PACKAGED M CRCELECTRONI C DEVI CES AND METHODS FOR
MANUFACTURI NG PACKAGED M CRCELECTRONI C  DEVI CES
TECHNI CAL FI ELD [ 0001] The present disclosure is

rel ated to packaged m croel ectronic devices and

met hods for manufacturing packaged m croel ectronic
devi ces. BACKGROUND [0002] Processors, nenory

devi ces, imgers and other types of microel ectronic
devi ces are often manufactured on sem conduct or
wor kpi eces or other types of workpieces. In a typica
application, several individual dies (e.g., devices)
are fabricated on a single morkpiece usi ng

h
i e A AR EEPECT R R BRI aRRE e EgEs e
Ci r CLHOR NN FRICIERING Pgtmﬂmmwﬁoggﬁmmm: the

integrated circuit. The bond-pads provi de externa

el ectrical contacts onDEh@CEEe t hrough which supply
vol tage, signals, etc., are transmtted to and from
the integrated circuit. The bond-pads are usually very
small, and they are arranged in an array having a

Tftyﬁﬁdy F fr et ween bond- pads. The dies can al so be
quite éé Icate. As a result, after fabrication, the

di es are packaged to protect the dies and to connect
[0110!11]3 bohik passit echeotherelaed ay pafkapat géorodlentnitaderices and

iS easier.to connect, to a printed circuit board.
el G TSN P R CUCSSECR BT BKsg no i e
|nclude electrically coupling the bond-pads on the

BAGIKESRDONGN array of pins, ball-pads, or other types of
el ectrical termnals, and then encapsul ating the dies

to protect themfromenvironnmental factors (e.qg.
[0063)] st urléroc?ﬁam,i m@mneéqmmsatm@geeﬂ ant piber types afidnicroelectronic

i mpact).. .In.one a
oG ShiRe BRPL AR s o cREBA o dorkpieces) ot ofies appgp of
WOW@@t eth 10 il a@?ﬁc&ﬁ)nar!;e{/é}ﬁle HRRvi8halS Hf‘%§t(fe%t ed&wti@és) are
an array of ball-pads. For exanple, Figure
fabggznedmm calrgle Worlgdeoeansing aopusticetstli adatxpensive equlpment and

processes. Individual dies generally include an integrated circuit and a plurality of
bond-pads coupled to the integrated circuit. The bond-pads provide external electrical
contacts on the die through which supply voltage, signals, etc., are transmitted to and
from the integrated circuit. The bond-pads are usually very small, and they are arranged
in an array having a fine pitch between bond-pads. The dies can also be quite delicate.
As a result, after fabrication, the dies are packaged to protect the dies and to connect the
bond-pads to another array of larger terminals that is easier to connect to a printed

circuit board.

[0003] Conventional processes for packaging dies include electrically coupling
the bond-pads on the dies to an array of pins, ball-pads, or other types of electrical
terminals, and then encapsulating the dies to protect them from environmental factors

(e.g., moisture, particulates, static electricity, and physical impact). In one application,

8883. Application.doc -1-



packaged m croel ectronic device 6 including a

m croel ectronic die 10, an interposer substrate 60
attached to the die 10, a plurality of w re-bonds 90
electrically coupling the die 10 to the interposer
substrate 60, and a casing 70 protecting the die 10
from environnental factors. [0004] Electronic
products require packaged m croel ectronic devices to
have an extrenely high density of conponents in a
very limted space. For example, the space avail able

the beridnpads e electieally, cannegied &, contasteers an snterpsapisulsirateathat has

remer egtronic onponents 1S. guit imted in..
o SR oCTATRER. SR SORE L5 S PucH i - Sopihona
pagiaQedi iisrockstréte MevicB ey ichilig 8 thieR@ledirbvie di® 108 G®erposer
the surface area or "footprint" of the

subgtigiedl] dtacheship dheidigilOea plusalitn opwinathedde 9 elaitticlyasodpling the

- R i . i ze.of th m.croel.ectr.oni evigce 6 i
dled??# :‘Sctﬁ?tlhgeg%%%rs uhr#r 5 %Oe (48 AetATEE 0 POHEE rtg'f‘lidée 18 from
endir@finehthl fgemer al |y have nore bond- pads, which result

in larger ball-grid arrays and thus | arger

[06089t PT i PfSerofB g)r&ﬁﬁ: NeHHice B§&£ﬁécplﬂi&%lga§o%i# N&AEENS H¥e an
of ‘'mcroelectronic dies 100wtHin a given footprint

extremely highaddosionef comparhedh rorkye liiited epade0Fod bxamsit, e space
%gﬁ&g%TFigure 1B schematically illustrates another )

av SO 8RSy ERABH, PFUEPOEY dismiays.ciad; atker gricroelectronic

« . - > C | S -

coB A% SRS, MIDRSIECEORS, ol Bl over

prdductst Asisaclgehee isostiongdiree 10 seduad thastigsbetaed d¥€ footprint” of the
.Substrate 60a, a spacer, 30 attached to the first die

migrggleqiiie levicpse ohdhesnicd ot agrda Jiedueing the size of the

. ie-di i t.n
OSSO € AL ARGt
gerseallyi lmveafiore wadipads) duidtio feswhfie largéienll- gidubasknalthbd Rirger

packaged m croel ectronic device 6a illustrated in
foo,tprg[ﬁ.eOpgtchmﬂﬁ%}lsefitto increass Berlensily qfgnigrpelectronic dies 10 within

MESARAUGL B stf e i Mor eover,
TP BB 3, LBLTATR, 3P il
Leroelectronic dies 1Ca-b . requjres additional,
0088 preEvnd it SHER A AHe hRRIRY: A proceduentional packaged
mi &8 8ctARM 1defck 0fh HRAGinE2 td® 0fked InRAHI&SDnicN8RE 10a-b. The
_concerns, some conventional packaged m croel ectronic
microelectronic device 6a includes a substrate 60a, a first microelectronic die 10a
attached to the substrate 60a, a spacer 30 attached to the first die 10a with a first
adhesive 22a, and a second microelectronic die 10b attached to the spacer 30 with a
second adhesive 22b. The spacer 30 is a precut section of a semiconductor wafer. One
drawback of the packaged microelectronic device 6a illustrated in Figure 1B is that it is
expensive to cut semiconductor wafers to form the spacer 30. Moreover, attaching the

spacer 30 to the first and second microelectronic dies 10a-b requires additional

equipment and steps in the packaging process.
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devi ces include an epoxy spacer, rather than a section

of a sem conductor wafer, to space apart the first

and second mcroelectronic dies | OGa and | Cb. The

epoxy spacer is formed by dispensing a discrete

vol ume of epoxy onto the first die 10a and then

pressing the second die 10b downward into the epoxy.

One drawback of this nethod is that it is difficult

to position the second die 1Cb parallel to the first

diel OCa. As a result, mcroelectronic devices forned
[0%6il h t hie addrasnéhes¢ corrernsy somelicentdantipnali rackssied michuslectronic
dev1631nc ) betgeen th faﬁg} @nd se ond_ﬁles var% $ for. t

AEFOLS R ETIRIRE ST PHET SAHAGEHIR ot SePisopgictor wafer, to

spdtRaphrt @le iRt Ad¥esebbdBinidb&ectRRic IS 10R4MIETON. M UPBRy Spacer is

"high side," the wire-bonds on the high side nay %
foréf)@éo'@aedhsaﬁmsemg endisgprstal ealimn. ofMpoapwanto thd dirst| diw kﬂadmﬂ then

pre@ping P SR O g Aot THaR Rl P cbp R ierds o ek of this method i

tha$ #hs BFrab@t tolfsRiohahe SRUAE RN 08! RFAK] ©ahe BRIl 10AAtAS a result,
renders the device defective. “Accordingly, there iIs a

migreelgctreni¢ rdpmese fartred pridic dsis mﬁh@holﬁtalglhage fdiet ilp! & diheh the

na, sin | ectr, n|c devi ce. F. DESCRI PTI
dishghod ppoB o st PD P i PR SORLTRIeEiset g e sebond die
10b kd 463 ipaplIBB10Ahe FRM &I | @D BLit PRfK afgihes A" %9%6&* 1@ ife-bonds
device in accordance wth the prior art. ]0008] Figure
on [t bigheietaabé gxpdsedistteramespsatativhe Maeoneth Jhat side" of the
ackaged m crqel ectronic, device n accor.dance W
sedBig G opy Epiiach; B OUTEEPits Bebenl FPEehas e fiededp the
sub iRt holqn@fcaﬁ%%@%u EleBi@icA E’l?d}{‘%ﬁdrenﬂh‘ér@l%l ﬁ&hé@o Rlefective.
device in accordance wth one enbodi nent of
Acdordizighs uhee 1§ 00KS] tFiigproyvehe praceschbpatkiaging onulppbndles in a
f ew of - a senhconductor wor kpi ece. [0011] Figure 3 is
single Rl EMSidgUCer oss- sect i onal view of a portion of
the workpiece of Figure 2. [0012] Figure 4 is a
BRIEPEBYARAPTION C)f PRS- SRAWINGA view of the portion of
the sem conductor workpiece after form ng an adhesive

| ayer on the stand-off |ayer. 8883. Application.doc -3
[0007 Figure 1A  schematically illustrates a conventional packaged

microelectronic device in accordance with the prior art.

