SEM CONDUCTOR ASSEMBLI ES AND METHODS OF MANUFACTURI NG SUCH ASSEMBLI ES
TECHNI CAL FI ELD [ 00011 The present invention relates to sem conductor

devi ces and assenblies, and nmethods for manufacturing such devices and
assenbl i es. BACKGROUND [00021 Sem conductor processing and packagi ng
techni ques are continually evolving to neet industry demands for inproved
performance with reduced size and cost. Electronic products require
packaged sem conductor assenblies with a high density of devices in a
relatively small space. For exanple, the space available for nenory

devi ces, processors, displays and other mcrofeature devices is
continually decreasing in personal electronic devices such as cell phones,

| apt op conputers _and many ot her products. Accordin a need exists to
door ense ¢ nSRGaNPUZTAR ASREMIES ahi ariraDSh MANTRACE Ui

mai ntai ning or inproving perforgg Pﬁp ﬂ§§|ng cost. (00031 One
techni que used to inprove the performance and reduce the size and cost of

these mcrofeature devices involves wafer |evel packaging ("WP'). WP
generally refers to the packaging of nicrofeature devices at the wafer

| evel , rather than processing and packaging individual devices after

di ci ng THAANIGARFIEMAf er. One benefit of WP is that it creates chip-sized
packages having the smallest formfactor. WP achi eves these small sizes by
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w thin footpr| an-1n area o gnent's
lim tedfomnhﬁnfmctmlmg el dedcdsand pssemblikbecause t he conponents are forrred at
the wafer |evel before the devices are singulated. WP al so provides the

benefi t I i ng packages having excellent electrical and thernma
perforﬁﬁgg§eﬁﬁﬂﬁ§b the overall reduced size of the package and relatively

short length of the interconnects. Additional advantages provided by WP
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si mul taneous or parallel processing and testing at the wafer |evel. Even
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and pi tgphcef F‘bh%xmﬂbler tenpeet Ahiddbn fer mﬂmof)hﬁe\naésl(@ﬁﬁsessors, displays and other
microfeature devices is continually decreasing in personal electronic devices such as cell phones,
laptop computers and many other products. Accordingly, a need exists to decrease the overall size

of the microfeature devices while still maintaining or improving performance and reducing cost.

[0003] One technique used to improve the performance and reduce the size and cost of these
microfeature devices involves wafer level packaging ("WLP"). WLP generally refers to the
packaging of microfeature devices at the wafer level, rather than processing and packaging
individual devices after dicing them from a wafer. One benefit of WLP is that it creates chip-sized
packages having the smallest form factor. WLP achieves these small sizes by limiting components
of the package, such as interconnect elements, to be within the footprint or fan-in area of the device.
These components are limited within the device footprint because the components are formed at the
wafer level before the devices are singulated. WLP also provides the benefit of producing packages
having excellent electrical and thermal performance due to the overall reduced size of the package
and relatively short length of the interconnects. Additional advantages provided by WLP include

the ease of fabrication and reduced assembly cost due to simultaneous or paraliel processing and



[ 0004] To overcone this problem the dies can be diced and plated in
bui Il t-up packages that include interconnects which surround the die and
extend through a nol ded pol ynmer. Al though positioning these interconnects
outside of the footprint of the die can increase the nunber and/or pitch
of the interconnects, it can significantly increase the cost and conplexity
of the processing. For exanple, in certain circunstances the filling
process can trap air in the via that can cause the interconnect or package

i ¢ o orag P8 ot TR R iR o P BERA AR BRI U P08 Pl e e

i nt egr ishitabdd fdrhfévwbilh@ﬁﬂ‘g)ﬂlgﬁqilﬁ cainfls pEhig@rifpuiGatpRt rddifeRamkad®r example, the
Additionally, formng the vias by ablation or drillin processes typically

requir éﬁaeredvnﬁaﬁgn phtse deviemfootnring rasticts theaueber pad p dhe lnﬁﬁwnm@k@wsn@

t he ﬁuﬁ%@g time. Sinultaneously formng the vias by an etchi ng process
can be ster, but etching can result in inconsistent via sizes. It
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i nvention. [0008] Figures 2B and 2C are side cross-sectional views
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etching can result in inconsistent via sizes. It can also be difficult to achieve a dense distribution of
the vias with an etching process. Moreover, the plating and filling processing steps following the

via formation require additional processing time.
BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1A is an isometric view of a conventional semiconductor wafer.

[0006] Figure 1B is an isometric view of a molded wafer configured in accordance with an

embodiment of the invention.

[0007] Figure 2A is a side cross-sectional view of a semiconductor assembly configured in

accordance with an embodiment of the invention.

[0008] Figures 2B and 2C are side cross-sectional views illustrating various stages in a
method of manufacturing a semiconductor assembly configured in accordance with an embodiment

of the invention.
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10011] Figure 2J is a top viewillustrating a stage in a nmethod of

manuf acturing a sem conductor assenbly configured in accordance with an
enbodi ment of the invention. [0012] Figure 3A is a side cross-sectional
view of a sem conductor assenbly configured in accordance with an
enbodi ment of the invention. 100131 Figures 3B and 3C are side
cross-sectional views illustrating various stages in a nethod of

manuf acturi ng a sem conduct or assenbly configured in accordance with an
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view of a Sem co tor ass - accordance w th anot
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stage in a method of manufacturing a sem conductor assenbly configured in
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cross-sectional viewillustrating a stage in a nethod of manuf acturi ng a
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i nvent i;QRnibP017] Figure 4D is an isonetric view of a stacked sem conductor
assenbly con |gured in accordance with an enbodi nent of the invention.
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Several enbodi nents of the present disclosure are directed tovvard packaged
sem coraderdance déthiao embodiswohdf the mvantibnnet hods of form ng such devi ces and
assenblies. Many details of the disclosure are described below with
refererfo@3jo s pEig'ufeis c3}35 tand cA(Uraes sida cbmmtsbmb&aloifiewﬁ oitlostraging herides stages anal

assenbl i es "sem conduct or devi ce"_and "sem conductor ssenbl y"
are usdteth qﬂ%ﬂa eting e gact%?s#%vl;ﬂy SR Rseqsaants ey grodiment

i ncl Ud:jd?%e ih@htiogxanpl e, sem conductor wafers having active conponents,
i ndi vi Integrated circuit dies,

[0014] Figure 4A is a side cross-sectional view of a semiconductor assembly configured in

accordance with another embodiment of the invention.

[0015]) Figure 4B is a top view illustrating a stage in a method of manufacturing a

semiconductor assembly configured in accordance with an embodiment of the invention.

[0016] Figure 4C is a side cross-sectional view illustrating a stage in a method of
manufacturing a semiconductor assembly configured in accordance with an embodiment of the

invention.

[0617) Figure 4D is an isometric view of a stacked semiconductor assembly configured in

accordance with an embodiment of the invention.

[0018] Figure 5 is a flow diagram of a process of manufacturing a semiconductor assembly

configured in accordance with still another embodiment of the invention.

[0019] Figure 6 is a schematic view of a system that incorporates semiconductor assemblies

configured in accordance with further embodiments of the invention.
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packaged di es, and sem conductor devices or assenblies in a stacked
configuration. Many specific details of certain enbodinments are set forth
in Figures 1A-6 and the following text to provide a thorough understandi ng
of these enbodi nents. Like reference characters refer to |like conmponents

in Figures 1A-6 and thus the description of many of these conponents wll
not be repeated with reference to the Figures. Several other enbodi nents
can have different configurations, conponents or processes than those

descri A person skilled in the art, therefore, wll
apprec5§€£hﬂﬁ§?b§8§§@?§ﬁﬁf enbodi nents may exist or that the described
enbodi nents may be practiced without several of the details described

bel ow. 00211 FiSgudral lkeAbbdinntsi SONBEr pesent edisclbsube CREVaiRictedN@dward packaged
senlconductor waf er 100 having a_ first side 102, a second side 104 and a
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that can.i ncl ud for e t her,mgset
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(individually identified as a first die 106a, a second die 106b, etc. ). In

t he i | | appracites thab mgditions nembadiments maeys pxigts or] 6@t Abe dascribpd empodistentsi wey bE?
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116, s 0, R 0 OB bPoblots S B o
first side 102, a second side 104 and a plurality of semiconductor devices or dies 106. The dies 106
can include, for example, a dynamic or static random access memory, a flash memory, a
microprocessor, an imager or another type of application specific integrated circuit. Individual dies
106 can include a plurality of bond-sites 108 at the first side 102 to electrically connect the dies 106
with other components. As explained below, the bond-sites 108 can include a staggered
configuration at the first side 102 of the dies 106. The dies 106 are delineated by boundary lines
107, and the dies 106 are processed and built up on the wafer 100 before dicing along the boundary

lines 107 to singulate the dies 106.

