'SEM CONDUCTOR ASSEMBLI ES AND METHODS OF MANUFACTURI NG SUCH ASSEMBLI ES
TECHNI CAL FI ELD 100011The present invention relates to sem conductor
devi ces and assenblies, and nethods for manufacturing such devices
and assenbl i es. BACKGROUND [ 00021Sem conduct or processing and
packagi ng techni ques are continually evolving to neet industry
demands for inproved performance with reduced size and cost.

tl ectronic products require packaged sem conductor assenblies with a
hi gh density of devices in a relatively small space. For exanple, the
space avail able for menory devices, processors, displays and ot her

m crofeature devices is continually decreasing in personal electronic
devi ces such as cell phones, | aptop conputers and nmany ot her
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per formance and reduci ng cost. %%§§g§% Igblque used to inprove
the performance and reduce the S|ze and cost of these mcrofeature
devi ces invol ves wafer | evel packaging ("W.P'). WP generally refers
to the packaﬁﬁﬁgéof m crof eature devices at the wafer |evel, rather

t han procd&&i hdBldekagi ng i ndi vi dual devices after dicing them
froma wafer. One benefit of WP is that it creates chip-sized
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These conponents are limted within the device footprint because the
conmponent §@hestODREd at the wafer |evel before the devices are

singul ated. WLP al so provides the benefit of producing packages

havi ng excel | ent electrical and ther mal performance due to the
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ease of f tron a ed assenbly cost due to siInultaneous o
par al | el pfcptr&?,aﬂtk&gedasmkliconductor assemblies with a high density of devices in a rclatively small

space. For example, the space available for memory devices, processors, 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 parallel processing and



testing at the wafer level. Even though WLP may provide the benefits
|isted above, it may not be suitable for devices having high pin

counts or high input/output requirenents. For exanple, the space
limtation of the device footprint restricts the nunber and pitch of

the interconnect elenents in the package. [0004] To overcone this

problem the dies can be diced and plated in built-up packages that

i ncl ude interconnects which surround the die and extend through a
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processing time. Simultaneously forming the vias by an etching process can be much faster, but

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 2
method of manufacturing a semiconductor assembly configured in accordance with an embodiment

of the invention.



[ 0008] Fi gures 2B and 2C are side cross-sectional views illustrating
vari ous stages in a nethod of manufacturing a sem conductor assenbly
configured in accordance with an enbodi nent of the invention.

[0009] Figure 2D is a top viewillustrating a stage in a nmethod of
manuf acturi ng a sem conduct or assenbly configured in accordance with
an enbodi ment of the invention. [00101Fi gures 2E-21 are side
cross-sectional views illustrating various stages in a nethod of
manuf acturing a sem conductor assenbly configured in accordance with
an enbodiof@t of Fighee 2Rvénei on. vipoodW§imtige e sBge jig & mhpd,obpanufacturing a
i1 lustragin ' | : ' r
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sem conductor ass y conftigured In
manufacturing a semiconductor assembly configured in accordance with an embodiment of the

invention.

[0011] Figure 2J is a top view illustrating a stage in a method of manufacturing a

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

[0012] Figure 3A is a side cross-sectional view of a semiconductor assembly configured in

accordance with an embodiment of the invention,

[0013] Figures 3B and 3C 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,

[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.

[0017] 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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accordance with an enbodi nent of the invention. [0013]Fi gures 3B and
3C are side cross-sectional views illustrating various stages in a
nmet hod of manufacturing a sem conductor assenbly configured in
accordance with an enbodi nent of the invention. [0014]Figure 4Ais a
side cross-sectional view of a sem conductor assenbly configured in
accordance wi th another enbodi ment of the invention. [0015]Figure 48
is atop viewillustrating a stage in a method of nmanufacturing a
sem conductor assenbly configured in accordance with an enbodi nent of
the inveDETAILE} DESGRAETYONe 4C is a side cross-sectional view
illustrating a stage in a method of manufacturing a sem conduct or
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sem condsgiigdndassetdvicgs,camditdias et imethods of forming such devices and assemblies. Many
details of the disclosure are described below with reference to specific structures and methods of
forming the devices and assemblies. The terms “semiconductor device" and "semiconductor
assembly” are used throughout to include a variety of articles of manufacture including, for
example, semiconductor wafers having active components, individual integrated circuit dies,
packaged dies, and semiconductor devices or assemblies in a stacked configuration. Many specific
details of cerlain embodiments are set forth in Figures 1A-6 and the following text to provide a
thorough understanding of these embodiments. Like reference characters refer to like components
in Figures 1A-6 and thus the description of many of these components will not be repeated with
reference to the Figures. Several other embodiments can have different configurations, components
or processes than those described in this section. A person skilled in the art, therefore, will
appreciate that additional embodiments may exist or that the described embodiments may be

practiced without several of the details described below.

0021} Figure 1A is an isometric view of a conventional semiconductor wafer 100 having a
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 dics
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 dics 106 from the wafer 100, the dies 106 can be cmbedded in a
mold material configured in a wafer form as illustrated in Figure 1B. More specifically, Figure 1B
is an isometric view of 2 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 mold
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“accordance with an enbodi ment of the invention. [0018]Figure 5 is a

fl ow di agram of a process of manufacturing a sem conductor assenbly
configured in accordance with still another enbodi nent of the

i nvention. [0019]Figure 6 is a schematic view of a systemthat

i ncor porates sem conductor assenblies configured in accordance with
further enbodi nents of the invention. DETAILED DESCRI PTI ON

[ 0020] Several enbodi nents of the present disclosure are directed

t oward packaged sem conductor devices, assenblies and net hods of
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conventional sem conductor wafer having a
Accordingly, the assemblies and methods described below utilize the molded wafer 110

configuration illustrated in Figure 1B to form interconnect structures associated with the dies 106.