[0008] Figure 1B schematically illustrates another conventional packaged

microelectronic device in accordance with the prior art.

[0009] Figures 2-8 illustrate stages of a method of manufacturing a packaged

microelectronic device in accordance with one embodiment of the disclosure.

[0010} Figure 2 is a schematic top plan view of a semiconductor workpiece.
[0011] Figure 3 is a schematic side cross-sectional view of a portion of the
workpiece of Figure 2.

[0012] Figure 4 is a schematic side cross-sectional view of the portion of the

semiconductor workpiece after forming an adhesive layer on the stand-off layer.
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[0013] Figure 5 is a schematic side cross-sectiona
view of the portion of the sem conductor workpiece
after renoving sections of the stand-off and adhesive
| ayers. [0014] Figure 6 is a schematic side
cross-sectional view of the portion of the

sem conduct or wor kpi ece after inverting the workpiece
and reattaching the workpiece to the support menber.
[0015] Figure 7 is a schematic side cross-sectiona

view of _a m croel ectronic, device assenbly including a
[0Q18hq f r Bighre a iiacschematie sislsi @roghechenahome of dhe pertioaaef the

R e PR 0B 1 BELEE LT e,
OGRS £ BB SR Bl TUSHESHSE R IH S of

serficBRAARk B GHERPicte H8M! B0ertiRg te whikpddce atll ri_gé{{a@ﬁiﬁg the workpiece
m croel ectroni c devi ce. [%017] Figure 9 is a s henatlg

to $iedepprossmbect i onal vi ew of a packaged
m croel ectronic device in accordance w th anot her

[0(aspodi NBigureof it he seheritio SHidee crokOObBibndti Guwest 4 Gnidfsdlebionic
illustrate stages of a nethod of manufacturing a
deyiee RegER DiRalEEng ot leamhifamte i Bécrpeleeiouen dinettacied ko the lead
srafROLRL 8T ARSI R by oo lifoni S3RLORHE Bea LIRLSL Fi oure
I'S a schematic side Cross-sectional” View of a

tion_of a. .workpiece i.ncluding a stand-off . )
lﬂﬂﬁﬁuct uFigueng i3 pschenaily Sde STRYS-Seationnl Wep fethe mpigragisgtronic

defile AR8mBIyRATE: Qfthcrtd B GEnE - sid P2 midr§UE&rohic d&i& to the first

schemati ¢ siée cross-sectlonéﬁ'V|eM/o§ a package
singuleted ehieckleompmic devicee i n accordance with anot her
enbodi nent of the disclosure. [0021] Figure 12 is a
[003Ghenat Figutd 19uss ratdchemetic asidy Shrédsettiodal GRewN6f a packaged
.mcroelectronic devices may be incorporated.
migegisctrgnit fevagd g hcepsdance vilmmelEDenbstmentro fhe flzclpgyre.
Specific details of several enbodi nents are descri bed
[00d8] ow wiighres 10 and 11 illustrate stages of a method of manufacturing a
packaged microelectronic device in accordance with another embodiment of the

disclosure.

[0019] Figure 10 is a schematic side cross-sectional view of a portion of a
workpiece including a stand-off structure and first and second adhesive layers formed

on the stand-off structure,

[0020] Figure 11 is a schematic side cross-sectional view of a packaged

microelectronic device in accordance with another embodiment of the disclosure.

[0021] Figure 12 1s a schematic illustration of a system in which the

microelectronic devices may be incorporated.
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reference to packaged m croel ectronic devices

including two or three stacked mcroelectronic dies,

but in other enbodi ments the packaged m croel ectronic

devices can have a different nunber of stacked dies

and/ or may include other conponents. For exanple, the

m croel ectroni c devices can include m cromechani cal

conmponents, data storage elenents, optics, read/wite

conmponents, or other features. The m croel ectronic

RAM = DRAM (e.g., DDR-SDRAM), flash-nmenory

DE%QSEEDﬂRE§EFJR Y nenory), processors, imagers, and

ot her types of devices. Moreover, several additiona

odlmg&k f V, Mo f .

[002213] figurat ?%cﬁ sdetaglg n’Bg n%g%ljgp or b@%}ég d%l? eas";stE ﬁgethd tk}%os?é with
refetes@r itbepadkagddimsicaebdcironic Ae‘peﬂfss dmclodingr tcnary tlake | dtacked

inthe art, therefore, w|l accordlngly under st and

migrRglectiiie disse P larPtheéfWén%ﬁ hélie askardnBierecledijopts devices

mﬂﬁg%'e& Af8lenfh o stalfed! (H?S éﬂﬁ%’(ﬁ“%&'&pﬁfﬂﬁé{ oY € Iﬁéé;h%ﬁts For
nents wthout severa or t enents S
exaﬂlqﬂe,r thbenlichel@wonict deviced enre hodudeomdreriechanidallbmpddeRi3] data

gures 2-8 illustrate stages of a_ method of
Stomgﬁ gremantss PW@CSareﬁé’@ﬂﬁa eeMPoRcaisor elber fspfures d dlip ericroglectronic

dlegel;cgg%gwgure |s a ?ﬂ% W t%%ﬁf# &J\Xﬁg'%;’g}mgg flash-

mefRnY)Cpdesde) ingerspircahdiGfpesafdevibeyy WBredvérsseveral additional
schematic_ sjde cross-sectional view of a portion of
emppdimggisy pf dae nml}tlonwa@ havey diffesend deapdigieaiapy ceaspponents, or

pro\é@c[df@é i tucg dg:?c eCI 1s :lstg(fno'nn A grs%ﬁ ﬁ%gcﬁpﬁfs\éhfﬁlsthe art,

are constr err

thefdfgrar @ilB acdohﬁngl?rdnﬂere&ﬁd k1330 tl'ld']ﬁﬂvaldiﬁﬁl Ray BaRséthat @nblddiments
and _a plurallty of mcroelectronic dies 110 (on

Wltb rdisionglelapiinor thsrimgention mayry e pthen cnhedimgpis ‘ t several
of lilg %Ie eﬁ%bs'ggﬁ'g:ﬁdg H%fﬂg%ﬁ%é};’&emﬁ%&%e% F?@%ég\ﬁe]l I ea

active

oot T ditugs k€ uAE ?R%ée% 0 Tinen00 B Rt e 5 ea
ml&bélgé{fémcl 318‘/16@ Iih‘?%coﬁ&ﬁ@ n@Bih Gak | e){ﬁbo‘aﬁﬁérﬁ bleyme QHMI(?S%J O For

the termnals 116. Although the illustrated dies
example Hipwe 2dre sshematicuoe plannvioy hée santsromalumnmrkplecejl(ﬁs and

Flg}]{%%??a \é(r%g él%fgg‘%ga\% ﬁ{qggté%tt@ﬁalgﬁgw cgr a Stgrrtrllogloffft e[ ?N%trkplece 100.
The illustrated semiconductor workpiece 100 is a wafer 101 in and on which devices
are constructed. Specifically, referring only to Figure 3, the workpiece 100 includes a
substrate 102 and a plurality of microelectronic dies 110 (only three are shown) formed
in and/or on the substrate 102. The individual dies 110 include an active side 112, a
backside 114 opposite the active side 112, a plurality of terminals 116 (e.g., bond-pads)
arranged in an array on the active side 112, and an integrated circuit 118 (shown
schematically) operably coupled to the terminals 116. Although the illustrated dies 110
have the same structure, in other embodiments the dies may have different features to

pefform different functions.
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[ 00241 After constructing the mcroelectronic dies
110, a stand-off layer 120 is forned across the

sem conduct or wor kpi ece 100 at the backsi des 114 of
the dies 110. The stand-off l|layer 120 can be forned
on the workpi ece 100 by nol di ng, spin-on techniques,
filmlamnation, screen printing, spraying, brushing,
a dip bath, or other suitable processes. The
stand-of f layer 120 has a precise and generally

form _thickness and nay gener.al |
loqliﬁ onpre8&; gpnstrugtye @ﬁaﬁlﬁr ?ectrﬂ@c i il b stangff layey 120 is

forgr%E gﬁ)s@ t S%E%Hﬁb%r @% i &eOl® a{g%é bhdksA pﬂe4 gf the dies 110.

