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 wor kpi ece usi ng
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integrated circuit bond- pads provi de externa

el ectrical contacts on DEMIGESe 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

TR 1@%}p gl bet ween bond- pads. The dies can also be
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dies are packaged to protect the dies and to connect
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Ind1v1dua1 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, the



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. [00041 El ectronic
products require packaged m croel ectronic devices to
have an extremely high density of conponents in a
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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.



[ 0006] To address these concerns, sone conventiona
packaged m croel ectronic devices include an epoxy
spacer, rather than a section of a sem conduct or
wafer, to space apart the first and second
m croel ectronic dies 10a and | Ob. The epoxy spacer is
formed by dispensing a discrete volunme of epoxy onto
the first die 10a and then pressing the second die
10b downward into the epoxy One drawback of this
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sem conduct or wor kpi ece. [0011] Figure 3 is a
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the workpiece of Figure 2. [0012] Figure 4 is a
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the sem conductor workpiece after form ng an adhesive
[0008) er ofigetee 18 asphempticallyy alustrates 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.



-3- 0 [0013] Figure 5 is a schematic side
cross-sectional view of the portion of the
sem conduct or wor kpi ece after renoving sections of the
stand-of f and adhesive layers. [0014] Figure 6 is a
schematic side cross-sectional view of the portion of
the sem conductor workpiece after inverting the
wor kpi ece and reattaching the workpiece to the
support nenber. [0015] Figure 7 is a schematic side
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packaged mcroelectrgonic device in accordance with
firghsingulafedapisensienpric devieqwitagheddp hefie. [0019] Figure 10

is a schematic side cross-sectional view of a portion
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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 is a schematic illustration of a system in which the microelectronic

devices may be incorporated.
DETAILED DESCRIPTION

[0022] Specific details of several embodiments are described below with reference

to packaged microelectronic devices including two or three stacked microelectronic dies,

4 o



to packaged m croel ectroni c devices including two or
three stacked mcroelectronic dies, -4- 0 but in
ot her enbodi nents the packaged m croel ectroni ¢ devices
can have a different nunber of stacked dies and/or
may i nclude ot her conponents. For exanple, the
m cr oel ectroni ¢ devices can include m cromechani cal
conmponents, data storage elenments, optics, read/wite
conmponents, or other features. The m croel ectronic
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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

perform different functions.

[0024] After constructing the microelectronic dies 110, a stand-off layer 120 is
formed across the semiconductor workpiece 100 at the backsides 114 of the dies 110.

The stand-off layer 120 can be formed on the workpiece 100 by molding, spin-on



performdifferent functions. [0024] After constructing
the mcroelectronic dies 110, a stand-off |ayer 120 is
formed across the sem conduct or workpi ece 100 at the
backsi des 114 of the dies 110. The stand-off |ayer
120 can be forned on the workpi ece 100 by nvol di ng,
spin-on -5- 0 techniques, filmlamnation, screen
printing, spraying, brushing, a dip bath, or other
sui tabl e processes. The stand-off l[ayer 120 has a
al n n
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thatt%n 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
142 on corresponding dies 110. Sections of the stand-off and adhesive layers 120 and
140 can be removed via etching, cutting (e.g., with a wafer saw or dicing blade), or other
suitable methods. In other embodiments, the stand-off and/or adhesive layer 120 and/or

140 can be composed of a photoactive material, and sections of these layers 120 and/or



[00261 Figure 5 is a schematic side cross-sectiona
view of the portion of the sem conductor workpiece
100 after renoving sections of the stand-off and
adhesive layers 120 and 140 to forma plurality of
di screte stand-offs 130 wth adhesive sections 142 on
correspondi ng dies 110. Sections of the stand-off and
adhesive layers 120 and 140 can be renoved via
etching, cutting (e.g., with a wafer saw or dicing
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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 workpiece 100 is then cut
along lines A-A to singulate a plurality of microelectronic devices 104. The individual
microelectronic devices 104 can be removed from the support member 190 via a

conventional pick-and-place apparatus.