[0023] Figure 2A illustrates one embodiment of a semiconductor assembly 200 that is
praocessed and singulated from the molded wafer {10. More specifically, Figure 2A is a side cross-
sectional view of a semiconductor assembly 200 including one of the dies 106 embedded in the
mold material 116. The assembly 200 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



first side 102, a second side 104 and a plurality of sem conductor
devices or dies 106. The dies 106 can include, for exanple, a dynamc
or static random access nenory, a flash .nmenory, a m croprocessor, an
i mger or another type of application specific integrated circuit.

I ndi vi dual dies 106 can include a plurality of bond-sites 108 at the
first side 102 to electrically connect the dies 106 with other
conponents. As expl ained bel ow, the bond-sites 108 can include a
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bond-site 108b shown in broken lines) at the first side 202 to
correspondi ng contacts 230 at the second side 204. The second
bond-site 108b illustrated in Figure 2A is out of the plane of Figure
2A but shown in broken lines for the purposes of illustration. As
illustrated in Figures 2D and 23, in certain enbodi nents, the
bond-sites 108 can be staggered or aligned with each other. 100251The
contacts 230 can include a conductive naterial 232 (e.g., solder)

that is dispased in the. openi pr to. the second si de .
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[0028] I n certain enbodi nents, form ng the trenches 210 can i ncl ude
partially dicing the nold material 116 with a cutting device (not
shown), such as a wafer saw, blade, laser, fluid jet, etchant, or

ot her tool suitable for renoving controlled portions of the nold
material 116. For exanple, to formthe first and second trenches

210a-b, two spaced apart cutting devices can renove the corresponding
nold material 116 in a single pass in the row !l 18a. In other

enbodi nept A 8] . CUt 1] i f j -

by maki rgoaif PR iAo RE O AR SETUT: HieTR Ay TRlfoh Ahe 0106
t he waf esndibd bedrsitpaESase oltrof derptiaie pf BighediCd tsBowmindiroigindines fon cdferit®. In

(rather than first and, second trenches a-b) can be .formed in.the

ow 118alHEAPBgH o B PRCREr 97 PHE S0 drcrorRe iAot Ssataly Hipsverse
out er waly fhe Qfenttre M0 rdberiad S6E0RAI the Mrhiegendd Qa0 i{ afoveNOMRiguR 2C). The
broken lines in Figure 2B). In addition aIthou&Q the trenches, 210

i 11 ust r atheandn236 g be formed v a mengrs ganestllvysimibie 19 Mphdaaprited gbaveswith feffence to
one skil ledehdel PR, Ahlccithih lnBPBERAL %eechEM{s %0@hn B@g&ﬁﬁ?gmﬁa ol GBhes

i nclude other configurations including, but not linte curved

si dewal | 310mdgrepwetléd thanmes tathgndhab renebesrfot the pwrpekenal ¢leritpfn dikénguishing hesyeen
210. 100%9%Fi gure 2Cillustrates a stage after formng the trenches

210 in tH&"¥{'rst side 202 in which the nold material 116 is

selectiv renoved fram,t he. second,side 2 to form,0 i ngs 4 aft.
i nter SECﬁ‘%WS Wi thg}ehe O I & usg%(.j "]\/g‘rggregz;%ctﬁ?ic el I,%‘E‘Eiaburrmet Er&lelgsm the
a Ccross- s@ehh Ongd bervewy thé fitdhandsseimbliys 20R-babangththe o proeeleBed ptith within the
Figure 1B. For the. pur_pOfe,s of iIIustrg%i ?oi_n, t h sse I¥ 200 fshO\g(n
in Fi gur @oweint o theindpidgl digs d iG In d5ker sB0g B dhe Sganis 2 %eanRy fpned,ghany

addi ti onpretdi@icdii&andiPG B cb RSiRONA: Thi 8RnddS2 AN 18vOHLeBhd bdhn D) aREtheMmold
Fi gure 2% and shown in broken lines for reference. In this

conf i gur maieds, 1 1fnfior i ecased oida 284 that dasanpidnisrsedheadies {0 nidyg cpmbigation of the
O r eCt ! ORPRA! Bl h¥int HBIRKEL Rk AEk RS LS BRONERETRhAOB sual 1

(only th renc a i's shown in annel s
can be for peeded thaa trafine thigieres &l loy tisd mbldamatedalt Hat Aescdinglgdthaboemections

with reference tq the trench 210. In certain enbodinents, the ,
Channel sbBpnn Tt e T ae 10 e e Lol S Pt is B g fregings 22¢ and
cal l ed chanpeksessahRih hBadid heramasef or the purposes of clarity in

di stinguil shing between the two. 100301l n the enbodi nent illustrated

in Figuree3s theighannel § 1@20ed df tROhofaed WRekr i 10 1aei|kek4t89%hd E80iguration of
between the first and second dies 106a-b, but rather at a presel ected

pi tch wi thisitrenetise 24 @arpintersecting elrangin @20 weh agfergnersto1ths individysd Hisp 106. At this
enbodi ne v e I : _ . sekethieden 4 .

| ocat i on&g%se T tktl% %rg%gﬂ%ﬁedé%gwgga%@%%ggrﬁgpgédfggw %@\(;g gksg%ogeé] égp[tog In
D2 into tHaembolichennillestizdd ibIBgdre @M, thedirsedderictnsiied @ 120dn pivalic! does! srotpaced

intersect the dies 106. The conbination of the first.depth Di. of th
trenches aaﬁi‘oﬁ%{ﬂ ¢"¢ ﬁémg%rc'(?n@e dept H?%Zéeg‘rveef‘htée [F&nd é1 ST OMES %‘}af‘“‘?% 220
equal t o(pEwlireRbRn [IRanuh BenekdllySlerdehdiolaras the tienctfes e anDivilhiaiiehb@tints of
116. According t he intersections between the fi rcﬁt side_trenc

ordingly, th es
210 and ML dbedHameRes PRI PR GPRAR g}?@%%ﬁcmgmgl‘/ form
provide %%ﬁéﬁﬁnés@?@%&etrg@s TP IHRERF érﬁ%od%ts, 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