I men e stand- o ayer can
Tht stankdrdB $aygr 420 ean theaformed Ioasﬁlet‘.halkpﬁﬁe Mmoo rignewldiig, spin-on
everal appllcatlons the stand- off Ia er 120 can be
techpigueso il |GEWRATIANY SPTeREnPERg SBEYIRe brsRiag aidip Pa, or other

suith ! ?ro%teéses | apgr atjaa&) of oal)%e lﬁgﬁa%%r&flse Fr?cf(%e?eergl%?(%mfonn

acry pol yi'm er s
thifiebandhngyibe gndrallpirsomeratible. SFaaxampks tl&ﬁﬁiﬂdotﬁﬂﬂayer 120
vi ew of the_portion of the sem conductor work

cany pyAppreramately o PécraRs, Auhagites en@yéﬁneméothé stanghft layer 120 can
ha%ita:tﬂgc%cﬁéa% ﬁr# ?E%f%ﬁanl&q?s'%-mﬁ &F}?gc%%) %%\%gal %gﬁ?lm%? onsb the%tand-

m or otner Sul

offcdaysB el e B dhadé @F alddhetallyaidnedonthiresibds nth@gal.i 0ed stand-off
bel ow. The conbination of the stand-off and adhesive
laypry &9 gnaybe oEposry ph sPekYprepekys achicc Rplalrids, gf pHien suitable
nm} &1sf ange. of the desired distance between pairs of
acked mcroelectronic dies in a packaged

roel ectronpi.c ce, as. ,descri bed rea det.ai
l“"géf RSPt 2BUtR Hons e (R BIREca: TooPtign of the
sen'ﬁ@éndu@@r l’lﬂj&kﬁl@@e 200 &HLY ?ori‘rﬁﬁ@ ban Hiflesivd 184 H86 o a@l@ stand-off

sem conduct or wor kpi ece 100 can be renova
layat 12’@@: e adbesaveslapddd caebrb e dic gtwch dilmi Omg)tlmevmtablle member for

ocessing procedures o id port.to th
ol e BT FEARE  BY RPUEB 2 i Bipgion o e
t n I
s SRR 1) T Y L AMRIABE T GRGRM Re o
theddasired cﬂgﬁlc(eebsgwperuwm afetadked mehehsabhly didheaniangackaged
ort .nmenb %? to the actlv si de Q
GO CYioeR gg i 2e7ofe IG(al e FeoBeqarbodiments, the

wolldpR28 - $6F th&Paot VinBNaOf thkh8aReHE! BReOf14bNe 1n cither case, the
semiconductor workpiece 100 can be removably attached to a support member 190
during several processing procedures to provide support to the workpiece 100. The
‘support member 190 may include a dicing support having an annular frame 192
carrying a replaceable film 194 that can include an attachment device 196 (e.g., UV
tape) for releasably adhering the support member 190 to the active side 112 of the dies
110.

[0026] Figure 5 is a schematic side cross-sectional view of the portion of the
semiconductor workpiece 100 after removing sections of the stand-off and adhesive

layers 120 and 140 to form a plurality of discrete stand-offs 130 with adhesive sections

8883.Application.doc -6-



sem conduct or wor kpi ece 100 after renoving sections of
the stand-off and adhesive Ilayers 120 and 140 to form
a plurality of discrete stand-offs 130 with adhesive
sections 8883. Application.doc -6 142 on correspondi ng
dies 110. Sections of the stand-off and adhesive

| ayers 120 and 140 can be renoved via etching,

cutting (e.g., with a wafer saw or dicing bl ade), or

ot her suitable nethods. In other enbodi nents, the

tand-of f and/ Qor adhesive | a 120 _and/or 140 can be
ieﬁﬁagréawafhng digsol l&aéqov@nsfmfty thg stapd-offrandsadbesivn leyers 120 and

/
15 e B FE) Sk S, PR f o, e, o
othich euitabhedinethdda | Insdthatentfdfdam i€ ﬂl@@thndieffamﬂﬂo[“ Sﬁhé‘sﬂ!efla}’cé@ 120

132 facing a corresponding die 110, a_ second surface
an@eml%&)?ﬁasbet @mnesed p fsph@meﬁla@ alaiegzﬂ aafd geetions of Hiepe layers 120

an@ B Pao AR RALBOGNAY JBEINRAN W Tk Bha P 136° B iher case, the

sur aces sur aces

indatitledt hemd-dffy 1Borihesnpe ﬂd:lrﬁtgsudﬂaeé 132 GhcMgt hesttesponding die 110, a
adhesi ve because the stand-offs 130 t hensel ves adhere

secqopd pwdacgi 184 oppesitethe figd swifareddRs %{@e%le@JIlﬁaﬁﬁeer@é Aée axﬂegzdmg
' t d
bet?“ﬁgﬁ] g{ QTﬁf ée?ﬁﬁe(f“g_]r Bgsr gig ardef%p a@.l:d{? apa ac§SS 3?],]85? attached

to tdrﬁespmdmgs tifeatied vﬁﬂﬂ)ﬁlﬂ 2@ hilleshRberfitie RBS bthh@BLY 150MRM #lves
the termpals 116 (i.e., between the termnals 116

adherpy ta Hee disptldP. ofhe B@Opérstlrféqﬂs dd4dire geneopilnpiiney end wohiented

par%ﬁ{lttg %ﬁq&%ﬁ@%ﬁ 19Lf 816 g 36 Ziﬁ g gg%qﬁt da{r% %)aé?gwrtosfof tgat the

illubBked hme-oaffsr B ae sﬂfon@d DsafE tHel tedinas NABE( 8N heBi@n the
p03|t|oned on the dies 110 in a one-to- one

terig Seblgﬁ)ﬁujeﬂﬂ@éieﬂﬁeﬁ Ofath@enal‘fecrmdhﬁé h@)sandheves thnepnb gk portion of

Pty RS S s B AR b randrag 130
ha\lerh @bﬁh@.ﬂaﬁ@ﬁ@rsecﬁ&ﬁl BiRtple tah @ ArddfostthRed ba Mgk @kS §101§103 bife-to-

driven by the configuration of the dies to which the
Ong,RATESSRRAdances ineibiern dlramtaﬂ@ standzffretdn hveothadirossegational

;
shep G ERUN BREU AR Ll P ot 35 Bmid i P i JER i gmer case
the&f‘pfoamdn off thelstbhdastes B30 i§ AR P tHel RER ol 4foPOPAS B td B@ich the

rst surface 144. The second surfaces 146 are

pareigay gandrols 33 arcasigclnd. eﬂheemdpadtaaﬂ raéhtesw@ Sﬁtt@ns 142 include a
114 of the ure

trsf Rt B st SR o R P 9 g and o

Secbﬁ?@ surface 146 opposite the first surface 144. The second surfaces 146 are

generally planar and oriented parallel to the backsides 114 of the dies 110.

- [0027] Figure 6 is a schematic side cross-sectional view of the portion of the
semiconductor workpiece 100 after inverting the workpiece 100 and reattaching the
- workpiece 100 to the support member 190 with the stand-offs 130 positioned between
the dies 110 and the support member 190. Specifically, the workpiece 100 is
removably attached to the support member 190 with the second surface 146 of the
adhesive sections 142 contacting the attachment device 196 (e.g., UV tape). The
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sem conduct or wor kpi ece 100 after inverting the

wor kpi ece 100 and reattaching the workpiece 100 to

the support nmenber 190 with the stand-offs 130

posi ti oned between the dies 110 and the support

menber 190. Specifically, the workpiece 100 is

renovably attached to the support nenber 190 with the

second surface 146 of the adhesive sections 142

contacting the attachment device 196 (e.g., UV tape).

The 8883. Qﬁ plication,doc -7 workpiece 100 is then cut
wogmierg 100isshan puty 260@ Hegs At ta sipigulatd ¢ plurdity of microclectronic

def &l B cab IR G OKIGER 0 b AT B VNS remrsgfom e

SUpPOBRAEHbEFETD 61a A &hviéhtioral g@lasaﬁmpme@bp@mk and- pl ace
apparatus. [0028] Figure is a schenmatic side

SS-S \Y
0. STk gl ASRISRLATEy (Y g
de‘ﬂlﬁé)assamhiycl(ﬂednelﬂnﬂmgm suppotit enchili?a ontdad divedt 139, aheictoeRdtronic

sl b MO 80 B e
OBL s 10 RIS RS ol Sl G o

110 withévef tefestedstongpuh dirstddie riilOa,0mldether diai 1a Odsfvihe efirdOdiagulated
wll] be referred to_as a second diel |. The | ead

migtpglegfronie geyige | Ytpewill by rf‘é’eraffdewp%ﬁo?dﬁeéoa%élef Bi0be grheypgryframe
I U

6 e 50 1 A 58l Tl R A i e

miteeldstrdibed d¢dod Y04anandris asllsi(mﬂh)y 6DTead$)ISIN(Cdi)n@vcﬁ&’e&h@ﬁh) for

el ectrical contacts. The first die 11 Oa can be either
Pﬂ@(éﬁlé% grterpakelgetrigyl copgetsn dhe degsie Hite cm beysither geagially similar

f [
o 848580 A0SR L R OE A LStk G P v
examplb vehesilldstratd® fira diack9ndeclidet aroppds tide tlhe aackede 114

side 112, a plurality of termnals 116 (e.
Opzb%ﬁa heaertive gideaklded p?(wahtarpfaewyalm 16 Kﬁeg ab@mdrﬁacb) gwanged in
o 3 R0 AR LOESL S MLt AR oy g

opéFhiﬂy ttamhkdde thé 4e@finilRel 161 r The dacksldOal4 of thé fiaghdid 110a is
die paddle 152 with an adhesive 148. After
aﬁ%@l@%&}ﬂhﬁghﬁ pddlg 13t with an pdbesive K8 h%ﬂ%r astaghigg the fispdie 110a

to fHGiL 5&819%% ﬂj% %@Hﬁgjla r%tb%'e éé%l?f%%ﬁé)l?éj ft(g gglirespondmg

corre pondlng
leatd T8+ bihdplukbldis.of first wire-bonds 160a.

