

desi red, e conpl ex. | ead finger shapes may be_used instead of the irly
simple, |- SeterRlFs oy §Uthys 188 PRST RBOWNI it FIgLERR FAG nmsy Bomveexanpl e

the | ead f |l Wt h | ead
Finger 30 T e R P AR oo, AStenBRsREMhly, G idbies cciay

from the p#0a phdrayplucdlity bEleaddirampire 80a08Ach 8B¥hieR AESEBREL ‘ from
the back fa encapsul ant _ Such shapes can | ea%c%@ta%{a@ﬂ‘@}ﬁd

e 86 of th
dovetail - 19 f{é’” PPNiget igdn TtheeDadkaeritArigisas of semerar alhef theclepdingats 804
the |ead franes 30 and the

urt e, eohapp et PEADEE MpRELICER i ey ead foares, o and e

encapsul ant . oyl ng
for both texampde etheOlcaddiridess [3R0cdH PRSES tghqness of the
m ¢roel ectronic device assenbly 10. As ncﬁ%ﬂ@%%ﬁ&?ﬁg %km s@dgpo, 629

( Famwor t h balis o) reflowed p eospections, r oct utf@rvmenﬁéa:‘tiomsd!anplay@@nﬁ-pdﬂ;go Ry ddl e
pass

| ayer of ' -l ayer .substr The bonding wires nust the

t hr ough tgeeéﬂﬂotééoé?égloé-yé aftgc ‘é‘%@rﬂi@&uﬁﬁﬁwe Sla?@é@éE?S.Th'Eﬂlmchaﬂ@ a

t hi cknessmsitheahiceX bend beahe ' rahe and the | ower
contact pad eﬁd Zgélks/ bel ow thrztﬁbé(;tgtt'ﬂtgir%&%l)?tE ﬁﬁgeas%ggﬁjé?%-aﬁﬁecﬁﬂbﬁgﬂes%, “the
m croel ec@fom i mateaste @l ymdY O T usemHdéf- i ck
enough to r%ad{?lgr{ acco‘{rgmdate the thickness .of the%dgiegy%tglagﬁdﬂ?%e&{%ep

hei ght of T{ABSEGHAMGEURASEEMPY: 1Paand the meuntieg siidacarBs oftier BEbiAE -
substrategg, The | ead fingers 30 extend the full height of the S

m croel ectronic device assenbly 10, with their front surfaces definin

e R AT BT dE il ™
Ob '¢ . each of the lead fingers 30b
inGludes & front contact 34b and a back contact 36b. One or more of the lead -
fingers 30b of the upper subassembly 10b may be slectrically coupled to one or
mare lead fingers 30a of the lower subassembly 10a. In one émbodiment, each of
thrf;_upper lead fingers 30b is electrically coupled to one of the lower lead fingers
30a by an elecirical connector 96. The elecirical connectors 96 may af;o
physicallly bond the upper subassembly 10b to the lower subassembly 10a.
These eledirical connectors 96 may, for example, comprise solder connections
which are reflowed as is known in the art.

- The electrical connector 95 has- a thickness which spaces the first and
second subassemblies 10a-b from one another, defining an intercomponent gap
94 therebetween. If so desired, this intercomponent gap 94 can be filled with an
undérfill material or the like. This is not believed to be necessary, though, and
leaving the intercomponent gap 94 exposed to the ambient environment may

- further facilitate cooling of the die 60b via its exposed back surface 66. An outer

covering 98 of an electrically insulative material may be applied over the
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because there is no need to formseparate vias and contact padsi6 Fe®vigry52006
I 1lustrates one possible application of a mcroelectronic device assenbly
10 of Figures 7A-C. In particular, Figure 8 illustrates a stacked - -12 16
Februyary 2006 m croel ectroni c devi ce assenbly wherein a pair of

m croel ectroni c device assenblies:10 such as the one shown in Figures 7A-C

' b bl f t b nbly 10
i ndes. et EOREER T, 8 Zﬁ‘frfr?%sgvba%%bm R do Sowpitoamn ORI has

2 back corfig@ticab63ha&ircaitd. W'tbrr?élﬂrb - mi& l%ﬁﬁ'lﬁnﬁ:oﬁ?é\?&% &\%lﬁg%a 7One

or all of the lead fingers 30a may ectrlc cou
substrate b@()arnothanml@oamnbnmrthdvcheaaﬂsmbm1 Ofsoeh E%Xt@lﬁpbﬁowﬁ 'T?Figfif?@s tangers
owed

30a can bﬁ\gco g’ % %‘ﬁ strat 90 using solder balls, ref

connectio ¥ GBhEREBR e ?Bn%f IS65eRr! iSwbaBseMbM JObt sutinelbdgicelly or i n
attachi ng sl®enhance the nechanical bond

bet ween tﬁéﬁﬂs}%gggzgg%z%}(%eﬁggﬁrﬁ%{gﬁ% %F]bg the substrate 90, an underfill
material 91 mayigures {48eilsshatokf !egﬁipfrbmevﬁemé\h@g@V@rﬁ%Fe”bﬁérhﬁ%% fr&“' C

subassenbl 10a and. tpe rmunthl ng surface 93 of the substrate
outer mi cPTEIERY ANglegdiitdd §[ﬂ5’&s§@ﬁﬂm§fq8|@mml%dewﬁelaﬁdembaqul‘mrrmmty of

| ead f 90D Fach plothe | epd 30b’
i mel udes R reognbRAE PRy TRR, olsh. Al th B et BrcibTs orayhe

| ead fi np@T maB0Mmchidd beplurnRy & uhavkraPlead fr%ew_‘ob%gﬁk %t\gﬁigﬁ'ﬂgg §OUpI ed

to one or nore | ead flggers 30a of the | ower subasse I'n -
enbodi mentePasgieh OBENINgh lfprpéecermg aldn@én@t Siedain s e\.l\!hderthéaérlra’y ooupked to

o ecrri coialBel snBRk hdZhi%e 1253 Bindl B iaherd imna ety §§gb,s;2;rb| y
10b to t hesitaple huRBRRSSTABEY YrakRtss 20T$h?$8e§hﬁﬁé& Illqa% F&@ge&g.w Zo ﬁg | nf or

exanpl e, conprise s6l der connections are re
art. desired, all of the lead frames 20 may be arranged in a single elongated strip.

rather than arranged in a grid as shown in Figure 9.

Figures 10 and 11 schematically illustrate a microelecironic” device
assembly 110 in accordance WIth an alternative embodiment of the invention.
(The encapsulant 80 has been ‘:omitted in the schematic view of Figure 11 for
purposes of clarity.) The structure of the microelectronic device assembly 110 of
Figures 10A-D is analogous to the structure of the microelecironic device

7 assemb!y 10 of Figures 7A-C. The microelectranic device assembly 110 includes
a die 160 having a periphery 162 and a plurality of terminals 170 carried on a
front surface 164 of the die 160;; The die 160 may be electrically coupled ta a
plurality of lead fingers 130a-b by a plurality of bonding wires 175. The back
surface 166 of the die 160 rnay;lr remain exposed and be substantially coplanar
with the back surface 186 of the éncapsulant 180,

The microelectronic device assembly A' éflso includes a plurality of lead
fingers 130 which are electrically coupled to the die 160 by a plurality of banding
wires 175. One of the distinctions between the microelectronic device assembly

- 110 of Figures 10 and 11 and the microelectronic device assembly 10 of Figures
7A-C relates to the shape and arrangement of the lead fingers 130. in Figures

14



The el ectrical connector 96 has a thickness which spaces the finetFedrdary 2006
second subassenblies 10a-b from one another, defining an interconponent gap

94 therebetween- If so desired, this interconponent gap 94 can be filled
with.an underfill material or the like. This is not believed to be
necessary, though,  and |eaving the interconponent gap 94 exposed to the

exposed bAbCe a8 4R deac firgafs 20° Uelie, Frr& brMihne) et thy ron ' °
i nsul at i veo@tey Bal af@ynBepakbbfdcRY 85 Whk 'p%?iph@ra?igyérlrggfegiaw QOB Ly ont

contacts 36b of the upper subassenbly 10b to avoid a advert ent
el ectri cabuaes B4cor the back Autiecem 86| vespactizelyhiof dherericapsany 80i cindgy ce

Shown i - embaRiE el Tl T8enat LEbauah. o heidas dityisaibassahbl y 100
and el oot {4 e PRIRF of AL YhAckd Tand Ol £ ARl o dlionfl s 1-8

illustrate a |l ead frane aving a si e opeéni ng.

singl e difengss tiB6bei The fitst lead fingérectateanare: sieadoen ARt eNidthhes DiOTARaHe NOt
be assenbl ed i ndi vidual |y, t shown in Figure 9, a |lead franme array

hough.  As
20" may i RRIAIEEY 458 ek Hr%i;ﬁd%%?@ﬂﬁ Wheiggeronddead fingess 200b caehsprcedhach has
" | Vi . di t .sh - Wile th 20

o P gurd BaR RBLaRy dfkiate DS TR ARl SO L MICHBYE0 & regular array.

of

any _sui tabl e Inindiflustatéckembbtinmn, @0 Menid fiRfer2daba o (EhAghe By 20

If -so desired, all of the |ead frames 20 nmay be arrange n a sing
el ongat edirgtshiape anst thersaoead laad Angrrg i30baalbhae the ssensecond$igpee bt -

LI o5 o 8 shap RIS LS b kbt AL 5 A T S0t St on
LUt posee Ty "ol BadREhe 000 e s Wi AEUTERI0R HaF He bl B senbr
110 of Fhapedbavipg-Dbiondaped dg2w fort conrfertistirtuchabenaing Weresi EpelrgEt roni ¢
device  BASHBRE ol odntdl £ 440 fie hdk Cotadt S adjatent the \;/)ie(r:i;ejhgr-syscueff.rbl Y
the microelectronic device assembly 110. In particular, the front contacts 134b of
the second lead fingers 130b are aligned with the front encapsulant surface 184
and may be peripherally aligned on the front encapsulant surface 184. The back
: cantacts 136b of the second lead fingers 130b may be expééed and peripherally
| a[igned on the back encapsulant surface 186. The shape and orientation of the
second lead fingers 130b is directly anafogous to that of the lead fingers 30 in tﬁe
microefectronic device assembly 10 of Figures 7A-C.
The first lead fingers 130a of Figures 10 and 11 may be generally Z-
shaped. In particular, the front contact 134a may extend inwardly from the
periphery of the microelecironic device assembly 110 a predetermined distance,
This front contact 134a may be longer than the front contact 134b of the secand
lead fingers 130b. The back contact 138a of the lead fingers 130a is spaced
inwardly from the periphery of the microelectronic device assembly 110 by a
predetermined offset O. This back contact 136a may be positioned beneath the

* bond pad 132a of the lead finger 130a.
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a die 160 having a periphery 162 and a plurality of termnals 118 Fedruafg2006
on a front surface 1 64 of the die 160 The die 160 nmay be electrically
coupled to a plurality of lead fingers 130a--b by a plurality of bonding
wires, 175. The back surface 166 of the die 160 nmay remai n exposed and be
substantially coplanar wth the back surface 186 of the encapsul ant 180.