[00311Figure 2D is a top view of the nolded 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 forned in the rows 118a
bet ween dies 106. In the enbodinment 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

channel s O.(shown in broken . lines).run ge al | er pendi.cul.ar to

Che T endiBarS AR Ditia e PSR e gD A i sPRB A et Fndhes 210
The i nt ercgaet mlpHldeinegn 22 e the Bedtesond Withant, £HaF8ehsS t-3kh the mold material
accordin Ig fora%the qgenina;ﬂ%24 in the rows 118a. |In_other

enbodi mert8, MEdEIRDL hREE el s 3oe! dhe Miihdhie heacho18 1t ard phannels 220 uses
confi gur edisfiQr HemBYS A ARRRI OB 2t AafiHEs LRsiAE WRRRLYvAlioddl$ia techniques.
i ndividual dies 106 and not only in the rows 118a between them

[ 0032] The ot e¥friptpu Arking Witrdasseeancdeatsf nohonifpmy vieheavogemi engs ddaster ihbeid larger
above prqyi e ive n t-@ I . f f i

the openiiaie® B Gl FMarA R SRR B IUERTRLs LR deteo
a si ngl e aséeaoidiifidrotihannahl (RRAQaatdnedin kothaiengy tile of thestia. SMibesover, adequately
trenches 210 cr es nultiple openings 224 at the.intersections with .
only o SRS SHEAUNE AP U e TR P aleas foared b dci i Self oy Fan al50 provide
removi ng stAficamlcdatrérieri al 116 with the trenches 210 and channel s 220
uses existing nethods and avoi ds sonme of the chall enges associ at ed

W th convgmii onal A¥draofRah MetdGRhes 00 AY MPLRBandl b2d, iF@ - T2 R 8RErate a
can create non-uniformvias having an entry dianeter that is |arger

than an &t Hhirbitey conterdy REt agHamesngehassord aided0diof hhegpssemblngO More
via incl te LAk j -

oo o U HETHA0LRE b eyt SERLCLLL A WOLE ALl B 1880 o
filling &iguralBaantd iggume 3Fi 4 sids peetsec@dnabvib@rafgae dsyentddy 200 algng the line A-A of

t echni [ [ gni fd hal | 00331Af o
For i ng. THRAEE [ BnBAEETELY G b Al UBR e coRr g7 i o] Sgpdisposing the

i I'] ust r ategnducticaderidl 29MiChe ER@nAOTEAL T SedABth @rRs oAt NE dp@iindstzed second
side 204 of the assenbly 200. Mre specifically, Figure 2E is a side
cross-seqygaapal Vi@ MePurddiss ASBRion, BRGEANG1LRE dirfcAéit Brefood offdigbtifs the
113, and Fuﬁune 2F is a side cross-sectional view of the assenbly 200

al ong t heondugéveamategpl 132y i the1BmeRaseatdly Ae0-t & Frigpin sebodimgnt, S example, the
t oget her, GO > i i ] et
o er a1 S B Bt S R ST hoh 0B SPNE NG, tiposing
224. [ 0034tFoconklhaivp unipets gaittefing bil etbdrmedthols, ASisjowe (@Fardd thadeft af Bigure 2E, a

di fferent et hods of di sposi. t he conducti v terjal 232 in .t .

Ghe neoGRBISE SoEnoy Fcreay A ursoualin ShbrE TR G P il Zo! "he prioting
conduct i \u@serBlyerssahn B3Aide aRqiRestapaRiRBRand4 stesieddedying hbbe24Maihasith the
224 by printin%, di sposi ng mﬁtﬁ a conductive inkjet, sputtering or .
ot her  metch#uels 248 a_@%é@wst’%ﬂﬁ}ﬁd@ef’lﬁég ¥ tA%)‘fhe FlYEeE tgde B8 Rapsit PYey the stencil
assenbl y ,2664;d8R0shbisid HEne Qgﬁiﬂd%\levrﬁatéllﬁﬁ gﬁi b d¥:Péselt Qh&dglﬁ gdlg%ggxgiirggn}aoleg 242

220. The printing assenbly 236 can include a squeegee )
stenci | ZM@W%Q"«L@IGQ Eosmahe centacinaty. vin orher pabedimarte asd aehogmdoward the right
correspongj bk : . _ A .
ctenci | 2H O GGH 2P oo /a M2 WTERER AL AHE AR E PP BE3oRE N Mt
di sposed Whaugh opmimee @podnrdiony theabewct23.i n the stencil 240 to form

the contacts 230. In other enbodinents and as shown toward the right

si de of Hogps|e 2EAs AlusedisliatHiyies ERKhetondddive aiatetiahzdd dbes astdllEthasmatignnel

of the conductive material 232 in the opgpings 224 to forn1th? . .
cont act s 228¢fone 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



[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

openi ngs 224. As such, the contacts 230 are accessible for further
processing through the trenches 210 fromthe first side 202. The
conductive material 232 formng the contacts 230 can include a sol der
paste or other conductive material that can be configured to

general | |n int s at, the o enj,

axanp o, WBELRE Teldhed 2D EURHERS AR R ARE My iR BRERN B 55(e S lomacts
smear i n@3onio itdheleta eslddrgmsi2 ki walfer chaduesves ma20al mhxecmeﬁead:dntﬁggyd @f géeeally

conducti ve .mate 232 can be nodifi ed. over,
met al | | zrafe*?ladﬂ(tﬁeoglsgfﬁwat@aﬁ ap ghe, ppeningyy 25% {198 eX{ig 101 E"etﬁ?“‘tt'f‘FeCWP?i“”e

mat eri al padfal b b rﬁrhﬁﬁlga&l s?neaaﬁ)% @& @@%ﬂﬁc@:e&tﬂ@ortchﬁwn%@.n’dg%é ¥Riallurgy of the
material 232 adheres with the nold material 116 and ot her

met al | i ZardusHveamaiedil 28 gambe modified.a¥eaptiery uEGObuTD 0BG Zatierh@ot shown) can be
enbodi [ S oHl F

gener al P WHESSRAE of oo AN EREE 810 cnalrt 2R 8 B8 Scucive
provi de rextreat 1282 adheet mitbatheancldsmatealt Hé aslsetivid meﬁiﬂ&atuﬁolassemalnth’eth the
in certain gbeﬁgl ments, conductive nenbers such as solder balls (not
shown) , T&A ttached to the cont acts 230. In other enbodinents,

however co ts can . e re ed i rotrude f mthe
Cocond JobT 08 AR Subiiea® TRusElT Bbes TEmiar 6 e 50 Fhegemy
cont act scoplddr WAkHOhe Udeorir v 2due aﬁ@@&ﬂﬁhc&'dﬂ%[y?%v?d@ ck@frdal kledki@al access to the
stacki ng of the assenbly 200 with other devices or assenblies.

