STACKED M CRCELECTRONI C DEVI CES AND METHODS FOR MANUFACTURI NG STACKED

M CROELECTRONI C DEVI CES TECHNI CAL FI ELD 100011 The present disclosure is
related to stacked m croel ectronic devices and nmethods for manufacturing
stacked m croel ectroni c devi ces. BACKGROUND [00021 Processors, nenory

devi ces, imagers and other types of mcroel ectronic devices are often
manuf act ured on sem conduct or wor kpi eces or other types of workpieces. In a
typi cal application, several individual dies (e.g., devices) are fabricated
on a single workpiece using sophisticated and expensive equi pnent and
processes. Individual dies generally include an integrated circuit and a
plurality of bond pads coupled to the integrated circuit. The bond pads
provi de external } i j pply

vol t age, signals,ggﬁgkggﬁgbC§gﬁ%t ﬂ?ggﬁK%Q§X§% e%@ﬁgre I$2%§2$$?ed to and
fromthe integrat edANURACTURTNG STHCK PR ASICROENLECERONIC DEVICESRIl |, and t hey
are arranged in an array having a fine pitch between bond pads. The dies can
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packaged to protect the dies and to connect the bond pads to another array
of |arger e t is easier to connect to a printed circuit board.
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el ectrically connected to contacts on an interposer substrate that has an
array of @@chm@ﬁﬁﬂDFor exanple, Figure A schematically illustrates a
conventi onal packaged m croel ectronic device 6, including a mcroelectronic
die 10, an interposer substrate 60 attached to the die 10, a plurality of
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application, several individual dies (e.g., devices) are fabricated on a single workpiece using
sophisticated and expensive equipment 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, and other
electrical parameters 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 bond pads are electrically connected to
contacts on an interposer substrate that has an array of ball pads. For example, Figure 1A
schematically illustrates a conventional packaged microelectronic device 6, including a

microelectronic die 10, an interposer substrate 60 attached to the die 10, a plurality of wire bonds 90



100041 Figure I B schematically illustrates another conventional packaged

m croel ectronic device 6a having two stacked m croel ectronic dies ]Ca-b.
The m croel ectronic device 6a includes a substrate 60a, a first

m croel ectronic die 10a attached to the substrate 60a, a spacer 30 attached
to the first die 10a with a first adhesive 22a, and a second

m croel ectronic die 10b attached to the spacer 30 with a second adhesive
22b. The spacer 30 is a precut section of a sem conductor wafer. O her
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m croel ectronic die having netal spacers placed on
BRIEF DESCRIPTION OF THE DRAWINGS

[0005} Figure 1A schematically illustrates a conventional packaged microelectronic device in
accordance with the prior art.

[0006] Figure 1B schematically illustrates ancther conventional packaged microelectronic

device in accordance with the prior art.

[0007] Figure 2A is an isometric view of a stacked microelectronic die assembly having two-

tiered metal spacers at the corners of the dies in accordance with one embodiment of the disclosure.

[0008] Figure 2B is a cross-sectional view of the assembly of Figure 2A showing metal

spacers positioned on spacer bond sites.

[0009] Figure 2C is another cross-sectional view of the assembly of Figure 2A showing

interconnects passing between the stacked dies.

[0010] Figure 2D is another cross-sectional view of the assembly of Figure 2A showing

electrical isolation of the metal spacers.

o011} Figures 3A-C are cross-sectional views of metal spacers in accordance with several

embodiments of the disclosure.



an interior portion of the die in accordance with anot her enbodi nent of the
di scl osure. 100131 Figure 5A is an isonetric view of a stacked die assenbly
having stitched nmetal spacers in accordance with another enbodi nent of the
di scl osure. [00141 Figure 5B is a cross-sectional view of the assenbly of
Figure 5A showing the stitched netal spacers passing between the stacked
dies. (00151 Figure 5Cis a cross-sectional view of the assenbly of Figure
SB showing electrical isolation of the stitched netal spacers. 100161
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anot her &wtbsharempassingtiisevesndly sakeddiep.00201 Figure 10 is a cross-sectional
vi ew of the packaged microel ectronic device of Figure 8 further including
interior [0ﬁdﬁh| spElitgelrE:SSC (00 20ks-Ficgona vidw bfthe ssehmebipof Eigukd GBtshawingrelatrical
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storage ?d(ﬁlﬂent ' Fi igure 7 is an tsometric view of a microelectronic die having wire bond metal bumps

and stitched metal spacers in accordance with another embodiment of the disclosure.

[0018] Figure 8 is a cross-sectional view of a packaged microelectronic device having
differently sized microelectronic dies and three-tiered metal spacers in accordance with another

embodiment of the disclosure.

[0019] Figure 9 is a cross-sectional view of a packaged microelectronic device having three
stacked microelectronic dies and corresponding two-tiered and three-tiered metal spacers in

accordance with another embodiment of the disclosure.

[0020} Figure 10 is a cross-sectional view of the packaged microelectronic device of Figure 8

further including interior metal spacers.
[0021] Figure 11 is a schematic illustration of a system in which the microelectronic devices
may be incorporated.