to the backsides 114 of the dies 110. [0027] Figure 6
is a schematic side cross-sectional view of the
portion of the sem conductor workpiece 100 after
inverting the workpiece 100 and reattaching the
wor kpi ece 100 to the support nenber 190 with the
stand-offs 130 positioned between the dies 110 and
the support menber 190. Specifically, the workpiece
100 is renovably attached to the support nenber 190
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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 the adhesive
section 142 is sized to space the first and second dies 110a-b apart by a sufficient distance
so that the first wire-bonds 160a can electrically couple the first die 110a to the leads 154
without contacting the second die 110b. As such, the combined thickness T of the stand-
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wi th an adhesive 148. After attaching the first die
110a to the die paddle 152, the termnals 116 can be
el ectrically coupled to corresponding | eads 154 with a
plurality of first wre-bonds 160a. [00291 After
connecting the first diel | Oa to the |ead frame 150,
the first singulated mcroelectronic device 104a can
be attached to the first die 1 10a with the stand-off
130 positioned between the first and second dies 110a

of AI%h dntGhe adiREivt kétidh 142 1§ at SN disttd BGRat IEHRf wirb8onds
adhesi ve section 142 is aced agai nst the active side

169 praject freen fierastive girgace 103 of dohfirhaie tide. Afiagtattaching the first

ml%%[%gorpg tdrei%gle 909 eﬁos fhr%afél gﬁﬁlgﬁ@'&g{ ?lré r;c%x%u{x § lfl gh ond die
1108 @re%ld:t@&ll’l?%bmﬁe@ fCidrRBpohdihgdesls 108 lvtlﬂmpidrahltw@madad wire-
the termnals 116 of the first die 11 Ca so as not to
bopgs Ki0bere with the first wire- bonds 160a. Moreover,
t he conbi ned thickness T of the stand-off 130 and the
[003@hesi ingu@e& ti$ @nschapatics sige 2sebstsectinpak eiewhef thesmicgeriectronic

secaond art suffj gi ent t ance .
e g BB oot et e Wbl BRlor e D s P o
thd fist §ihgidited interddlBaronie debi%e 11644 STHe s condl Ifubfdélectromc device 104b

contacting the second die 11 . As such, the conbi ned
can R aftarhed forthgirstraicelegtonic devige 94a ingronerally thgesame manner as

o REFG TR0 SAORT 00 4 RS A8
thessechbat midrddeafonichdevider Kb ds elebtrlbﬁhl cohihtaed tt ¢aepongding leads

he first .mcroel ectronic device 104a to the fir
154 with p plyralify, of (thiy &%@r@nﬂiééé? t ot SIHB"‘g{nénts’li% as the

em%&n?‘eln?%&hﬁé’d Wlo@%%f&&c@ Qb rﬁ%ﬁ@@“tﬁg ab& [ oégﬁﬂr may not

a plurality of second wre- bonds 160b.
mdﬁu@uhe s@ond nacreelbamaid deviied®4t oo $e-assenthily hd may awluwie four or

o i o et Suac e i AR Bl Bl S Einge gasen casing
178 4Brh & oveh ﬁlefdsﬁe%{blﬁ L ool eﬁ&ﬁgulﬂieqh@ﬁfseﬁffeﬁ@% Gh&h@ick Sefectronic
104a. The second microel ectronic device 104b can be

devegsatife dhe wincthongls 169, andca pettiont ofothe deadefyame 1504 allienencased
nn
s RLErat Orrgﬁlﬁli‘f o %%30?6% SiglolfelbiEliviee 108 11 st

[00(3&]e 11 geaver A t e men s orrfE thé 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 are oriented
generally parallel to the first microelectronic die 110a. As a result, the packaged
microelectronic device 103a is expected to not have problems with die tilt and the

concomitant exposure and/or shorting of wire-bonds. Moreover, the stand-offs 130 can



the second m croel ectronic device 104b is electrically
connected to corresponding leads 154 with a plurality
of third wire-bonds 160c. |In other enbodinments, such
as the enbodi nent descri bed below with reference to
Figure 9, the assenbly 103 may not include the second
m croel ectroni c device 104b or the assenbly 103 nmay

i nclude four or nore mcroel ectronic devices attached
in a stacked configuration. In either case, a casing

be LbPnbd vl F&i%iv@l‘&efneiﬁb%sﬁ@ SRAEY s, L@dhet ‘i’hﬁh@)@fﬁﬁﬁb@%&:ﬁﬁﬁ@ of a

first die 110a, "the mcroel ectronic devices 104, the
semicordustordeafd@60, and a portion of the |ead frane 150.