100371 AfaEmbiodde; Fgr eFeiRto it siteln 28 dineis pendectivs marbesewehds widgeballs (not
204, progess) fahdRa 8l BRILhGAL 260 PRSP SGONHWAVES 112

illustrat g\?@l Er:& galtjlfigs 346 anc(r(tlJ lzﬂ %@gufogie %@bgﬁﬁuﬁ’l,owr%or éth Tontacts 230 can
speci fi d=l rbOﬁsedirrEO 8ii mietruxtedssn fectiondaide 20 Wrekamjre, thtsst&nhdctsyZ32®®1 be bumps
along the l.ine A-A_ af ure 1B, illus t 0

connect 1igsranats i BB ERTE e 1R RN, Bl SGRRTe Ak e axsgmily 200
si de 204witHRefedeViag ot GsskhBligecond di e 106b shown toward the right

side of Figure 20, the wire bond 250 is attached to the contact 230

and ext eoeEr)t hr olgét fohring RENLSIGacR2Z3aMExiEREORALSE EEREN sid2 A4t p:ocessmg of the
i connect to the bond-site 108. As shown towards the left sid

Fi gure Xdectrigalonaeckashaf hepntigpgs asalustrated in Figwep 26 @ad 2HofFigugs %@8%?@ more
connect 'dS(ﬂE'CJﬁJ:ﬁf/ a?é(gi'aplcﬁ)ss e B SbwRAELth Ehsﬁlgtﬂy 9ho LRg ttf?é)lln62§6A %?‘plgg% 1B,

inserted’in t Irst trench 210a and t th eop ning 2

attach tihwwlm@thbpmde@@@ celinelotg] vire lpontlh a5 (cletw eeo tthe2f36t smfafﬁQQeﬂnti alnensecond side
enbodi he t.0 256 n dafir rtion 0.

bond. 2502tn Reled e Mo oG RSt e BRI ERtsSio FEp th bigso
conduct I:v%nm&@td te cddtacIaddextéids Shrop@f the adpeib@ 204 ah&ilee(erd arebemn i ob to
250. In other enbodi nent ver nd|

ho qQol
pi er ce tq?én%%?du%mr\?e‘mﬁﬁ%r ﬁa °‘é{ﬁfg °rff %l?ﬁ %ftd%ﬁgltfﬁé i F“é‘f’%%dr“ﬁéi 8l 256
252 of t{hé ik bRLQRE 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

-10-



250 into the contact 230. The tool 256 then spools the wire bond 250
and attaches a second portion 254 of the wire bond 250 to the
bond-site 108 of the die 106a. 10038]In certain enbodi nents, after
attaching the wire bonds 250 between correspondi ng contacts 230 and
bond-sites 108, the contacts 230 can be reflowed, as illustrated in
Figure 2H Reflow ng the contacts 230 can hel p ensure an adequate
attachnment of the contact 230 and the inserted or enbedded first
portion 2 of the wpr nd After formng t el ectrjcal {
P onnect gk i ORatisll dBE Hol 268 B SPiaie Deathsir B an b Sdecandpngion
first sixeoPOewa bohd VSH foahebbnidyitk i GRI6RheAdfe 10d3e encapsul ant 258 can
protect the dies 106 fromcontam nation (e.g., due to noisture,

particl ggg3spt C. )in cBRBInCARRRGHA tafidDRiCRAg MSRirS ttRAREI DFE b&GMen corresponding
electrically isolate the wire bonds 250 and ot her conductive features

at the foonegs ¢ andbond-pitescléBt Bierroataplo dPPear §¢ refhavednanpbesiraed incBiguiet.
conpose i.el L tLal i e I

e B SRS EILR GB of SRAELAADE RO 290l e
i ndi vi dusdertecssrembledded REQPomidnt2 52 of the syierbdid2p 0diAdfer Ifithigntle elocporh eminsctors

are sin ated. fromthe I wafer, 110 re specificall Fi.gure

Sk o b F eleb@Behigadin ARl o b inased st SrrbRtaell oyt o i 21
the |i nerhé-ofcapbuldrit @98 @ad Brote theFdigUING fdh tdntanibQRn\EEWdOE td MBisture, particles,
si ngul at ed assenbly 200. For the purposes of illustratiaon, however,

Fi gure Z)doly sastPseagd8rran éﬁ@é}ﬁgﬁ%md deptricpily dgodats hesyireshds 2efbandepther
better | : Nale VA e i : fier ri

o i gur Be e o e o Ol o PR ke
such t hatf adfeéeceicaudteriat ahd dispmeteroths a348bin2e0 wiatheldingpedcessed or

exposed at a periphery of the assenbly 200. The assenbly 200 can be

si ngul at{@eB9] f or Bxainplnext toyiguest Irngd 2hendiokicke dsseabies A0D0Owith cdFregpmeing Bies

I d I b individ [ o
- cor L ACh GRBUTIENE &1 The FOMEOD 165 TRHES GRker 1 Y SEELIsa b ot i

cor r espandi digssistpaiieser 1. the Bingllhed assahogi YBMisng heweren A bhEigvied U and
di es 106 can_be singul ated aJong the rows 118a (or colugﬂ§ 1186) to
| eave a [PEBHAT ERiPREEYANDRSINGYI 2150 PIERBY 7QPe FPAINe PREPOSTS rHUSTREON, however,

per i pherﬁf%u‘?é 2} B&sinBainetalendipfiant 088 anfle L clde D02 6ARPERLELS 14Rdividual
As shown towards the left side of Figures 21 and 2J, for exanple, the
si ngul atedagtrigglsearpedters 2280 Ratiningetoaliginge 2hvand 2dopgiton, d88assémitly 200 can be