[0022} After singulating the dies 106 from the wafer 100, the dies 106 can be embedded in a
mold material configured in a wafer form as illustrated in Figure |B. More specifically, Figure 1B
is an isometric view of a molded wafer 110 including a first side 112 and a second side 114. The
molded wafer 110 is composed of a mold material 116 that can include, for example, thermosets,

thermoplastics, hybridized versions of thermosets and thermoplastics, or other suitable moid
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di es 106, and columms 118b that run in a second direction between the dies
106 generally transverse to the rows 118a. One skilled in the art wll
appreci ate that describing the | anes or spacing between the dies as "rows"

and "colums" is for the purposes of illustration and does not necessarily
require a horizontal or vertical configuration of the rows and col ums.
The rows 118a and colums | I8b in the nold material 116 provide

addi ti onal space around the dies 106 to forminterconnect structures
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i ndi vi dual correspondi ng bond-sites 108 (identified |nd|V|duaIIy as
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The secOn |gure
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T ustr r?lf)leddmiatgrigi ng el"she Zzig)semb%i 226]0 o l d
y includes interconnect structures or electrical connectors 248
(identified individually as a first electrical connector 248a and a second electrical connector 248b)
that extend from a first side 202 of the assembly 200 to a second side 204. In this embodiment, the
electrical connectors 248 can have wire bonds 250 that extend through depressions or openings 224

in the mold material 116.

[0024]) Individual wire bonds 250 can be composed of a conductive material, such as nickel,
copper, gold, silver, platinum, alloys of these metals, and/or any other conductive material suitable
for wire bonding or similar techniques. The characteristics of the wire bonds 250 can be selected
based on device-specific processor or performance needs. For example, the wire bonds 250 can
have a diameter, geometry (e.g., round cross-section or flat cross-section), and/or modulus of
elasticity selected to satisfy performance and integration requirements. The wire bonds 250 connect

individual corresponding bond-sites 108 (identified individually as a bond-site 108a and a second



certain enbodi nents, the bond-sites 108 can be staggered or aligned with
each other. [00251 The contacts 230 can include a conductive material 232
(e.g., solder) that is disposed in the openings 224 proximte to the
second side 204. In certain enbodi nents, the contacts 230 can be generally
coplanar with the second side 204 as shown in Figure 2A. In other

enbodi nents, however, the contacts 230 can be recessed from or project
fromthe second side 204 and form bunps to facilitate stacking of the
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[0026] As explained in detail below, the assembly 200 incorporates the processing benefits
from WLP and the reconfigured molded wafer 110, while still providing high quality interconnects
that can be formed with relatively simplified processing steps. For example, rather than ablating,
etching or drilling individual vias, the openings 224 through the mold material 116 are formed at
intersections of the first side trenches 210 and corresponding second side channels 220. In addition,
in the embodiment shown in Figure 2A, the electrical connectors 248 include continuous wire bonds
250 that provide a uniform electrical connection through the assembly 200 without requiring the

complex process of forming, plating and filling the vias associated with conventional interconnects.

[0027] The assembly 200 and electrical connectors 248 have been completely formed in the
embodiment illustrated in Figure 2A. Figures 2B-2J described below illustrate various techniques

and stages in a method of forming the assembly 200 of Figure 2A. Figure 2B is a cross-sectional



nold material 116 around the first and second dies 106a-b. At this stage, a
portion of the nold material 116 is renoved to formone or nore trenches
210 (identified individually as a first trench 210a and second trench
210b) in the row 118a between the first and second dies 106a-b. The
trenches 210 are fornmed at the first side 202 and extend to an internediate
depth in the nold material. Mre specifically, the nold material 116 has a
first thickness T,, and the first and second dies 106a-b each have a
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first aod second trenches 210a-b (as shown in broken lines in Figure 2B).
In addition, although the trenches 210 illustrated in Figure 2B have a

gener al(po2sy ect i Ini R aiIH eflbERNEHES FrMihg AE Gerfdhbd 2 Rkahindii® pktdialMdidinghphesd at e
that that the trenches 210 can include other configurations including, but
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at intersections with the trenches 210. Mre specifically, Figure 2C.is a
cr oss- seuespending yiokhymaterigh bl 6 inassungle pass @ the| rewgl 18ae In piher gnpdiments,qsiegla 13

For t h%uRM% Rivice o reddvi il AbldRatedifler 1%%%%9&9@ g)([miple passes and repositioning the

cutting device and/or the wafer between passes. In certain embodiments, a single trench 210 (rather
than first and second trenches 210a-b) can be formed in the row 118a having a width generally the
same as the width between the outer walls of the first and second trenches 210a-b (as shown in
broken lines in Figure 2B). In addition, although the trenches 210 illustrated in Figure 2B have a
generally rectilinear cross-section, one skilled in the art will appreciate that that the trenches 210 can
include other configurations including, but not limited to, curved sidewalls or smooth transitions

between the sidewalls of the trenches 210.

[0029] Figure 2C illustrates a stage after forming the trenches 210 in the first side 202 in
which the mold material 116 is selectively removed from the second side 204 to form openings 224
at intersections with the trenches 210. More specifically, Figure 2C is a cross-sectional view of the

assembly 200 along the line B-B of Figure 1B. For the purposes of illustration, the assembly 200

-



7 shown in Figure 2Cis inverted so that the second side 204 is facing up.
In addition, the dies 106 and the bond-sites 108 are out of the plane of
Figure 2C and shown in broken lines for reference. In this configuration,
mul tiple second side channels 220 are fornmed in a direction generally
transverse to the trenches 210 descri bed above (only the first trench 210a
is shown in Figure 2C). The channels 220 can be forned in a nmanner
generally simlar to that described above with reference to the trenches
210. | showr traFigurerdSodhi imestted soltbatghesavend side 004 infabiag gpndn alldijios,ithe Higs 10
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to or ter than the first thickness T, of the nold material 116.
Accordingly, the intersections between the first side trenches 210 and the

second Sd channel s 220. form t pent ngs ,224 and rqyi de access t.hrpugh
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provide access through the mold material 116.

[0031] Figure 2D is a top view of the molded wafer 110 that illustrates the configuration of
the trenches 210 and intersecting channels 220 with reference to the individual dies 106. At this
stage in the processing, the openings 224 have been formed in the rows 118a between dies 106. In
the embodiment illustrated in Figure 2D, the first side trenches 210 run parallel to and are spaced
apart from one another in the rows 118a between the dies 106. The second side channels 220
(shown in broken lines) run generally perpendicular to the trenches 210 and within the footprints of
individual dies 106. The intersections between the trenches 210 and channels 220 accordingly form
the openings 224 in the rows 118a. In other embodiments, however, the channels 220 and trenches
210 can be configured to form the openings 224 around the periphery of the individual dies 106 and

not only in the rows 118a between them.

[0032] The configuration and method of forming the openings described above provide a

relatively fast and cost-effective method of forming the openings 224 through the mold material



[ 0032] The configuration and nethod of form ng the openings descri bed above
provide a relatively fast and cost-effective nethod of formng the

openi ngs 224 through the nold material -8 116. For exanple, cutting a
singl e second side channel 220 after formng the first side trenches 210
creates nmultiple openings 224 at the intersections with only a single pass
through the nold nmaterial 116. In addition, renpoving the nold material 116
with the trenches 210 and channel s 220 uses existing nethods and avoi ds
sone of 1t6heFoe Iazdnh;ﬂe;gmﬂmgm@ateednd/\iiﬂmcmm @00 afaatbrriving theelisnsideeencheskX10
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assenbly 200. More specifically, Figure 2E is a side cross-sectional view
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by di spagiifigant Blleggenduct i ve naterial 232 in the channels 220 aligned wi t h

correspondi ng openi ngs 224. [00341 For the purposes of illustration, Figure
2E i1l uposgt es diffef %.ﬁnﬁg R RQdResOl 1 0dinARAS 'cﬁ%nEIQQZOCP@q}é%tZE/&dW ﬁrdsﬁléte 432
in the sane assenbly 200. In certain enbodi ments, for exanple, th
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t he congigGrel N aRRFRIUKADF 232silE ciola@s&ha{melesv 828 aJslaﬁler 201 A168L the3me H2AYof236
can include a squeegee bl ade 238 and a stencil 240 hawg\gohol es 242 aligned
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240 0 ) 1 oLt 250 et TR T St i honn henerd
amount scRfjudiie RABGMCIIVR ﬂﬁtﬁfdeaflssembly 200. In certain embodiments, for example, the
conductive material 232 can be deposited or embedded in the openings 224 by printing, disposing
with a conductive inkjet, sputtering or other methods. As shown towards the left of Figure 2E, a
printing assembly 236 deposits the conductive material 232 in the channels 220. The printing
assembly 236 can include a squeegee blade 238 and a stencil 240 having holes 242 aligned with the
channels 220 and corresponding openings 224. As the squeegee blade 238 passes over the stencil
240, discrete amounts of the conductive material 232 are disposed though corresponding holes 242
in the stencil 240 to form the contacts 230. In other embodiments and as shown toward the right
side of Figure 2E, a conductive inkjet 234 can embed discrete amounts of the conductive material

232 in the openings 224 to form the contacts 230.