DETAILED DESCRIPTION

[0022] Specific details of several embodiments of the disclosure are described below with
reference to semiconductor devices and methods for fabricating semiconductor devices. The

semiconductor components are manufactured on semiconductor wafers that can include substrates



optics, read/wite conponents, and other features are fabricated. For
exanpl e, SRAM DRAM (e.g., DDR/ SDRAM, flash nenory (e.g., NAND flash
menory), processors, inagers, and other types of devices can be constructed
on sem conductor wafers. Although nmany of the enbodiments are described
bel ow with respect to sem conductor devices that have integrated circuits,

ot her types of devices manufactured on other types of substrates may be

wi thin the scope of the invention. Moreover, several other enbodi nents of
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electrically isolated spacer sites 106 adjacent to the corners of the first die 102a. The first and
second dies 102a-b can further include bond pads 108a and 108b, respectively, for electrically
coupling the first and second dies 102a-b to bond pads 114 of an interposer substrate 110 (e.g., a
printed circuit board). Accordingly, a plurality of first wire bonds 112a and a plurality of second
wire bonds 112b, respectively, couple the first and second dies 102a-b to the bond pads 114. In
addition to these electrical couplings, an adhesive layer 116 physically couples the first die 102a to
the substrate 110 and a filler layer 118 adheres the second die 102b to the first die 102a. The filler
layer 118 can also physically and electrically isolate individual first wire bonds 1122 from each
other. The filler layer 118 may comprise, for example, an epoxy, epoxy acrylic, polymide, or other

suitable material, and it may be used to further attach the first die 102a to the second die 102b.

[0024] Figures 2B-D are cross-sectional views of the assembly 100 shown in Figure 2A.
Figure 2B shows the metal spacers 104 attached to both a front-side surface 120 of the first die 102a



Fi gure 2B shows the netal spacers 104 attached to both a front-side surface
120 of the first die 102a -4 and a back-side surface 122 of the second die
102b. In this enbodi nent, the nmetal spacers 104 have two separate el enents
in a stacked, two-tiered configuration. The filler |ayer 118 encapsul ates
the nmetal spacers 104 and fills an interior portion 124 of the assenbly
100. Figure 2C shows partial schematic diagrans associated with the first
die 102a, the second die 102b, and the substrate 110. The first and second
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network 127a in the first die 102a. The dielectric layer 129 can comprise a non-conductive oxide,
such as deposited silicon dioxide, and the spacer sites 106 and bond pads 108a-b may comprise a
variety of conventional metals or metal alloys (e.g., aluminum, copper, gold, or an alloy of these
materials). The spacer sites 106, for example, can be formed during fabrication of the first die 102a

concurrently with the bond pads 108a.

[0025] Because the spacer sites 106 are metallic, a conventional wire bonding and/or soldering
process may be used to attach the metal spacers 104 to the spacer sites 106 for spacing the first and
second dies 102a-b from each other. Returning again to Figure 2A, a process for attaching the metal
spacers 104 and stacking the first and second dies 102a-b may include, for example, forming the
adhesive layer 116 on the substrate 110; attaching the first die 102a to the adhesive layer 116;
forming wire bonds between the bond pads 108a and the bond pads 114; attaching the metal spacers
104 to the spacer sites 106; depositing a filler material on the front-side surface of the first die 102a;

and attaching the second die 102b to the metal spacers 104.



adhesive layer 116 on the substrate 110; attaching the first die 102a to the
adhesi ve layer 116; form ng wire bonds between the bond pads 108a and the
bond pads 114; attaching the netal spacers 104 to the spacer sites 106;
depositing a filler material on the front-side surface of the first die
102a; and attaching the second die 102b to the netal spacers 104. -5 100261
The netal spacers 104 may be forned in a variety of ways. In one enbodi nent,
the nmetal spacers 104 are made froma wire bond material and forned
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Addi t i onalgyes 8sver al enbodi nent's of the netal spacers 104 may be pl aced

adj acent to wire bonds or at outernost ed%es of a die to ensure that
[0027 The embodiment of the assembly 100 shown in Figures 2A-D, as well as several
alternative embodiments, can mitigate or eliminate several challenges of stacking dies on each other.
For example, several embodiments of the metal spacers 104 provide incompressible spacers that can
be fabricated during the wire bonding process without additional equipment or processing steps.
Many embodiments of the metal spacers 104 accordingly act like a silicon spacer without the cost
and processing equipment needed for silicon spacers. Additionally, several embodiments of the
metal spacers 104 may be placed adjacent to wire bonds or at outermost edges of a die to ensure that
the first and second dies 102a-b in the assembly 100 are substantially parallel with respect to each
other. Such embodiments of the metal spacers 104 accordingly avoid misalignment errors

assoctated with epoxy spacers.