R e e e e
assenbl ikemdO0200aMHassibiul X @d bsuiulbhdtfof Hampinbechng tharmeoldudt wafer 110

encl osed th | d terigl 11 nd ex ed at the peripher f the .
el o B g Afmiove ge 3D snomet | Mrceptiepoto boBitul B {pt esian
on the saRJaEAMALYowd 01 donateerdaidtehbasbsecdfesfindibzaiench?d 28mdin other
2.1, the electrical connector 248 is exposed after the noldin

mat er i alembedimestsy boisred adividhy diee!QS sryubeatingvatyst aloas dhe wo@gﬁ@ortw@mns
el ectric con r i fi 4 2 i

the benen ) B RER Apredfeinch MnhI8F ntluit TS RETHG brdehld RE DUABES of he
st age ofindikidugirites 696 amdyeledtOOM 0diricgors@48AAE shavrctonssls slecteft onalof Eigdes 2! and

vi ew of gn.assenbly 300 figured in.accordance wth t.her .
erbod e oF SigRs s ey PR B AR R R RS e Tom A B by e
descri bagnaboveviwirt her 8bRr @aeaalt Di6Fbegudeashd Ar hind hewwad efides IRORN2M!.  In other
enbodi ment t he assenbly 300 h%%{elsgtric I ponnegtors 348

(i ndi vi ciefinep§e APV FYCRAg S35 HiPS £0G L Py SRRYI2EE SHEL 5 R4 @NSTIRYS gre not
second el epldiitgahe GORNRALAN 13680 e)dpeééhlég{h@?eﬂ}iﬂe@ mﬁ@%séﬁﬁ%m@.hpor example,
corresponding deforned first portions 352 that formcontacts 330 at

t he secondhayrdier depurRagsHdrilluskrationf wrth spetasembbhndpwadg edbeyiddoadigures

above by depositing the conductive material 232 in the openings 224,

wll-



right side of Figure 3A, and the second el ectrical connector 348b is
shown towards the left side of Figure 3A on the sanme assenbly 300.

The first electrical connector 348a includes a wire bond 350

ext endi ng through the assenbly 300 and having a first portion 352

that is defornmed generally into a hook-1ike nmenber 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 alltaad ﬁ.ladhet @eqtmr@i g@mue@tsrpbﬁds repolysiadtes the enaldiga matie! fi6rigremoved during
portlon 52. of t t

ook, noeseBpd rithes E3PRvin et FEMHA SR AOSRER BE sh@ipoty 200
such t ha[ﬁrow‘ﬂes\/ﬂld benafit dfapstherfiadatio@tol efectrehlhy dsbnhém twmrﬂatboﬂﬂge%@he processing.
proximate to the second side 204. As such, the deforned first portion
352 of tie4oM re bigad 350 J@bﬁ'ﬁse&thﬁalcsiﬂtt\aat oB@Dasatmbip 808 eceipireliid eccdfidnce
and provide n ext er nal ectric cess tq the,assenbly 3Q0, .
[0045] Tr s gecia SEvREERTE al s SHHBEY JD0 S BEer Ty SO IAB e SREG 2P described
left sidg,oof whh eifEencdAo EfusBNALEE hitvéeinl iRk etBodiRendthé Sdserfb1@SDO hiz@lectrical
connector 348a, except that the first portion 352 of the wire bond

350 is defmaectnss 3¢5 (ndividpally igentified pae fistodgctridal rennpeipiodd8azng a seppud electrical
bal I -1ik

bond 3500 aget] iehlnd @TBlhd 2R kR Sorkoshleiplekirfiy AREpGioh M form
as a Cr o&mtasR G ahe @hcnﬁchsudam)@f Raker dperfomgng k. coﬁtz@tsrlﬁﬂn@sgr;bed héove by

bal | -1i ke nenber 256, ca CO ured to. at

Che 111 Steopote W casbefre Pl 2 aitosBthrtk s Bl PctebElfaf risore
si de 20434 qud adrifed hadC et A&t posidn 1500H3hé witehborg1Badi WBB&O‘BdId@?th e trical
above and illustrated in Figure 3A, the contacts 330 c

subst ant £aaneoore 348 EAKES RIcOMTHPUSHIE] vé&%eﬂfupﬁﬁﬂ‘tlf?eb%éééﬁawgieeré*bz‘b%ﬁmkaﬂe 202
exanple,thgﬁggﬁgckag menber 358 can be fornmed to be generally

coplanar w't e second side 204, and the ball-1ike nenber 356 can
be forne pro
however , % % fi rg?ﬁhe ID rtBngE gg%ﬁ%&?@ﬁ, etﬁ‘%M ﬁirs% &%ﬁ"ﬁcﬂ 3 ‘HEJQ:&L jéfgg??ﬂgm Rfwirds the

hook | i kegorideal [ngurddaﬁ nescisee @c&ﬁ&ledﬁ%] carapctiye348b s sfgmmetdwmds fl‘@rlﬂﬁ side of
(2:82t g]? ' t ﬁlggrgté %ﬁlh% s%%%ases%sﬁ%quf?% lT@ b%gt elzﬁccf gc?qnlg)%v aSn‘{ a %cz%a%?nq’vdr%lb%ﬁd 350
nor e det giundgtthroligf B afemblyB0Biagd hesnB8fiangurBén 352 that is deformed generally into a
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

-12.