[0035] As illustrated in Figure 2F, the conductive material 232 does not fill the entire channel
220 (one of which is shown in Figure 2F) and the contacts 230 are generally aligned with

corresponding openings 224. As such, the contacts 230 are accessible for further processing



232 in the openings 224 to formthe contacts 230. [0035] As illustrated in
Figure 2F, the conductive material 232 does not fill the entire channel

220 (one of which is shown in Figure 2F) and the contacts 230 are generally
aligned with correspondi ng openings 224. As such, the contacts 230 are
accessible for further processing -9 through the trenches 210 fromthe
first side 202. The conductive material 232 form ng the contacts 230 can

i ncl ude a sol der paste or other conductive material that can be configured
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(not gslggv\ﬁ%,zoﬁan be attached to the contacts 230. In other enbodi nents,
however’, contacts 230 can be recessed into or protrude fromthe second
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contacts 230 proxinmate to the second side processing of the
el ect r asseibly 3Ahe Eoeampls it eartaimenskodaments, icorductve thembersisyelr asssoltder balls (261,

Fi gures 2G. and,2H 8 speci f i I re side cross-sectional vi of
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204. Referring to the second die 106b shown toward the right side of Figure

2G, t her @ised copprgs thepprotrydefromcthe secopd side 284k Bellitaastagking akthe gessmplir #l9gh

t he openj . trench 210b to connect to the bond-site 108. As
shown ?’g\l}\gg’ﬁggﬁ%ﬁ%gﬁre%?g@ S of Fi gure 2G a wire bonding tool 256 is in

t E: ,P Lgﬁﬁg@ 601:: édgﬁeil('ifggnitng itﬁe ggnrt]g]c?scgdj Bfoxﬁgz{te ) ﬁlrer:pslegbncﬁ side Sﬁidprggersgiing of %1568 of
electrical connectors 248 continues as illustrated in Figures 2G and 2H. Figures 2G and 2H, more
specifically, are side cross-sectional views of the assembly 200 along the line A-A of Figure 1B,
illustrating the process of connecting wire bonds 250 between the first side 202 and the second side
204. Referring to the second die 106b shown toward the right side of Figure 2G, the wire bond 250
is attached to the contact 230 and extends through the opening 224 and second trench 210b to
connect to the bond-site 108. As shown towards the left side of Figure 2G, a wire bonding tool 256
is in the process of making this connection. For example, a necked portion 258 of the tool 256 can
be inserted in the first trench 210a and through the opening 224 to attach the wire bond 250 directly
to the contact 230. In certain embodiments, the tool 256 can embed a first portion 252 of the wire
bond 250 in the contact 230. For example, the tool 256 can pierce the conductive material 232 with

the first portion 252 of the wire bond 250. In other embodiments, however, the bonding tool 256

itself can pierce the conductive material 232 and then inject the first portion 252 of the wire bond
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be inserted in the first trench 21 OGa and through the opening 224 to attach
the wire bond 250 directly to the contact 230. In certain enbodinents, the
tool 256 can enbed a first portion 252 of the wire bond 250 in the contact
230. For exanple, the tool 256 can pierce the conductive material 232 with
the first portion 252 of the wire bond 250. In other enbodi nents, however,
the bonding tool 256 itself can pierce the conductive material 232 and
then inject the first portion 252 of the wire bond -10 250 into the
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106 can be singulated along the rows 118a (or columms
singulated such that the electrical connectors 248 are either enclosed or exposed at a periphery of the
assembly 200. The assembly 200 can be singulated, for example, by cutting the molded wafer 110
of Figure 1B along the rows 118a and columns 118b between the individual dies 106. In certain
embodiments, the rows 118a are generally bisected between corresponding trenches 210. In other
embodiments, however, individual dies 106 can be singulated along the rows 118a (or columns
118b) to leave a predetermined amount of molding material 116 around the periphery of the
individual dies 106 and electrical connectors 248. ‘ As shown towards the left side of Figures 21 and
2], for example, the singulated assemblies 200 incl"ude a side-wall portion 258 that encloses the wire
bond 250 within the mold material 116 between the first and second sides 202, 204. In other
embodiments, however, the assemblies 200 can be singulated such that the connectors are not

enclosed by the mold material 116 and exposed at the periphery of the assembly 200. For example,

as shown for the purposes of illustration on the same assembly 200 towards the right side of Figures



118b) to | eave a predeterm ned anmount of nolding material 116 around the
peri phery of the individual dies 106 and el ectrical connectors 248. As
shown towards the left side of Figures 21 and 2J, for exanple, the

si ngul ated assenblies 200 include a side-wall portion 258 that encl oses the
wire bond 250 within the nold material 116 between the first and second
sides 202, 204. In other enbodinents, however, the assenblies 200 can be
si ngul ated such that the connectors are not enclosed by the nold materi al
116 an i . ; r d

Shoun for Ra e A e B Y ST RS R oo | S B Fecdine 1
ri ght shedgngfiatienguoess. Ekpoddg drdel@irical henmekoc 248 aalthecsideseat the aB<edbils 200

exposed after the nol.di terial 116 is renmoved dyring t si ngul. ation
o b acBroves et ing 2o et pretan & SRa oSt o bt Tage ! B G bl y
200 provides the benefit of another |ocation to electrically connect to in
a | at ef00hge JfisuRSAisdcaasssetional geeviewmignassenily 30 configyteddp agqostagre

si de vi i i 1 :
crbod e ol ABEREY $H0CORbl B0, doflor ARARR P the sk Al 200 Assrived
descr i labave vailloregeravice o Fizhieas dAcR); howeveg iir this drfboBineri dveaseembln 300has electrical

nmbodi t th | 00, h I i | . t 348 (i ndi vi | |
O e Sl RO ok e ISR it gLy
connectQfne3tBIsH) Mt I\ irdbbRisB80 Q\ﬁth‘?c'éﬂeé#ghﬁing QbfHRaarndi %%1@:%" PHTRA thinf St

portions 352 that form™ contacts 330 at t second side 2 Rat her than
f or mi ngonthes 33 anttesse2@Bl side 20#.bRhtlzpshan foymingethe siontacty 23A aleswibdd aboweeby

material 232 in the openings ,.. the conta 30 iJlu ated jn.Figure
S ar ¢ A ERERB PSR hR PR SEPUE el tPBiaE 0 Iiegaled in Fobine
Accor dispgh, fobhigd SH@CHhel Gl pofidR MRt OF the3dfe IbdRULIFS0.a LQOBFIRLIP Uhe addektrical
uninterrupted wire bond 350 connecting the first side 202 to the second
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hook-like member 358 having a generally curved or permanently deflected configuration. The wire

bond 350 extends through the opening 224 at the intersection of the trench 210 and channel 220,
and a second portion 354 of the wire bond 350 is attached to the corresponding bond-site 108a. The
first portion 352 of the wire bond 350 is not required to form an actual hook, however the first
portion 352 can be deformed and configured such that it will at least partially retain the wire bond
350 proximate to the second side 204. As such, the deformed first portion 352 of the wire bond 350
forms the contact 330 at the second side 204 and provides an external electrical access to the

assembly 300.

[0042] The second electrical connector 348b illustrated towards the left side of Figure 3A is
generally similar to the first electrical connector 348a, except that the first portion 352 of the wire
bond 350 is deformed to generally include a ball-like member 356. The ball-like member 356 is

formed from the first portion 352 of the wire bond 350 and has a cross-sectional dimension that is at
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first portion 352 of the wire bond 350 is not required to form an act ual
hook, however the first portion 352 can be defornmed and configured such
that it will at least partially retain the wire bond 350 proxinate to the
second side 204. As such, the defornmed first portion 352 of the wire bond
350 forns the contact 330 at the second side 204 and provides an external
el ectrical access to the assenbly 300. 100421 The second el ectri cal
connector 348b illustrated towards the left side of Figure 3Ais generally
si m | aleastoasthig af & csiss-edctionalidirabnsoonefabé opendpB3204. exceplingthathe bhid-liké member
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is at -12 least as big as a cross-sectional dinension of the opening 224.
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expl ai ned bel l'ow and described in nore detail with reference to Figures 3B
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formthe electrical connectors 348 extending fromthe first
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side 202 to the second side 204.

[0045] Figure 3B illustrates a processing stage at which the first portion 352 of the wire bond
350 is deflected or otherwise deformed into the hook-like member 358 at the first portion 352 of the
wire bond 350. As described above with reference to Figures 1A-2J, the openings 224 are formed at
the intersections between the first side trenches 210 and the second side channels 220. Accordingly,
the wire bonding tool 256 can be positioned in the trench 210 proximate to the opening 224 and
extend the first portion 352 of the wire bond 350 to protrude from the second side 204. A deflecting
member 370 can permanently deflect the first portion 352 to form the contact 330 at the second side
204. For example, the deflecting member 370 can move at the second side 204 in a direction
indicated by an arrow 372 to bend the first portion 352 of the wire bond 350. In other embodiments,
the deflecting member 370 can move in other directions to form the hook-like member 358 of the
first portion 352. After deforming the first portion 352, the second portion 354 of the wire bond 350
is attached to a corresponding bond-site 108 at the first side 202.
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350 is deflected or otherwi se defornmed into the hook-Iike menber 358 at the
first portion 352 of the wre bond 350. As described above with reference
to Figures 1A-2J, the openings 224 are fornmed at the intersections between
the first side trenches 210 and the second side channels 220. Accordingly,

the wire bonding tool 256 can be positioned in the trench 210 proxinmate to
t he opening 224 and extend the first portion 352 of the wire bond 350 to

protrude fromthe second side 204. A deflecting nenber 370 can pernmanently

def | ecfoosdle fi FidurpBCtilladirabaz procdseingstdge of aied éledtridad Gonkectdr 3486 avticlsihde
204. For exanpl e, the deflectln% nmenber 370 can nove at the second side 204
|14

in a dealldike; ’B‘F{anrﬁéﬁd%f%e‘{!)?t the Tt pettion 352t theewie tped $3¢-shn tbﬁﬂmb@ﬁ“@!}g of