Th ] | ect i.c devi nbl . [ d I it f | ead
fnge v 9150 v efotfidh Bie RERFUaM o kit DI &t Bedionesomiacts hdad i ty
f bondi i i | Stk el | Grpel ectronic
Gevi oo negna) e peheraR finéd it Hobial oy AbIFER Sk L Sfaboe
assenbl y I€ncepsalaghriéd. The drstefrantesoritacts ib4shapg atehdimretag Rarafhkhe

| ead fi . . ' -14 16 February 2006 7A-C, all of the | ead

f ieﬁger 's-n:gz,gﬁéé%é(%a@hg?'E';ﬂﬂ%%%%ﬁ%ééroah&rﬁg@tﬁy‘fﬁﬁb- Aosowr Bnthedwaskadewand t he
back cont irph, I ' e fr face 84 or the
back surf daadefoBesIPr IRNES b ERRELE Nkl ek nnellly Aidhschmngnt of

Fi gur es 1G@opluhal Wit heligitk sUitecsT1Be0st e bhoabeLIdeViSs: BRBRBPIG fild B
i ncl udes a Bl urality of first lead fingers 130a and a plurality o s%%ond
lead fi nGEPECIBHECA #hapageddnwaediy fmnhg@r@em af the pugredieatrbhicdeiést ance

D1 fromt | . di 6 nd the second. | ead fingers 13Db
are;.space%gaerﬂgr eg eﬁstégc?%g&%ﬁ%rﬁg}%’g(}%??f(io OPHS- pEiF FHERS thedirgdfbacke di e
160: I n t bentakisusBRatind mabaidiamet D, tien fihe i 13024841, hpve
the sane first shape and the seconél Ihggd f?%é@gwlggggg%ehg@e@é@@m
second shal@s B secpadibadk contasts dB6bhthef sesand efistahtedes Froh3Qpel Gie -

di ff . h f | ead fi 130b. The .
second 1 eBel e o7 THR08 R Gace. P S 609 stecped ek septacisoitaphd 132
f or connegdfirgn atﬂagﬁﬁeﬁ%%gg%f WacRScohfatts KRGSwHRASL L g%sieﬁgorﬁ 1R tba%ﬁnt"aCt

134 and the back contact 1 adj acent the periphery o

ni cr oel ecitrtasec! &feof e exceopaitpt 18@. I n particul ar, the front contacts’ 134b
re aligned with the front encapsul ant

Surface 184 oS MSRRed arainraid gl Groieinameteris irpeveapeh it
surface 184, lifR8dP&N package design. As noted above, QFN packages are
conventionally limited fo [eads positioned at the periphery of the bottom surface of
the package. By defining a staggered array of back contacts 136a-b, the
. microelectronic device assembly 110 of Figures 10 an.d 11 may be used in
i conventional ball-grid array or fine ball-grid array manufacturing processes,
expanding their utifity into other existing applications. The microelecironic devf;e
éssembl_y 110 of Figures 10 and 11 may also be stacked one on top of the other
in a manner directly analogous io the structure shown in Figure 8. As noted
above, the first front contacts 134a extend inwardly from the periphery of the
device. This permits the first front contact 134a of a lower assembly 110 to be
positioned beneath the inwardly offset first back contact 136a of an upper
assembly 110. QFN packages cannot be stacked, as explained previously.
" The microelectronic device assemnbly 110 of Figures 10 and 11 may be
manufactured in a process directly analogous to that discussed above in
- connection with Figures 7A-C. In particular, each of the lead fingers 130a-b may

be carried on a lead frame much like the lead frame 20 of Figures 1-6. A support

-16-



contacts 136b of the second |lead fingers 130b may be exposed andgg February 2006
peripherally aligned on the back encapsul ant surface 186_ The shape an?l
orientation of the second lead fingers 130b is directly anal ogous to that
of . the lead fingers 30 in the mcroelectronic device assenbly 10 of

Figures 7A--C. The first lead fingers 130a of Figures 10 and 11 nay be

general ly Z# $h o | i t ont t 3 y_extend

i nwar dl y fréf)m tﬁgsgﬁeﬁpgmﬁég’ o%fga?ﬁ%'ym‘g@%{gl gcpﬁ%ﬁi %Hecé éﬁ tﬁ%s’@ﬁ%l {AMg0 a
pr edet er i imethidiing tlam diest arihisechndbecic eohaets 1368-b18y tHReldRNasderk R Lhe
front contact 134b of the second I|ead fingers 130b. The back contact 136a

of the | eabN®iGR§EIY Btie |eadshamednay Heir bpyilledosith ifee pacaphidayt 080 tbhe

i | ectgani g deyi b det.er i ffset 0. This back
cont act - 1908 RErAKr T 25 16 6dd dule ol HEORYS BlaY tosind Tomatnhae
finger 13Gmowrii ERuRebIoAmD, R &@BSIM@@Md&?sr{eques"qwg‘ﬁg%fﬁoﬁ' hs dl

OA, each of the front contacts 134a--b nmy be peripheral I gne
copl anar WitPRorhd0 [dusing manttectiresd ilbistrbe the nelafisustiptof 1188. subpert 40 %6

I Lz:éegﬁﬂﬁsﬁéﬁ%%%ﬁé‘ﬁﬁ%@&%é ek trlict Tt %&T@foﬂ;ﬁ@\l’@& fﬁigégaziaééa&,
copl anar ey e e pedplery B HLaBRNAL TS, AS SCoMBSHERE. the
first backupporitdboeyssedingly engagedhs meeond Yatk eontdee 186 drRiSky

m croel ectronic devjéqc(f assenbly 110 by the predeterm ned offsetdaf(‘;',é hough.
Thi's, al i gRECRRRHIETE U BapkPassymd hetweendba supeot dPandihet sevoadbbad fioger -

(1 per Phany, 198 Shad o, 13830t Lpiend HoesPAghd RaGh SopACLS 1360

t he second di stanc e peri

first andpetplosry tfattie assermislyst 186@ver tlﬁ@flérﬁl;ﬁh&)fsthﬁﬂGﬁé@EjP?rtﬁé%r&f le%aCk

RO ST R S
_ S g , rsiifapei d@sofa tmtseippalt #0pr gweaent
over.  tNeriddihieRtl I BRSO SROHL pdfifll B! nBR N Sivedn tHats ages 8T
and a lgngth of each of the first lead fingers 130a beneath the first front contacts
134a. This both forms the staggered array of back contacts 1365-b and further -
encapsulates the first lead fingers 130a, enhancing the bond between the first
lead fingers 130a and the encapsulant 180, -
- From the foregoing, it will be appreciated that specific embodiments of the
invention have been described herein for purposes of illustration, but that vari;vus
modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended
claims.
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conventionally limted to | eads positioned at the periphery of §5Fepplihg 2006
surface of the package. By defining a staggered array of back contacts
136a-b, the microelectronic device assenbly 110 of Figures 10 and 11 may
be used in conventional ball-grid array or fine ball-grid array

manuf acturi ng processes, expanding their utility into other existing
applications. The m croel ectronic device assenbly 110 of Figures 10 and 11
may al so be stacked one on top of the otheram$ a manner directly anal ogous
to the structure shown in Figure 8. As noted above, the first front
contacts 134a extend inwardly fromthe periphery of the device. This
permts the first front contact | 34a of a | ower assenbly 110 to be

posi t i onedi-beneAtiethn@ of aseerdilipg efrisetelddinosic deaitle asoambly cdidpasiad: an upper

assenbly 110 a cannot b t ack as expl gi_ned previously. The
mrsgr 0 e?/ect ron gé%a%\%ﬁ}(eaqg%g@% §’/qu§ %fa %Fg%@g’?s i’f?xi%ﬁalﬁff"?wﬁi‘fv"\i{fléa%ﬁ'c ess
manuf act ured i rerdi peoingsan dpesiny|pasaing! LERIE e thitkhest, SBHSHRHANMNA] Bn

connection with Fi gures 7A- C. articular, each of the |ead fingers

|
130a-b may be T&P ?%EUWH@QQ‘QE?%HEeW%h like the |ead frame 20 of
Figures 1-6. A rgiReabiy aﬂ]acﬁméﬁa EQ% E@rﬁcezgloé r%iél%e'ler&trgh!%u{%cl}l%gg) tr%gé/)ﬂoﬁgg

sealingly engage a | ower surface the | ea rame, | nc
and. second bacludene atthe suBpatb of the | ead fingers 130a-b_  The opening in

the: | ead frame - filled with the encapsyl ant /180 and the
peripheral dam% rt'%gﬁI%ggﬁhqdrthﬁgqﬁcgﬁfaﬁgo@ﬁtde%g‘?H\*"Z%W%T@’“Fhe structure
shown in Fi gur efelidrihgBan EheapsalahOB hldavis Hatis by asipd desid efﬂﬂﬂj&i on

of the support, 40 dur'ng3| manuf acture to illustrate the relationship of the
support 40 to SeWEs) diamenghsral damsaglediyeihpdesrd frameathe az@psidant undirer ond

| ead i nger s 1aQhmidadieasiid AMALSHOING 1O el phery of the assembl y. 110,

As a consequence, the support 40 may seal i nd[y engage the second back
contact 136 antPpeéad dbe waporteleaxipguthanbackssufacenvipties imigobletingss ddvie
support 40 andgihf.gecond I ead finger 130b. The back contact 136a of the
first lead finger 130a is offset fromthe periphery of the assenbly 110.