the electrical connectors 348 can provide high quality interconnects
through and within the assenbly 300 that can be produced in a cost
effective manner. For exanple, the electrical connectors 348 can be
formed with existing sem conductor processing and wire bondi ng
techniques. In addition, the electrical connectors 348 include
continuous and solid wire bonds 350, including the contacts 330 at
the first portions 352, to formthe electrical connectors 348

ext endi n fromtheflrst si de, 202, to_t he seco side 20 :
[ 0045] Fil gt g s  Prast-pestions 3%@5*88%?%@5&% i AR ERE b Py member

portion 382, 0fe Johﬁgd%d’ @J @%Q 803&&119 setd@ e ggd: @dm@ﬁ 361 bEhwise bded Domeekimate
into the hook-1ike at the first portion 352 of the wire

bond SSOOYWeQ@é@@@fDB%toefﬁm@e\faplﬂth“ﬁé@erence to Figures 1A-2J, the
openings 224 are formed at the intersections between the first si

trenc hes{OMG) andntthreersleasinents fieser s ahpil agd phutratad ok iR gy herARiad ?119 can
bondi ng I t pxk & ﬁ@h&ohtﬂ k
openi ng LSt gg g%@;r@%{ %&f‘?tjr tj% g‘oﬁr{’}?‘éﬁ@%&ééﬁggb‘? %g@w@?e M t e
protr udenémmmsssnearsbecﬁmdaes|td®egazaeraw chptanecwitin ghensentrelr s@?@oﬁband the ba!l like

P ﬁ;ﬁgggg%%g@?géé %%Zbet ggrpgde Wﬁf rftr gwgsg?zqntgo dfe%lbw tllﬂgth%lo %%D%Emé\%o h@‘svevcr

at the Stﬁ@ﬁﬁ@l Stige32D4f ihp vﬁredlbdnﬂ(EtSDQﬂcEUdﬁdg fhathedk hiye anbalk-HiemanBers 658 356,
bendtheflrs ortion 352 of the wire bon

enbodi mevsn ¢ ¢ @w@éf@ Emi AR e b tha Tont dat WL rosoehats the seepd S04 of
to formtﬁ@?ﬁ&%? 4 ke menber 358 of the first portion 352. After

def or m ng fst portion 352, the second portion 354 of the wire
bond 350 atta b&Gn BRRAas it Qitd RBerddce i1 g; fn‘eﬁ $B and 3C,
si de 202{ﬁb§4[}0046 ES d%lge glgﬁaﬁgfggégges 21 pr OCESESI lng stragcg of ]g

el ectri ciab danivelc temed4s 343 whii phovidee highl qualifyk intareampbedts 3ggughs a%rvﬁ%\ the
at the first p n 352 the wire bon hi QRMI ,

el ect ron‘isée"?q[%g@ 6? t ‘(a“EnhFOpfodtu?)eéil 3 g §opt fo%g? |m(§1ﬁ[é ?gil mat eléntatﬂg ellfgnlca[
first pofdnhQiorsdR @h bklemat ﬁaﬁthbﬁrsdn@ﬁ:@utﬂfndﬁdmrchrditgsd’lrrgm‘idtv#mz @edmg&tcbniqucs.
side 204. The EFO tool 362 emts a.s rk 362 or (ﬁ)&g%r heat SOLN C& tino the
pr oxi mat‘é\aﬂ@‘?%éhefﬁi?%ftwab@?r’tnf’ﬁﬂfs@%%”& e FQRHiRYoUS ap at'fe E?J‘E‘Ff rmcu g
bal | -1ik 6 s phRRnE BES o RRAIHONRTRI cHHBEEUABkndibdiROMIEAirst
bondi ng %go[ﬁggggagttﬁt aﬁ% &s tﬂe sec%nd port?on 3%4 of the wire bond 350
to a corsiésiendihegedvoddidsi2fd 108 at the first side 202. Accordingly

the ball-1ike menber 356 forms the contact 330 at the second side |

204. [ OOWBAF oc eggxmgaa)fllmuna;esa@gremsm@stam whigh tefitst RerEion A RolfaRh e bond
simlar the, t echni ques ' Btion 352 of th
referencé%[‘fb T‘i‘?e&?ﬁé’éo RIS egcgr%ngg‘gér’rp %ai ﬁgé‘gﬁ'%geggﬁ gﬁt:tﬁgthbczi]ﬁnb oL
di sposedywat béfuesshi mstdesirided A2e ofithtréfereacsse fiighyes 3L, tacpénickis\22é alformed at

assenblies can be singulated fromthe ded wafer, 1 sh
Fi gure 1B iigpitgorsRetyeaiif @fﬁbséde(féeélﬁl?qsgg{’j "éﬁﬂg?/%eco do-‘di%if\(? EE%A%OAE‘ ceqrdinely,
Cross-segLl f 5 RANcaf SR eI ¥nAOR tBONédcBUN e d\d’lmatﬁct@lttdaam&mg\ﬁmh and
anot her g%b\@g%mmn%%&rtal r? asgﬂebigtlsnof t he ascsenblqg_éfoo sho

Figure 4éxtar<hhg§m9pta'ttbry3%2 ofi thawire bond 504 Beppfs feyn sS&‘F‘I“SéHj\Ag%V/é deflecting

however in enbo th GNRGEQRNMS sid
448 incl T§ &F%F m\bgﬁ%]‘tﬂgr? g%c?ﬁ%turébséngsggﬁ?ﬁoﬁg?%{]dg%@w%e bonds e
250, thatol em Etagalld, yth&:deﬂ'ﬂeong iteenbki BAY can meve@2the segand sidecdHdinsy digection
204. More specificall I tr| ut| r

a conducﬂfldéfétefj%y/é? 3‘1%‘% 3¢ ﬁta‘)[cb g%'éel EEEPT R ?g"f:%%ﬁ’g%té egd ?&P Iﬁ%{he} aﬁgold%ms’

si de contyacd.nddRgtrineaD7@ cdd mste Bi dligertdireniohs hlfdrm ltire hxmkt[&qemlember 358 of the
enbodi ments, sidéwall portions of the first side t

L pasoe st qhe bona 350
i ncl ude dirss pordion 85 oA fitratefang ingshe first rosiden 152 elbe seEANLPELPY Pty the wire bon
connect | O RELAGE 9@&%&%{1&%@& £ihed?d sBdod e contact 430 In