[0028]) Figures 3A-C are cross-sectional views showing several examples of metal spacers that
can be used in the stacked die assembly 100 shown in Figures 2A-D, or in any of the alternative
embodiments described below. Figure 3A, for example, shows an embodiment of the metal

spacer 104 having first and second spacer elements, such as spherical metal bumps 130 and 131



the first and second dies 102a-b in the assenbly 100 are substantially
parallel with respect to each other. Such enbodi nents of the netal spacers
104 accordingly avoid m salignment errors associated with epoxy spacers.
10028) Figures 3A-C are cross-sectional views show ng several exanples of
metal spacers that can be used in the stacked die assenbly 100 shown in
Figures 2A-D, or in any of the alternative enbodinents described bel ow
Figure 3A, for exarrpl e shovvs an enbodi ment of the netal spacer 104 havi ng
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enbodi nmen netal spacer nprising a flatte

that pr owethe dumpwi derwedvase @anevwa:hthborrd&ptbamb sackpdvaligeationseinay bbuned. 18d:
100291 Fi gure 4 is an isonetric view of an enbodi nent showi,ng alternative

pl acenenfanyre.tigire bt dOWs PacEmRodynent 9 the ety ppacer @t sopprisinga fadergdameteb

102b hasphesnsf ﬁl'apf;{r‘égldéé)a R oh'tvﬂﬂ to%%&ﬁ%&%ﬁ%&capwﬁhﬁuﬂ?tl @, spacers 104

on an |nter or surface portion of Irs rangenent of
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pads 136 the di'e a, and arrangenen
three mehrial SPREEIS4T0BIthe Fiddd RIG 10220 Me&nﬂwxagomh@tmﬁ hedowidao s&\harmpod

art angengr?énséer?lzntngft t%le n?eptf?lcs%rager?rl?M aJnsz% 51?;18(# l?slusfav.:e portion of the first die 102a. The
arrangement of metal spacers 104 shown in Figure 4 may allow more room for additional bond
pads 136 at edges of the die 102a, and the tripod arrangement uses only three metal spacers for
supporting and spacing an attached die. Other arrangements of metal spacers are also possible;
alternative arrangements could include using more than three metal spacers 104 or placing metal

spacers on both the interior surface and the edge surface portions of the die 102a.

[0030] Figures 5A-C illustrate an alternative embodiment of a stacked die assembly 140
having a first die 144a, a second die 144b stacked on one side of the first die 144a, and an interposer
substrate 147 at the other side of the first die 144a. The first and second dies 144a-b are generally
similar to the first and second dies 102a-b, but the first and second dies 144a-b do not have
electrically isolated spacer sites. Instead, as best shown in Figure 5B, the assembly 140 has
“stitched” metal spacers 142 at the front side of the first die 144a and below the back side of the
second die 144b. Referring to Figure 5B, individual metal spacers 142 have a first spacer

element 142a and a second spacer element 142b. The assembly 140 further includes stitched wire



alternative arrangenents could include using nore than three netal spacers
104 or placing netal spacers on both the interior surface and the edge
surface portions of the die 102a. (00301 Figures 5A-Cillustrate an
alternative enbodi nent of a stacked die assenbly 140 having a first die
144a, a second di e 144b stacked on one side of the first die 144a, and an

i nterposer substrate 147 at the other side of the first die 144a. The first
and second dies 144a-b are generally simlar to the first and second dies
102a- b, put, t fi.rst and second.dies 1443-b do t have electrically.
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and bel ow the back side of the second die 144b. Referring to Figure 5B,
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shown in Figure 2A. In the sEe.ci fic enbodi ment shown in Figure 5A the
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second die 144b to electrically isolate the second die 1446 fromthe netal

spacers fg431) The €50 Yow4 8 Y. sEonB VithwasH idfebnfiddimb@iokls 127abh@dRILERES
of manufacturing the assenbly 100 of Figure 2A. 100311 Figure 5C shows a

cr oss- seeauptings with the cofresponding band padsnid@Beddr Fagure 7 -alsoshewe thecdieleeter layer 145
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| ayer 145 may conprise a variety of materials, such as, for exanple, an
adhesi veadhgsize mgterfabforaattagling Mg sesends dicokddb dp dhe meip! spacetsel 4fet Alterapinebs she

142. Altegr iV , dj rj K S [ a 20 tive
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second diéodifedibon the tgelnesidalof tidecohdliecidnbe Ih ayetallthe didlenttic ldyer 145 should be
substantial l y non-conductive to prevent electricgl conducti on between the
net al spikbstaitiallyogregndysgive to prevent electrical conduction between the metal spacers 142 and the

second die 144b.

[0032) Figures 6A-E are cross-sections showing stages of an embodiment of a method for
forming stitched metal spacers. In Figure 6A, a tip 158 of a first metal wire 160a is melted to form a
first metal bump 162a. The first bump 162a serves as a bottom or first spacer element of the
stitched metal spacer. The diameter of the first bump 162a may be tailored by heating the tip 158
until a desired diameter is achieved. Alternatively, the overall height of a metal spacer may be
adjusted by flattening a metal bump to a desired size (described further with reference to Figure 6C).
Figure 6B shows the first wire 160a after it has been bent and pressed against a bond pad 164, for
example, by a wire bonding tool. The wire bonding tool applies mechanical force, heat, and/or
ultrasonic energy until a metallic connection is created between the first bump 162a and the bond
pad 164. The remaining portion of the first wire 160a may then be stitched to external bond pads of
the interposer substrate. In an alternative embodiment, Figure 6C shows the first bump 162a after it