Over the length of this offset 0, the first |ead
2. The method of claim 1 further comprising cutting the lead frame within a periphery

defined by the peripheral dam to separate a plurality of electrically isolated fead

fingers.

S.. The meihod of claim 1 further comprising positioning an upper mold element
. against an upper surface of the lead frame prior to delivering the encapsulait,

4. The method of claim 3 wherein the upper mold element, the peripheral dam, and
the exposed surface define a mold for the encapsulant.

5. The method of claim 3 wherein an upper surface of the encapsulant is aligned
with the upper surface of the lead frame. .-

6. The method of claim 1 wherein the active surface of the die is coupled to the lead
- frame by a plurality of bond wires.
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finger 130a is spaced above the-front surface 42 of the support 14Febitary 2006
consequence, the encapsulant 180 is permtted to fl ow between the support

40 and a length of each of the first lead fingers 130a beneath the first
front, contacts 134a. This both fornms the staggered array of back contacts

136a-b and further encapsul ates the first lead fingers 130a, enhancing the
rs.130a and the encapsul ant 180. Fromthe

bond b f
oregoi ng. 1t w1 500k BRI FRRiR 233EEPT Pt DO Aot aPBRathi ligned

foregm ng, ‘it

cinvention havewabem@ sgaeslirece BefrRl Bad aarRWROSE r il L
that various nodifications may be madg w.th%@de?@?.“ﬁgé#%rﬁ%ég%'ﬁgﬁi P

and scope of tHBeenERRsHE BN, Accordingly, the invention is not limted
except as by the appended clains 16 February 2006 CLAI MS i A met hod of

assenbling. a mmqtaémettrc@ma;mdﬁtth%@ﬁéﬁm asab
attaching a support to a |lead f rarre' t he Ie%té"et‘cs?@ﬁeh%@lg%egs% er(ﬁ?ﬁﬂé‘\ég of and

havi ng an openieﬁghBﬁ%@i%@“ti’ﬁﬂﬂﬁgﬂfﬂgﬁ@:th| ckness, the support having an
exposed surface spanning the opening; reI easabl y attaching a back surface

of a m crgel ectrhenh&thd® ¥t £Qijrk 9 J\d’?&e tﬁg%[(&g%’f g%%éqggé%%g%ﬁace of

electrically coupling the mcroelec onlc devt &8

delivering an @ﬂ@hpfsﬂllpé(nahty@fdeaﬁmmgqrs dié iexpsscayoivbeserieHeind P&ipherall
m cr oel ectroni vice, and a peripheral damcarried by the l'ead fr amg

t he* encapsul an’fg 9513 ding the microelectronic device to the lead frame; and
removi ng the support, |eaving the back surface of the mcroelectronic

device ebposethe melhuel ofatlhiod @tfhetrélﬁlréilnbwﬁgl e &ip #bﬁn%do%é]g IGWLL étﬂ%ce r;fef

| ead frame withi her i ned t he peri al damto separa
plurality of eefaé:@tc% EE%'PF@ %’Ieégéngﬁ@aﬁ’e Wﬁe@f @ng'ﬁérfﬁmsm’dheﬂeaﬁ ﬁngj’erls
further conpritsimpstaggéret Wb espadt (¢ BREENGRLD el ement

A1. The method of claim 1 wherein the lead frame includes a plurality of Iéad ﬁnge'ré
extending inwa’r‘dly from the peripheral dam, the encapsulant being permitted to
flow between the support and at least some of the lead fingers.

12, 7 A method of assembling a microelectronic device assembly including a .
microelectronic die and a plurality of electrically independent lead fingers,
comprising: .

- '.= releasably attaching a first support to a back surface of a first lead frame and 1o a
back surface of a first microelectranic die, the first lead frame including a front
surface spaced from the back surface and an apening extending from the front
surface to the back surface, the opening having an inner periphery defined by a-

| first outer member and a plurality of first lead fingers extendtng inwardly from the \
first outer member, the first die being positioned in the opening with a periphery of B
the first die spaced inwardly of at least part of the inner periphery of the opening
to define a first peripheral gap;

) electrically coupling the first die to the first lead fingers with a plurality of first
bonding wires;
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agai nst an upper surface of the |ead frame prior to delivering 4Beebruary 2006
encapsularit. 11 4. The nethod of claim3 wherein the upper nold el enent’,

t he peripheral dam and the exposed surface define a nold for the

encapsul ant_ 5. The nmethod of claim 3 wherein an upper surface of the
encapsulant is aligned wth the upper surface of the lead frane 6. The

nmet hod of claim1l wherein the active surface of the die is coupled to the

lead frane by HIipYdPal PrReNY aberel e rfest sugparb wibeufirsy 20apsThst, e et of
claim6 wherein ; ul is.alj d,with the
upper surface o?ﬁﬁgggﬁgggﬁ%ﬁlgﬁgﬁeaﬁ%t F%@%@%?ﬁ ?’gd;é‘%%%%@%g@ﬁﬁ g8 fame tot he
encapsul ant. 8_th&Hisstbe;hod! of cl ai m 1 wherein renoving the support exposes

a lower surface of .eagh of. a pluralift f lead fingers 9. The net hod of
claim1 wherei nre&eomﬂ ﬁ'ge f?rﬁtes@%ﬁﬁoﬁﬁ"@ér}ggé?cg SF@@\@? ok thier sk digs exposeth aofl a

plurality of | dagvihytgeback surRicexPPeamstigyeiafibkgssy bei ng peripheral 'y
aligned. 10. The nethod of claim| wherein renoving the support exposes a
of lead fingers, the exposed | ower

| over surface queegqgﬁ%d%‘e&gim E%?‘L@%FS@&EF'BE spPefriipgdpe drstilead fisgemsdtdmer .

surfaces of the

11.. The net hod tieé figsh atidr hemiesrei n the lead frame includes a plurality of
| ead fingers extending inwardly fromthe peripheral dam the encapsul ant

bei ng per?itte to flgw between t he support and at |east sone of the |ead
fingers. 1% AlREMEH08C! gads A8 fuilfier sompesipg ceiingdhe outteviesbardmemtie first

including a mdgy, t i | ' lectricall
i ndependent . Imeaéplf%il] rﬁgeﬁrlgmr%c‘%ﬁgr@@?ﬁgn H%%@f?%ﬁﬁsgregﬁtfﬁwﬁﬁog]%%ﬁo one
support to a babrtheuphbycky tte firsf emspsiiendadd ayehaitst thondingoRBks sid facksof a

first mcroelegironic die, the first lead frame including a front

1_15. The method of claim 12 wherein the first support comprises an adhesive ta;ﬁe,‘tﬁe
first lead frame and the first die being releasably adhered to the adhesive tape
and the adhesive tape farming a seal against the back surface of the first lead
frame and the baC_k surface of the first die to retain the first encapsutant,

16.  The method of claim 12 further comprising cutting the first lead frame to separate |
' the first lead fingers from the first outer member. '

. 17. . The method of claim 12 further comprising:
' relsasably attaching a second support to a back surface of a second lead frame
and to a back surface of a second microelectronic die, the second lead frame
including a front surface spaced from the back surface and an opening extending .
from the front surface to the back surface, the apening having an inner periphery
defined by a second outer member and a plurality of second lead fingers
extending inwardly from the second outer member, the second die being
’ positioned in the apening with a periphery of the second die spaced inwardly of at
least part of an inner periphe_ry of the opening to define a second peripheral gap;
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surface spaced fromthe back surface and an openi ng extendi ng fneRdbiaary 2006
front surface to the back surface, the opening having an inner periphery
defined by a first outer nmenber and a plurality of first |ead fingers
extending inwardly fromthe first outer nenber, the first die being
positioned in the opening wwth a periphery of the first die spaced

i nwardly of - at Iea{sI art of the inner periphery of the opening to define
a first peripheP&Frigay ogy ’E‘Erﬂﬂ%éPWdc%‘&dPitﬁ@ sehend [epdtiingees wih ehuralitysef

| ead fingers widbond®omtmgividesof first. bonding wires; -19 16 February 2006
filing the opening above the first support with a first encapsulant, the
first encapsul iR d OPEAGIt Hwve thet sqrendphuppalt witp canecaridt anddpaglahhehe
first lead fra j e enpving the first s ort, |eaving
t he back surfa(r:Ege G%))ﬁ dtehggqalfdrlésrﬁtealfgéﬁg;@%g%écﬂnﬁc?npﬂg ‘Pﬁ@a{‘ﬁ@ﬁﬁégﬁg theryeg08d of
the first |ead leadfremexpdizeskcbad dide net hod of claim 12 further conprising
separating the first ﬁad fingers from_ the first outer nenber. 14. The

| .
met hod of cl ai HPTEVIGATRER PPRtgaE0e thenpakiriirgge of theesrsend tieoenpoked
first lead framalexigy BicdthcR sﬁHQé@bﬁth¥_s@Eoﬁd"QEB%H%fExlpBEéétag'dEéd fingers

connected to one another only by the first encapsulant and Dy the first
bondi ng wi res AeetiGalYCPHRING Qliecof iige firphipaddinteors tofoneloiitim S ont éierl fingehe

first support conprises an adhesive tape, the first lead frane and the

first di ethei ngheehaiRsdbt wafdReveRdrdin o the adhesive
tape form ng a seal agai nst_the_“ﬁ%{:kl gﬁ?ﬁ?%ﬁh%ﬁéi%ﬁs?ﬁ%g%am ?'Fglﬁﬁal nd
t he: back surf aéeuRed {tha pluraliy ofithe secondleaddingbrs. f i r st encapsul ant. 16.. The

met hod of claim 12 further conprising cutting the first lead frane to.

ssepar at eqg t heth thger f1rst te r...17. The
et hod of 1 at pr I pE el A7 drber Brheifind S Sl el Al B diginron
support to a bdhekirsupfiac ecoiben apdcapdrdtegdihbraeeend lead fingers from the second

outer member.