The encased assenbly 103 accordingly forns a packaged
[0082¢r oel &cbneemboditent; e heBad df GdifacBeingramicroelectronic device

. enmbodinents of the t hod of nutacturin he . ..
incJiRR algamenR oFioRe S BT ©veled] ANralBs.| IR Topig fligs on a

sergx.%cgﬁ Rbor&vdtk Bk, SRNRRVine181c8ea bbibn@Bthe BEAA-BFTRRE & form a

the device 103a because the sem conduct or
pliraliity | afastargioffis. 0 dds siedivitual staed-bfblaye positioned emd backside of a

assenhl e .t he_vari ous_.c onents wi.t h.a high f.
cofsarargdte “Rhefaf s e PEYe it it s Hhndidr Forkbicce o
sir@ARRSthY 8ics 26l bAshinkARe Siaii-BE oh AriFaGinduldfedadiOfoeLics6nd die.

uni formthi ckness so that the second and third

[063'3? oel ?ftcu'i& .rCerQ;o%?mQﬁ't, ON&hdd BicRUEE rRthe JSRAARE dn a first
pa [ 10a. As a

allel to the rst mcroelectronic die1 )
miceslettroni¢ ldee, pttedtdmed seerindr ok ebdctronic odiel év iacsipp@Bandngber, and

dt t .h bl i { h..di i d the ..
cogREdh Hao DR BB of PeHBIT G oplgite Mt die afer
forRh € B &fandldtCorS thd Hlst Qi ndla@cifiag the-s8cond dietol tRE BRfhomintdmber.

relatlveIK i nexpensive materials, rather than .

The el fugherdnelndassnedpsalatingthie dvsidind senondigdics and polgast 2 portion
n one enbodi ment, a nethod of manufacturing a

thpéﬂﬂﬁFgg? At c device includes formng a stand-off

er ovyer lurality of m.croelectronigc di
(06 cond 1gR ERRHEES: » gDy P sl ofF strcture
fortthd hPBdheSile I8 S MBAraRiort AiBfurd, Gnd Qltih@theRlaMB T didicture to

of stand-offs.” The individual stand-offs are

forposi tilonby off staisheffsi ddhef mgthodofurthepoingliudes @itachinghe first
ml%tpggt?(gxacgcrhie & slu{)]lg:olr{J %%rsnbgrl,’l E:(tnilprl]ﬁg tar}%stss?lggu?aqgéj MG LEtf to the first
die, and connecting a second microelectronic die to the first singulated stand-off.

[0035] In another embodiment, a system comprises a microelectronic 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 die, and a
second microelectronic die attached to the stand-off. The second die includes a backside,
an active side opposite the backside, a plurality of terminals at the active side, and an

integrated circuit operably coupled to the terminals. The backside of the second die is
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singulate the dies, and attaching the stand-off on a
first singulated die to a second die. [00331 In

anot her enbodi nent, a nmethod includes formng a
stand-off on a first mcroelectronic die, attaching a
second mcroelectronic die to a support nenber, and
coupling the stand-off to the second die. The
stand-off is coupled to the second die after formng
the stand-off on the first die and attaching the

att3@eANd 1l §ahRofREitRMP BR Hh &R sitiondd) BetiRED B Jté&fdt(tig fand the

I'ncludes encapsul ating the first and second dies an
bagltsidead ¢he sgcpukdie.on of the support nmenber. [0034[ In
anot her enbodi nent, a nethod includes nol ding a
[06363nd- ofid asbthercémbedimeiitp andengcaductdh esirkpgeck ayelndesna tshigstrate
stand-of f. structure, and.cutting.the stand-off .
haging gl BPling mycEpelfelonie et if*g?_ lgﬁlvgﬁlﬁi}%wg%demémlve side, a
ba%ﬁ&ogffﬁogﬁé RRS adthi6! $EES BlukARP 0P derthifdl§ St the active side, and an
m croel’ectronic die to a support nmenber, coupling a
intbgratetl cgicni wperkbly wupled-toftie teominalks. f Thesworkgiege flantiebr includes a

connectin second m.croel ectroni.c die tq the f.ast .
pUERIOF sebifol BR AR i gE soparonioe Flss SgaiRFor aghesive
sedtibat BHACRETRI dofr8Spofdifl; GfaR&lofl roni ¢ device including a

support nenber and a first mcroelectronic die. The

[063.7:[[2t dip@ard itk _légl%ﬁdiﬁ}an AGkR IR cRbLia bR Melubite 20 dronic
nmenber back e

