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 workpiece using
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very small, and they are arranged in an array having
TECHNIARFIEID bet ween bond- pads. The dies can al so be
quite delicate. As a result, after fabrication, the
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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



substrate 60 attached to the die 10, a plurality of
W re-bonds 90 electrically coupling the die 10 to the
i nt erposer substrate 60, and a casing 70 protecting
the die 10 from environnental factors. [0004]
El ectroni c products require packaged mcroel ectronic
devices to have an extrenely high density of
conmponents in a very limted space. For exanple, the
space available for nenory devices, inagers,
processors, displays, and other mcroelectronic
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H12fHe6 QWY Slbetrat\edLh spat:& 39RasAed todhe 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.

[6006] To address these concerns, some conventional packaged microelectronic

devices include an epoxy spacer, rather than a section of a semiconductor wafer, to space
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apart the first and second microel ectronic dies 10a

and 10b. The epoxy spacer is forned by dispensing a

di screte vol une of epoxy onto the first die 10a and
then pressing the second die 10b downward into the
epoxy. One drawback of this nmethod is that it is
difficult to position the second die 10b parallel to
the first die 10a. As a result, mcroelectronic
devices formed with this nethod often have "die tilt"
in which the distance between the first and second
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one enbodi nent of the disclosure. [0010] Figure 2 is a

' [ sem conduct or wor kpi ece.
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[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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sem conduct or wor kpi ece after renoving sections of the
stand-off and adhesive |layers. [0014] Figure 6 is a
schemati c 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
cross-sectional view of a mcroel ectronic device
assenbly including a lead frane, a mcroelectronic die
attached to the lead frame, and a first singulated
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[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,



nunber of stacked dies and/or may include other
conponents. For exanple, the mcroelectronic devices
can i nclude m cromechani cal conponents, data storage
el enents, optics, read/wite conponents, or other
features. The mcroel ectronic dies can be SRAM DRAM
(e.g., DDR- SDRAM, flash-nenory (e.g., NAND
flash-nenory), processors, imagers, and other types
of devices. Mreover, several additional enbodi nents
of the invention can have different configurations,
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sc ematically) 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

techniques, film lamination, screen printing, spraying, brushing, a dip bath, or other



techni ques, filmlam nation, screen printing,
sprayi ng, brushing, a dip bath, or other -5 suitable
processes. The stand-off |ayer 120 has a preci se and
general ly uniformthickness and may be generally

i nconpressi ble. For exanple, the stand-off |ayer 120
can be approximately 60 m crons, but in other

enbodi ments the stand-off |ayer 120 can have a

t hi ckness greater than or | ess than 60 microns. In
several applications, the stand-off |ayer 120 can be
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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
140 can be exposed and developed to form the stand-offs 130. In either case, the

individual stand-offs 130 include a first surface 132 facing a corresponding die 110, a
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sui tabl e nmethods. In other enbodi nents, the stand-off
and/ or adhesive |ayer 120 and/or 140 can be conposed
of a photoactive material, and sections of these

| ayers 120 and/or 140 can be exposed and devel oped to
formthe stand-offs 130. In either case, the

i ndi vi dual stand-offs 130 include a first surface 132
facing a corresponding die 110, a -6 second surface
134 opposite the first surface 132, and a plurality of
ends 136 extending between the first and second
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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.