20. The method of ¢laim 19 wherein the first lead fingers are separated from the first
outer member by cutfing the lead frame prior to electrically coupling the first and
second lead fingers.

21.  The method of claim 19 wherein the first and second lead fingers are separated
from the first and second outer members prior to electrically coupling the first and

: second lead fingers.

22.  The method of claim 17 whersin electrically coupling the first and second lead
fingers spaces the second die from the first encapsulant to define an- -
intercomponent gap between the second die and the first encapsulant. |

23. The methad of claim 17 wherein the first lead finger is electrically coupled to the -?

second lead finger by electrically coupling a front surface of the first lead finger to

- @ back surface of the second lead finger.
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and to a back surface of a second microel ectronic die, the secondHeprdary 2006
frame including a front surface spaced fromthe back surface and an

openi ng extending- fromthe front surface to the back surface, the. opening
having an inner periphery defined by a second outer nmenber and a plurality
of second |lead fingers extending inwardly fromthe second outer nenber,

t he seconcejzzgi e bein ositioned in the opening with a periphery of the
second di &spaced™ fify @gFergbling enspicgiactionicardevinge spanbiphiciudiig t he
openi ng to defi ri an; 2 . Febr.uar 006, electrically
coupl i ng the se@%?\%l%?@ﬁ{&g d&ﬁeérg;go%" r?@gdo t fglre\%g'rcs?ﬁ% '# ﬁ@%{?ﬂé?h r 5 Jingers,

second bondi ng ammpeisingf i | | i ng t he openi ng above the second support with a
tering .the second peripheral

d | h
Gap and att aohtaseity S e aPPa Y bodhaThuedna Thridesd Gvobiang ohe
second support batleauifag: the fheckicostaamiofict B 586wl fife ‘?ﬁﬁgﬁ:ﬁﬁg g{aﬁd

and el et FPeb 1y

surface he second | ead frane exposed,

| eavi ng t he back of t
Uifgge $rRgced ’{%‘adh?ihﬁﬁﬁﬁw@(@ #é apfopeméngsexdentng &anh fhiengents.

coupl i ng one of

18. The net hodsafadel @ithe baca i Al ity of | [ | ead. fingers
are electrical Isy ? coupl edEtCo gﬁg?@drtg? Pt)gﬁ@# Ih%%ggsaer{:@ﬁﬁlf b%i’(t?eﬁ %f@eé‘ by g.
The nethod of BihP¥elmember mod @ phimlitseifysidepd fiagemextdnding inwirdhegemf tager s

from the fir I rafing. the.second |lead fingers from
t he second o3’?@?&“‘@;@5&@26@@%&§%§@@°&%‘°&’F§ﬂfﬁﬁ@°ﬁeﬁwﬁl@ Reriplierytof| ead
fingers are sepeafistdi spapadimeartiy sitat lsaut @it cﬂiféfbiﬁhelbpferﬁﬁégd?%é Q?e&iﬁggc%

ling the first and second |ead Ting

frame prior to,electrically coupli
21. The et hodj%flgglf{i%trﬁefﬁxﬁﬁiﬁgp’n the first and second | ead fingers are

separated fr aledifiellyidosblim the GE2 e & r@ﬂ Loreto electrically
coupling the-first and Ee'gg;nd | ead fi ngggggé ﬁ%ég%?ﬂtgdggfu@ﬁﬁi%%ﬂ
wher ei n el ect PPEAPBYWIESUpl i ng the first and second | ead -

filling the opening above the fipst support with a first encapsulant;.' Athé‘ first
encapsulant ‘enten'ng the first peripheral gap and attaching the first Iea.d frame to
the first die; |
removing the first support, leaving the back surface of the first die exposed and

leaving the back surface of the first lead frame exposed; and
separating the first lead fingers from the first outer member.

_ 25. ‘o _‘The method of claim 24 wherein separating the first leéd fingers from the-first
“outer member comprises cutting the first lead frame within a periphery defined by

the outer member-.

26, The method of claim 24 wherein tie first support comprises an adhesive fape, the
first lead frame and the first die being releasably adhered to the adhesive tape
and the adhesive tape forming a seal against the back surface of the first lead
frame and the back surface of the first die to refain the first encapsulant.

27.  ~The methad of claim 24 further comprising:
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fingers spaces the second die fromthe first encapsul ant to defie&Fedruary 2006
I nt erconponent gap between the second die and the first encapsul ant. 23.

The nethod of claim 17 wherein the first lead finger is electrically

coupl.ed to the second |ead finger by electrically coupling a front surface
of the first lead finger to a back surface of the second lead finger. -21

16 February 200&lez4ably atetchivd ®Ecass bifiGo & HHCRS ni i C
assenbly i ncl udi nQ? a_ mcroel ectroni S!I%Fe and a pls_ﬁ?lg!gﬁ({];%ﬁ&?gﬁ\e%ﬁfﬁr@ﬁ?l y
i ndependent | eali' [hge<E S‘Etﬁ‘rﬁr‘?fsﬁ REcondenisEalentipnin digc Kiimgeaord taid Hampor t
to a back surf asgudhigas frbmtSdrhea urface.of a first
uemgas fromt (a8 gpéﬁ%n@%ﬁ K urfgeglépraowopegmq %@@'ﬁﬁaced

m croel ectronic die, the first lead frane 1 ncluding a

fromthe back &% Hreframosusiace feHienkackeugach, ige bpeming e frigosmt innéﬂﬁérﬁﬁﬁ?} 0
hery_defined by a Tirst

he back surf | | | |
e oamner | adiintd tyPRe B 8Ll I8 TAEH BELRIET L Hetsnd ded dingets omm

outer nmenber and a pl
the first outextendmigednwartlly friors thelisechied NAAOFhdnErednbNsdBfgORRNIAY Wi th
rdly of at least part o an 1 ¥ner

a periphery of éﬁ fc%r di e .sgaced i nwardly ‘
periphery of tR& %%% wéh?gpe'ae M8 apsriphely Gidhe peringl digapaced etrdhe e Aty
coupling the fletstpglt of &@idneepéd ' ' | urall f first
bondi ng wires; fi I‘LI)i ng the osgnf?é]hgwa@g@%j{)ﬁgﬂ?ﬁ% ”tse{]ap%%%ﬂ‘%\ﬂeﬂﬁhéﬁf@%t
encapsul ant, tHECIFRL couplivggbe sarandedie do theysedoadfleas fingersi witeagliuraap &nd
at tachi ng the ddcbali bofafigfdidde-to the first die;, removing the first
support, leaving the acl(Z:J surface of the first die exposed and |eaving the
back surface dfilinthée iOPgninQ@.ﬁnrértaae;eemmi)saﬂpor{imﬂmsgp@g@h&r@,gapsﬂgﬁtr 3. | ead
fingers from %Q?Oﬁé%ﬁ%:aﬁsgﬁ e r%rtber 25. The nethod of claim?24 whertin
separating the firs A4 9 RYEFRY fegtrcod Perphasel gapand afimahig the seporids es
cutting the fiesifrhmado ficcg@ontitfti n a periphery defined by the outer-.

menber - .
removing the second support, leaving the back surface of the second die exposed

and leaving the back surface of the second-lead frame exposed; : -

separating the second lead fingers from the secand outer member; and

electrically coupling one of the first lead fingers to one of the second lead fingers.:

28.  The method of claim 27 wherein a plurality of the first lead fingers are electrically
coupled to a plurality of the second lead fingers. |

29, The method of claim 27 wherein the first and second lead fingers are sepéi'rated
from the first and second outer members prior to electrically coupling the first and

second lead fingers.

30.  The method of claim 27 wherein eleclrically coupling the first and second lead ‘
- fingers spaces the second die from the first encapsulant to define an -

intercomponent gap between the second die and the first encapsulant.