has been flattened or coined by applying mechanical pressure to the top and bottom sides of the first



second di e 144b. 100321 Figures 6A-E are cross-sections show ng stages of an
enbodi nent of a nmethod for formng stitched netal spacers. In Figure 6A, a
tip 158 of a first netal wire 160a is nelted to forma first nmetal bunp
162a. The first bunp 162a serves as a bottomor first spacer elenment of the
stitched netal spacer. The dianeter of the first bunp 162a may be tail ored
by heating the tip 158 wuntil a desired dianeter is achieved. Alternatively,
t he overall height of a netal spacer may be adjusted by flattening a netal

bump to de ed, size scribed furt r ef ure 6C).
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bondi ng tool applies nechanical force,” heat, and/or rasoni ¢ energy until
a net al | flat sadmgection is created between the first bunp 162a and the bond
pad 164. The remaining portion of the first wwre 160a may then be stitched
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160a does not contact a microelectronic die stacked on the stitched netal
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[0034] Figure 6F shows an embodiment of the spacer 104 that has been adapted from the
stitched metal spacer 142. In this embodiment both the first and second wires 160a-b have been
removed to create stacked metal bumps 162a-b. Figure 6F also shows wire tails 166a-b projecting
away from the respective metal bumps 162a-b. The wire tails 166a-b may be removed, for example,

by a flattening process.

[0035] Figure 7 is an isometric view of stitched metal spacer placement according to an
alternative embodiment. The second die 144b (Figures SA-C) has been removed in this figure to
show an arrangement of the stitched metal spacers 142 on front-side bond pads 108a. The bond
pads 108a alternate between conventional wire bond couplings 174 and the stitched meta' spacers
142. Relative to the embodiment of the assembly 140 in Figures S5A-C, in which the stitched metal
spacers 142 are at the corners of the dies, the arrangement of stitched and conventional wire bonds
shown in Figure 7 provides support between the first and second dies 144a-b along more points. It
is also contemplated that a variety of additional arrangements are possible, such as metal spacers

with both stitched and non-stitched spacer elements, and/or stitched and non-stitched spacers. For



Alternatively, three or nore stacked netal bunps may create an appropriate
separation distance between the back side of a die and a curved wire
(described further with reference to Figures 8-10). [0034] Figure 6F shows
an enbodi ment of the spacer 104 that has been adapted fromthe stitched
metal spacer 142. In this enbodi nent both the first and second wires 160a-b
have been renoved to create stacked netal bunps 162a-b. Figure 6F al so
shows wire tails 166a-b projecting amay fromthe respective netal bunps

162a- b. The 66a- for a a flattening
or ocess. “paws gl péat Ses R bR RTE st oL BRb Akt oRd paEahieRed
pl acenenhaeep%ﬁe@snﬁ be fétthed at Irt&:frié%dr%e poHbieAN orend first 8@ 19ggond di e 144b
(Figures 5A-C) has een renoved in this figure to show an arrangenent of
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nore points. It is also contenplated that a variety of additional

ar r angeneend aines §82s abd d )2l uskpeavaipt@uplophe dirss andi sehotsblies sltsﬁtanldekfsaﬂodan
non-stitched s er el n and/ or st che and, npn-stitche cer,s.
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die 144asp%8éis opoe $ildk hﬁiﬂ@gpacﬂ%tb%{we%ﬁd&eﬁ@t WhYs @Qafaﬂd RGeadnd it €84, OAd@tiénfaiﬂQG
portions of the first die 144a. 100361 Figure 8 is a cross-sectional view of

an enbodthedinst vofesd 9%mmémewmm®%mrmal&unwed Palesomxat thadirstivicgs Udes exetend

apart O HEE pret ol S by oDf ERNEy TRt Bhac I efisluSeaRibdPREE v die
formed oy&lkendifgoh tHeSrtlaﬁMpermee@lbe&eEBﬁaadldsc&&BdleJ g6 drid 98, theavid8G9ham a
| arger perinmeter than the second die 188. First and second wires 192a and

192b, r ebpeaupledayith firstotigsimeetalhamps A 80a qpribird tergnefaldiusyps186¢.and 188 to an

interposer substrate 194. The netal spacers 190 in this enbodi nent include

three-ti 0039 net digursplcer tcmoq@fso&tiomel Moewe ef)aariottgr bembedimentheoff ar packagedes
the fi res,192a

o seconBiererinaraevi AL ootk PR Ensiciiont oef polh-4 6342 il SR
over the dies 204a-c. The device 200 can have two-tiered stitched metal spacers 206 separating the
first die 204a from the second die 204b and three-tiered stitched metal spacers 208 separating the
second die 204b from the third die 204c. In this embodiment, the two-tiered metal spacers 206
prevent the first wires 210a from contacting a surface of the second die 204b. Because second
wires 210b have a smaller radius of curvature than the first wires 210a, the additional metal bump in
the three-tiered metal spacers 208 spaces the second wires 210b sufficiently apart from a back side
surface of the third die 204c to prevent contact therebetween. In additional or alternative
embodiments, metal spacers comprising four or more metal bumps may be used to separate
individual microelectronic dies. Furthermore, other emboediments may include four or more stacked

microelectronic dies.