Y

[0029] After connecting the first die 110a to the lead frame 150, the first
singulated microelectronic device 104a can be attached to the first die 110a with the
stand-off 130 positioned between the first and second dies 110a and 110b. Specifically,
the second surface 146 of the adhesive section 142 is placed against the active side 112
of the first die 110a such that the first microelectronic device 104a adheres to the first
die 110a. In the illustrated embodiment, the stand-off 130 and adhesive section 142 are
positioned inboard the terminals 116 of the first die 110a so as not to interfere with the

first wire-bonds 160a. Moreover, the combined thickness T of the stand-off 130 and
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[0029] After connecting the first die 110a to the |ead
frame 150, the first singulated mcroelectronic
devi ce 104a can be attached to the first die 110a with
the stand-off 130 positioned between the first and
second dies 11 Oa and 110b. Specifically, the second
surface 146 of the adhesive section 142 is pl aced
agai nst the active side 112 of the first die 11 Ca
such that the first mcroel ectronic device 104a
adheres to the first die 11 Ga. In the illustrated
theapehigsivensetiont M2 is tSHﬁé t@fSPaq?gbe dindl and heatndedice tadnaparpby a
&hals 1 f th
su. Icgen!'L %%@Eés g(p g'lgt ltn 1S w1r Pﬁa a{lﬁletcﬁ-écaﬁy couple ;he grst die

1104 foethb 0gds ISGG)ﬁthoth(ﬁﬁa/@lﬁq th@@ec@@m‘aienﬁ@bt M CdiiaB Sthe ToRbined
t he stand-off 130 and 88% Application.doc -8 the
thiglgieas i \d theestendpff 130 apd thy Ezié\éSlm S@pan é42 hﬁeglﬁatplsﬂlaaﬁdhstance

D RRERA Al firetord, BoRaRbE-{KoR whiChl Eufficech P, H0BE 478 e
1104e Affier %ttaéﬂn@g thk16@t hcrbbectt@Reldeliod 1844 ROWE first dic 110a, the
cont acti n(}] t he second die 110b. As such, the conbi ned

terpinalk & oF Thaosecond dist hHI wefelecicaificonpled dellvesespending leads
1 ' reater,th di stance D that the
15?%@& I?r/ivlur fel%' gﬁagon%é@ée-B?%qasgg@bf romthe active surface
rst dj . After attachlﬁg the first
lﬂq%#jﬁr oel ‘feo %aoﬁéb?reaéwm @ Crass-persionglr wew difethg miggpelectronic
I
deﬁt‘@asst‘:ﬁf} 'ﬁ? a?’tell%fa gfn L& SREQR %ll%l?&ﬂﬁ'j}l‘ 8&?&%&@1@ %04[) to

electric coupl e o corresp I ng
theaﬁpt Gmgh]ateﬁ mfcr&éexmﬂmdlw\ﬂe'v&aeebmﬁﬂts TBO Becohd @BFBloclecguiie dBvice
iS a sche iC S|de cross-sectional view of the

10#1 ity Fé‘i“:t? ite thgdippimicedestomie dovicef 94sr inggangrafly e game
GORGhS GRY W gfécm)ﬁ& ‘&?%@&ﬁb&’i‘is ggayed%s i%egggt E?.ﬁ:el 108€ After

Irst singulated m croelectronic device
aﬁ&ﬁnmnd thieC s@phe cinicordlectid@ic devicd Odlabe an chetrRbllpcddadedi@ to
t he férst n1croe|ec£ron|c device 104a in generally the
1

corgespandipg nlgats 434t wehs a r lprahity rfe it mar-eondsy i ¢de. 10lag other
emb dlﬁ’k‘h@c B%ﬂ dsFhd b&ilﬁ‘l%l‘lt 9&8 (ivg‘ ﬁlrrefe? nc@%’] gfgré}h g, the
n eV|ce Yy

e seco m croel ectroni c ectr
assembl}eﬁﬂerdai oot iadededpaacindgnl cegdstrbbrk deIch 184]@ btithel dséembly
of third wi re-bonds 160c. In ot her enbodi nents, such
103, qmpy, einglpde dfoNB T dase r Mraeel BTG wievises ettaekadcdn ta stacked

9, I Ve de t 0
coffigififond: 1 WineP AR YashflS 176045 Bhml Bl fre DReRBOM5 to
encapsulate the first die 110a, the microelectronic devices 104, the wire-bonds 160, and
a portion of the lead frame 150. The encased assembly 103 accordingly forms a

packaged microelectronic device 103a.

[0031] Several embodiments of the method of manufacturing the packaged
microelectronic device 103a illustrated in Figures 2-8 may enhance the quality and
performance of the device 103a because the semiconductor fabrication processes can
reliably produce and assemble the various components with a high degree of precision.
For example, the stand-offs 130 and adhesive sections 142 can be formed with a

precise, uniform thickness T so that the second and third microelectronic dies 110b-c
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103 may include four or nore mcroel ectronic devices
attached in a stacked configuration. In either case,
a casing 170 is forned over the assenbly 103 to
encapsul ate the first die 110a, the mcroel ectronic
devi ces 104, the wre-bonds 160, and a portion of the
| ead frame 150. The encased assenbly 103 accordingly
forms a packaged m croel ectronic device 103 a. [0031]
Several enbodi ments of the nethod of manufacturing the
packaged m croelectronic device 103a illustrated in

arq:mg%m% gongalhaparafel da dhe diw migerdaojronisalic ddPa.orrameesult, the
t
pagzagg@ i \é egt??rg)ig §%1§§Q§§% % éxgti%ctség rpo F gngﬁe grogheans with die tilt

andslﬁﬂfdmlc&mﬁhlﬁ SxBHuBE Sn P ONIHOREIRH! F WYré—BOIﬂishll\@&eQ%r @8 stind-offs
reci sion. . For exanple, the stand-offs 130 and
135&%&? famed stittoielatiyaly isesmensdve etesdlswiather shansxperisise, sections

r ss T so that the second and third
Ofﬁggﬁgéﬁ&%%#gﬁﬁg di es 1100- c 8883. Appl i cation.doc -9

ori ented rally pa to.the first
10625, el JoRoRIECGEY % BahoheT mapRGEiFine Blcrskeskagiscovice
oS n | 1 Y,
o e Tn o Ffer' 8 1 LSRR bR LR ol s on &
seraivdhductarhoorkpiece, ahd mnn(smhg)mmedl\ﬁnm@meﬁ thd hiﬁld -off layer to form
tand- of f's formed with relative
a vy B’e‘ﬁgs - ﬂéﬁi e&ﬁ%ll Vlﬂﬁ%lrﬁéﬁﬂdrqféﬁnﬂéwéﬁ@n%og @chackside of a
coﬁéstpﬁmﬁﬁ%"d?é?n h@ﬁlo\ﬁ%ﬁﬁer h034l dttrl'n fIe. S%H;gfb th wofkpiece
nmet hod of manutfacturing a mcr oel ect oni c
to singilateelse dies, mand gttachiteathe siafid-offayer filovdngdatpd ﬂfe&b latsycoditl die.
m croel ectronic dies on a sem conductor workpi ece,

[0033¢ 1 eMby bGh&en@dd@tcmOn i@ BEIuHBLiob s dbhd LAYES a first
to form a plurality of stand-offs. The individual

migpglgelr@tie dicartiaghing & isenvad minroglastienisidie tof sapport member, and

The th rth i ncl uttin
oSBT B e AR RaTBLL W ST L BSAER LA i
afténdraincahbisAddbiftos tRNEs0dit 08 aﬁacflﬁﬁ@ theSdeBHdl &b %j il &pport
to a second die. [0033] In another enbodi nent
nleiﬁ%‘elﬂl‘??ﬁoélF hﬁ restherk Sirther ircliyles encapsdaidfg thenfinat fud Sf.tcond dies and at
{ﬁon c di e, @ttachlng a second
Sﬁ‘ilpcpoaﬁ% T3 support nenber, and coupling

t d ff to the second die. The stand-off js
[Oﬂggﬁpf o g?qﬂpfg eg'g)@gﬁgelg,l amethod includes molding a stand-off structure,

forming an adhesive layer on the stand-off structure, and cutting the stand-off structure

leaggacpr oe

to form a plurality of stand-offs. The method further includes attaching a first
microelectronic die to a support member, coupling a first singulated stand-off to the

first die, and connecting a second microelectronic die to the first singulated stand-off,