31. The method of claim 27 wherein the first lead finger is electrically coupled to the
second lead finger by electrically coupling the front surface of the first lead finger
to the back surface of the second lead finger.
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26 The nmethod of claim24 wherein the first support conprises aneFémaaMe2006

tape, the first lead frame and the first die being releasably adhered to

t he adhesive tape and the adhesive tape form ng a seal against the back

surface of the first lead frame and the back surface of the first die to

retain the first encapsul ant_ 27. The nethod of claim 24 further

conpri si Ngy -2 006 rel.easably attaching a second support to a

back surf%g'e 0 %t%g!geg%@g? ﬁéélgérqry%%v:c%ﬂip g BHPKISEEr f ace of a second

m croel ectroni @ dirst, stibesseatindhakegdal finsethidkAgdd dHnAg c@m{;ﬁ&ﬂ% Q%IL%%S( of
fromThe Tron

spaced fromthe back surface and an openi ng extendi ng
surface to the eﬂﬁf?rl@aélﬁrlp%%‘?nqeﬁbﬁbﬁe‘ﬁﬁ%d‘%ﬁr@fm’t dimn@ndparfirpth engapsdeit ned

by a second oubghdinBiketirRamk L Ve fingers xt endi ng
inwardly fromthe @gconoirsgut et? tﬁ%ﬁ%%kééd%lfh feé%%%‘ﬁ@%“?’&aﬁ 'ﬁﬂgﬁﬁ%%r??ia%ﬁ’é@ in
the openi ng wi thicknege eqpalde jhefirst thicksesoant definispas egpdsadardah YoRho@ing 4neaSt
part of an inn i r the ing to define a secaond periphera
gap, electri cgﬁ%%éolﬁ%% %Ogn?%%e&'g e@gﬁa'ed&%w@% AHEPLERBRAECK sHERGE AR@bsingi t h

a plurality of elesticaliy doaplddng e pBiralfty |df i fipst ARGL b ’ ond
support with a se(fond, en_cgpsul ant, pt ?\a(‘a d secondtééiﬁcapsuli;a t%e ]pgarlil[t}]ng)fﬁ% _
second peri phePUIMBRWIEHd att aching the second lead frame to the second

die; renoving 4 REcSRENHLSHRBA havidEa% surface. of the second

di e exposed and | eaving the %;c . Sgﬁréfég(@gn%pﬁ%lﬁ-ge%gea@ ndTREES 7 a@%rﬁsed;

separ ati ng t heeledloerity liedegenieresecondo math&ngesomd seftﬁrﬁ:r di@n’fﬁﬁcg i}a asﬂs@ondd
ers.to one o e secon

lectricall i he fi | ead fi
Cood 11 mabry GiahsdanOBindhe RS sebadd RSt AES e Rogorss come of e
| ead fingers aeeord dead ifirghtsy havingph eflickeds BhusRld e %%cérgtg gﬁfgﬁf%gd'aﬁ@d

fingers. 29. B&ﬁ et hod ofﬁaa];i th? wherein the first an
fingers are sé&FdMaPEY SYRGAf (Gt FPRigE! Atias exprrpdobrckr cantadelie secbod dieo
el ect ri c{ql Iy ¢avpyidrgeidteed bhsk s@fitbe SREOGAg le‘?&‘ﬂ‘icta'llp%[lﬁled to thef-plurai-ity. of
second lead fingers by a plurality of second:-bonding wires; |
a plurality of electrical connectors, each of which electrically couples the exposéd
front contact of ane of the first lead fingers to the exposed hack contact of ane of

the second lead fingers.

33. The stacked microelectronic device assembly of claim 32 wherein an

. intercomponent gap is defined between the first and seccihd subassemblies. -

34.  The stacked microelectronic device assembly of claim 32 further comprising a
substrate, the first subassembly being aftached to a mounting surface of the
substrate.

35.  The stacked microefectronic device assembly of claim 32 wherein the exposed
back contacts of at least two of the first lead fingers are electrically coupled to the

substrate.

36. A microelectronic device assembly, comprising:
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30. The nmethod of claim 27 wherein electrically coupling the finetFedtdary 2006
second lead fingers spaces the second die fromthe first encapsulant to
define an intercornponent gap between the second die and the first

encapsul ant _ 39 _ The nmethod of claim 27 wherein the first lead finger is
electrically coupled to the second |ead finger by electrically coupling

the front surfagaii@hatiRg affdrs i [ %’a%hf r e of th

second | ead finger. _-212316fr I%b?éu%%b%g%é%o. %\b;a?gg e rﬁ%(gi'r%ﬁ:%éfer%ﬁ‘%ew
devi ce assenbl y exXe@paipgibsiviepn heffiond diessistaecs entiltiye banki dig sarféde; st t hi ckness

and conpri si ng Ural Lectrically independent first |ead fingers,
a first die, an% pgﬂrf‘;l pt?sc{f%ﬁgﬁacglsuagrgﬂéé%oq&‘i}(%sgfzﬁ@aﬂ?fig? N@yiag apadyextanding
| ead fingers, ehetweeh afientflackica eantatt A1gles Badkedledifcal cobfdbekness equal to
the first thi ckne?s ﬁgd efi.ning. an exgosed‘front contact and an exposed

back contact, tRASYPIYOfRodng Wi S3ch g adieh pigskicalyyesuides teadipdbrme of

el ectrically complegshifien {djspl urality of first lead fingers by a plurality
of first bonding wires; a second subassenbly having a second thickness and

conpri sing a pl ¥t &cepsuwant kanded @ dent encapreimn dentacs earaher baed chicagNst 2
second die, an | ant i,ng the second die to the second
| ead fingers, g%@f ﬁég‘fctﬂtg%gpgﬁ%@%ﬁ#gﬂ%e%%%@gﬁ%g}esbm%ﬁ'r%f ?rPﬁ FRedie sedars. to

the.second t hi dhegssiphet! diefurfacy ani expaset boeivh éfoﬂhbalﬁédyaﬁﬂegﬁ-, exhRsed
back- cont act, tr|1e seqﬁmd d&le havi n(g_ar] exposed back surface and being
electrical ly cAUfied {eidenhedro fledujcal gpntastsqf e elesticnl legds being exposed
plurality of segppdrbensifghiW Y I |ty 0 i.cal connectors,
each of which el ect?i cally cour?)(lﬁzjgut%ﬁg %)ﬁ%%és’eg-'e %ﬁ%%%%‘%gc?org?aﬁn@owe t he

first lead fin§lac¥ice leads brings edpesack adanenictheobadnenehpsuidie s@emadi] ead

fingers. 33. Theghacker,ym croel ectronic device assenbly of claim32
wherein an inte %rrpongar*{fn gap is defined between the first and second

subassenblies 34. The stacked nicroel ectronic device assenbly of claim 32
furt her C%?rpri ghﬁgrmgroeiectromc device assembly of claim 36 wherein the staggered amray

comprises a first set of the back electrical contacts expoéed adjacent a periphery
of the back encapsulant surface and a second set of the back electrical contacts
exposed at locations spaced inwardly from the periphery of the back encapsuiaht

surface,

8. Amicroelectronic device assembly, comprising:

B . a die having a front die surface, an exposed back die surface, and a die peri‘bher}
extending between the front die surface and the back die surface;
a plurality of first electrical leads, each of the first electrical leads having a body
extending between a front electrical contact and a back electrical contact;
a plurality of second electrical leads, each of the second electrical leads having a
body extending between a front electrical contact and a back electrical contact:
a plurality of bonding wires, each of which electrically couples the die to one of

‘ the inner electrical leads or to one of the outer electrical leads;

an encapsulant having a front encapsulant surface, a back encapsulant surface
and a periphery, the encapsulant being bonded to the die and each of the
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substrate, the first subassenbly being attached to a nounting sy6fFeteuafy 2006
the substrate 35. ' The stacked m croel ectronic device assenbly of claim
32 wherein the exposed back contacts of at |least two of the first |ead
fingers are electrically coupled to the substrate 36- A mcroelectronic
devi ce assenbly, conprising: -24 16 February 2006 a die having a front die
surface, an-expo&g&.bﬁfk d“ﬁ ?ur ce,. qnd a de periphery extending between
the front die sirFREd SAGSHE MoREReHI e Sontastsnltae Afstpar segonst clectdcalicads
| eads, each of phiagelxpetsd egicbRads MAYsga@ Hogy &?&%ﬁ&ﬂ%&gthebﬁ%ﬁ’bfgfégﬁﬁcal

: Ity

front electrical contact andka back el ectrical contac pl'ura

bondi ng wires, eXUEctol g sacadeelestriealllegdscloripg expeded atijecan twmbadk sufdie

el ectrical |eads I ' encapsul ant_ surface and a
back encapsul ag‘?r thg%P ace, th%%nﬁ%és E?%'ﬁ?[g%@%'gwﬂg%gse‘a{j [ﬁg ﬁf%ee' ,lﬁﬁl,lﬁids
wires, the frorkeio) epawadfaes the pérphesr offheeatapdingur f ace, and at | east a
portion of the body of each of the electrical |eads, the front electrical
contacts of the electrical |eads being exposed adjacent the front
encapsul ant surface, the back electrical contacts of the electrical |eads
bei.ng exposed adj acent the back encapsul ant. surface in a staggered array.
37 - The m croel ectronic device assenbly of claim36 wherein the staggered
array conprises a first set of the back electrical contacts exposed
adjacent a periphery of the back encapsul ant surface and a second set of

t he back electrical contacts exposed at |ocations spaced inwardly fromthe
peri phery of the back encapsul ant surface. 38. A mcroelectronic device
assenbly, conprising:. a die having a front die surface, an exposed back
die surface, and a die periphery extending between the front die surface
and the back die surface; S