th g f

e | o i e QiR CRFOPY opTHA: RESncg eroiin s B BdFigiP 31 il 62

porti osond 330 thtlEllmg:i&thrtm segotchaidé 2046t TioEFO aonl 352 entifsen spexkaitd qraithcr hmat354
f th d 350 tt b te 1Q t th

i rst SHEE PEOBMAISTS tbifs PORPUE B8 ok b Ealh (B0ALE FEE 436 et he

el ectrficaboriofAsE! Qﬁbs%éx%ntlge vt Edﬁ@mgtta&l'zsk'a!ﬁ% B The ec n%él’ﬁmfl QSﬁBF’th%t

the first portion 352 of wi re bond : 1S e
el ect rwite bofid 3h@ toh fecofregpoaing thood-sd6 008 st t.hosﬁrsu s;deaoz)r (Mcmvlngl)t thetbaﬁ ltkier st

portion 3 the wire g fromthe second side 204. The
EFO t oBf™ g‘éé?’érﬁ?rfnssﬂée %%@Egggﬁ%gﬁseg?#eﬁly% source proximate to the first
portio 2 and forns a free air |1, or bhall-like nmenber, 356 at fhe

first w&i? i on BEosessifignQle a@ﬁ%embhe% RGNy QONBBYRIIN G MEBRET SPBHAIP I FreknifyRs

secondy paioindRiakibiitbort WanROREnSED FiBuds SAIZIC TR PHEd: Sk Rark 08

at the first si Accordingly t I'i ke~ nmenb orns 't
cont ac25833M &t disprsed e thedirst dde 202! of fiR0xFentiRy dﬁe,smdngdwidtmh asseraBléastdands 300

Gescr | DR fp RoREd wpleh L0 fon gt ) 390 s Cebpig teseieg sbove

encapsul ant 258 can be di sposed at the first side 202 of t he assenbly 300,
and i n#048ldual Figseddis a srasspectianal vigyyof an asserebly 0P senfrayresdain ageprdance path

(Sho"‘“arioﬂaef LAHSAmLE) aﬂlgas&/&? 6ﬁﬁ99§s%ﬁ@l4§8§%\b%ﬁ gﬁg‘lﬁ re %Qr%af?%r Jhﬁ’éfr €

is a cross-sectional vie an asse conf acc ance
WI t h @bt hesemblibo desmahetd aiceef mowevas e diis embodilmentaths em;:lnyblﬂ@m $1h9wactrmal

Figure 4A are nera ly simlar to the assenbljes described above; wev
i n t hi NBFASeNE e Mcliding sediskrhyfign st hiss 4 S, eathori tham wire BRSO 5r tha @lsctﬂc

i ncl Udéd?nﬂfét 39& fikst 5RAMD0ON, M Wbt Sde 469 ML BRificiiy kK f‘edmwﬁm%%@uctmat

electricall
450 can include a conductive layer 452 that is electrically connected to a second side contact 430

through a first side trench 410. In certain embodiments, sidewall portions of the first side trenches
410 can include a conductive plating 454 to facilitate an electrical connection between the
conductive layer 452 and the contact 430. In other embodiments, however, the conductive layer 452
can at least partially fill a portion of each trench 410 aligned with the contact 430 to directly connect
to the contact 430. Similar to the embodiments described above, the assembly 400 can also include

the encapsulant 258 disposed over the redistribution structure 450 proximate to the first side 202.

[0049] The processing steps associated with the assembly 400 illustrated in Figure 4A can be
generally similar to the processing steps described above; however in this embodiment forming
openings 424 through the mold material 116 can differ. For example, as described below with
reference to Figures 4B-4D illustrating representative processing stages, single trenches 410, rather

than first and second parallel trenches 210a-b, can be formed in the first side 202 between individual
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connect the first side 202 to the second side 204. More specifically, each
redi stribution structure 450 can include a conductive |ayer 452 that is
el ectrically connected to a second side contact 430 through a first side
trench 410. In certain enbodi nents, sidewall portions of the first side
trenches 410 can include a conductive plating 454 to facilitate an

el ectrical connection between the conductive |ayer 452 and the contact
430. I n other enbodi nents, however, the conductive |ayer 452 can at | east

partial ly fill a portion .of each ench 410 aligned. wth t ontact 430 to
it ect 199 0ndn Reier iRllvBpFRE 0GR5E G u ednanidt shameasly Bt B oo
above, thd\@carPEAIIM 1§ Pilercedtd td) thchddad DdRd foreheasengyant 258 di sposed over
the redistribution structure 450 proximate to the first side 202. [00491
The Prapesiti nd_ PleSRSIRSRAE sakRTtall:i0a bBRorR SRAITDE the AR WiS FIRVEA illibublegur @
4A can be 'generally simlar to the processing steps described above;

howev erthé wonffgusatienbefdthagrenchiasr #li0nghowpenibngsndies) hnd igersediiag nolad 428t with al
116 can differ. For,.exanple, descri bed bel ow wit.h reference tp Fi.gures
450 4D TFIEtEoEe ek e G AT Bl 108 PRt cedEn RGeSy LS st i b6 pregrofecvidhlp.
rather trenBR8 410 bid fopnel QRO Akt BRE 200 & the r&RE NER. 243 -BrmifgthelfentsNRd, the
the first side 202 between individual -14 dies 106. In addition,

i ndi vi dwkds 488 lacssformey] inrthe keaond Hida 20k éo inkasspatithsitegacheh 4m et & preselected pitchorlned

in the cand si de, 2 to intersect the trenches 410 formthe o ings
aa. ' [ GO0 EPgrERehe rks has Brbed 1 SIS RSE FRel i & % b RGN
waf er Xkddhnignat THel hisésr 43086an hdve MmosHlopushape @it of ofififed p@REAISSrahbri{esStooms i N
broken lines) and intersecting holes 420 with reference to the individual
di es 106nckasdhp Simibyr &k thg embﬁg@)e.ntsmsqrmeé abgvggtheicampied gersbedst figwng phige e
trench ' j [ I oAbt .
form ngﬁstn egtﬁgﬁgﬁgiéﬁ‘%aé&%%gh% %éoé%éteﬁ{fgﬁggg ?)?Onél etpfr’(]: t %Oég%omn d5|%%rlaé04
t 0 i nt erigestrehthehad dpenimbed2#10 at a preselected pitch. In certain

enbodi ments, the holes 420 are formed with a drill, laser, etchant, fluid
jet or [obs@r SUNﬁéb'tﬁnnthCﬂﬁ' ApéhingEN @20 0FQRIrA AT GRAstARKEa aa@blapNGhich ahe
that is oriented generally transverse to the trenches 410. Simlar to the

enbodi rredistsibueancitiusage 4Hbsdformeteprowimataiodthel fipit liisle (208t 18 lkeriaiy cmbodiments, the

trenches 410 a g t he .hol e 0 can be greater. than 0f,.e to the .

1 okneRudiig fen bR Safls{ k<o R R BLE bl logil Bhedihal df s gteing

After faunishevi ebeReN1iAG o4 2e sifewall podiond bl Rt tiécBS418. SIna@Reradmbydibéntd, he

redi stribution structure 450 is forned proximate to the first side 202. In

cert ai rhoepgdihgeanductive fayer 452 can at least partially fill a portion of the trench 410 aligned with
the opening 424 (as shown in broken lines) to connect directly with the contacts 430 (not shown in
Figure 4C) at the second side 204. The dielectric encapsulant 258 (not shown in Figure 4C} can be
disposed at the first side 202 after the conductive layer 452 is deposited to protect the die 106 and
electrically isolate components of the assembly, such as the conductive layer 452 of the

redistribution structure 450,

[0052] After the redistribution structure 45¢ is disposed proximate to the first side 202,
individual contacts 430 can be embedded at the second side 204 to complete the electrical
connectors 448 through the assembly 400. To form the contacts 430, discrete portions of a
conductive material 432 (shown in Figure 4A) can be disposed in the individual holes 420 from the
second side 204 and aligned with the openings 424. The conductive material 432 can include
similar materials and be disposed in a manner generally similar to that described above with

reference to Figure 2E.
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conductive layer 452 is coupled directly to correspondi ng bond-sites 108
and the conductive plating 454 (shown in broken |ines) at the sidewall
portions of the trench 410. In other enbodi ments, however, the conductive
| ayer 452 can at |least partially fill a portion of the trench 410 aligned
with the opening 424 (as shown in broken lines) to connect directly with
the contacts 430 (not shown in Figure 4C) at the second side 204. The

di el ectric encapsul ant 258 (not shown in Figure 4C) can be disposed at the

first piogd® 202 mgirenDtiben GomMALRIVINE of SMANatéd dssbnbBePRB (IRAificd iRA9IdRELy dhe
die 106 and electrically isolate co nents of the assenbly, such as the
conduct ifijet asspydly 463 grd 3 second agrembly EQﬁbo dfha stacked eandigysgon. mmyz:] illpgtragad t he

redi StLLBULRON. SERISHHAR AP0 dr e Leonan e O ANIRLE bOhdiEd bh s ShedialfA02

|nd|V| cont ac can be e he second si conp “ete
t he el e@dardfcled firscaaseintsly d0Ga. 4AR firktrand gbcont @ssembEedi OPa4Q0fan bI@mfg@lmumbmg the
contacts 430, discrete portions of a conductive material 432 (shown in