[0035] In another embodiment, a system comprises a microclectronic device
including a support member and a first microelectronic die. The first die includes a
backside attached to the support member, an active side opposite the backside, a
plurality of terminals at the active side, and an integrated circuit operably coupled to the

terminals. The device further includes a stand-off attached to the active side of the first
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after formng the stand-off on the first die and
attaching the second die to the support nenber. The
nmet hod further includes encapsulating the first and
second dies and at |east a portion of the support
menber. [0034] I n another enbodi nent, a nethod

i ncl udes nolding a stand-off structure, formng an
adhesi ve | ayer on the stand-off structure, and cutting
the stand-off structure to forma plurality of

.stand-offs. The nethod further includes attaching a
dieg prds secpne poEPlestravs dicditached to thegisdratt. n%lrm@pgr_l die includes
a bgw& a%u(ré Etﬁ%: %BQ atélstg% %%c r#grg | f t ° ér'[ %nia%llgr f %he active

sidehandf dn Bﬂte@&t&g viratiespaitandoailéd to fh@Q@ﬁﬂm&lE‘ gnethaiside of the
enbodi nent, a system conprises a mcroelectronic

secgadidie is ﬁﬁ%qheéhtﬁ ghe stongwdh withewtoar adirgive fasitioned between the
gaﬁggﬁgﬁgegg E&_ gf$%8?h%ddLrSt die includes a

e support nenber an active
S|te th back5| de, a Iurall of .t nal s

l°°§éflte hgp O?t%efsff diment, & §emos tca?rewo teea |1’%°%efgé raBibyirate
ha¥iRY R ﬁgaﬁ f'f%ﬁcro%ﬁ&%ﬁ@h . T8E ifBVliea éér %Hﬁﬂee bl'i@étﬂrg%ﬁie a

a st attached to t active si
ba&8ig8. oﬁppiutecﬂlm ativeaale; ta(plnhtahty aﬁ&M1miscalntﬂte active side, and an

mcr‘gel e(;tronic;l di e a tag}@ed to the stand of f, The
inteplgh Greiib OpTRlty aepled i Hekeimigals o Thy sqrisiecs fygther includes a

pluPRRP st &aﬁ$§ffp%ﬁk§1‘ d@ackﬁd@s! YF 8hjé§i)091fhn e&l% nﬁ'L(f aaﬁlu}a'ﬁ%/ of

active e, an integrated circu
adtmewplsectﬂmhmattdehed&xmaﬂrcmdm‘@fmﬂaﬁksl de of the second
die is attached to the stand-off w thout an adhesive

[0080Bi t | oned ah@h¥eeBmbbmeat, and- afiérodderddie kaecitkéi dgcifdes a
t he second di ew@cLOOSG I n anot her enbodi nent,

ml@eﬁﬁ@m@t@o@ st Rfﬁ ceupled tethgdés and gubspased edhehmuattgclnd to

pl.u t . of.. m _crqgel ectroni V|dua [
oL En L Gh0R HECHEMEalEune) dTpbRaomate BeRive
sid@Ci iph@aBiydef tedmplaly afl ey adfvet Q06N Al 8n %ﬁteéﬂaﬁdaéidui’teoperably
side, and an int egr ated circuit operably couple

couplas toethei teamninalsThd mtalnéwéﬁes pegitidned 4trlehst degiadly lnboard the

rer b g WA e S PR GRS e e die and a

secBRE bureiRs ophdsae antsps&f%é esROBHBE sdRfde &f fifced BB fecond
I n anot her enbodi nent, a m croel ectroni c device

surfage pfde stagd-off.

[0038] Figure 9 is a schematic side cross-sectional view of a packaged
microelectronic device 203 in accordance with another embodiment of the disclosure.
The packaged microelectronic device 203 is generally similar to the packaged
microelectronic device 103a described above with reference to Figures 2-8. For
example, the packaged microelectronic device 203 includes a first die 110a and a first
microelectronic device 104a attached to the first die 110a. The illustrated packaged
microelectronic device 203, however, does not include a second microelectronic device

attached to the first microelectronic device 104a. Moreover, the support member of the
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m croel ectronic die, a stand-off coupled to the die,
and an exposed adhesive attached to the stand-off.
The die includes an exposed active side, a backside
opposite the active side, a plurality of termnals at
the active side, and an integrated circuit operably
coupled to the termnals. The stand-off is positioned
at least partially inboard the termnals of the die
and includes a first surface attached to the backsi de

of the die and a ., second surface opposite the first
illustrated grackapsd nygrogleg@onig Hewry 203 gwb}fl&& ap IHErPPYEs SeRBGHRS0 in
lied %E zfd RimENnEns tn‘ﬂ@rg)oggr bgt%Qefs %0 ﬁcﬂfd L8 a %rétsékc% 253 attached to
schena Srde crossdact a package

thmﬁaacckaéé @C4 pdhedirsiedie ¢ 2020 4 ﬁbcaﬁd: @Lr:ld aBE epwsitb tianfifshside 252.
di.nment of the disclosure. @ The package

Thﬁl vttt Sisiudon ey cplusay pb figgs FenGE ;25341 giTpagedtip s for
attg&?rﬁe"ﬁg e[? e?ogﬁeg}é&}%u%g}ﬁé% rn\é/ge—%ggﬂsc §6(;}ao B%Qgﬁ%% ! p%? %ll%b ¥ Second

coﬂaﬁk 2F4darfinged ¢ @@ty fdrCatteliing® B0 rtdRFINEIAS seohll I'eire-bonds
die 11 Ga and a first mcroelectronic device 104a

168t abifetrcond side 25% dnclules (Rl oapluphy pf gt pagsekpoa clectrically
coﬁ%%%%ﬂ% %Iarégp‘éﬁé’ﬁ% %?sfjr 2, &sﬁ ﬁr Omp?uraﬂg/""?“ﬁest cp{@%cﬁgg traces

I'ncl n1croe i ce

258:@ afnhﬁ{bf b phiiralyCoTaRt @RI e@l@|2(56ﬁ%Wcﬁﬁ:aﬁ?é@nne%’fbﬂqa\h@frespondmg
the support nenber of t 8883. Appl i cation.doc -11

seqopg @@nﬁa@ﬁs 8&41@afeqha'géura}rw$f@éc@@tqo@ﬁwwa énap@sembs The fllustrated

e n.nterpose
paoREt PGB TE RARET B0 S HPOT Dieicar @ kgt 1 ik coupters
280 (&84 sda@i%aa&)?auaeﬁeaqu firdt aﬂdrs@ccbﬂ kdscald 4 of the
first die 110a and a second side 253 opposite the
10039 St SFRGre3520 andD®1 filthdfats 'sﬁgesz%% 4 e st (Bndacturing a
plurality of first contacts a arranged I n arrays
pafkaged abiceeharbntict devdor nesqomdamg fwiiths tnathere etmbodignent of the
d (b) .a plurali.t f second contacts 254
dlsﬁlgﬁ‘érﬁg Igr F’éﬁ‘%ﬁl? aFD e g isd schicmpiinpid dp grasgpsEiopenashg! @ portion
of SEFQRHi Wi @@? 9g %@%ﬂ-oﬁq‘@t %Osdnqeﬁlgt'séﬁ eb i G8hesive
(a) aplurality o i rst pad a electric y
lawmrﬁvﬂ@a{beﬁimned on thicestpaialif sgudtinresi2 0c ofttcastdrsl- cﬁsémmmza has a
lurality of first cong%ptlve traces _ 258a,

and
cirpiflay sgctangulsr. o ot quiablsplaniopm shane; Wé&?lwscaoﬁrﬁte@@@a Surface
328 InfRLERRR ﬂfh‘?&l"'kﬁrface 324 opposite the first major surface 322. The stand-off

structure 320 includes a flowable dielectric material and can be formed via molding or

other suitable methods. After forming the stand-off structure 320, the first adhesive
layer 340a is placed on the first major surface 322 and the second adhesive layer 340b
is placed on the second major surface 324. After attaching the adhesive layers 340, the
workpiece 300 is cut along lines B-B to singulate a plurality of individual stand-offs
330 with corresponding adhesive sections 342a-b. In other embodiments, the
workpiece 300 may not include one or both of the adhesive layers 340 such that one or

both of the major surfaces 322 and 324 are exposed.
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second contacts 254b with a plurality of second
conductive traces 258b. The illustrated packaged

m croel ectroni c device 203 further includes a
plurality of electrical couplers 280 (e.g., solder
balls) attached to the first and second pads 256a-b.
[0039] Figures 10 and 11 illustrate stages of a nethod
of manufacturing a packaged nicroel ectronic device in
accordance wi th anot her enbodi nent of the disclosure.