26~

i
E



a plurality of first electrical |eads, each of the first electrig®#Hedraaes2006
havi ng a body extending between a front electrical contact and a back

el ectrical contact; a plurality of second electrical |eads, each of the
second el ectrical |eads having a body extending between a front el ectrical
contact and a back electrical contact; a plurality of bonding wres, each
of which electrically couples the die to one of the inner electrical |eads
or to one of the outer electrical |eads; an encapsul ant having a front
encapsul ant surface, a back encapsul ant surface and a periphery, the
encapsul ant being bonded to the die and each of the -25 16 February 2006
electrical leads, the front electrical contacts of the first and second

el ectri calaimads bei ng exposed adjacent the front surface of the

encapsul ant, the back electrical contacts of the second electrical |eads

bei ng exposed ﬁpjacentttQ§ Pack sqrface gf t he encapsul ant, each of the
back el ectrical® cort &2§MRO%PT AREEMRING 2 Sfasked inugpeed dgur sspaRed from
t he peri plerprisioh: t he encapsul ant. 16 February 2006 C ains 39. A nethod of

assenbling a s Kk m croel ectronic device assemjl conpri si ng: .
assembling a pefsggrgﬁl?qua@ raﬁliyc??S’é(fr%%‘?‘fl@mcéj%&’&@iaﬁ%er@%%%rﬁﬁ'f’ri‘ E'EC,“’%%‘E’%’“’C

m croel ectroni c deaevice asssenpbsindessembisidgnbl ed by: rel easably attaching a
support to a lead f Vi a_front rface, a back
surface, a thi cknesrél,gg%r?l%%%ﬁbﬁg%p%@ggﬁég%t]ﬁ‘lﬁ](gﬁa'ﬂe‘tquﬁﬂsﬁl"l’{ﬁ%g@,’m%ﬁd a
plurality of |ead fingefrent siréacsuppmck sulfasd, ry thasknessy aechesingf passingpanni ng

devi oo to the Cexposed’ sroydEledficthesd b SphAE & 1o g g Sl he
m croel ectronic device havingan peased swiase spaening/eiongniagi encapsul ant to a

cavity defined by thgasaRPMdchingnE back surface of a microelectronic device to the
exposed surface of the support;
electrically coupling the microelectronic device to the lead frame;
delivering an encapsulant to a cavity defined by the suppori, the
microelectronic device, and a peripheral dam carried by the lead
frame, the encapsulant bonding the microelecironic device to the
lead frame;
removing the support, leaving the back surface of the microelectronic
device exposed; and
cutting the lead frame to separate a plurality of electrically isolated lead
fingers from the peripheral dam;
electrically coupling a first one of the microelectronic device assemblies to a
substrate;
electrically coupling the lead fingers of a second one of the microelectronic
device assemblies to the lead fingers of the first microelectronic device
assembly with a back surface of the lead fingers of the second
microelectronic device assembly being coupled to a front surface of the
lead fingers of the first microelectronic device assembly, defining a gap
between the exposed back surface of the microelectronic device of the

second microelectronic device assembly and a front surface of the first

microelectronic device assembly; and

o
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m croel ectroni c device, and a peripheral damcarried by the | ead6 Hebauery 2006
t he encapsul ant bonding the m croel ectronic device to the |ead franeg;
renovi ng the support, |eaving the back surface of the mcroelectronic

devi ce exposed; and cutting the lead franme to separate a plurality of
electrically isolated lead fingers fromthe peripheral dam electrically
coupling a first one of the mcroelectronic device assenblies to a
substrate; electrically coupling the lead fingers of a second one of the

m croel ectronic device assenblies to the |ead fingers of the first

m croel ectronic device assenbly with a back surface of the | ead fingers of
t he second m apphdhgeat elect‘ncallglmshlaevamﬂm yvdre fngat sQryek oftheded firfg@nd
surface of the Ieaq flqur t.mcro ectronic devi ce assenbly,

defining a gap betmggas ﬁgg (%%%%%Dﬂgé%wgﬁ??§ Yof the nicroel ectronic

device of the second mcroelectronic device assenbly and a front surface
of the first 1 cragl ectroni ¢ device assenbly Ped (? 27 16 February 2006
appl yi ng an el €t ri 08 P§PASLFiaMm %’/geWE‘?W@rq“HEPQJU% ag TeRSROMEiFeSeEing t he

| ead fi ngthedeaddfanidwitisie a eatplencdeiinke 6f tHepetiphayi &g assenbl y. 40. The net hod
of claim 39 wherein cutting the | ead frame conprises cutting the |ead
frame within a periphery defined by the peripheral dam 41. The nethod of

cl ai m 39 wher ein asprvabihbg ofsaglkh 319 G/h&%lneé‘s'fséﬁﬁllr@ SRMInfigrocREPSHIDNvideUr t her
conpri ses el enent a er surface of

OSI ionin ai nst an up
Chel eaa FoEmeb T o PueR PEHPRES ARG CRi BRET ghs! PhavReESHERo! ol ai m
39 wher ei of ihdn2ad iase piiof ©& delivsmBbthe érit@pfugdritpheral dam and t he exposed
surface define a nold for the encapsul ant.
42 The method of claim 39 wherein the upper mold element, the peripheral

dam, and the exposed surface define a mold for the encapsulant.

43. The method of claim 41 wherein an upper surface of the encapsulant is

aligned with the upper surface of the lead frame.

44, The method of claim 39 wherein electrically coupling the microelectronic
device to the lead frame comprises coupling an active surface of the microelectronic

device to the lead frame by a plurality of bond wires.

45. The method of claim 44 wherein an upper surface of the encapsufant is
aligned with the upper surface of the lead frame and the bond wires are encapsulated in

the encapsulant.

48. The method of claim 39 wherein removing the support exposes a lower

surface of each of a plurality of lead fingers.

47. The method of claim 39 wherein removing the support exposes a lower
surface of each of a plurality of lead fingers, the exposed lower surfaces being

peripherally alighed.
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43. The nmethod of claim41l wherein an upper surface of the encapéFebriiais52006
aligned with the upper surface of the lead franme. 44. The nethod of claim

39 wherein electrically coupling the microelectronic device to the |ead
frame conprises coupling an active surface of the mcroelectronic device

to the lead frane by a plurality of bond wires. 45. The nmethod of claim44
wherei n an upper surface of the encapsulant is aligned with the upper
surface of the lead frane and the bond wires are encapsulated in the
encapsul ant. 46. The nethod of claim 39 wherein renoving the support

exposes a |lower surface of each of a plurality of lead fingers. 47. The

met hod of cl ai4p. 39 Waeheihbd b?HFaW; Rg V@Hé?eﬁ\’@ﬁ)&flﬁg BERLBESH axdo%@% lowslf face of
t he exposed | ower surfaces %eln

each of a plurality of |ead
peri pher a?LFrg?C‘éloif &ﬁ‘é*&i of ggpluralgy Iﬁégﬁqaﬁr@e@@@@ @,’SPOSGNH@W?étsﬁﬁﬁpeéfOfdh%'@’ﬁdBQ

wher ei N f@igew ghd figgdeidPRit reepad iesnctarloeer surface of each of a
plurality of lead fingers, the exposed | ower surfaces of the |lead fingers

bei ng staggered with respect to one another. 49. The nethod of claim 39

wherein the | efd freqEnétAsd mm%g%ﬂérreﬂﬁ tHeMe st frérﬁ@ﬁilcluﬁééqgﬁlru?ah%f%' ng

i nwar dly fron1tq%FFer|pheral dam the encapsul ant being permtted to flow
bet ween’ t e NGaiRwargly frem dhe peipberst damethe @agarsulsgebeing sermiitedvigt hod of

assenbl | niﬂ)wﬁbéﬂv@ér@&b%@bﬁd?fﬁrﬁi HeHsEE S SIAAP|e¥d FiRgdryidi ng a  m croel ectronic
die and a plurality of electrically independent |ead fingers, conprising:

rel easably attaching a support to a back surface of a lead frane and to a

back surface gy a AMfhRRpl &‘%s"s@rﬂbl%gdé ?nlcrbagcﬂcﬁ@dé\f REssbibl qq&[ﬂ@ gg al ront

surface spaced fromthe back surface an en| ext en
f ront de‘FéR?@CFBn'PH@ %’@@(F"%rﬁl'tf/%%'edf'?@ydﬂﬁ’éﬁ?"ﬁé”h‘& frpesn Cpfﬁﬁ@?ﬂHQ)erl phery

defined by an rerhesblyEiEBIhgaNsupdoR!td habdck uRbcelofs RBE #ahRashd OBk
extending inwardly squfgég (t) ae m?cunggéct%lrg:b deier, thé Pe%dq‘ll'a%eblﬁlclgg ing %Sflrc;[nlt g&r%jcel n the
spaced from the back surface and an opening extending from the front
surface to the back surface, the opening having an inner periphery
defined by an outer member and a plurality of L-shaped lead fingers
extending inwardly from the outer member, the die being positioned in the
opening with a periphery of the die spaced inwardly of at least part of the
inner periphery of the opening to define a first peripheral gap;
electrically coupling the die to the lead fingers with a plurality of bonding wires;
filling the opening above the support with an encapsulant, the encapsulant
entering the peripheral gap and attaching the lead frame to the die;
removing excess encapsulant deposited on front surfaces of any of the lead
fingers; and
removing the support, leaving the back surface of the die exposed and leaving a
back surface of each of the L-shaped lead fingers exposed, each lead
finger thus having an exposed back surface that is larger than the front
surface.

51. The method of claim 50 further comprising separating the lead fingers

from the outer member.
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opening with a periphery of the die spaced inwardly of at |east1f&iebroary 2806
i nner periphery of the opening to define a first peripheral gap;

el ectrically coupling the die to the lead fingers with a plurality of

bonding wires; filling the opening above the support with an encapsul ant,

t he encapsul ant entering the peripheral gap and attaching the | ead frame

to the die; renoving excess encapsul ant deposited on front surfaces of any

of the lead fingers; and renoving the support, |eaving the back surface of
the die exposed and |l eaving a back surface of each of the L-shaped |ead
fingers exposed, each lead finger thus having an exposed back surface that

i s larger thans2 he ThHeanéthod off daimes0 foither CBMPABIhG OGtticY thelcateMnibntad Frbimer

i Si ti he | fir from,the outer er. 0 29 16
Febr uar y BBoueaaar it Bl Sahrasst B Farers SHatee B G SBt PRy e
out er nendyey by therencapselahtard Byrthebondingewitksnga thepliair al ity of i ndependent | ead

fingers connected to one another only by the encapsul ant and by the
bonding wires via the die. 53. The nmethod of claim50 wherein the support

conprises an agihesiTre rh&hed of didid Joadtrdin nEsppert thapilics aheidngsivelapasabl y
adhered t hesi ve tape and the qdheﬁivg taEe fgrnin? a seal against
prado g a0 a

t he, ad )
t he back tgﬁrl?%dcga@P Iethe iy BEINgnieleasaPly (d etV farerddiiie to
retain t hahksivs tapenfoaniag lacsetl adgeinst Thebankt fvefdc@bf ledéan Héné und ey baknpr i si ng

cutting t r eparate the |ead fingers fromthe outer nenber.
55. The rr%ﬁﬁ%%gﬂpég%glgﬁétéﬁﬂ\?%ér?eeinﬁa?sf%an%upport is a first support, the |lead
frame is a first lead frame, the mcroelectronic die is a first

m cr oel ectronic, di t he, oyter .ne r is a first outer nenber, the | ead
T rors oo e Tt Tha el ciaihy B SR E oS Ulig PTG H3RG By vt es,
and t he esepapsaihandad fiigarsffiohstheentapeuibant, the nethod further