, an active side opposite the backside, a
digylaustaid-off cowfled @ thendit,sandt ant breposat adhesisé diachaddo dre stand-off.
i ntegrated circui,t oper.abl oupled to the termnals. ..
The s BEpPEE PRI G2 d oL ARao Y R Ihe ot yE il 1 Borality of
terhi@al A6 th¥ e dgdQfantl AR iﬁﬂe%r%iedd:‘i&uit dpstaBly c‘éﬁg@dﬂ ¢ the terminals.
m croel ectronic die attached to the stand-off. The
The stand@Tiis gosiienadds deast praidallyi ideoard the termipale oSihgelie and includes
osite th ckside, . lLural ity of term .
o SRERBE bR AGHER BB BT 5 s L i B

swEAYeP TR ek pbstd@dhlesiv &isdced of e fasidsutieceadf thd\@armbefind
dieis -10- 0 attached to the stand-off w thout an

[ogdhesi veiprsid i gngdshriaBensiifecoiaRedtal @B tofea packaged
backsi de of the second die. [0036] In another ]
mienvblectireren deviee 20%viic apcbudanoe Wity pither enibedingapé ©f dhe disclosure.
substrate .having a phurali of mcroel ectronic,dies
i Beekpd R it Patich 204 R sPURE NS €' FRiaged
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
illustrated packaged microelectronic device 203 includes an interposer substrate 250 in
lieu of a lead frame. The interposer substrate 250 includes a first side 252 attached to the
backside 114 of the first die 110a and a second side 253 opposite the first side 252. The

first side 252 includes (a) a plurality of first contacts 254a arranged in arrays for
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backsi de opposite the active side, a plurality of
termnals at the active side, and an integrated
circuit operably coupled to the termnals. The
wor kpi ece further includes a plurality of stand-offs
on the backsi des of corresponding dies, and a
plurality of adhesive sections attached to
correspondi ng stand-offs. [0037] In another
enbodi ment, a microel ectronic device includes a
attad ik Qe k@&irfe@ﬁﬁn‘%h 1§ wite-bbAdYAt60h f andquPa BRirdlRy Bh&c@r&cﬁ‘eontacts
and an exposed adhesive attached to the stand- of
25%rearagpesl innasraysl é@r @ttac.bmp@st@opoar@monémgsa@ondawmbklykdbﬁ% The
oSkt h sid lur.al ity Fm,hal s a
sed RO Pod GRS UR 4 biRnl of Atidin et Bt Bl B gndttea 0
coﬁesmh@dg st bblﬁadt§25ﬂaﬂﬁﬂ$a plufdiigy Sft fastboadictive taasI258QRAd (b) a

| east partlah¥y i nboard the termnals of the die
p %fﬁ]éFY| cqeem@spa 5 20 slectifatly cennacted dRegreponfiae Faecns; enatacts

259 \% 4T e o‘? s%gcgﬂng RIEARC AR PR e ThE qHLétIratc'etd Racfkaged

sur e expose (hesive I o placed on't
mlSltd)BfeaE@nOﬂeﬂh@ 293 &mdrebﬁlﬁclu({e@%ﬂ].lraﬁt)goﬁ ee@rita cauplers 280 (e.g.,
schematic side cross-sectignal view of a packaged
solderballs) ateehasip 61“‘0%\% ad seepndipadse93itiance with anot her
enbodi nent of the disclosure. The gackage
[0039¢ 1 oel Bighres AP andj bl ilustratg stages ofcrvaethpd of mppnfpgiyringa packaged
e C
mif BEERGE: JTHEL BEKRRLGRIN SR MAORRRRCH BEARME. ror
exfraple ABigdrertiOCis aeskchahationide ctoss-weticaBviewcdfuipstion bf a storkpiece
irst mcroele tro c dqmlce 104a

di.e 110a and %g
300 tipclpdrag 2 8‘“{*‘}81[ frstipguregy P20 pad sgePn @fihf‘a%w@dlayers 340a-b
forﬁ%ﬁk&g% stThd- Bﬁeétﬁﬂl.{ré’ 3. d?ﬁé c‘s%maQﬁ‘f sRQUEYES0 H&eﬁ circular,