For exanple, Figure 10 is a schematic side
[004Pbs s - sEwure 4l lauae\ﬁphﬁnnaéwp@ﬂm enss-gsctionahoyikpi e€ea 3@okaged

ff t
B O T TR I .
Thﬁtliddkégéﬂenﬁ&aeleafﬁﬁu@tcw@fbeoﬁm Stk r g'éﬁekﬁlﬁf 31%11293&) @he packaged

circular, rectangular, or other suitable planform
migpepeiranil devies udBe deseribegt abmyjeowithurefesence ®2Pigures 28. For

G ' f 324 fi
o0 PSSl Q08 B8 RORE3DY Sr ) B B8 o
1104 avrhéetdir! 185d FameNB0Ehhdla RBShCaR NObLT AR 14 Be first die
nol di n ot her suitable nmethods. After form ng the

1Ty aﬂﬁ@-lgﬁsﬁaﬁﬁdrm@kweé ngeeclechenit idegite A doiverer, fuather includes a

40 the.f f 32
e WA R0 U ST P g et e SE 51, Se0E0 duSarida b with
the MBEOAdh8HVE 86cBioR 2424 AltdcBkd 88 HRCREDY s1B Y 18dReR Nt HRVQ0S and
340, the workpiece 300 is cut along lines B-Bto

the§ﬁ¢$gldl aghesive gsictipmB#2ly attfchpditli thiedaeksidet Bidefothe secodd@ie 110b.

in Jglibarh h ERRSEs e r el BiG08 i o e e e Bl three
or B® Micrdd@tdgiRedicvel loayRiched4d 8USLEKED %nﬁgﬁ‘raﬁén bR Bther

of the major surfaces 322 and 324 are exposed
emB@B@enppthicc prdkegedd oucrogRctr@0d Glevigk gif3e by inglude an interposer

mﬂﬁ?%Pgéfgﬁ?é%ﬁﬁ@gross ctional view of a packaged

303 in accordance wi th anot her

enbodlnent of the disclosure. The packaged
[004] ]y oel &t PBRICE tléf‘ep@%éggbslwr@el@@m%ripyw% tespiabed; ebavievith

ref&éﬁ%q Féeynfé [ep t@%ne% 15185}?8rage%181h&)e 37%% )@%ﬂﬁ eof E’a{%ger%g%r more

conpaex a;gminsrmm Qeﬂepmtmm\@ EHeVifochidl & $Hﬂ)®&}ntﬂﬂ:ﬁ5rn§t1daﬁ9‘in Figure
frane 150, a first die 110a attached to the | ead

12.¢ Fhgriysiespd9Gean IaC%lé%é@aOC@ﬁS@r FP o memaphi g 1AM PRAM,
Fla%lé\%lccl:/é}gglgl" ILE%I \N&/hé{% %é@ﬁﬁh%%@geﬁg %Sd/%r ofhef su%systems

or components 494, Microelectronic dev1ces may be included in any of the components

shown in Figure 12. The resulting system 490 can perform any of a wide variety of
computing, processing, storage, sensor, imagers, and/or other functions. Accordingly,
representative systems 490 include, without limitation, computers and/or other data
processors, for example, desktop computers, laptop computers, Internet appliances,
hand-held devices (e.g., palm-top computers, wearable computers, cellular or mobile
phones, personal digital assistants), multi-processor systems, processor-based or
programmable consumer electronics, network computers, and mini computers. Other

representative systems 490 include cameras, light or other radiation sensors, servers and

8883.Application.doc -13-




first singulated stand-off 330 positioned between the

first and second dies 110a-b with the first adhesive

section 342a attached to the active side 112 of the

first die 110a and the second adhesi ve section 342b

attached to the backside 114 of the second die 110b.

I n addi ti onal enbodi nents, the packaged

m croel ectroni c device 303 may include three or nore

m croel ectronic dies 110 attached in a stacked

configuration. In other enbodinents, the packaged
assprigtedeparerr sHhsysteasi displayadevigesi aad/anengnoyntevigrssedn such

t A= l4] : f 50. .1 004 .
e N R e V.

Coatporentyviolf hthe sedtéh e4v0emia® bel giiised i aldin@annieor distributed over
i ncorporated into any of a nyriad of |arger and/or

mukgle inkespmnested Pailse peS.-4Dmugh o eoprEvripationg netvnk. dfomponents
i Chye ically. in Fi 12, Th tem.
oy SUAE E SIBALERL0 o B o DRI

varfiRAM cdapfiver-refdl s medind/ or ot her nmenory device),
i nput /out put devi ces 493, and/or other subsystens or

[00948]PONERLS, ﬁ%%@re%iﬁ% GelAfbe %ﬁir@ci&@d’ gﬁg%&&% éél?oodimen_&(.)f the

i ncluded 1 n any he conporient s gure
invehigorr @gw bieery deycsibednhdBin damn ppeoiar of dhigtratfora bait dBat various

variety of conputi.ng, processjng,. Siorage, sensor,
mﬁ%@@? gy ¢ gradgoniiut tngt ottt ARG BIVERtRgY yFor example, many
of HEPERARALALE Ve SHito@lFFert "t%“lcﬁﬂﬁm WP Wher embodiments in

' mtation, conputers and/or other dat'a processors,
addigon éx anph dicudesSti ogiernantp wf ehs ptHeaphdpdbonit csordingly, the
. Internet | iances, . hand- hel d devices (e.qg.,
InvERHGR IS Gt 3Rt asv@é”éﬁ%\ﬁli’l@n@%ﬂp@r s, cellular or

nobi |l e phones, personal digital assistants),

mul ti - processor systemns, processor-based or

programmabl e consuner el ectronics, network computers,

and m ni conmputers. O her representative systens 490

i ncl ude caneras, light or other radiation sensors,

servers and 8883. Application.doc -13 associ ated

server subsystens, display devices, and/or nenory

devices. In such systens, individual dies can include

i mger arrays, such as CMOS i magers. Conponents of

the system 490 nay be housed in a single unit or

di stributed over nultiple, interconnected units,

e.g., through a conmuni cati ons network. Conponents
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can accordingly include |ocal and/or renote nenory
storage devices, and any of a wide variety of
conmput er -readabl e nedi a. [00421 Fromthe foregoing, it
wi |l be appreciated that specific enbodi nents of the
i nventi on have been described herein for purposes of
illustration, but that various nodifications my be
made wi thout deviating fromthe invention. For
exanple, many of the el enents of one enbodi ment can
be conbined with other enbodinents in addition to or
inlieu of the el ements &fLABMS ot her enbodi nents.
Accordingly, the invention is not linmted except as
by the appended cl ai ns. 8883. Application.doc -14 i
A W claim [ell 1. A nethod of manufacturing a
m cr oel ectroni c device, the nethod conprising:
providing a stand-off |ayer over a plurality of
m croel ectronic dies on a_ sem conductor workpiece;
[l enovi nl sel dhelod of maskirchringremigragectionfc dewes theomethod
. plurality of stand-offs, wherein the
Cm%ﬁ%?%gdual stand-offs are positioned on a backside of
a corr eppoiitigng sting;oft Wyti ogert 1 plusay 0O MeiuREREtronic dies on a
wor kpi ece to singulate the dies; and attaching the
st and- of f onSeAiEeRAREtos Wegnigeed die to a second die.
[c2] 2. . 1 aj h Qnmmrd si ng: .
For i ng BN LA b 3 tos, WA-AR G150, Kglar®ptaraiey of
bef or e r enovitngl-684, eclicein tBerihdioldsa0§tadd16ffs b Posdfidned on a
| ayer; renoving selected portions of the adhesive
| ayer bef or ebasksitle afa eoreespending disduct or wor kpi ece;

cutting the semiconductor workpiece to singulate the dies; and

attaching the stand-off on a first singulated die to a second die.

[e2] 2. The method of claim 1, further comprising:

forming an adhesive layer on the stand-off layer before removing selected
portions of the stand-off layer;

removing selected portions of the adhesive layer before cutting the
semiconductor workpiece;

coupling the second die to a support member before attaching the stand-off
of the first singulated die to the second die;

wirc-bonding the first singulated die and the second die to the support
member; and

encapsulating the first singulated die, the second die, and at least a portion

of the support member.
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coupling the second die to a support nenber before
attaching the stand-off of the first singulated die
to the second die; wre-bonding the first singul ated
die and the second die to the support nenber; and
encapsul ating the first singulated die, the second
die, and at least a portion of the support nenber.
8883. Application.doc -15 [c3] 3. The method of claim
1, further conprising: depositing an adhesive |ayer on
t he stand-off |ayer before renpving selected portions
[Slof t he &t andThi wethad of claypd, fushessompristigact ed porti ons

of the Lye . he Ug L. .
e conahornpl vl BUEGIRCI RS of bt Nend. B, s, potpp, reoving
1, further caidgiddsporgorzadmphd Bghd-dElsecand die to a

| ead frame before attaching the stand-off on the first

si ngul aicEWVEe selgctedepasiensngl the eadhpyng layer Thrforgeewiting the
of claiml1, - . sing coupling the second die

to an interp%%é%ag%ﬁ@?gﬁpgﬁ(%Tore attaching the

stand-off on the first singulated die to the second

die. [c6] 6. The method of claim1 wherein renoving

[(dlsel ect et por Fheomsthefl of glaim dt fdhenedmprigjeg carplipg theesscond die

o 6000 B AL MR, 0 A

dieand i nboard the term nals of the corresponding die.
[c7] 7. The nmethod of claim11, further conprising
nol di ng the stand-off |ayer onto the sem conduct or

kpi ege. [£8]. 8, Th t f claiml wherei o
Iy arroui 15 sel CoaBamaS T e TofirPhe Sordintiti PR g sccond die
to A0 pSEeSsubkit-te BefokdaitehedhOthnd-abreh tMé Filkt #nBhaRA die to the

second die.