[0038] Figure 10 is a cross-sectional view of the packaged microelectronic device 200
comprising non-stitched interior metal spacers 210 and 212. In this embodiment, dies supported by
multi-tiered metal spacers having three or more metal bumps may receive increased structural

support with interior metal spacers.
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above the coner and surface portions of the first die 186. In alternative
enbodi nents, and depending on the relative perineter sizes of the first and
second dies 186 and 188, the wires 192 can be coupled with first-tier netal
bunmps 190a or third-tier netal bunps 190c. 100371 Figure 9 is a
cross-sectional view of another enbodi nent of a packaged m croelectronic
devi ce 200 that includes three mcroelectronic dies 204a-c and a casi ng 202
formed over the dies 204a-c. The device 200 can have two-tiered stitched

t al 206, i t.h fi.rst, die.204a f h d die 204b
Tnd "t hr oBUSHIS, q ATt e pbesd, mitsPHe g cs a6 s RS aSSGoR i S BreBes Ban
from t herities dAdioecad @ Gneokpbratbd @B aBRad dfii@gdriRdiol RlotdcdmRbiat s;3RARAYS,

206 prevent the first wires 210a fromcontacting a surface of thée second
di e 204ba rqpessenistéveseeorfdvhiol isehowa Gbhdmatieally irfigurer 1r ddiewsyston 49rosatnglusietzhan

the first wires Oa, the additiona a in, the three-tiered,netal
spacer s PORSHadTs T HEBRRORG Wt oo BASh BRARTEFIATe: oEpt e B SH AR de
surface Rputidigpu et e 493, 2dfor tothdp 'sa¥Elems Ot RBIpohdiRd DL WERbeldRomié et ic@nal
or alternative enbodinments, nmetal spacers conprising four or nore netal

bunps magapée isdudedoinsanyarfathe compananisishavnninckigeteekh: r dhe cesuiting. sysigme #¥r e e,
ot her egé)r%'nqe o E Yidd' %L\r‘i'élg oft‘%hgg{in%é%eg%in ?ﬁgoq%%;m &lge! ififapind :'cugdé?lj Gther

[ 00381 gure Cr0Ss-Sect1o qu’aged m ronic

devi ce 2fifdctich@NMAdcBidigiy) GBpieidntatine dydtdthL 49D InclEt alvitbpa defitatidi Oconfphitetd And/dm
this enbodi nent, dies supported b multi-tiered netal spacers having three
or nore PBerdataRiReRsserRyior e@BIple dpmt%%, lapsangoaputess dpisinet grpliangepthapd-or

desar i bl SsRys e AR apl Rl BiE" el iR RGEARES RS, RERIChaS iRl

any of adigjaliagdsimits)l muliBproassddrasystams,pro@oiol Sxsed s beygBandiiifble consugipr €8@ivhik) ve
one of which is shown schematically in Figure 11. The system 490 can i ncl ude

a proceddyprkepmpuieryygag minyepmpyters,  Othanagpresopiative pysian, 490narlyde samesps, bghtor y
vl ey : :
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494. M croelectronic ces e I nc any of t'he components s
i n Fi gur éevicks. Thesuck syfttmpgingivsdusnd#9 Qcaa anclugee ithagemaanys, clicla ani(@dO8 aimmiagerg. of

conmputing, processjng, stor , _sensqr, inmaging, .and/or other .
P 80mBonents 0 91% system 6)198 may Ige oused mga s?ngle unit or 8lstr1%uted 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.

[0040] 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 the elements of one embodiment can
be combined with other embodiments in addition to or in lieu of the elements of the other
embodiments. Additionally, in several embodiments, ithe metal spacers can be single, dimensionally
stable posts or other stanchion-like members projecting from discrete spacer sites. Accordingly, the

invention is not limited except as by the appended claims.
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functions. Accordingly, representative systens 490 include, w thout
limtation, conputers and/or other data processors, for exanple, desktop
conputers, |laptop conmputers, Internet appliances, hand- held devices (e.g.,
pal mtop conputers, wearable conputers, cellular or nobile phones, persona
digital assistants), nulti-processor systens, processor-based or
programmabl e consuner el ectronics, network conputers, and m ni conputers.
Q her representative systens 490 include caneras, light or other radiation
sensors, servers and associ ated server subsystens, display devices, and/or
menory devices. In such systens, individual dies can include inmager arrays,
such as CMOS i magers. Conponents of t¢ieAB¥Stem 490 may be housed in a
single unit or distributed over nultiple, interconnected units, e.g.,

t hrough gweEmni cati ons networ k. Conponents can accordingly include |ocal
and/ or renote nenory storage devices, and any of a wide variety of conputer-
readabl e nedia. [00401 Fromthe foregoing it will be appreciated that

speci fic, enbodi nts of .t ventd qn. r ﬁ%he ei,n for
purposeslgf |IIustrat|oﬁleH'8dOP iﬁ@ nn amﬁxog 'ngfﬁgwe mehOdﬁdﬁgnmng

wi t hout devi at i ndfofniiggnat ﬂarallweﬂmmtxeﬁermamamab@s haviny @bt §faceredienent snof
one enbodi nent can be conbined with other enbodi nents in addition to or in

lieu of the el ements dfoni-pide genfase of arfiieidniceasiestroma dia rshierend spaper slapants on
enmbodi nents, the netal ngggﬁmﬁgﬁﬁgéggegm§%gﬁ% di rensionally stable posts or
I'n

ot her stanchion-Iike m’di screte spacer sites.