not 1 nclude a second nicroelectronic deV|ce attac
rectamgtilag ok iothet surtabkeq:ddirffm dmpc ankﬂamch:deslﬁ)ﬁsst nivlpor sosage, 322 and a

t he suppor er of IIustr
s PR PO RRFRE U0 ol qudad P DpBeKFoff siucture
326 Uhahdeat £ f13REble NielkétBY rterdal | SR ah' I%%rmw &id E&{cﬁdhﬁg%@rother
substrate 250 includes a first side 252 attached t

suitdbhle mpthedss | Afiéer forming thelféarfdrqfﬁ strugiure 32Q) dheafigt @sﬂsel@@ Mer 340a

. Sid i. t ide 252. Th

s S5 RoPe Al g i 4 By B PSond dpnchl il 30 bed on

theadeEaHagB4ort surfatd 3045 AMdr attadhing Qe alileaBN®REs 340, the workpiece 300
corresponding first wre-bonds 160a, and (b)

is gpiyalongt hnest B dgnsingwiate g tpdurality 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.

[0040] Figure 11 is a schematic side cross-sectional view of a packaged
microelectronic device 303 in accordance with another embodiment of the disclosure.
The packaged microelectronic device 303 is generally similar to the packaged

microelectronic device 103a described above with reference to Figures 2-8. For example,
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254 arranged in arrays for attachment to correspondi ng
second w re-bonds 160b. The second side 253 incl udes
(a) a plurality of first pads 256a electrically
connected to corresponding first contacts 254a with a
plurality of first conductive traces 258a, and (b) a
plurality of second pads 256b el ectrically connected
to correspondi ng second contacts 254b with a
plurality of second conductive traces 258b. The

thé bhiabEPhedoREHARCEvidE 0P RlcRMIES ANlesd G@MICH02@3first die 110a

further includes a plurality of electrical couplers
att2@ed e thy.lead framhel Y0, bad hs?coad tdwchl@b attachiefh ¢o thierfirst dagi10a. The

mFRGAL PRRASe; Rytart o Sbrist B TR & bl ngtudes a fir

sinakled%ead-off $I0qRsRIGhEDREtwedate Eifst hild @e&m(ﬁemmaw Mm the first
anot her enbodi nent of the disclosure. For exanp

adimsgyigrsection 3432 gitachpe fathe @ctéyedude Hasef-tBe Bitst digall 0% ﬂwhsfsecond
a eist%rsteétPo% %EB% ng}r {ﬁ) %ac Q(Q: lllﬁ lél&fje d%Qon% cﬁé ? add1t10nal

ructare secon esive
embdd8iandnts, fths packaged tnhérosle&min@fcfevﬁé rapdt mae 1Bélﬂde 'ﬂh&: or more
st and- off structure 320 has a circul ar,

miggoelsetraic digs d b9 piéached By %ﬁtﬁ?@ﬁéﬁéﬁ%}ﬁﬁlqnnémr?ﬁ%an%g@m&ts the
f
paﬁgag&{ nﬁ&{)élﬁ&%]p?%z&)ev%d.’z(ﬁ ?rgﬂﬁle R ifferpd) ér s%ﬁ@traggdnf ?eu of the

ositet rst nmaj or surface 322. e sta
leadtfranct 10e 320 i ncl udes a fl owabl e dlelectrlc mat eri al
and can be forned via nolding or other suitable

[00x| hods AnPfoheroff the rPabighgkl enidtorledtrodit delices dedcEbe8P@bove with
the first adhesive layer 340a, is placed on the first
refgigpesy tOSEngfrssC%v 13.zon b icorperatet witanyatfesnydad of jareenansior more

|
cobBIcR s A0, o R SRGRN ol b Hn e iy Figure 12.
The Systeth 490 Ozﬂgmblludes pB)C&sz4951i agmﬂnairg 492 (d.qur SRAW DRAM, Flash,
| ndi vi dual stapd-:offs 3 orres din q@ si ve
and/gr; fhsh dnesmeny_qgvice), igp H}Cﬁ% i g g‘f(ﬂ T(ﬁ}l ggems or
coﬁg&eﬂﬁy@w OMitBAbURRICHS Qs REf Be ?Hcldd@@ iR@RE D e components