55, The method of claim 50 wherein the support is a first support, the lead
frame is a first lead frame, the microelectronic die is a first microelectronic die, the outer
member is a first outer member, the lead fingers are first lead fingers, the bonding wires
are first bonding wires, and the encapsulant is a first encapsulant, the method further
comprising:

releasably attaching a second support to a back surface of a second lead frame

and to a back surface of a second microelectronic die, the second lead
frame including a front surface spaced from the back surface and an
opening extending from the front surface to the back surface, the opening
having an inner periphery defined by a second outer member and a
plurality of second lead fingers extending inwardly from the second outer
member, the second die being positioned in the opening with a periphery
of the second die spaced inwardly of at least part of an inner periphery of
the opening to define a second peripheral gap;

electrically coupling the second die to the second lead fingers with a plurality of

seccnd bonding wires;

filling the opening above the second support with a second encapsulant, the

second encapsulant entering the second peripheral gap and attaching the

second lead frame to the second die:
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conprising: releasably attaching a second support to a back surfiadebsbasy 2006
second lead franme and to a back surface of a second m croel ectronic die,

the second lead franme including a front surface spaced fromthe back
surface and an opening extending fromthe front surface to the back

surface, the opening having an inner periphery defined by a second outer
menber and a plurality of second |lead fingers extending inwardly fromthe
second outer nenber, the second die being positioned in the opening with a
peri phery of the second die spaced inwardly of at |east part of an inner
peri phery of the opening to define a second peripheral gap; electrically

coupling the s;emmdgdfhe 5emohdneau§§@mmda\biﬁ@dhé iDagrshirfabd fof anhdlseeadd e of
second bondi ng wires sup ort with a

h i b h
second encapsul ant, XPH%Ed @83%%3!‘@'@3’6@%? ¢ Oﬁﬁ"gﬁﬁeﬁﬂ%ﬁ%&gﬂﬂﬁﬁ 95&i pher al

gap and attaching tdmd second | ead frane to the second die; 0O 30 16

February 2006 | eav he bac face of the
second di e ex%%g@g ”%1 %J;{lﬁ%ﬁé? QHE % '%E%g{i(h i %’cog 0 r{ehsgcgrédé%ﬁ(gl;l%eé% frame
exposed; and electrically coupllng one of the flrst | ead fingers to one of

t he second |l ead, fingers. 56. The thod of ¢ lurality of
the first |ead¥ing Smgtlhgg OéICE‘HPr c‘ﬁhqrﬁ'”caoﬂlﬂfaég ?f fhe '{ﬁtﬁ‘?aoﬂ ﬁ?%rst)?ret he
second | eclectfi¢atigevipledié.a plirelitpet thedecdnddbad fingeks. f ur t her conpri si ng
separating the first lead fingers fromthe first outer nenber and
separating the second lead fingers fromthe second outer nenber. 58. The
met hod of claign 57 meﬁahm bma.mlsssartﬁesa@smbnsm&,@amg%ﬁﬁéﬁémrﬂ‘gé&m the

first. outgln TRIRRE obtr Sttt Sn sph @R HelBoRl 1M Al S thS Jebdna®OUP! 1 NG

outer member.

58. The method of claim 57 wherein the first lead fingers are separated from
the first outer member by cutting the lead frame prior to electrically coupling the first and

second lead fingers.

59, The method of claim 57 wherein the first and second lead fingers are
separated from the first and second outer members prior to electrically coupling the first

and second lead fingers.

60. The method of claim 55 wherein electrically coupling the first and second
lead fingers spaces the second die from the first encapsulant fo define an
intercomponent gap between the second die and the first encapsulant.

61. The method of claim 55 wherein the first lead finger is electrically coupled
to the second lead finger by electrically coupling a front surface of the first lead finger to
a back surface of the second lead finger.

62. A stacked microelectronic device assembly, comprising:
a first subassembly having a first thickness and comprising a plurality of

electrically independent first lead fingers, a first die, and a first
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second |l ead fingers. 59. The nethod of claim57 wherein the fir46 Fehstuary 2006
second lead fingers are separated fromthe first and second outer nenbers
prior to electrically coupling the first and second |ead fingers. 60. The
met hod of claimb55 wherein electrically coupling the first and second |ead
fingers spaces the second die fromthe first encapsul ant to define an

i nt erconponent gap between the second die and the first encapsul ant. 61.

The net hod of claimb55 wherein the first lead finger is electrically

coupled to the second |ead finger by electrically coupling a front surface
of the first lead finger to a back surface of the second |ead finger. 62.

A stacked mi croel ec‘etnr;@psyufandsandﬁﬁg tﬁ§$%ma|e§/to tROIMRf le8H RBgerd ddch oF theupa@ssenbl y
having a first thlqkne d conmprisin luraljt ‘electrically

i ndependent first ”ﬁ’?'h'“ 09 aéh'F\"?e§g eyl to tzﬁ'ﬁd""'sé)('?'?'ﬁnﬁs and ¢fing9@shr uar y
2206f encaps:JI agt f _bcmdomhftdm cbmtéataﬁﬁlfn émokéwbédkrc&fntdcﬁaﬂl? ﬂsﬂﬂ@rhhvm@aCh of 4
the first ead fingers having a_.thic to the fi ness an
defining an exposéd P Q?(?Rtsé{@?wa&”@%f Q%%E@HY B%‘fﬁledct(?rf{‘ lturaq % first
di e havi ng an ex pdis# tbadingers by faguiraléty df fvetibpgdiah edres;i cal [y coupled to the
plurality of ' I | of first.bond W I es;
r{c%ﬁwﬂ sﬁgéjssg}ng %a%:ng ecBRéJ éhlckng% £ %P[?rgr{rw gfutﬁ%m% ity of

second subasse avi ng a econ
electrically i ndepmmllssiedenmdemmcénd"dged fingeas, sessonod dieeanddadea@ndecond

encapsul ant bondi g4 BRPORIY BolBobieasas BRSASAT LngsE S, ogach of | the

second | ead fingers aV|ng ness equal € Seco hess and
defining a front cdm 8eaon mdénggﬁﬂf@slég attb.lclwe@@ﬁmaitto thersecgratibistinatise

having an exposed baglyefhd g%n@ewtata@éﬁwa@éﬁ%&éa B?éklséebg%%yﬂteg%gBﬁd Lie

plurality of second lead fingers by a pluralij wires; a
plurality of electrP¥ag %W&‘F%P@Ck é‘élﬁaf‘r‘eoﬂ“dv\m'&% elechical eaupisd t@oih‘ﬁl es the

exposed front contphghlitpdf 2B6ndkad Myekd 5ypd pluRAf) IfisBERIDohEng Wiegxposed back
contact of a plurality of electrical connectors, each of which electrically couples the exposed
front contact of one of the first lead fingers to the exposed back contact of
one of the second lead fingers; and
an electrically insulative covering over the exposed front contacts of the second

lead fingers.

63. The stacked microelectronic device assembly of claim 62 wherein an

intercomponent gap is defined between the first and second subassemblies.

64. The stacked microelectronic device assembly of claim 62 further
comprising a substrate, the first subassembly being attached to a mounting surface of
the substrate.

65.  The stacked microelectronic device assembly of claim 62 wherein the
exposed back contacts of at least two of the first lead fingers are electrically coupled to
the substrate.
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one of the second |ead fingers; and an electrically insulative déWsbrogry 2006
over the exposed front contacts of the second |ead fingers. 63. The

stacked m croel ectroni c device assenbly of claim®62 wherein an

i nterconponent gap is defined between the first and second subassenblies.

64. The stacked m croel ectronic device assenbly of claim62 further
conprising a substrate, the first subassenbly being attached to a nounting
surface of the substrate. 65. The stacked m croel ectronic device assenbly

of claim62 wherein the exposed back contacts of at |east two of the first

| ead fingers are electrically coupled to the substrate 32 0 16 February

2006 66. The ngg.hodrhefmethad mﬁéimmﬁ’érémtﬂh@gﬂﬁ@ d firstydpl hetm&Ady fukife met hod
bet ween t he TPI rst mcroel ectronic

further Iisi fillin econd

vt oo asSSTESLlfio 4 prerobf sleRheean Ta e THSPFIANC Hel PRPTIOB NI The

met hod of thelsabstraGbwittusan ederfliongiterigli ng cooling the mcroel ectronic device
of the second m croel ectronic device assenbly by exposing the back surface
thereof to the interconponent gap. 68. A nethod of assenbling a

ni cr oel ect r onig7. deviteemasoe rdh| aim Ce8 Rt e B&l'nprls“r%' ﬁ@'tb/e ﬁﬁér@&@étﬂﬂuca back
surface of a mc oelecg{onlc device to a surf port; thereafter,

r el easabl $PVAE: YchP RgeY B‘éfiﬁo?|?%ﬁ?ﬂ’°t‘3?"tcﬁeas§8@9'(¥’rqy e’ER?é'“getﬁ%I bﬁP'&ﬁB a%%avi ng a
t hi cknesstharedf foahe ingeredmmment gap. passi ng t hrough the thickness, the

m croel ectronic device being disposed in the opening and a portion of the
surface of the support being exposed to the opening; electrically coupling

the microel ectggni ct\@l.etﬂoa@f&@ehmﬁn @ﬁﬁcréélaéﬂ%mcd:%wca%éé&wﬁeoﬁﬂ U' ant to
a cavity defined b%/ port e mcroelectronic device, an
Barthiatashig

peri pheral darff B aback s 25e:0f2 MickRelesienip Sgyig o a surface of a

support;

thereafter, releasably attaching a lead frame to the support, the lead frame
having a thickness and having an opening passing through the thickness,
the microelecironic device being disposed in the opening and a portion of
the surface of the support being exposed to the opening;

electrically coupling the microelectronic device to the lead frame;

delivering an encapsulant to a cavity defined by the support, the microelectronic
device, and a peripheral dam carried by the lead frame, the encapsulant
bonding the microelectronic device to the lead frame; and

removing the support, leaving the back surface of the microelectronic device

exposed.