Accordingly, the atthﬂmgwhlmnkmie r’sﬂt‘faid m‘ b adcomd ctfetochRtrbyict die tapipe pdead epaRems.
ii_ CLAIMS 1/We claim lctl |. A nethod of manufacturing a mcroel ectronic
devi ce, the method colismestsngid forning a plurality of nuiti-tiered neta

spacers having f id&h%eiﬁ g@l%gsrt ofit SFRBIPst QH(il gercr%nﬁcf %@Eer%’le@ﬁen&% bRERiCA ?olﬁéeﬁ $om

m croel ectronic die and second spacer correspondi n
spacer el enents; attatahlelag ome lofi te-faintleids wurfae of dfe f“a*stschcmtdthmbadesaﬂaeatrfaomot

die to the second space el ements; and
he second die.

[e2] 2. The method of claim 1, wherein the first spacer elements are formed by

forming wire bond balls on the first die.

[e3) 3. The method of claim 1, further comprising constructing individual wires

coupled to at least one of the first and second spacer elements.

[e4} 4, The method of claim 1, wherein attaching the back-side surface of the second
die includes depositing a filler material on the front-side surface of the first die and pressing the
second die onto the filler material.

[¢5] 5. The method of claim 1, further comprising forming at least three metal spacers.

[c6] 6. The method of claim 1, wherein the first and second dies have equivalent

exterior perimeters.
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wherein at |east one of the first and second spacer elenents is electrically
isolated from at |east one of the front-side surface of the first die and

t he back-side surface of the second die. Ice) 2. The nethod of claim1,
wherein the first spacer elenents are formed by formng wire bond balls on
the first die. (31 3. The nethod of claim11, further conprising constructing
individual wires coupled to at |east one of the first and second spacer

el enents. 141 4. The nethod of claim1, wherein attaching the back-side
surface of the second die includes depositing a filler material on the

front-sigg surfage of ThBendihddséf dlaith ANWhdEIRIRE FiEkt lUkChas SURCAREH I IpRriRBleP tHah &
filler material. h51 5. The method of claim1, further conprising formng at

| east t hlargsr then an exfprerenesimeter @ysogiatefathithe spseinddiecl ai m 1, wherein the first
and second di es have equivalent exterior perineters. -12 [c71 7. The nethod
of claiml1, wherein the first die has an exterior perineter that is |arger

than an gyfterior gperi mat efett@RISETCNAME] Whekehh the €ir& @@ Reoit 8padet SlémBnts @ prise
met hod of claim 1, wherein the first and second spacer elenents conprise a

st ack of 2 $tpeksqf fistcind second meid BpmPYinps. 1¢c91 9. The method of claim 1,
wherein a portion of the nmetal spacers is positioned at an interior portion
of the first die. Idol 10. The nethod of claim9, wherein the netal spacers

further ggnprisega thithd meiRidadf dMimmipL, Whedeld a bartioh e tieinbRtspaters ligpdasitibned at
wherein the first die has netal spacer sites and bond sites at the

f r ont - si #eintier pertion phike figst die. spacer sites being electrically isolated from
the bond sites and integrated circuitry of the first die, and the process
of formng the nmulti-tiered spacers conprises formng first nmetal bunps on

the spacgro sites (and Jaeandhakbhlklabtmysviereil hige hictad tspagEsaturthbt B@Aprise a third

metal bump.

[e11] I1. The method of claim 1, wherein the first die has metal spacer sites and bond
sites at the front-side surface, the metal spacer sites being electrically isolated from the bond sites
and integrated circuitry of the first die, and the process of forming the multi-tiered spacers
comprises forming first metal bumps on the spacer sites and second metal bumps on the first metal

bumps.

fe12] 12.  The method of claim 1, wherein the first die has integrated circuitry and bond
pads at the front side surface electrically coupled to the integrated circuitry, and the process of
forming the multi-tiered spacers comprises forming first metal bumps on the bond pads and second

metal bumps on the first metal bumps.