l'ayers 340 such that one or both of the nmjor
shcsm imE@reSZZZ a’l“rlud 18ltingy syswxrpé%dan p@@dmj apy glipevidg viegety of

hemati c.side cross-sectional
coftp i PR SO, S o P a IR NS TrER S noeRaringly
repREBREiVE BYstédts Ube iAd164d, Osidicut linlikRioRACkBA@Ers and/or other data

m croel ectronic device 303 is generally simlar to the
progessResg g cxample, 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 associated
server subsystems, display devices, and/or memory devices. In such systems, individual
dies can include imager arrays, such as CMOS imagers. Components of the system 490

may be housed in a single unit or distributed over multiple, interconnected units, e.g.,
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m croel ectroni c device 103a descri bed above with
reference to Figures 2-8. For exanple, -12- 0 the
packaged nicroel ectronic device 303 includes a | ead
frame 150, a first die 110a attached to the |ead
frame 150, and a second die 110b attached to the first
die 110a. The illustrated packaged m croel ectronic
devi ce 303, however, further includes a first
si ngul at ed stand-off 330 positioned between the first
thidigh aeoamthnila@snsldddofk. WCbipbdaitsf éahsdccordﬂl% in¥Rde local and/or
section 342a attached to the active side 112 of the
remptegpenggry stplaga daviees; ad awof advidames fconpiter-spdajomedia.
attached to the backside 114 of the second die 110b.
[0042] addi Froonthe foragbingi itrenll e apprecipted kbag splecific embodiments of the

.. mcroel ectronic device 303, may i nclude. three o re .

infin Dot (g s Tt ot SRS A7 iR ot Thef various

médfiddtishd Aby 88 malid wothb&r deoialRg HORNS invelon. PR leR&Ble, many of
m croel ectroni c device 303 may include an interposer

theselpaents pEoneerbadimett cambe combided withethes embedimants ingddition to
or 558 oS BRGHETE R 65 AR, 4 SEAHE BESIAEH i o
liniRA@x PPt aé Beithe Bpsendeyclaimsa myriad of |arger and/or
nore conplex systens 490, a representative one of
which is shown schematically in Figure 12. The system
490 can include a processor 491, a nenory 492 (e.g.,
SRAM DRAM Fl ash, and/or other nenory device),
i nput/ out put devices 493, and/or other subsystens or
conmponents 494. M croel ectronic devices nay be
included in any of the conponents shown in Figure 12.
The resulting system 490 can perform any of a w de
variety of conputing, processing, storage, sensor,
i mgers, and/or other functions. Accordingly,
representati ve systens 490 include, w thout
[imtation, conputers and/or other data processors,
for exanple, desktop conputers, |aptop conputers,
I nternet appliances, hand- held devices (e.qg.,
pal mtop conputers, wearable conputers, cellular or
nobi | e phones, personal digital assistants),
mul ti-processor systens, processor-based or
programmabl e consumer el ectronics, network conputers,
and m ni conputers. Qther representative
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systens 490 include caneras, |ight or other radiation

sensors, servers and associ ated server subsystens,

di spl ay devi ces, and/or menory devices. In such

systens, individual dies can include inmager arrays,

such as CMOS i magers. Conponents of the system 490

may be housed in a single unit or distributed over

mul tiple, interconnected units, e.g., -13- o through

a conmuni cati ons network. Conmponents can accordi ngly

i nclude | ocal and/or renptgmEnory storage devices,

and any of a wide variety of conputer-readabl e nedia.

[0042] Fromthe foregoing, it will be appreciated that

speci fic enbodi nents of the invention have been
VWesliMbed herein for purposes of illustration, but

that various nodifications may be nade w thout

deviating fromthe invention. For exanple, many of

t he lel ementmethdd ovfe nembiadiunegt a carcrddectronisi dedceyi the method

ot her enmbodi ments in addition to or in lieu of the
CORPEHBAt s of the other enbodiments. Accordingly, the

I nveRrlyi@lg | & Red-off 'I\I/?etr egyeXs §thrahsy BY hiteociRReMEedies on a

cl ai ns. -%4- 0 CLAI I/We claim 1. A nmethod of

manuf act seriggnducter swodlepienst r oni ¢ devi ce, t he net hod

comprisi.ng: proyiding a.stand-off .| ayer oyer )

o P sriBRL el Br Bisenel 15fY 8 e Bk atar gt tever
wor Kpi ec ith! 281806 t0Joraeh Bkt SdtArdTss, Oherelieths trminddwd ftand-
| ayer by cutting the stand-off |layer with a blade to
form a phff ateinoyitiopedserambreksifle of yppsrespandingediendi vi dual