69. The method of claim 68 wherein a plurality of microelectronic devices are
releasably attached to the surface of the support and the lead frame has a plurality of the
openings, releasably attaching the lead frame to the support comprising positioning one
of the microelectronic devices in each of the openings.

70. A microelectronic device assembly, comprising:

a die having a front die surface, an exposed back die surface, and a die
periphery extending between the front die surface and the back die
surface;
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bonding the microelectronic device to the lead frame; and renovi8ddibraary 2006
support, leaving the back surface of the mcroel ectronic device exposed.

69. The nmethod of claim68 wherein a plurality of mcroelectronic devices
are releasably attached to the surface of the support and the | ead franme

has a plurality of the openings, releasably attaching the lead frane to

t he support conprising positioning one of the mcroelectronic devices in
each of the openings. 70. A mcroelectronic device assenbly, conprising: a
die having a front die surface, an exposed back die surface, and a die

peri phery extendi ng between the front die surface and the back die

surface; 33 0 4piukgily d}f&frért e?&@@aﬁle@djé”e@bﬂ Bﬁ/th@fflrsft 'efe%ﬁnc@l' Ig&isr hefitlg 4 BGlS, each
of the first electrlcal ads havin ext endi ng evveenafront

el ectrical contact 5‘9 B’YPE@Iaefé‘?rgie'@ﬁ'i“‘:@&ﬁﬂtéetta"dé back elgcirics! eptagkcond

el ect 5 i cal bl eaaislureﬂia?dil seéonurmmptalddsebem éﬂtﬁ@bedoﬂa%chem: Eé‘eﬂisﬂnav#ﬂ?‘%\y

ext endi ng bet ween ron ri cal contact .and a back, electrica

contact; a plurali &?dﬁfe)‘{%‘ﬁ ﬁaget%?erneg rogt, glRctg¢a r?\fvil‘?l"“é'f:it @b eack glacticebupl es
the die to one of dohtactirst electrical Ieads or to one of the second

el ectrical I ha | r,ont ncapsu nt . surface, a back
encapsul ant Sﬁ%?l’g{:agi[}@f %B%'gé“ﬁe%h%arc t éc %%cgﬁcsaﬁ}’ﬁﬂlf &ﬁdj'%gjn'ﬁl’eed % o t he
di e and each of thdhe éﬂseaetr:trlcaileaueadb oneléthersendndadiextiical leatis;cont act s of t he

of the - encaptul Sap otk oRhe ¢ RE e ReRt ARREE, LEAA Rt bt St T Ca

of the encapsu e ba Fircal contacts o
| eads bei ng expose&mdaﬂcﬂ%@bﬁw thaentrpsklagibdingkongpd thibe eliccarpbedchof theeach of

the back el ect | calichoB] 45, o B LlebRbacbafldd GFlinl 97H°ahPiBg pPaced

fromthe periphery of the encapsul ant, each e back el rrca
contacts of the scksHirab|leadsr ibely lexersedbadingenil ihgn&aniisuriageheofpthei pher y

of the encapsulant, the back electrical contacts of the second electrical leads
being exposed adjacent the back surface of the encapsulant, each of the
back electrical contacts of the first electrical leads being spaced from the
periphery of the encapsulant, each of the back electrical contacts of the
second electrical leads being aligned with the periphery of the

encapsulant.

71. The microelectronic device assembly of claim 70 wherein the first
electrical leads have a first shape and the second electrical leads have a second shape

different than the first shape.

72. The microelectronic device assembly of claim 70 wherein the first

electrical leads have a Z-shape and the second electrical leads have an L-shape.

73. The microelectronic device assembly of claim 70 wherein the front
electrical contacts of the first electrical leads are longer than the front electrical contacts

of the second electrical leads.
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encapsul ant. 71. The mcroel ectronic device assenbly of clai m 7@6vifedreany 2006
the first electrical |eads have a first shape and the second el ectri cal

| eads have a second shape different than the first shape. 72. The

m croel ectroni c device assenbly of claim 70 wherein the first electrical

| eads have a Z-shape and the second el ectrical |eads have an L-shape. 73.

The m croel ectroni c device assenbly of claim 70 wherein the front

el ectrical contacts of the first electrical |eads are |onger than the front
el ectrical contacts of the second electrical leads. O 34 16 February 2006
74. The m croel ectronic device assenbly of claim70 wherein the front

el eﬁt r |h cal cpn‘f]zact sn@; ntiéhreeléittmtc a?ﬂcé%@%ﬂbl$L&CbléM@|0l hWhadm e g@hi gned
with the peri.pher 0 e _encapsul ant. 75. e mcroel ectronic device
Rssenbly SRl EhtagS oh dIT S ero plootdral iats clf Uiy AL TOPSTARETA | 1 st
and second tied edapsulatt. | eads are aligned wth the periphery of the

encapsul ant and wherein the front electrical contact of the first
el ectrical leads extend inwardly toward the die farther than the front

el ectr : calt co _nmgt STHef nﬁ&i@el@nﬁbmd Feﬁé@%@éc%rﬁ@tm dreasit t?EGWPJr@%t the Ifrontt -

m cr oel ect,r qni vice, asse of cl]aim,. erein the firs el ectrica

| eads ar eelg‘gﬂ?g cgﬁta 1855 Eheaﬂﬁ}r ist’?ﬁ?réi ?)e%tﬂ?q? feads gresgligned with dbs periphanve

peri phegI yof thadntiysuket and wekai teChdnt Lmaab@twaﬁeré@ﬁ;st @%&frica’dﬂ@éd%xi mat el y
a secon tance from e di eri.phery,. the secaond di st e being

gr eat er t%é%ncﬁﬁga#yr Es?)%NaHl} &teaﬁﬁi?f%ﬁ .ﬂ%f‘n@%rﬂo@P 8@@'8%95’?? a(‘??Sdﬁgfnvtg;‘ﬁée‘él‘%,"gjenbI y of

cl ai m 36 #lb@ri@i leatihe plurality of electrical |eads include first

el ectrical leads having a first shape and second electrical |eads having a
second shape different than the first shape. 78. The m croel ectroni c device
assenbly of clz m 3hewhasredlactione AbutaldsbymBll ofekrel r7c alhelddbe i fitsd ude

first el e&éé’t#icca?llealdg%gesspt]a%\élartlgeaast gﬁpsr(r)])?i gte?yng ﬁISS?%I% aq‘)cg lfr%(r%wt t%le%?el pél’ﬁ')%

ds
ery
and the second electrical leads are space at least approximately a second distance from

the die periphery, the second distance being greater than the first distance.

77. The microelectronic device assembly of claim 36 wherein the plurality of
electrical leads include first electrical leads having a first shape and second electrical

leads having a second shape different than the first shape.

78. The microelectronic device assembly of claim 36 wherein the plurality of
electrical leads include first electrical ieads having a Z-shape and second electrical leads
having an L-shape.

79. The microelecironic device assembly of claim 36 wherein the plurality of
electrical leads include first electrical leads and second electrical leads, the front
electrical contacts of the first electrical leads being longer than the front electrical

contacts of the second elecirical leads.

80. The microelectronic device assembly of claim 36 wherein the front
electrical contacts of the electrical leads are aligned with the periphery of the
encapsulant.
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havi ng an L-shape. 79. The microel ectronic device assenbly of cHéiFeb3tary 2006
wherein the plurality of electrical leads include first electrical |eads

and second electrical leads, the front electrical contacts of the first

el ectrical |eads being |Ionger than the front electrical contacts of the
second el ectrical leads. 80. The m croel ectronic device assenbly of claim

36 wherein the front electrical contacts of the electrical |eads are
aligned with the periphery of the encapsulant. 35 0 16 February 2006 81.

The m croel ectronic device assenbly of claim 36 wherein the plurality of
electrical leads include first electrical |eads and second el ectrical

| eads, the frogt, e#r@cmrcméeéctramaueﬂ&@a@sfenidgpoff¢|é.ﬁ|t3@mer§@ftﬂ@%mé|%wl cal .
erein e

| eads bel all %’n w t eri heré t he encapsul an

front el ¢e ‘f‘f'%aé g st Cﬁ“F Isteads @ seoand gleckisel dsedsndns fieal di y
tlovvar d th]eiecin@é f@ntalaw of hign flt'shl&arfdf eadone| €stifits abadkOBEiagt ighéd i trfeggond
el ectrica ads electronic device as im

wher ei n thePpFr 5?'1 espcg?sulagw}t eaélar“fh(‘?éefm ﬁ’&(@ggqﬁ%tf'iﬁﬁgo'ft?%{}f“@%éﬁtehcg'&?' | eads
and secondadd exgend datartilgdolsardtthe dié Fsthee ttent thi: dadnt eleehidal bmitavgs spage at

| east appyy i.rst distance fromthe die periphery and the second
el ectri ca‘{ %?hggigatéﬁl%adspace at | east approximately a second di stance from

the die periphery, the second distance being greater than the first
. di stance. 36 . . ) . . .

82. The microelectronic device assembly of claim 36 wherein the plurality of
electrical leads include first electrical leads and second electrical leads, the first electrical
leads being space at least approximately a first distance from the die periphery and the
second electrical leads being space at least approximately a second distance from the

die periphery, the second distance being greater than the first distance.