FHENt e con uctlve | ayer 452 can at | east
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[ 00491The processing steps associated with the assenbly 400

illustrated in Figure 4A can be generally simlar to the processing

st eps descri bed above; however in this enbodi nent form ng openings

424 through the nold naterial 116 can differ. For exanple, as

descri bed below with reference to Figurés 48-4D illustrating
representative processing stages, single trenches 410, rather than
first and second paral l el trenches 210a b can be formed in the first
si de 20 . ndividual dies 106. nd|V|d hol e
420, rat H&E“i‘S t ha '‘BHe 3?e€18ﬁ5‘“%9| BrOE‘P?é‘H%é‘ia%e %g% E‘Cf‘ ?CH’E&C‘?T Ha which the
second Saflsike Amber 198t iCFGRRH af e ﬁrgt%eﬁ#aﬁasﬂéﬂthewﬂref hm3she [OReM88iment,
424. 10050] Figure 4B, nore s eC|f|caII%%ﬁ|s a bottom view of the

nol ded \R&fe trqr&@ﬂ%!ﬁ%wfﬂ(rﬁﬁ% ? Fopt 820 i pesitensd pretiteaty Bnhe firy hertipn S plehe wire
410 (sh kbhesd <& fer

to the |Cbn | Vi dﬁéﬁ!&gﬂ%; l?106 sﬁgdv\ng%@% %Gﬁreﬂf?e% %}Lﬁ? ﬁ?g t aFk ﬁs%a(”?eo(alﬂflﬁeat
t he procewsst pyxinstagl tbe tf'tmrmoh@s 342 @Gndfemf arfree chirdiallf bebdli- lnlefx msnm 3202t the

inther Aft er form tr.en 1 t he hol es 420

formea T EREGersang  BleabeHul,PE of Rt hobF SRR 2 wPicain e Siens pafion 356 of the
presel eem&dbcp.utxsb to |al’b0€1&l§;i0atli’r\g&ﬂb@@1tm &, tht kiest Rl €924 20ccdfden gl thiaedii-like
wth a drill etchant, fluid jet or _other suitable technique.

The hol deempsp3 %%ﬁ"ﬁﬁ@%cﬂﬁm65?%ﬁém§ﬁaﬁ@SFﬁ&P is oriented generally
transverse to the trenches 410. Sinmlar to the enbodi nents descri bed
above, tP7Eombi Fesrstied phihe@stmbipoil) capreoptiviern @renwer simganiodhe fehniques

hol es 4204 caBoRfc@it %@sfcﬁﬁec? R0 YithebeRhce 8 F O%JE est BN [Seﬁafonch%e rg%aﬁisutant

material 116 to create the openings 424. 11Aft er ornln
openi ngs254 24y bFﬂgmsgd ACthe fingstidea ek ofythe taasgmbiyt 3GW|;1 ianh indtradual assembhes can be

rzggi S} :]isgn(%HateQ romngcg § u!gr.el%% ; gger 1Ee sc%ﬂrgﬁxcf{)ru%( A ySlen tﬁ%%hi?mqucs a%ﬁcn%ﬁ:‘% above.
directly corres _ s. 10 n nducti ve. pl ati

250 ° (st o °brGRER A R R eeP T He A PFelsB B S Bt s Rl with
410. In aabtherrelmbmwnmrﬁam DPVRY E'the dsbantlpntitgolwien Fryer4 462 g@@ﬂal@ts:mnar
| east partially fill a portion of the trench 410 aligned with th

openi ng ‘A3 FEERREARSTIRCh ARENNTYYBS N s ERrient a'fer aeembly 0P rli*a% Rigetrical

cont act ohR0ofvat 1§c99€ﬂﬂ% LM R sthfelur@t45oh@ns P ERA Y iR e 28, thkh8ectrically
di el ectric encapsul ant (not shown in Figure 4C) can be di sposed

at the foonmet $i diest 282 Eﬁ)flttérihet reorslonidru2Q4 idoteppesifignly, ¢ash dedisdiution strercture
pr ot ect i cal
Pesentl y SV SE LA R ARG EEYE 63 4k 1 8Bl SPITRRNERD & sfiogh Ht gomact 430

P EOrT D
struct urtﬁroéi@i)a ﬁ&Oﬂ&e?&é\fdmeirl()I ecaraaih esﬁb’odbmttntsosid&t’?numuaire oA ﬂirSt SIde trenches
di sposed i,ndivid contacts 430 can

r oxi e first.si
be brbedtBd i MHE SeeuHicraaedt 5t il BEen RECKiEC s on benvcen the

connect QoduddiE ttawk asmkhct A€ caise IR, Vin 408k enlidiRédi, hBRe P Mha&h8udidPiayer 452
di screte portions of a conductive material 432 (shown in Figure 4A

can be dr&pdestpatinlydBl 3 prition efieach wignck 41 qzlpned with thseogBeidia i figstipeupnect
and al i gped Whid H0esPRERNGS eﬁ.%éddmm@ dERABKACILYE B &Il 40403(%“9@9 include

include simlar materials and I'sposed in a manner gener al
si m | ar theoenchatlaokel dispestd aenthe wilishibpedfnetrector 450 pRixgusle tRfs hrst 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

«[4a



- I00531Figure 4D 1s an 1sonetric view of singul ated assenblies 400
(identified individually as a first assenbly 400a and a second
assenbly 4006) in a stacked configuration. In the illustrated

enbodi ment, a first surface 202b of the second assenbly 4006 can be
stacked on a second surface 204a of the first assenbly 400a. The
first and second assenblies 400a-b can be singul ated using the

nmet hods descri bed above. In certain enbodi nents, singulating the dies
106 fromthe nolded wafer 110 (see, e.g., Figure 4B) can include
gener al | yieblt &R qhia8@tibl)endivigng heks 436) rand tkdnend@basl AR:hahI0N&re FOWSd in
118a. Accordiqgly, after S|nallat|ng t he assenblies 400, the

el ect ri cBF SeoRhEds YtoAviersech epenghes dLbenddernsihg apsinasidihs of t he
assenblies 400 to electrically connect to other conponents, devices

and asseffiffles. [FoussH. e spagi fiealbminaiberiem Wew of Besnaldesiswa fpig ! 10rthgs dllustrates
descri be h L i
differ eng] g%agﬁﬁ oroiglg%e%g}% tﬂg (E%%g r(li)égcan %?Qn%%?rtgggétm nﬁgﬂ £0%ith
second sraﬂ@erﬁado the firpliwdtdi dicts 1166 (dhewn MErOhmelufe@)r nedhisistaghen i percessindesingle
202. Acc g I rill fr the se