L M S s NN
t o sttagitgahe stuidoffioas; firstnthgubtddadibitongsec el dit.and- of f on
a first singulated die to a second die.
2. The method of claim 1, further comprising:
coupling the second die to a support member before attaching the stand-off of the
first singulated die to the second die;
wire-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.
3. The method of claim 1 wherein the adhesive layer is deposited on the
stand-off layer before removing selected portions of the stand-off layer, and selected

portions of the adhesive layer are removed before cutting the semiconductor workpiece.

4. The method of claim 1, further comprising coupling the second die to a

lead frame before attaching the stand-off on the first singulated die to the second die.
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2. The method of claim1, further conprising: coupling
the second die to a support nenber before attaching
the stand-off of the first singulated die to the
second die; wire-bonding the first singulated die and
the second die to the support nenber; and

encapsul ating the first singulated die, the second
die, and at |east a portion of the support menber. 3.
The method of claim1l wherein the adhesive |ayer is

depasi t edrheindth®l ofsélaine1 OfufthbrayeipridfizUoapi Mk isé@nd die to an
sel ected portions of the stand-off |ayer, and sel ected

mﬁﬁmmﬁ%st@re bofereatipdung, e stapdoftandhe ﬁfﬁb giagulpied diceto the second
utting the sem conductor workpiece. 4. The nethod of
claim1, further conprising coupling the second die to
a lead frane before attaching the stand-off on the
first singulated d|e to the second die. -15- Q

met Hod of MEARAOL slai hevhoeaprmaying seleifd Poronf the stand-
t r t
of??a glgﬂo gr%ﬁ]e i g{éo Qi \ﬁﬁﬁj?%r ﬁléltv?dugpgt Eoffs 8?Seltl(tmgd on

on t st singu ate
thd: lwksdtz ofttie catiraspoiling thie and trbogidolic tetnainals df thieeoaesponding die.
renmovi ng sel ected portions of the stand- off |ayer
conprises formng the stand-offs with the individua

st and- of fre RRShdd BPERIRN, fififr RARIHFILHE rﬁ&ldfn@ethe stand-off layer

corresponding die and i nboard the terninals of

ongsothe sepigoriunigr wiogkpigte. The net hod of claim 1, further
conprising nolding the stand-off |ayer onto t he
sem conductor workpi ece. 8. The nmethod of claiml,

furtgher qagpidisdder Q8N eCturiRer oriRfsk Rn&dtinkhebackside of the
second die to a support nmenber bef or e attaching the

seepng ki tf ¢ support meentlier deford #tpahiag die donsl-off en ﬁh@eﬁ@b@@mdated die
to gﬁe SGCW {13 ghale}nagtthcﬂl% tﬁe stgltlda an o%f t[hﬁ 1rst smr%; atef'af' ale comprlses

coup

coﬁﬁlﬁlgftlée’ %ﬁnd&bfﬂ ghl Ehi:tﬁldt sihgayldteal (ﬁél t(ﬁeﬁi dctiee §1k1616f thé séd@ﬁd die.
secon 1 e.

9. The method of claim 1 wherein removing selected portions of the stand-
off layer comprises constructing a plurality of stand-offs having a generally uniform

thickness.

10.  The method of claim 1 wherein forming the stand-offs comprises
constructing a plurality of spacers having a first major surface and a second major surface

generally parallel to the first major surface.
11.  The method of claim 1 wherein attaching the stand-off to the second die

comprises stacking the first singulated die on the second die, and the stand-off is

generally non-compressible and positioned between the first and second dies.
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9. The nmethod of claim| wherein renoving sel ected
portions of the stand- off |ayer conprises
constructing a plurality of stand-offs having a
generally uniform thickness. 10. The nethod of claim
1 wherein formng the stand-offs conprises
constructing a plurality of spacers having a first
maj or surface and a second major surface generally
parallel to the first major surface. 11. The method of