Fi gur Mgty %:%ﬁ%%‘ée cﬁbgb%s@cpertﬂmtqaﬂmﬁmﬁn% singylating e dies d 06 from ft*"ﬁ@"“l"é’c‘tﬁf‘ér
si de 294, @ tc?n H&%&Q%@ﬁk‘ Abis ﬁn HGrn@RLUADI K8 tﬁ@t}l(ﬁés’ 2o 4 Ca”
I i [ar S an (5 §

i ncl ude pose n a manner generally sim
t hat dﬁﬁcowbd}tﬂaabﬁmcerdmglh aﬁeeimgtéamg th@asﬁexgbllm 4P8, the tcirRObEDhndatasid48 &dn | s

an isopetric yiewof si ed as nbl 400 entlfledlndlwduall as
"1 7 b seasBrb oy 4O GO of BEGaTbRen ANDRY CIRSBHY ROBest o RBEF Component’

confi ggg@gelsgﬁldagsg}nglligg illTustrated enbodl ment, a first surface 202b of the
second assenbly 400b can be stacked on a second surface 204a of the first

norrg 100s#0 0%, oG Eabo@RSaSSRO B PRRETRVL SRRV An WEreROMILEL |
di es 1|@'B 41D can bd‘lp?fmrhﬂdedlg \fgdxﬁ‘ﬁrgnﬂ.in?el(. Zﬁﬁ, e)ﬁgm:]eé ltlFﬁ bilb%4§(|8gamhﬂ ;f(brglelrigﬁiel'nel
?gger i&%ﬁ?(ﬁﬂﬁ@f@ﬂ f'%?rﬁgfee %?%B%ﬂ ﬂf’iaﬁ'gg’frﬁ@ij iéstg%ﬁfﬂ pige2 Qﬁwcwﬁ@g@w@? P@le%fl??‘)
Connecw{tﬁe A% doRdn ti?eese%mﬁ%e' 284 S bl SnedRelid fame esamj, 8 e ﬁﬁ‘éd &Fg 6541

electrically connect to other conponents, devi | I'es.
| n cer taidonctiveboaenad 4832 fo fdrm the oomaws A20. sABasfilteg d‘l‘Bl ttmdmk @Botshe trenthies Bé&d earence

to Fig 4B- e perforned in er ent xampl e, the
ot 65 B Bvmsl Tiberin i 208 b RerEa ety SuEer d et EHERGL A o o
for med k@ cdn et bé Alspsicd i A2%rsA\GEODN BSH YompIEte thoblBSritd Ronnectors 448 between

the first side 202 and the second side 204.

[0055] The electrical connectors 448 illustrated in Figures 4A-4D also incorporate the WLP
benefits and utilize the spacing around the dies 106 to provide reliable and high quality
interconnects with relatively simplified processing steps. For example, rather than drilling or
etching through the entire assembly, the openings 424 are formed at the intersections of the trenches
410 and the holes 420. In addition, intersecting the trench 410 with the hole 420 (or vice versa)
reduces the depth and aspect ratio of these individual features, which can reduce the complexity of
later processing steps. Accordingly, the illustrated embodiments can improve the manufacturability

and reliability of the electrical connectors 448 using a simplified process.

[0056] Figure 5 is a flow diagram of an embodiment of a method or process 500 for forming a
semiconductor assembly. In this embodiment, the process 500 includes forming a plurality of first
side trenches to an intermediate depth in a molded portion of a molded wafer having a plurality of

dies arranged in rows and columns (block 505). In certain embodiments, this step can include
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can be drilled fromthe second side 204 to an internedi ate depth and
subsequently filled with the conductive material 432 to formthe contacts
430. After filling the holes 420, the trenches 410 can be fornmed in the
first side 202 to intersect the enbedded contacts 430. The redistribution
structure 450 can then be disposed at the first side 202 and conplete the
el ectrical connectors 448 between the first side 202 and the second side
204. [00551 The electrical connectors 448 illustrated in Figures 4A-4D al so
i ncor pofoahmgtahang. F?endineine:hi:h sovandealgmh ibztevetn thespese | Ingptiser @urbdd infvatsg heseve 6
to prowhde reliable d.hl uallt , terconnects with relatively

i ol 1 PEcrpr daeirgioae B o A s v SHBRGAAR afinchesi Pty TBY O 6pleiing
t hr oughpdienahd die€ assenbly, the openi ngs 424 are forned at the
intersections of the trenches 410 and the holes 420. In addition,

i nter se@gsag t hq-h 5'&,@3 ?.}rﬁﬁwuﬁé‘u& g%;ﬂfy’%ﬁ Zh?ag fa‘i’rfro\‘ﬁ GE e}é@ & &le of%@%ce qeﬁhe

depth a spect |o 0 ese | ndi vidua ures can re
conpl expdriorht arha&ta&lgn@d odth3be fest Stdepﬁenclﬂs cblock aH0)y, Rd:nlmmg the shatexi drom the
nprove the manyfacturability and reliability of the

enbodi nent s, c
el ectri %Pa?ndcaﬁﬁe’fl@m opgoigey, dhiqyet, ths malded; pertigns ob sthe T@]é%l‘vqf?rgurl% esrpig g
flow di ﬂﬂﬁ(ﬂim'l&fts QHIS%Ogdnnﬁle%ldefo ﬁ@%&ggd Qfde RFREIRE Sor WP ndel tof é}gleé’iate

sem con tor assemnbl o I ment, the process 500 1 nc
f or m ngdepttpl Bhalkédopd Gfdefqhamteis sindlee gmrad:lbiesanswmrtmthe é'nrstmtleaurmcue:pt}n othera

on of a nol ed waf er. s arranged.in

et e noReln st Cainclile e Ralsh Mot e Steonfl s 1t fukhmediafey de

-16 for MpRg iR i RIS rhdt6rd Natl MIRAGLAL IRWHGTs AR NE Bt LA Befthes.| Mhe
ot her errbodl ments, however, this step can include formng two or nore

par al | etonahrinatiopaf i depthstof theefisheide irWCBescandrsewndrswtmhamls (oeseoondh srﬂhboldas)es

Lo, mol BATE G 6 e e B TR TEE WEnOTBe P Rt P GRERRE Wil

510). Rapwmoldghaiehigl. material fromthe second side forns openings through
t he nol ded portions of the nolded wafer. In certain enbodinents, this step

can incjggsg for 'T‘h@@ro%@ﬁqﬁﬂh@r'lﬁ&u&e%%}ﬁh@gsa hrﬁﬂ%@éc&néapc&fi‘adsrﬂt%{e%gdrﬂts?de
dept h. The second side channels can be generally transverse to the first

side t reﬁwﬂnh@mldddrpcmnmat themp@dngse(ibiq;k Howelnecertaimhinsbeslirepnts, athisistepl cad enclude

form ng  .hol es the stecgnd S‘i g % wter |ate deé)th |fn t@% rmI“%

mat eri afl SBSNE ? ﬂ'&P“‘i‘ SOLACORLICHYT Brrkalictdy sy i the oRqnines rom, teagcondy, o
side. In other embodiments, however, this step can include inserting a portion of a wire bond
through the opening and deforming the portion of a wire bond at the second side. The process
further includes electrically connecting the second side contacts to corresponding bond-sites on the
dies (block 520). In certain embodiments, this step can include attaching a wire bond to the contact
at the second side and to a corresponding bond-site at the first side. In embodiments including the
deformed portion of the wire bond at the second side, this step can include attaching a portion of the
wire bond distal from the deformed portion to a corresponding bond-site at the first side. In still

further embodiments, this step can include disposing a redistribution structure at the first side.

[0059] The process illustrated in Figure 5 can be accomplished in a relatively short period of
time because individual vias do not have to be formed, plated and filled to create the electrical
connections between the first and second sides of the assembly. Rather, the intersecting trenches

and channels can quickly create multiple openings through the mold material. For example, after
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conbi nati on of the depths of the first side trenches and second side
channel s (or second side holes) is greater than the thickness of the nold
material of the nolded wafer to formthe openings through the nold
material. 100581 The process further includes formng a plurality of
electrical contacts at the second side of the nolded portion at the
openi ngs (block 515). In certain enbodinents, this step can include

di sposing di screte amobunts of a conductive nmaterial (e.g., solder) in the
openi ndenfimgthe fike ssle tenches, Sooheing b ningielsecondshiedhanmet aeathomeltipie, opichings atttiep
can include .inserting a Eortion of a wre bond through the opening and
def or m‘q{ffs‘fcﬂ@nsplﬁratsi‘rlﬁ%%s ‘a wire bond at the second side. The process
further includes electrically connecting the second side contacts to

corresi¥8l ng bdw 08¢ of the gsiemblieyhaving 3he gleckizg) conngetersy dagpibednthone it s,

this s ¢ t i ' t d
si'de andreRlo FAFRULEAR (R 1R RbRoril b ARy of £ poBifa S RLAH o Bl pbliFechiar

i ncl udisystenisha represcntanied cpanple @f wdfich Beystemes00chdwa tsclidheatisalyoimdrigndes. The S
step can include attaching a portion of th wire _bond distal fromth

def or nézfﬁt%ﬁﬁ G#n tfts@e@owpef'ss%rﬁm SHREY 84 do- SRAM PRAM.Hagh anglfr ether |
further I S; i t £R; ; J I r edi ] khOon
it o S GRS AR R e S A S (A
be accasspinbBércbhving electataltdonatoyors klesaribpbnbod with réferracdac Rigaeesi Iidb wnagjubd

vias do not .have to be forned,, plat an illed to create.the e]ectrical
o oo e HRt AN s PES il ledgie O HE EOHng LS8 SOA G PorIR (Bl OF { he

i nt er sgClidag vaﬁ?qhe&mﬁmgc haotagi, Cattagilli Sehibife C RISy Mblok PltRerORFRISHES
through the mol d material. For exanple, after -17 forming the first side
t r enchégcoriimglyi, e eepsisenjhtivessystemd &li0dmclutierwmidhout digritation nedmpytére anglenvihgs  at

the intersections in a single pass..L1006 An ne t he assenb] i

navi ng CPRETEEEE TerafhaRptn AP ibuiery SR SRR G, leriel FREREE” brBRiel e
| A-5 cavib® (eRS PaReicy @inpuidrs) vadaYab®d comnpiitdrs, adil6lhr bomekile BHYRES) perBif deap! eX
systenms, a representative exanple of which is system 600 shown
schema@bsdanty MysiFi playass,6 eteDh enultipsoeessos 08ysters. | piesessis—hasesd ov e prograngugble g