[e6] 6. The method of claim 1 wherein removing selected portions of the
stand-off layer comprises forming the stand-offs with the individual stand-offs
positioned on the backside of the corresponding die and inboard the terminals of the

corresponding die.

[e7] 7. The method of claim 1, further comprising molding the stand-off

layer onto the semiconductor workpiece.

[e8] 8. The method of claim 1 wherein removing selected portions of the

stand-off layer comprises cutting the stand-off layer with a blade.
[¢9] 9. The method of claim 1, further comprising connecting a backside

of the second die to a support member before attaching the stand-off on the first

singulated die to the second die, wherein attaching the stand-off on the first singulated
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[c9] 9. The nethod of claim11, further conprising
connecting a backside of the second die to a support
menber before attaching the stand-off on the first
singul ated die to the second die, wherein attaching
the stand-off on the first singul ated
8883. Application.doc -16 die conprises coupling the
stand-off on the first singulated die to an active
side of the second die. [CQ 10. The nethod of claim
.1 wherein renoving selected portions of the stand-off
diq eapanrises ppymiing she stand-pifcan thy fastingulated dJiede antagiiee wde of the
Se&@yhﬂg a generally wuniformthickness. [cll] 11. The
nethod of claim1 wherein form ng the stand-offs
conprises constructing a plurality of spacers having
a first major surface and a second major surface
lel§ener al 1§ palh¢ msthodepfidhans | pdreraimjamodng selested pertiphs of the

sforr G EhBig cdsRiirbof dTE PLoBRE ARty posenceaty

uniformsthi&negul at ed die on the second die with a
generally rigid stand-off positioned between the
first and second dies. [c13] 13. The nethod of claim

1, further c rising:.. .f.ormng the stand-off |ayer on.
e di ebl andBEBURT A Eh TRt JoTH 8§ e YRS coprises
costrabgh O b fpriAusr oﬁgéa%érsf t@dfv!iﬂgg firbemafoRNWrfa®f find @8Y&Bond major

cl4] 14. A nethod of manufacturing a mcroelectronic
suriweigercralihparaiiel hothe fogmajbssurfpcef or mi ng a stand-of f on

a first mcroelectronic die; attaching a second

m croel ectronic die to a support nenber; coupling the
eigt and- off  t orhdiendRGOBE i 8 §BdrefOLAfgl I8 stand-off to the

stand-off on the first die and attaching™the secon
secghe dieccopipeissusipdng the Mive singalated die onpisudcatridndje thidr a generally

ri,gg:llf Iﬁ%st -c?f? gosﬁggr%g%eggre%% en grs? Ell’l see%glgd c%eg ortion of the

[c13] 13. The method of claim 1, further comprising:
forming the stand-off layer on the dies; and
depositing an adhesive layer on the stand-off layer after forming the stand-

off layer.

[e14] 14. A method of manufacturing a microelectronic device, the method
comprising:
forming a stand-off on a first microelectronic die;
attaching a second microelectronic die to a support member;
coupling the stand-off to the second die after forming the stand-off on the
first die and attaching the second die to the support member; and
encapsulating the first and second dies and at least a portion of the support

member.
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menber. 8883. Application.doc -17 [cls] 15. The nethod

of claim 14 wherein coupling the stand-off to the

second di e conprises connecting the stand-off to an

active side of the second die with the stand-off

positioned inboard a plurality of termnals at the

active side of the second die. [cl6] 16. The nethod

of claim 14 wherein form ng the stand-off on the first

di e conprises constructing the stand-off on a backside

of the first _die. ggl7 17. The nmethod of claim14
[c18her ei nl3-or nithg negkod of sdpiwr 14 orhersie doppling the stand-off to the

| C ] t d-off.on.th Lrst di .

e AR S e R o b BN g pnd e wi
thel stdelasfifl pasifbuwdaihbdard @fpliiralifi ofabrinifdls bide fabtivd sigd 6F the second
.[c18] 18. The nethod of claim 14, further conprising
16el ectrically connecting the first and second dies to

the support nmenber. [c191 19. The nmethod of claim 14

wherein: attaching the second die to the support
[cidyenber  cONPr TEemetRdRIfichGmt Pewh&emO0nRAizhd faml-bERA the first
_frane; and the nmethod further conprises w re-bonding
dietgemprisesseongimertingdeneiantl-ef on@ hapksidd efgbie firsadis, [ c20]

20. The nethod of claim 14 wherein: attaching the

second die to the support nenber conprises coupling

1 he seppnd Whemethodhbf! ic[h‘ixﬁf]ﬂ%ﬁérei%%ﬁﬁiﬁ%ttﬁé st%ﬁﬂoffrbgl the first

met hod further conprises wire-bonding the first an

diegopyprigeti¢anstregiingtihe stand-effnoctbe fisuldixt with ¢he stand-off positioned at
883. Applid cation.doc 18 [c211 21.. A .nmet hod of
eafiaRa SRR BB oL et EEE the et hoo
conpri si ng:
[c18] 18. The method of claim 14, further comprising ¢lectrically connecting

the first and second dies to the support member.

[c19] 19. The method of claim 14 wherein:
attaching the second die to the support member comprises coupling the
_ second die to a lead frame; and
the method further comprises wire-bonding the first and second dies to the

lead frame.

[c20] 20. The method of claim 14 wherein:
attaching the second die to the support member comprises coupling the
second die to an interposer substrate; and
the method further comprises wire-bonding the first and second dies to the

interposer substrate.
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nol di ng a stand-off structure; formng an adhesive

| ayer on the stand-off structure; cutting the

stand-of f structure to forma plurality of stand-offs;

attaching a first mcroelectronic die to a support

menber; coupling a first singulated stand-off to the

first die; and connecting a second mcroelectronic die

to the first singulated stand-off. [c221 22. The

nmet hod of claim 21 wherein nolding a stand-off

structure caonprises form ng a stand-off structure
2Havi ng Alfir &t MekIPE rofwgaégﬂw migeelseftprmafievice, the method
°°§§55?§? opposite the first major surface, and wherein

the rst and second mmj or surfaces are exposed.

[c23] 2dwldibgasahdofl selictttadi m 21 wherein: the

stand-off structure conprises a first major surface

and a sEUBWRE Hegdbhesive layerenethe pandioflstiupeIsi r st maj or
focer form . | . |
e G DS ATy o

sur f aceatththgtd@rsmaidieleditonichie t(pmt’gipbﬁe&nﬁmapi ng a
second adhesive |ayer on the second major surface.

[ c24] 22ouphiRg ad@stissgubtedeytandnet® o thindirgidie; aadt achi ng

the fir e 1o t t. e rises

connect ¢ e Sk OR AR TR e BRIRYT B e
menber; and coupling the first singulated stand-off to

the first die conprises attaching the first
[2Yj ngul a?ed stThhdnathdd pp claimat iwheredn deoldingt , etahiloff structure
' 883. Appl i,.cati.on, dog -.19 5]..25. The t hod of .
co s S SRR B A0 A B S R
suFicR pp&ife thefitsh thafdristifadh, enCRAVEINSAS fitdt bhAG KBEd n{a{y'tﬁ surfaces
first singulated stand-off to the first die with the

aregxapeedof f  and

[c23] 23, The method of claim 21 wherein:
the stand-off structure comprises a first major surface and a second major
surface opposite the first major surface;
forming the adhesive layer comprises disposing a first adhesive layer on
the first major surface; and
the method further comprises placing a second adhesive layer on the

second major surface.

fc24] 24. The method of claim 21 wherein:
attaching the first die to the support member comprises connecting a
backside of the first die to the support member; and
coupling the first singulated stand-off to the first diec comprises attaching
the first singulated stand-off to an active side of the first die.
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correspondi ng section of the adhesive |ayer projecting
a first distance in a first direction fromthe first
die; the nmethod further conprises wre-bonding the
first die to the support nenber with a plurality of
Wi re-bonds; and the individual wre-bonds project a
second distance in the first direction fromthe first
di e, the second di stance being |l ess than the first
di stance. [c26] 26. The nmethod of claim 21 wherein
attaching the first die to the support nenber