claijm 1 whenRkkbdadtt sk Nofutthe Sl n@fdepbsamggwme%aﬁm layer
di e cogprlses stacking the first si ngul ated di e on

ontthgest Ateyerradter fnopingibe steagraffddyer.i s  general |y
non- conpr essi bl e and positioned between the first and
second dies. -16- o 12. The nethod of claim11, further
conpBi si A0 wlepasidfi Rgntfactuadfesi MirdeldtabnicOdetitse the method
stand-of f |layer after form ng the stand-off |ayer. 13.
comprgngiod of manufacturing a mcroel ectronic device,
t he a
i o FATTEE iahO R ok Aty ohBloRlepflont. e MRl oRfind pl Sihaoft
i ncl udesirdchides fogméngsd stadi-aff iaybﬁ\ﬁ(&nnng‘ ar adhagvalayer on the stand-

adhesive | ayer on the sta of f |l.ayer, and re Y ng

sel ect ed°H 3?1’%%‘1 BOQVS %Q?%’FF@ pATiofs a?rfe'iheélt?ﬂldtq}g ayer and the
adhesi ve, {}ﬂﬁg t l{RY 8dh

adhesi ve VIE,E h\%l)é{ Eygﬁ&lg?a e; tﬁ%ﬁﬂﬁdgﬁzecgﬁqg IdyBFwith a

m cr oel ebladgni ¢ die to a support menber; coupl ing the

t d-of f t t ft f
zt ggﬁa" 2 atfgc?rﬁém?’%%gelcga‘?l@ %le &eS}C{PH"g{c‘HFTH CTt he second

di e chigplinB eheSHRRA0SE tIBER&INd @D:daff%f‘ cRiil B¢ kiagd-bifonfthe Sist die
and second dies and at |east a portion of the support
menber . aud attphlsingrterrgepndfdie todhersupporiimesmbier; adupl | ng

t heeﬁéa%@u atf)nfgf thteoﬁrsp Gnd %gc%rr]lg (ﬁes and at least a portion of the support

member.

14.  The method of claim 13 wherein coupling the stand-off to the second die
comprises connecting the stand-off to an active side of the second die with the stand-off

positioned inboard a plurality of terminals at the active side of the second die.

15.  The method of claim 13 wherein forming the stand-off on the first die

comprises constructing the stand-off on a backside of the first die.
16.  The method of claim 13 wherein forming the stand-off on the first die

comprises constructing the stand-off on the first die with the stand-off positioned at least

partially inboard a plurality of terminals on the first die.
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conprises connecting the stand-off to an active side

of the second die with the stand-off positioned

i nboard a plurality of termnals at the active side of

the second die. 15. The nethod of claim 13 wherein

formng the stand-off on the first die conprises

constructing the stand-off on a backside of the first

die. 16. The nmethod of claim 13 wherein form ng the

stand-off on the first die conprises constructing the

st and- of fThenméthed bF chiimdizX fiithd? doRfprisinglecBidally connecting the

positioned at |east partially inboard a pluraflty of
firsteangispeong déss te e spppostmepnber. - 17- 0 17, The nmet hod of

claim 13, further conprising electrically connecting

the first and second dies to the support nenber. 18.

The 1get hauhe tetitddaiflall 18Reegditt: attachi ng the second

die to the support_ nenber conprises coupling the )

sec dHachingthe serond disdq the airport RsAbeheonstsporeuPling the second die

conpri se ' ﬁgg@d. the first and second dies to
thgplead§0%%%§e. Q%Qghe nmet hod of claim 13 wherein:

at t aledhinethoti Hertlsee congrisksewireboiding thepfst andesebard dies to the lead
conprises coupling the second die to an interposer
substrat ¢2™&nd t he nmethod further conprises

W re-bonding the first and second dies to the

i nt erposer substrate. 20. The method of claim1l1
wherl8i n dht acHiodpfchends avhdreni:f conpri ses spacing the

firs L ngul at ed . di nd the second die. apart .a .
o s it Se0 i To Fiehet: BRTDR o Tisgy pRRE the second die
st and- of §o angltdrhRerdbasd ¢ @ndayer. -18- 0

the method further comprises wire-bonding the first and second dies to the

interposer substrate.
20.  The method of claim 1 wherein attaching the stand-off comprises spacing

the first singulated die and the second die apart a distance equal to a combined thickness

of the stand-off and the adhesive layer.
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