[0028] Figure 7 is a schematic side cross-sectional view of a microelectronic device
assembly 103 including a support member or lead frame 150, a microelectronic die 110a

attached to the lead frame 150, and a first singulated microelectronic device 104a



142 contacting the attachnent device 196 (e.g., W
tape). The workpiece 100 is then cut along lines A-A
to singulate a plurality of mcroel ectronic devices
104. The individual mcroelectronic devices 104 can
be renoved fiamthe support nmenber 190 via a
conventi onal pick-and-place apparatus. [0028] Figure 7
is a schematic side cross-sectional view of a
m croel ectronic device assenbly 103 including a
support nenber or lead frame 150, a microel ectronic
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|nteqrated circuit 118 (shown schenat|c§4 % erabl%
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ﬁ@{@ﬁeghﬁsﬁiﬁa is attached to the die paddle 152 wth
an adhesive 148. After attaching the first die 110a to
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iA6dakd/ Be Sdridaik 426 OF e FBstidid Biloa 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-off 130 and the adhesive section 142 is greater than a distance D that the first
wire-bonds 160a project from the active surface 112 of the first die 110a. After attaching

the first microelectronic device 104a to the first die 110a, the terminals 116 of the second



die 1 | GCa such that the first mcroel ectroni c device
104a adheres to the first die 110a. In the
illustrated enbodi nent, the stand-off 130 and adhesi ve
section 142 are positioned inboard the termnals 116
of the first die 110a so as not to interfere with the
first wire- bonds 160a. Moreover, the conbi ned
thickness T of the stand-off 130 and t he adhesi ve
section 142 is sized to space the first and second
dies 110a-b apart by a sufficient distance so t hat

t
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103 accordingly forms a packaged

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

be formed with relatively inexpensive materials, rather than expensive sections of a

semiconductor wafer.



m croel ectroni c device 103a. [0031] Several

enbodi nents of the nethod of manufacturing the

packaged mcroelectronic device 103a illustrated in
Figures 2-8 may enhance the quality and performance

of the device 103a because the sem conduct or
fabrication processes can reliably produce and
assenbl e the various conponents with a high degree of
preci sion. For exanple, the stand-offs 130 and
adhesi ve sections 142 can be fornmed with a precise,
KO0 eT odf o8 PR pea of Beg FEdnect Piskihudlippi devie
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[0032] In one enbodi nent, a nmethod of manufacturing a
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er over
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mpnngorns stﬁ)llfdf -$fhe thé sdashdafié. dTl&lyﬁndIo@fdlﬁ ex]guﬁslea to e WEcdhd Bi¥ after
0 The_i ndi vi dua nd-o
%Bgﬁne ﬁ@&d o oat @ea%ﬁfsﬂfj R gF ey cﬂiedﬁorﬁfge PROIt mpgber.
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épéﬁ&lece to singulate the dies, and attaching the
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odi nent, .a net hod | ude

I her e (o
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mrtr;lgg bm ﬁkﬂle%vél@ﬁe@ o4 tHei sfhh@-@ff%ﬁ'ﬁdtge [ a]ga? Juteind %e Stasd P gl’dgture to
er, A St a (0] to t sSecon | e
geﬂg %tpdwgln%f pt | g% BB% eaﬁ? ongt %d dwtshdnglpdes aptfaghing a first
ﬁ)i@fdéleﬁt@orﬁdq&ie & zﬁﬁ@p&f fne@Ber! &Rpfing asﬁrsﬂdu@guﬂim seinb-A6b B first

4 %econd die to the suF paort. menber. . The net hod
iy Aphequnpeing & geenbmICETeGIrofs Hig to the firsf yingulatsdptasdofing

B b BBt e Sh S SAPP S ERRSE s
inEhdhd g sapttamein®d fand tar fived 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
attached to the stand-off without an adhesive positioned between the stand-off and the

backside of the second die.
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form ng an adhesive | ayer on the stand-off structure,
and cutting the stand-off structure to forma
plurality of stand-offs. The nethod further includes
attaching a first mcroelectronic die to a support
menber, coupling a first singulated stand-off to the
first die, and connecting a second mcroel ectronic
die to the first singulated stand-off. [0035] In