[e13] 13. A method of manufacturing a microelectronic device, the method comprising:
forming a non-compressible metal spacer on a surface of a spacer site at a front side of
a first microelectronic die, wherein the spacer site is electrically isolated from
an integrated circuit of the first die; and

attaching a second microelectronic die to the metal spacer.
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lcl21 12. The method of claim1l, wherein the first die has integrated
circuitry and bond pads at the front side surface electrically coupled to
the integrated circuitry, and the process of formng the multi-tiered
spacers conprises formng first netal bunps on the bond pads and second
metal bunps on the first nmetal bunps. 1¢c131 13. A nmethod of manufacturing a
m croel ectroni c device, the nmethod conprising: formng a non-conpressible
netal spacer on a surface of a spacer site at a front side of a first

m croel ectronic die, wherein the spacer site is electrically isolated from
an integrated circuit of the first die; and attaching a second

m cr oel g@ad4jr oni ¢ th.e tbherhethodobdlaisphy evherein h8 spaeddonipliseT h enerad spagelr lofvingladi m
13, wherein the spacer conprises a netal spacer having at least two tiers
of spacdfaSENOHER & SPACFE]IEHBNSThe et hod of claim 13, wherein the spacer
sites conprise netal pads. (cl161 16. The nmethod of claim 13, wherein
formng the spacer conprises: attaching a first nmetal bunp to the spacer
site; andsideposi ti.ng Bhesmetbodiohdaial 13 wwipreomthe epucerf siteh eoriprisstmetaltpatis. bunp.
1c171 17. The nethod of claim 16, further conprising increasing a spacing
di stance between the first die and the second die by disposing a third

netal bygp on top of tREmSBEPBECINRL B, wh'@%é'iﬂf’fﬂrrﬁﬁnb?ﬂe %eer}ﬂﬁnpﬁ?&sh‘m of claim

16, further conprising flattening at |east one of the firs nmetal bunp and
t he second net al attaghipg a festonetal bump torgherspacepsiteyamdif act uri ng a m croel ectronic

devi ce, the nethod canprising: taching firs ire bonds to bond sites at
a front-side surﬁ?eé’eélgB aéecppgg}emi%grpggpggw%ﬁqﬁrs el E)’\%%‘rei n a portion of
i ndividual first wire bonds are bottomtier spacer elenents; covering at

| east a portion of a back side of a second microelectronic die with a
di el ect fg!d mat er 1Al ; The method of claim 16, further comprising increasing a spacing distance

between the first die and the second die by disposing a third metal bump on top of the second metal

bump.

[c18) 18.  The method of claim 16, further comprising flattening at least one of the first

metal bump and the second metal bump.

[c19] 19. A method of manufacturing a microelectronic device, the method comprising:

attaching first wire bonds to bond sites at a front-side surface of a first microelectronic
die, wherein a portion of individual first wire bonds are bottom-tier spacer
elements;

covering at least a portion of a back side of a second microelectronic die with a
dielectric material;

coupling top-tier spacer elements to the bottom-tier spacer elements; and

attaching the electrically insulated portion of the second die to the top-tier spacer

elements.

fc20] 20.  The method of claim 19, wherein coupling the top-tier spacer elements further

comprises:
attaching second wire bonds to individual bottom-tier spacer elements; and

removing excess wire from the second wire bonds.
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coupling top-tier spacer elenents to the bottomtier spacer elenents; and
attaching the electrically insulated portion of the second die to the
top-tier spacer elenents. 1c20) 20. The nethod of claim 19, wherein
coupling the top-tier spacer elenents further conprises: attaching second
wire bonds to individual bottomtier spacer elenents; and renpbving excess
wre fromthe second wire bonds. -14 |1c211 21 A mcroel ectroni c device,
conprising: a first mcroelectronic die having a front side with bond sites
and wire bonds coupled to the bond sites; a second mcroelectronic die
havi ng aipck si de;, amomicrgdidetdhictdeviod, colpatingpacers interposed between the
first and second djies, wherein the netal spacers are coupled with the
front-side surfaddirgfmicielacipaie dig kavinese frRe sidrat/Rb Sprrbsitasrand sdredfondheoupladond
di e, and wherein the I rs are electrically isolated fromat | east
one of the first and gﬁg@gr?aﬁaéggeg 1c221 22. The m croel ectronic device of
claim 21, wher ei astdvmdnisit@klespadedie havinpaback sidd; asd spacer el enents and
second spacer elenents stacked on the first spacer elenents. 1¢231 23. The
mi croel ect roni ¢ ddrabty At ragtalj spreeps fgrpesed Beiwsan theglitst and segpndsdige ayherein the

el ements conprise a ngla); sPQJ&s ﬁ@%@g}% Rﬁthbﬁ?%ol‘ﬁ%?ﬂ%@%g}fﬁ’c%uéf: tﬁg‘rﬂr?tediﬁﬁé‘!the

ball. 1c24l 24. The mcroelectronic device 0 conpri si ng:
a casi ng housi ng the badkstidandrisecofdhdisesndaditj lahdrwheagiar the ninetap apawtrs are
between the first and second dies; .and an interposer substrate attached to
the casing and the fi F%Pmtﬂ?l isqlted dhom 4t %"S%?J‘Sﬁfﬁﬁtte“ &F‘?é’é‘%éil“’éctri cal
connections within the casing to bond pads exterior to the casing. 1c251
25. The microel ectronic device of claim?21, further conprising nmetal spacer
sites atie22] 22. The microelectronic device of claim 21, wherein the metal spacers comprise

first spacer elements and second spacer elements stacked on the first spacer elements.