(2% onpr | s%g cotipt methodiof claprp 24 Whiegeiio an i nt er poser
substra : . | a A r.ein .
attachi %Ogm%lhé%iﬁl?%z Slgggﬁ%eges %Eﬁ@g‘)fﬁgopglgraf%@né %ﬁ\éﬁ%mes attaching
conpri ses cothplfirfigsihididatéd Etahd-dffottbe rdt @adwith @lfestand-off and
[c28] 28. The nethod of claim 21 wherein connecting
t he second df@responding seetiogt ofjtheadhese davendrefepting a first
conpri ses att.aching .t i first
si ngul at ed E%I?%E%eﬁ%fafﬂgtfcﬁger%ﬁglgggmﬁ%%{%g%fi rst
si ngul aghednsthad dudhdr dotnprides MifeShondir theC8] d#%o the support
system conprising a mcroelectronic device including:
a support newmgaper with p piraliy of vdtcdwndsangd di e
i ncl udi A5 ks] a hed.to the support er., .
an acti t\ﬁ}g 11§c|11ggdﬁglzggr§-ibtoéﬁfﬁré) e[g:gg KS F‘%@, élgt%g‘feullnaﬁhlet}i}Stoﬁﬁﬁec‘ﬂon
term nal s atfrbmethactisy QicS ithe secdnd Aftahdd BGRAYRY than the first
circuit operably coupled to the termnals; a
stand-of f atdisiéhesd to the active side of the first
die; and 8883. Application.doc -20 a second
m croel ectronic die including a backside, an active

(2631 de OpEASi t'Bhe Wihighdda6K Siatlh, 2 2 witlekti@lakthohiRd theehindtNAl So the
at the active side, and an integrated circuit

supppe medhiyer comptiess couplingethe Srstidiesion intivpostrsubdteate.
backsi de of the second die is attached to the
stand-of f wi thout an

[e27] 27.  The method of claim 21 wherein attaching the first die to the

support member comprises coupling the first die to a lead frame.

[c28] 28. The method of claim 21 wherein connecting the second die to the
first singulated stand-off comprises attaching the second die to the first singulated
stand-off after coupling the first singulated stand-off to the first die.

[c29] 29. A system, comprising a microelectronic device including:

a support member;

a first microelectronic die including a backside attached to the support
member, an active side opposite the backside, a plurality of
terminals at the active side, and an integrated circuit operably
coupled to the terminals;

a stand-off attached to the active side of the first die; and
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adhesi ve between the stand-off and the backside of the
second die. [c30] 30. The system of claim 29 wherein

the stand-off is positioned inboard the term nals on

the first die. [61] 31. The system of clai m 29,

further conprising: a plurality of wre-bonds
electrically connecting the termnals on the first

die to the support nenber; and an adhesive section

positi oned between the stand-off and the first die;
wherein the wre-bonds project a first distance in a
first ot peend sHerplsrirame dicripslydingjachackside. whacdyside epposite
stand-of f a Y

i atance i n PROWFRILE BREMPREE B AFEREYE gog, nd an
the second dinsfgan&E chaiingpgtislat@uplet tanhé hanfihdl§twherein the
di st ance. [C32L 32. The system of claim 29 wherein the
support menbeackederpf ﬂsee?s%@nd fligdy attachng to thesgpndseff without an
system of cl

compr i ses. antifepRBBREid ol TARAE HIRNAR0 e second die
systemof claim29, further conprising a casing

coverlo? the stand-off, the first and second dies,
[3thnd at fastThe Spf@'iem ofrrlam Thwhergipbe stan@wtias positioned inboard

doc -21 [65] 35. The systemof claim
ﬁmgggﬁgﬁfgnﬁw r“ Prst and second dies are electrically

coupled to the support menber. [c361 36. The system of

claim?29, further conprising a processor, a nenory,
[31hnd an Ilnput Tsutypiem efeldins9, \ﬁhﬁ}eewmmsmgast one of

the proc devi

i ncl udeasgfuﬁag{%oi ?Vgrgfr%gﬁ? %lfthElCﬁl F%’éle t? é‘f mﬁ&s ot thie first

sem conduct Ofje ¥Ih RbSFeRs mEABEE bl NY: a substrate
including a plurality of m croel ectronic dies, the
i ndi vi camsgdhggiegsection positioned between the stand-off and the first die;
wherein the wire-bonds project a first distance in a first direction from the
first die; and
wherein the stand-off and adhesive section project a second distance in the

first direction from the first die, the second distance being greater

than the first distance.
[€32] 32.  The system of claim 29 wherein the support member comprises a
lead frame.
[¢33] 33. The system of claim 29 wherein the support member comprises an
interposer substrate.
[e34] 34, The system of claim 29, further comprising a casing covering the

stand-off, the first and second dies, and at least a portion of the support member.
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having an active side, a backside opposite the active
side, a plurality of termnals at the active side,
and an integrated circuit operably coupled to the
termnals; a plurality of stand-offs on the backsi des
of corresponding dies; and a plurality of adhesive
sections attached to correspondi ng stand-offs. [cis]
38. The sem conduct or wor kpi ece of claim 37 wherein
the stand-offs are positioned at |east partially

i nboard the termnals on the correspondi ng dies. [c39]

€389, The33eni thhausenroielaipi S whereit (thy #irs andhseceidy dies are
e 4. ndi Vi L. . adhesive,sections conprise a first
eleé%r%?lgggduﬁet%ggﬁheedsupgot Héen%bgf'r espondi ng stand-of f and a
second, exposed surface. [coo] 40. The sem conduct or
wor kpi ece of claim 37 wherein adjacent stand- offs are
[3&paced Hpar t Thysyategnpf clpion?y, futher Thmpsieitie aqmokesssosr a memory,
rkpi ece of ,cl.aim,37 .wherein the.stand-offs, are
a8 SRLEES o o5ia8 TRt aL 1 Gh i Db riens e heinory, or the
inpat/bltut dedtea @Rl YR PRFHAILARAL dR&lween the stand-offs
and the dies. 8883. Application.doc -22 [c421 42. The

sem conduct or wor kpi ece of claim 37 wherein the
I ndi vi dyal tand-offs conprise a first surface

=7t t ached "t o 5ﬁ&m&wPﬁg§ﬁa%§%ﬂﬁm&ﬁ@ﬂ?ﬁ&mg-second,
gener al § ¥kt i8thdiRS § pREMRG R hiliB bR 806118 Blividual dies
adhesi ve section and opposite the first surface.
1c431 43. A mvengpehestivenside,dehackside appodisi thg: active side, a
m croel ectroni c.die.including.,an exposed active side, ., .
a backsi de o@ﬁ’@é‘%{ af tetIWé“agsc ?Hg'ili‘@ @Fl&g sidg, EJ‘I"qS?%I“?t?%“ atgg circuit
termnal s atofheAcdipt& Bitketerditdisan | ntegrated
circuit operably coupled to the termnals; a stand-off
coupl eca ploralieoikitandasifs pothietiadmsitks af coreapondimg diest| dny

i nboard the,. te nals of. the dje, the stand-off
| ncl udh TRy pRadhetly§ sictions igchelio corresponding stand-offs

[c38] 38. The semiconductor workpiece of claim 37 wherein the stand-offs

are positioned at least partially inboard the terminals on the corresponding dies.

[¢39] 39, The semiconductor workpiece of claim 37 wherein the individual
adhesive sections comprise a first surface attached to the corresponding stand-off and a

second, exposed surface.

fcd0] 40. The semiconductor workpiece of claim 37 wherein adjacent stand-

offs are spaced apart by a gap.
[c41] 41, The semiconductor workpiece of claim 37 wherein the stand-offs

are disposed on the backsides of corresponding dies without an adhesive positioned

between the stand-offs and the dies.
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to the backside of the die and a second surface

opposite the first surface; and an exposed adhesive

on the second surface of the stand-off. [c441 44., The

m croel ectroni c device of claim43 wherein the

stand-off is attached directly to the backside of the

die without an adhesive positioned between the

stand-off and the die. [c45] 45. The mcroel ectronic

device of claim43 wherein the stand-off conprises a

nmol ded dielectric material. [c461 46. The ] o
[4%i cr oel &&t r ohhe seymigprduckr workpivreiaf olaiam Si7rwhdrein the individual
sta@@-gggAcg)L plrggtsal %rns_t gglgg(geg%&a\éhgcp Itg %emcglrr]és%grqcﬁrslgs 'die and a second,
generally flat surface attached to the associated adhesive section and opposite the first

surface.
[c43] 43. A microelectronic device, comprising:

a microelectronic die including an exposed active side, a backside opposite
the active side, a plurality of terminals at the active side, and an
integrated circuit operably coupled to the terminals;

a stand-off coupled to the die and positioned at least partially inboard the
terminals of the die, the stand-off including a first surface attached
to the backside of the die and a second surface opposite the first
surface; and

an exposed adhesive on the second surface of the stand-off.

[cdd) 44.  The microelectronic device of claim 43 wherein the stand-off is

attached directly to the backside of the die without an adhesive positioned between the

stand-off and the die.

[c45] 45. The microelectronic device of claim 43 wherein the stand-off

comprises a molded dielectric material.

[e46] 46. The microelectronic device of claim 43 wherein the stand-off has a

generally uniform thickness.
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