anot her enbodi nent, a system conprises a

m croel ectroni c device including a support nenber and
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tive.side, osite the active side
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The wor kpiece further includes a plurality of
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a. pl raI|t of hesi ve, sectjons attached t
%%H%Ffégtwwd @gda aggopdance Uﬁ%ﬂoﬂreﬁ eéﬂ‘?Bi“ﬁ‘éFt Of the disclosure.
‘BRbpgikagat m1@061@c€‘r6198| &§1ck OPO3C i ¢h&i@lyl REhilAEES fhe packaged
m croelectronic djie, a stand-off coupled to the die,

iRtpelssraRissyien | Rarexiibed dpyar et od igrsmdd oo example,

tl@atliaBed MgitideleEroAR ae«p&sedz aﬁ&mde@ 5!1% dR haskahdle first
opposite the active sid | ural term nal s at
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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
attachment to corresponding first wire-bonds 160a, and (b) a plurality of second contacts

254 arranged in arrays for attachment to corresponding second wire-bonds 160b. The

second side 253 includes (a) a plurality of first pads 256a electrically connected to
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a first surface attached to the backside of the die

and a second surface opposite the first surface. The

exposed adhesive is placed on the second surface of

the stand-off. [00381 Figure 9 is a schematic side

cross-sectional view of a packaged microelectronic

devi ce 203 in accordance w th anot her enbodi nent of

the disclosure. The packaged microel ectronic device

203 is generally simlar to the packaged

m croel ectronic device 103a described above wth
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corre ondi cond.wi re-bonds 160b._ The secgngﬁghgge
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Bloeiatindesal HywsbdaREtEd thalerial |ahd GaH b@madilvﬁbgmfyldir%t or other
contacts 2543 wi.ith a plurali ¥ of first conducti
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contacts . 254h with a pluralltéEof second conducti ve

the secad wgigp suripge 3241 (&ET afteehing Heiedbrstye laery 38 Brerrsknigee
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ure 10 is a schematic side cross-sectional view of
‘%@)rtl ofigye &l V%rq(psp@@tlc 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,
the packaged microelectronic device 303 includes a lead frame 150, a first die 110a
attached to the lead frame 150, and a second die 110b attached to the first die 110a. The
illustrated packaged microelectronic device 303, however, further includes a first

singulated stand-off 330 positioned between the first and second dies 110a-b with the
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300 including a stand-off structure 320 and first and
second adhesive layers 340a-b formed on the stand-off
structure 320. The stand-off structure 320 has a
circular, rectangular, or other suitable planform
shape and includes a first mpjor surface 322 and a
second maj or surface 324 opposite the first major
surface 322. The stand-off structure 320 includes a
flowabl e dielectric material and can be forned via
nol di ng or other suitable nethods. After forning t he
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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.,
through a communications network. Components can accordingly include local and/or

remote memory storage devices, and any of a wide variety of computer-readable media.

[0042] From the foregoing, it will be appreciated that specific embodiments of the
invention have been described herein for purposes of illustration, but that various

modifications may be made without deviating from the invention. For example, many of
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substrate in lieu of the lead frame 150. [0041] Any
one of the packaged m croel ectroni c devices descri bed
above with reference to Figures 2-11 can be
incorporated into any of a nyriad 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.qg.,
SRAM DRAM Fl ash, and/or other nenory device),
i nput/out put devices 493, and/or other subsystens or
9 0 Vi . ..
I TRAAEE bPart o dheh n BELE R AN S S B B i agaion o
dihie lice o kiei elgnepissif éim 4B e«r@ndlpmnﬂso Arcadiyiglef tha invietén is not
UL | processing, storage, sensor,
letedeeXXepg)as bd/tge FotH egblfaunct ions. Accordingly,
representatlve systens 490 include, w thout
limtation, conputers and/or other data processors,
for exanple, desktop conmputers, |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
progranmabl e consuner el ectronics, network conputers,
and mni conputers. Other representative systens 490
i nclude caneras, |light or other radiation sensors,
servers and associ ated server subsystens, display
devi ces, and/or nenory devices. In such systens,
i ndi vidual dies can include imager arrays, such as
CMCS i magers. Conponents of the system 490 nay be
housed in a single unit or distributed over nultiple,
i nterconnected units, e.g., through a comrunications
net wor k. Conponents can accordingly include | oca
and/or renote nmenory storage devices, and any of a
wi de variety of conputer-readable nmedia. [0042] From