{€23] 23. The microelectronic device of claim 22, wherein individual first spacer

elements comprise a metal ball and a wire bond projection from the metal ball.

[c24) 24.  The microelectronic device of claim 20, further comprising:
a casing housing the first and second dies;
a filler layer interposed between the first and second dies; and
an interposer substrate attached to the casing and the first die, wherein the substrate
routes electrical connections within the casing to bond pads exterior to the

casing.
[c25] 25.  The microelectronic device of claim 21, further comprising metal spacer sites at
the front side of the first die that are electrically isolated from integrated circuitry of the first die,

wherein individual metal spacers are attached to individual metal spacer sites.

[e26] 26. The microelectronic device of claim 21, further comprising a dielectric layer on

the back side of the second die and contacting the metal spacers.
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the front side of the first die that are electrically isolated from
integrated circuitry of the first die, wherein individual netal spacers are
attached to individual netal spacer sites. 1c261 26. The m croel ectronic
device of claim?2l1, further conprising a dielectric |layer on the back side
of the second die and contacting the netal spacers. -15 (c271 27. A
conputing system conprising a processor, a nenory, and an input/out put

devi ce, wherein the conmputing systemincludes the m croel ectronic device
according to claim?2l1. h281 28. A mcroelectronic device, conprising: an

i nt er poges substrate widompacng s , cotnphisingta Pro€dsed| @ Giidiutl Cardil & RPBuldigput

i nterposer, substrate, the first die conprising an _integrated circuit and a
f r ont - sidgEiceHerdR thelwamppieg Diges ladﬁf‘%gg? mcjocdectropigdeyice apqoading (Gdsimi 4. t he
spacer sites are electrically isolated fromthe integrated circuit; a
plurality of metal spacers coupled to the spacer sites; a second

m croel gatir oni ¢ 2§.e hawmio@ekchatkdsiice catiprisage coupl ed to the nmetal spacers;
and a plurality of first and second wire bonds respectively electrically
coupling the firtinigEppsecupsiiie witaborgpadse i nt er poser substrate, wherein a

portion of the firgl Widi§1R2RAR ?iiez?rg Iﬂ"}r%"\g:géf‘pt{tl\slﬁle shistrife, I FREGRN goﬂhﬁsﬁn 1q91

29. The mcroelectronic device o erein the first die ctonprises
a dielectric |ayer einegtatedairduyt argioh dtontigide serfapathetr insludes a fpiamlityhef spacer
integrated circuit. 1¢301 30.,The mcroel ectronic.d vLCﬁ of claim 29,
further comprising: 3§ Wh&eloHifethacetitis rate chspically (dplpre from ég%'» Aftegrated
circuit; and a pluralijyof netal bond pads coupled to the interconnect
network, wherein the dielectric |ayer isolates the metal bond pads fromthe
spacer sites. 1c3plbr8ity offmetatspecirectuptedite tidepacesitesonpri sing: a first

Lnocr:urjgel ectronic g Iseecmrl]c{il \rlﬁiglgel%ct];gn?cnaiéﬁllagi%gSaubra]:: -(s:i%e %\rllr acae c%lulﬁll%ﬁl ltc|> %}1}{3 rggtalvgpgceers;
and

a plurality of first and second wire bonds respectively electrically coupling the first and

second dies to the interposer substrate, wherein a portion of the first wire bonds

is between the first and second dies.

[c29] 29, The microelectronic device of claim 28, wherein the first die comprises a

dielectric layer electrically isolating the spacer sites from the integrated circuit.

[e30] 30.  The microelectronic device of claim 29, further comprising:
an interconnect network coupled to the integrated circuit; and
a plurality of metal bond pads coupled to the interconnect network, wherein the

dielectric layer isolates the metal bond pads from the spacer sites.

fe31] 31. A microelectronic device, comprising:
a first microelectronic die having a front-side surface and a plurality of wire bonds
coupled thereto;
a second microelectronic die having a back-side surface and a dielectric layer on the

back-side surface; and



coupl ed thereto; a second mcroelectronic die having a back-side surface and
a dielectric layer on the back-side surface; and -76 a plurality of netal
spacers contacting the dielectric |ayer and having individual wire bonds.
1c321 32. The m croel ectronic device of claim 31, wherein the insulating

| ayer conprises at |east one of an oxide film and an adhesive | ayer. 1331
33. The m croel ectronic device of claim31, wherein individual first netal
spacers conprise stitched netal bunps. 1c341 34. The m croel ectronic device
of claim 33, wherein individual second netal spacers conprise non-stitched

nmetal bunps. - 17, plurality of metal spacers contacting the dielectric layer and having individual wire
bonds.

[c32] 32. The microelectronic device of claim 31, wherein the insulating layer comprises at

least one of an oxide film and an adhesive layer.

[e33] 33. The microelectronic device of claim 31, wherein individual first metal spacers

comprise stitched metal bumps.

[e34] 34. The microelectronic device of claim 33, wherein individual second metal spacers

comprise non-stitched metal bumps.
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