: . h i
mput | SRS oot Uk pplaR e o b, RIS REREE Sems 0
assenblmgsbehimsvsetDireh 8iigle @il o€ aiRMibatedr et aRGtipld teradmeécteMunhs (£ .ctRogh 4 0

Figures IA-5 may be included in any of the conponents shown in Figure 6.
The reSOMMUAlsatinsneiwpBd0 The rorprencats pf digsysiem 600 can accordingly include local and/or

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

[0061] From the foregoing it will be appreciated that specific embodiments have been
described herein for purposes of illustration, but that various modifications may be made without
deviating from the invention. For example, one or more additional assemblies may be stacked on
the assemblies in any of the embodiments described above to form stacked assemblies. Where the
context permits, singular or plural terms may also include the plural or singular terms, respectively.
Moreover, unless the word "or" is expressly limited to mean only a single term exclusive from the
other items in reference to a list or two or more items, then the use of "or" in such a list is to be
interpreted as including (a) any single item in the list, (b} all of the items in the list, or (c) any
combination of the items in the list. Additionally, the term "comprising"” is used throughout to mean
including at least the recited feature(s) such that any greater number of the same feature or

additional types of features are not precluded.
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a wde variety of computing, processing, storage, sensing, imaging and/or
ot her functions. Accordingly, the representative systens 600 incl ude,

wi thout limtation, conputers and/or other data processors, for exanple,
desktop conputers, |aptop conputers, Internet appliances, hand-held
devices (e.g., palmtop conputers, wearable conputers, cellular or nobile
phones, personal digital assistants, nusic players, etc.), multi-processor
systens, processor-based or progranmable consuner el ectronics, network
conput ¢e0E2pNd NV aticuenpietdicatiort HRY be ph&Re Mi@bhtv dedijisige Ton®Ofle  dMbodifents
housed in a single _unit or distributed gver nultiple interconnected unjts
(e.g., dishlosrigierein. Ephensmpiadeairendesarbad)in theagonteshpbprastiewargmbodinenismanbs 00
can ac StQLAGE, :

any of caGBALYCRGUAS SRET Rt AERE: SURERAN BB BGRK RE i,
it wl lembediapptsdmvabech ddsatibesipmcthé icontextixfcthoserdnsbodauentd) exlier eddodimdaesdmay
herein for purposes,of illustration, hut that various nodjfications nmay be
made wia[SH&Eﬁ 'H“&E affvapgessy G‘FFE 'P‘Hé‘I“i Wﬂt’i‘%‘l‘ﬁ nqeg rne%%?aq@ Ei‘h‘%‘ﬁé“%radﬁ't‘ﬂ‘%ges fo
addi t i gplidigS@ERERSMMY iPRnBSRC KEHeRpld, NendRs thhRid & anmi&m@ and
enbodi nents descri bed above to form stacked assenblies. Wiere the context
per mi t slepths cayubeaforroed pi the aold eratiahacairdioglynthk indentiore ispiat dialited rexeiph gubmr
terns, respectively. Mreover, unless the word "or" is expressly limted
to meamSAPPSH d§ﬁﬁé$e termexclusive fromthe other itens in reference to
alist or two or nore itens, then the use of "or" in such alist is to be
interpreted as including (a) any single itemin the list, (b) all of the
itens in the list, or (c) any conbination of the itens in the list.
Additionally, the term"conprising” is used throughout to nmean including
at least the recited feature(s) such that any greater nunber of the sane
feature or additional types of features are not precluded. .18 100621
Various nodifications may be made w t hout deviating fromthe enbodi nents

di scl osed herein. For exanple, features described in the context of
particul ar enbodi nents may be conbined or elimnated in other enbodi nents.
Furt her, although advantages associated with certain enbodi nents have been
described in the context of those enbodi nents, other enbodi nents may al so
exhi bit such advantages, and not all enbodi ments need necessarily exhibit
such advantages to fall within the scope of the invention. For exanple,
trenches or channels of varying widths and depths can be forned in the
nold material. Accordingly, the invention is not limted except as by

i
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the appended clains. -19 CLAIMS |/W claim Ictl 1. A nethod of

manuf acturing a sem conductor device, conprising: formng at |east one
trench in a nolding material at a first side of a nolded wafer in a |ane
between a first sem conductor die and a second seni conductor die enbedded
in the nolding material, wherein the first and second di es have bond-sites
at the first side; renoving material froma second side of the nolded wafer
opposite the first side at a portion _overlapping the trench, wherein
renoving the material fornms a plural IMSt first openi ngs through the

nol ded wafer; formng electrical connectors extending fromindividual
bond-sites of the first and second dies to the second side of the nol ded
waf er Jrwe glami:espondi ng first openings through the nol ded wafer; and
singulating the first and second dies. |Iczl 2. The nmethod of claim1
wherein: the trench is a first trench and the nethod further conprises

formn secon re i the . first side.of the nolded wafer in the |ane,
wher ei df he secg‘n%‘ Er#g dc%ﬂf]%nu?%cﬁuan@&? Sgrﬁlg:rop d'fcﬁo r#ﬁéﬁ& Cé’e e AF1 y parallel to

the first trencformaipcht1€DMHeNEnBRIELE hididifg MalctiBEat SERONEISHTUEMbIISH WARS in a
formng a channel in the second side of the nolded wafer in a direction

general | y transver selan® beheeeni a sfirstg semiserdwaidr dig eandhe ssecoise semigonductar ndje t he
channel forns the first ni ngs _a a plurali . O cond, openi ngs
Chrough t he ol dea vemiseaBE T T pRfing sfietsE Whskein e RS, SROHH AR have
first and second tr epsiaases axhefitst vigd;y. 1c3l 3. The nethod of claim2

wherein the first trench, the second trench and the channel each have a
depth in the nofesoyinganaterialdiom aisaepnd sidei af khremoldsd waies apppsiedhedire side apg

portion overlapping the trench, wherein removing the material forms a plurality
of first openings through the molded wafer;

forming electrical connectors extending from individual bond-sites of the first and
second dies to the second side of the molded wafer via corresponding first
openings through the molded wafer; and

singulating the first and second dies.

{e2] 2. The method of claim 1 wherein:

the trench is a first trench and the method further comprises forming a second trench in
the first side of the molded wafer in the lane, wherein the second trench is
spaced apart from and generally parallel to the first trench; and

removing material from the second side includes forming a channel in the second side
of the molded wafer in a direction generally transverse to the first and second
trenches, wherein forming the channel forms the first openings and a plurality
of second openings through the molded wafer at intersections between the

channel and the first and second trenches respectively.

[e3] 3. The method of claim 2 wherein the first trench, the second trench and the channel

each have a depth in the molded wafer less than a thickness of the molded wafer.
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[c4l 4. The nethod of claim2 wherein formng electrical connectors
conprises coupling a corresponding bond-site of the first die to the
second side with a first wire bond through the first opening and coupling
a correspondi ng bond-site of the second die to the second side with a
second w re bond through the second opening. 1cS] 5. The nethod of claim
4, further conprising disposing a dielectric material at the first side of
t he nol ded wafer and over at |l east a paortion of the first and second wire
bonds d#H the ffr Jhe methedod el Zavhesein femgling elegtrigal pappsstproeorepriseneoupling a
wher ef MorbdiBndink ShofBRNLNGE AL P 1R SLARIAL wiR LG WROY ﬁdﬂﬁna%ggﬂg first
openi ngs i1nclude a sidewall portion; and singulating the 8|es C rnises
cut t i ngppeting agdhcdupéingalcdeespoadieg bwed-sieaot thdreecbnd die tard: sesmcimidt witke acéead and
at least. partially renovi the sidewal |l portion of the first opening and
t he sidwﬁgwmdﬁwaéwwea%mpﬁgpea@%nd openi ng such that the first and second
W re bonds are exposed at a periphery of the singulated first and second

di es respectively. 1c71 7. The method of claim2, further conprising at

| east peartial | y5fiTh¢ mathot o€ chim 43 fushemiompsising dispbding s detmoticapaeiialgstheifitdt a
conductiye terjal, and wherein electrically _connecting the bgnd- sites of
the fi ride offbe waldgf ivafiraad pyer  deasea partion P{i@e&rsttan SeoRA atirbonds andBF (iRt
enbeddi g s&ohiiugt. portion of a first wire bond in the conductive materi al
in a corresponding first opening and connecting a second portion of the
first wwre bond opposite the first portion through the first opening to a
correspondi ng ongd-site of the first die; and enbedding a first portion of
a secortflwire b ngﬂ?ﬁwﬁﬁgogﬁﬁﬂﬁéﬂwvﬁmﬁateriaI in a corresponding second
openi ng and Conﬂﬁ6ﬁ+39%peniﬁ§§md@0£ thRWalfpdrfish 388 NE sednfiCopRiigs RS he
the first portion through tThe second opening to a corresponding bond-site
of the second die. -@d@deWabporBon;Bhé net hod of claim 7 wherein enbeddi ng the
first portion of, Hﬂ%ﬁfi st.wire hond i

sing g the dies comprises Cutt{r]lg through the molded wafer between the first and
second trenches and at least partially removing the sidewall portion of the first
opening and the sidewall portion of the second opening such that the first and
second wire bonds are exposed at a periphery of the singulated first and second

dies respectively.