the foregoing, it wll be appreciated that specific
enbodi nents of the invention have been descri bed
herein for purposes of illustration, but that various

nodi ficati ons may be nmade w t hout deviating fromthe

i nvention. For exanple, many of -13 the elenents of

one enbodi nent can be conbined with ot her enbodi nents
in addition to or in lieu of the elenments of the

ot her enbodi ments. Accordingly, the invention is not
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limted except as by the appended clains. -14 CLAIM
W claim 1. A sem conductor workpiece, conprising: a
substrate including a plurality of mcroelectronic
di es, the individual dies having an active side, a
backsi de 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 corr¢§ ing stand-offs. 2. The
sem conduct or wor kpi ece of clalm| wherein the
stand-offs are positioned at |east partially inboard
the termnals on the corresponding dies. 3. The
$&fidBnduct or wor kpi ece of claim| wherein the
i ndi vi dual adhesive sections conprise a first surface
attached to the correspondi ng stand-off and a second,
exposed sdrsericendugtor FREpiseFRBIMEIEt or wor kpi ece of
cl ai r e adj : : :
by o e R A SRR e LS e TRAGRG) Rt ine
wher ei n t Readive pide. gftlagksigie ©ppatits the geltv eaivles hplulshiylos itegminals
of correspopdi [ 14 hou i I.Ll ene
bet ween tQt h@gsa{}g‘r/]%l _s@ f é“da%g %t%ggﬁé?gg‘?‘ﬁﬂ- %@er%%s ‘Fﬁﬂg}%} B the
seni condutetminaljor kpi ece of claim 1 wherein the
i ndi vi - of f ' LESE SHEf ace
at t ac oo St s b e BRRL AT ol hne i B
generalirglity pladhesivgrsctions atathmd heabrespondieg steslodfsat ed
adhesi ve section and opposite the first surface. 7. A
m croel ectroni c device, conprising:

2. The semiconductor workpiece of claim 1 wherein the stand-offs are

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

3. The semiconductor workpiece of claim 1 wherein the individual adhesive
sections comprise a first surface attached to the corresponding stand-off and a second,

exposed surface.

4. The semiconductor workpiece of claim 1 wherein adjacent stand-offs are
spaced apart by a gap.
5. The semiconductor workpiece of claim 1 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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a mcroelectronic die including an exposed active

si de, a backside opposite the active side, a

plurality of termnals at the active side, and an
integrated circuit operably coupled to the term nals;
a stand-off coupled to the die and positioned at | east
partially inboard the termnals of the die, the
stand-off including a first surface attached to the
backsi de of the die and a second surface opposite the
first surface; and an exposed adhesive on the second
surface ofthe .stand-off, .8, . 1 cy oel ect.r oni,c

dovi & or 1ot SehiRdsAlaRlainpi of inl SAPFN BEERTUE sapa-oti
dom@ et layfirstosutthe daches itd ¢heodorredpending diwi ahth @ausecamn, generally flat

adhesi ve sj,tioned between the stand-.of and t he
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the stand-off conprises a nolded dielectric material.
10. The nicroelﬁctron'c.device.of claim7 wherein the

st and’ of f “HBE % CCGMEIXIPAPOBRIFYF m t hi ckness. - 16

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.
8. The microelectronic device of claim 7 wherein the stand-off is attached
directly to the backside of the die without an adhesive positioned between the stand-off

and the die.

9. The microelectronic device of claim 7 wherein the stand-off comprises a

molded dielectric material.

10. The microelectronic device of claim 7 wherein the stand-off has a

generally uniform thickness.
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