[e7] 7. The method of claim 2, further comprising at least partially filling the first openings
and the second openings with a conductive material, and wherein electrically connecting the bond-
sites of the first and second dies to the second side of the molded wafer includes:
embedding a first portion of a first wire bond in the conductive material in a
corresponding first opening and connecting a second portion of the first wire
bond opposite the first portion through the first opening to a corresponding
bond-site of the first die; and
embedding a first portion of a second wire bond in the conductive material in a
corresponding second opening and connecting a second portion of the second
wire bond opposite the first portion through the second opening to a

corresponding bond-site of the second die.
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the conductive material includes piercing the conductive material with the
first portion of the first wre bond. [c9] 9. The nethod of claim?7
wherein enbedding the first portion of the first wire bond in the
conductive material includes piercing the conductive material with a wire
bonding tool and injecting the first portion into the conductive materi al.
]CQ 10. The nethod of claim7 wherein at |least partially filling the

first openings t he econd qpeni n i nc).udes di sposin i screte
anount 18§ the c n&&%ﬂ%dﬁgﬁgﬂ i Wl?qﬁelgawh @ma gfi ‘F’itlpg’ftloné’%&‘%'g’éto‘ﬁ'ae bond in
openi Ngge chrfdubhvelrhatertNSndBEA eRing qh@baﬂdzctxr%%awaltm %ﬁ{ﬁ %@M'

inthe first and second openings is substantially cop ana second
side. [wit@bort2. The nethod of claim 2 wherein formng electrical connectors
includes: inserting a first wire bond into one of the first openings such

that a first portion of the first wire bond projects fromthe second side

t hr ough,g he 1ol geqhiaietiod o dehiA 7 Witdeih @ﬁlb@dcﬁr?é the P! Qﬂnoﬂfofttﬁ'éeﬁxfsﬂ Witd boMd'if

bond, wherein the deformed first portion at least partially prevents the
Wi re bahd Cﬁmdmtlvemamml g ludes piegting e Eands¢tivepeaterig; witkmdwire boading nepl sand

second portio f rs ond site the first portion to a
corresp 85“#—91%8% EI"B? etfé?“‘?‘?‘l% FEP‘IO]LB] 13. I‘I'he rrgt hoi:l of claim12

wher ei n def orm ng the first portion of the first wire bond includes
formng a ball-like menber at the first portion with an electronic flane
of f. |cdu] 14. The Themethddodl cddimi hwmaeimwd@ishpmlyb"@llihg thekfarshepebimgs and the
protrudes fromthe. s |de the nol d -22

et hod Srond NP ES g HarLPoRinech FHoRge mEm: of the BoRtsish Ferihi a6k of e
bond |£ggugﬂaopgﬁﬁ%nently deflecting the first portion. 1d61 16. The

met hod of claim1l erein renoving material fromthe second side includes
renovi ng a di screte portion of the nolded wafer at individual |ocations

gl Idlgggtrj[é]\t/‘\/l]et B 0:’[] nChﬂg ‘frBTY élg {Xaygqrelmﬁe cond(t)lctlve materlz::lﬂGmee rﬁe 3t"hnd %gcl;)o%ld 9

openings is substantlally coplanar with the second side.

(c12] 12. The method of claim 2 wherein forming electrical connectors includes:
inserting a first wire bond into one of the first openings such that a first portion of the
first wire bond projects from the second side through the molded wafer;
deforming the first portion of the first wire bond, wherein the deformed first portion at
least partially prevents the wire bond from retracting through the first opening;
and
connecting a second portion of the first wire bond opposite the first portion to a

corresponding bond-site of the first die.

[e13] 13. The method of claim 12 wherein deforming the first portion of the first wire bond

includes forming a ball-like member at the first portion with an electronic flame off.

[c14] 14. The method of claim 13 wherein the ball-like member protrudes from the second

side of the molded wafer.
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includes drilling through the nolded wafer wwth a |laser. [d81 18. The
nmet hod of claim 16 wherein formng el ectrical connectors includes:

di sposing a conductive nmaterial in the first openings proximte to the
second side of the nolded wafer; and formng a redistribution structure
bet ween the bond-sites of the first die and the corresponding first
opening. 1C191 19. The nethod of claim 18 wherein the redistribution

structure at |east parti al I%( fills the first, oPeni ngs. .1 c201 20. The
met hod 1@ ¢l ai ni:8Thh@edpd of plain 12 vhsreirsdeformipg thertirgl partien of the firsy paseibepd

are f%mﬁsg%?“@%ﬁ;ﬁgieﬁen‘%ﬁhgﬁfsﬁ B@Ti&gnducti ve material in the first

openings. Ic od o aim 18 wherein the trench intersects
the conductive material disposed in the first openings. |c221 22. A method

of manuf acturi ng a_sem condyct or device, conprising; formng a plurality of
first di'tle trenthedbs methediodckimddvhereindepeying materigh frgmcthp sroond gide dpclygdes
nol ded j ' ' ; ' :

wher o1 1o aa0g 7 AL RO RYIdA SISy AASARPRe ol MECB W0l WOR:
side trenches are parallel to each other along one of the rows or col unms
between the dies;. -23 re in terial from a hackside, of the | ded
porti o8t ar call aﬁf‘gﬁé@om Fla{tn 46 pihecsin regloyinecd Freﬁsgprtm&féh%mgﬁﬁgw%

t he mat:gf : i eughy | ded portion; formng a

pl ur al il{t%{}ﬁo déﬁ@%??@ggfﬂhg%m%égts at i{ttgglagggksi de of the nol ded portion at
the openings; and electrically connecting the backside contacts to

corresponding b -site n.the dies. , 1c231 23. A nethod of fqQrm ng one or
more hot'8ls ext eﬁgid'ﬂl& @g_ﬁﬁ‘ﬁ)@fgi‘v %Y’_E‘?I@HJFQWIW %‘ﬁﬁ_é‘ﬁ%l CORRECIOTHICHERS: waf er
between two or FREGIREILERREH NaefhieR HTRRHIFiAG frbanTTR dafe WabRl sidk e
met hod conpri si ng:
the molded wafer; and
forming a redistribution structure between the bond-sites of the first die and the

corresponding first opening.

[c19] 19. The method of claim 18 wherein the redistribution structure at least partially fills

the first openings.

[c20} 20. The method of claim 18 wherein the trench is formed after the first openings are

formed and after disposing the conductive material in the first openings.

[e21] 21. The method of claim 18 wherein the trench intersects the conductive material

disposed in the first openings.

[€22] 22. A method of manufacturing a semiconductor device, comprising:
forming a plurality of first side trenches to an intermediate depth in a molded portion
of a molded wafer having a plurality of dies arranged in rows and columns,
wherein individual dies include a plurality of bond-sites and the first side
trenches are parallel to each other along one of the rows or columns between

the dies;
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partially dicing a first side of the nolded wafer in a first direction
between the two or nore dies, wherein partially dicing the first side
forms a trench having a depth 1less than the thickness of the nol ded wafer;
and renoving a portion of the nolded wafer froma second side of the nol ded
waf er opposite the first side and intersecting the trench fromthe second
side. 1c241 24. The method of claim23 wherein: the trench is a first

trench, and wherein, the nethod further nprises: partially dicin h

firot side of tEHEdRHeNELTEm pEtskagn of 8 RelgFihorfiot & s Slgedan fiuhe g
and spaced apart frogyd 'ﬁ%néﬁe&,ﬂvhét%ﬁﬂ?é?n&v@ggf HeMhitetar Tchs BE&\%ES_ ﬁFHi'lthx‘/“tﬁEe' n
renmovi ng the portion of the nolded wafer includes partially dicing The

second side in a secwondediportionj on generally transverse to the first

direction and fpormng hanpel that intersects the first gnd second
trenches. Ietsl%fg?ngﬁg uﬁag%Bﬁeelgfm‘ézﬁa?PPﬁa?ﬁ a&\ﬁ@rb@f’lﬁ?& ‘i’%%‘efni“ﬁg‘id RYHORAf hes a
first depth; the secgpdingtemah has the first depth; and the channel has a
second depth, wherein the conbination of the first depth and the second
depth is at | easlectdepllylconuectingthethadisidssontaéts theorrespandihgiwhdisites-avthd diz61 26.
The met hod of claim 23 wherein renoving a portion of the nolded wafer from
the second side conprises at |east one of directing a laser, directing a

fluid jg§ and db$pPASHABLPHE i%hﬁifﬂ?%e ?pﬂ.oﬁml@%&n@mg%n{pt&e@%&s@ athffness
e o

1c271 27. An internediate artic manuf act ure conprising: a nol ded waf er

havi ng o apwbidedh grafratbetvwesh twhagsauore rsemicangwstarditragmbrglded fin thet melided wafed, the
second sige a first sem conductor die in the nolding material, and a
second ML OBWESHBLr die in the nolding naterial spaced apart fromthe

first die; a fipgtially S6@8 al first i bff the mokdedanvaFér mhefiPHidRENBEG e e WRB I t he
first and second dies, wherein the first trench has a depth |less than a

t hi ckness of the nol e dies avhereirgpaitially dicing the first side forms a trench having a depth
less than the thickness of the molded wafer; and

removing a portion of the molded wafer from a second side of the molded wafer

opposite the first side and intersecting the trench from the second side.

[€24] 24. The method of claim 23 wherein:
the trench is a first trench, and wherein the method further comprises:
partially dicing the first side of the molded wafer between the two or more dies parallel
to and spaced apart from the first trench to form a second trench; and wherein
removing the portion of the molded wafer includes partially dicing the second side in a
second direction generally transverse to the first direction and forming a

channel that intersects the first and second trenches.

[e25] 25. The method of claim 24 wherein:
the first trench has a first depth;
the second trench has the first depth; and
the channel has a second depth, wherein the combination of the first depth and the

second depth is at least equal to the thickness of the molded wafer.
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a depression in the second side of the nolded wafer aligned with the first
trench, wherein the depression has a depth that is |less than the thickness
of the nolded wafer and forns a first opening through the nol ded wafer at
an intersection wth the first trench between the first and second dies.

| c281 28. The article of claim27 further conprising: a second trench in
the first side of the nolded wafer between the first and second dies,

wherein the sec trench i engrally. parallel to, and spaced apart from

the C1Ie80t ronch ThtRBd ool 7 RpFURFREYBE] Pogio of ot PREEH BBLh Tom Phe
1 e of e e o Ity LS PSRN Rhopeling B oA
t r enchew;theyetie of thhieccohdisidel forns the first opening at the intersection

with the first trench and the channel fornms a second opening at an
intersection with the second trench. 1¢c291 29. The article of claim 28,

furthergonpri SpNgAn ttérediatCRAtIBOF mBhuthdiGre26MPALng] de of the nol ded wafer
positioned in the first opening; a second contact at the second side of the

nmol ded waf er posmoidsdeaférrhaying ageelding matgrahshaged inha avafer hgvingya fiest bidadnd a
~extending through the fiyst opening and connected to the first dig and ,to
the first contact; a?’?&orﬁf %‘Q‘E?oaggr%%@wﬁ‘bdﬁ‘ﬁmé%feeWd&’ﬁdn?lﬂwgdaﬁc?ﬂeargﬁ%S?Ft?“d
openi ng and_connect egnfifondi@os&ie Mihe ni@in@Rdictial IpacedSHaR HInt@PHRG Wie; [ 30!

30. The article of clai m 29 wher ei n: the Tirst contact includes a
conduct i ve mat e# ifisst ttnelposthe first dideeof the snoldgsewiafiag bggwesn thet fgrst and sebendsdiennd

i de, d wh inthe fi. i bond i dded in.the first d '
Tt orial. And the SCRBTERABREELeRAoi AREP e CBunAL FoEs ik BF mar i bk e

in the second openi nghd proximate to the second side, and wherein the second
wire bond is enbedded in
a depression in the second side of the molded wafer aligned with the first trench,

wherein the depression has a depth that is less than the thickness of the molded
wafer and forms a first opening through the molded wafer at an intersection

with the first trench between the first and second dies.

{c28] 28. The article of claim 27 further comprising:

a second trench in the first side of the molded wafer between the first and second dies,
wherein the second trench is generally parallel to and spaced apart from the
first trench and has a depth approximately equal to the depth of the first trench;
and wherein

the depression includes a channel in the second side of the molded wafer generally
transverse to the first and second trenches; wherein the channel forms the first
opening at the intersection with the first trench and the channel forms a second

opening at an intersection with the second trench.

[€29] 29. The article of claim 28, further comprising:
a first contact at the second side of the molded wafer positioned in the first opening;
a second contact at the second side of the molded wafer positioned in the second

opening;
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t he second conductive material. 1c311 31. The article of claim28, further
conprising: a first wire bond connected to the first die, wherein the first
wi re bond extends through the first opening and is deforned at an end
portion of the first wire bond proximate to the second side of the nol ded
waf er; and a second wire bond connected to the second die, wherein the
second wire bond extends through the second opening and is deforned at an
end portion of the second wire bond proximate to the second side of the
mol ded waf er. %8B Wi bondextgpdingtheough the Hishpmpningredeiopnacted tadeotingedic andy
portion of the first, WJSE&LUbctlR§! udes a ball-1ike nenber having a
cross-sectional dinension greatér than a cross-sectional dinension of the
first opening, asedondwiredbbad errechdorpthpagh iherseaindtdpenigg andhconnkdcted taahélsecond
includes a ball-1ike nmepber having a cross-sectional dinmension greater
than a cross-sect i orfdf 3 Rebisiesondgontaie  second opening. 1631 33. The
article of claim 31 wherein the defornmed end portion of the first wire bond
i ncl udes a hook-1ike nmenber that at |east partially retains the end portion
of theiddrst w3tk Threaxtidabiclaiim2d whersiacond si de of the nol ded wafer, and
the defornmed end portion of the second wire bond -26 includes a hook-1ike
menber that at hei&tt contastiinglydes acondyctive mategiabidiseaseqd Bithe first gpering: BRogingte e
bond proximate to t i.d I f . :
article of claim?27 t\?\ﬁggg%%ﬂgﬁgef ??&S)E’th%% {(gqgn gtg }ggb%[l%el}?ﬁ@escﬁég r“gnc ﬁrghd
the first opening fehdugide imaadriah aém conduct or assenbly that is
incorporated into a sem conductor systemthat includes at |east one of a

processor, a neRpryeoRdwoBEchingludes the rondustive matrial disppicd. in1the pecgnd opening
sem conduct or asse : ISd DG B ' i i g a
second side and a t |rc}ﬁ%%ggs)t;5 ﬂzé %Ig%n eﬁ%%é@eﬁﬁélrg&tt esergr[)@]?(dd\l;&ir;}r%ttB %‘ﬁ 1g|%§1b§¢1028g|1 e
havi ng a bond-site ahe tdrend corsiictbicdratadalt he nold material; a trench in the
nold material spaced apart fromthe die, the trench having a first depth
fromthe first side of the nold materi al;

[e31] 31. The article of claim 28, further comprising:

a first wire bond connected to the first die, wherein the first wire bond extends through
the first opening and is deformed at an end portion of the first wire bond
proximate to the second side of the molded wafer; and

a second wire bond connected to the second die, wherein the second wire bond extends
through the second opening and is deformed at an end portion of the second

wire bond proximate to the second side of the molded wafer.

[c32] 32. The article of claim 31 wherein the deformed end portion of the first wire bond
includes a ball-like member having a cross-sectional dimension greater than a cross-sectional
dimension of the first opening, and the deformed end portion of the second wire bond includes a
ball-like member having a cross-sectional dimension greater than a cross-sectional dimension of the

second opening.

[c33] 33. The article of claim 31 wherein the deformed end portion of the first wire bond
includes a hook-like member that at least partially retains the end portion of the first wire proximate

to the second side of the molded wafer, and the deformed end portion of the second wire bond
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a channel in the nold material having a second depth fromthe second side
of the mold material, wherein the conbination of the first and second
depths is at least equal to the thickness of the nold material, and
wherein the channel is generally transverse to the trench and intersects
the trench to forman opening through the nold material; a contact at the
second side of the nold material, the contact being positioned in the
channel and al i%?ed with the opening;. and an electrical connector extending

t hr ougMetudes 8 hesk-Hke memberihatat lpash partighyestainsy the g04 pgrtign of ithessecndywise besdn
connechefihfe fdfe gé%lagd silat 8f B nidigeadiFe@nd a second end portion connected
t. _

to the contact.

[c34) 34. The article of claim 27 wherein the first semiconductor, the first trench and the
first opening form part of a semiconductor assembly that is incorporated into a semiconductor

system that includes at least one of a processor, a memory device and in input or output device.

[e35] 35. A semiconductor assembly comprising:

a mold material having a first side, a second side and a thickness;

a die embedded in the mold material, the die having a bond-site at the first side of the
mold material;

a trench in the mold material spaced apart from the die, the trench having a first depth
from the first side of the mold material;

a channel in the mold material having a second depth from the second side of the mold
material, wherein the combination of the first and second depths is at least
equal to the thickness of the mold material, and wherein the channel is
generally transverse to the trench and intersects the trench to form an opening
through the mold material;

a contact at the second side of the mold material, the contact being positioned in the
channel and aligned with the opening; and

an electrical connector extending through the opening, the electrical connector having a
first end portion connected to the bond-site of the die and a second end portion

connected to the contact.
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