204 to- afeThEaDraettpat Hant AFRe QubEabismra Rk Oip PR e thh0, oo
conduct i Hgleaioaird Blrmddh the séanditheiLprhesta tH3Pencidst4an af & pleseleptddngtch. In
hol es 420, the trenche 10 ¢ be, for,nme he first sjide.202 to .
inter secfe@w%m&%@wﬁéﬁg ay §9fm"f‘ﬁﬁq}%€‘ﬂlgt}?~°’?fbﬁi‘3 "Hﬁ T iFéPU?%e‘ZFBtSab‘e

can t henbgidliesPPResbiat 4idhanf hadvetan Qib%*g 2fgpeanst 15 QRRhEBA QedddBly transverse 1o the
el ectrical connectors 448 between the first side 202 and the second

si de 2041refcb@EHPTREN & de theicodpdissnidetcobey ahese. ithd agsthingd depthn(npt garekof the
4A- 4D al rQn h&cﬁ?lro %18%@? h«glgsetlyg‘gmbo%n%% db%r%htg‘xnf% eHEélltb e ﬁ%f&?nés%? tR%mold material
res 1 I e an rgh quality

around t rovide re
i nt erconme&mszraatetthe mpehm’rgsm y sinplified processing steps. For
exanple, rather than drilling or etching through the entire assenbly,

t he openijovgs] 424 Aftee ﬂ‘oﬂﬁrﬁgdtmt oﬁdm@gb N4l SEghte ohS  Difustidtes tar aagmas wifich the
and the hol e 420 I n ntersecting.the t h 410 with.the

ol e 4200k g spReRy Sy Bt RRETHEE Hecfidt SUput TP AETEn Spopdess. te
i ndi vi dU%ndﬁ&%‘ﬁ)@?%?’\{@b@ﬁblé@&re@ﬁ}d%r&%n&%rﬂ@@y | 6% arldah&Eonductive plating
processing steps Accor he illustrated enbodi mnents can

| nprove ﬂh@(s&awmﬂaa@tq&mabm%w thmeldeveati pastionistqf b¢ trewrd 0 clhy pthey embodiments,
connect O%?wé%g t]#béogguc%v 'Idg? ASfZ' c%ﬁ Igllp{igs?ﬁgrﬁal ag'igl 9@89#% ?neﬁre'néh 2 41@}%6 with

di agram of an’e or form ng
senicondumu@Emﬁ§$Bh®hyhnhﬂmuhmwmémmmdoummmndhaaWpWMCéssoﬁﬂﬂsﬁhb@mdﬁwwmln

fornlng of first si renches to,an_internediate, de

ina m)l %’5% sgiong SWBES%'dqﬁ%@‘éﬁ"‘ﬁ&&?%&“&”b?# éﬂ“f? g FighfPA) can e
dlsposed 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 450 is disposed proximate to the first side 202,
individual contacts 430 can be embedded at the sccond side 204 to complete the electrical
connectors 448 through the assembiy 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.



dies arranged in rows and colums (block 505). In certain

enbodi nents, this step can include formng a single trench in each
row or columm between the dies. |In other enbodinents, however, this
step can include formng two or nore parallel and spaced apart

trenches in each row or colum between the dies. 100571The process
further includes renoving material froma second side of the nol ded
portion at areas aligned with the first side trenches (block 510).
Renoving the material _fromthe second side forms gpenings through the
mol ded d8#%i ons Bgure HP e demetiigrds of yreglaadsirmblipotiGigtipuliod ifiyidually as
step can h@PésHé?ﬁol%%dH Bk $86RRE ask 61y 40BPCRESs ke S BANNRLRIoh O 1R%he illustrated
i nternedi ate depth. The second side channels can be generally

t r ansveregdodinenhie firstrsgtfacsi H@btof greckensd absamblyrdb enm belbtatiet ©n assonad sprface
this st C i pcl ude for.nhng-h fromth R I t Q. .

i nt or mocodt 8 B BRR RO R AT ap) RO AFerBEP Mo 18 ellmed usng e
al i gned mdihddls bRribdd Slovsi Hecetthiaratbesimenfacsigpaiding ditel dies 106 ftdnethd eplded wafer
of the first side_trenches and secon ide.channels (or. second si

hol es) i 404igat&r Figwad B ifan f%_ﬂ@& e AT Oa&_rn%&\gc bt 429 aone
nol ded Waf Rfvsti9gd. OXdBotdI8IP PERI ﬂg@létmgm_ AsehitBedPdod HERd @krical connectors 448 can
[ 0058] The process further includes formng a plurality of electrical
cont act sheagxpodsd 2 slrrpragngeoiohe tapsmbtissaél (vovleatmesilitconrst &pathehgynponents,
(bl ock Sd%@c.esaln a?s%#n%ﬁé:sf‘ enbodi ments, this step can include disposing

di screte ‘anmobunts of a conductive material (e.g., solder) in the

openi ngs mth cond,side | her. i IS o
Step carl PRl ach BEER G ys; B ByPEHnE MR Rk S ot SR ehll © Fiures
openi ng 4BwWiD deif 6¢ perignieddn podifftent aflera Rurregarbplpdthathoteh @28 @emhd feingde in the

The process furth j ncludes electrical ly connect] t he second, sij de
cont act sse’f‘ﬁr‘déﬂf“‘ fzggbgﬂﬁit_ %trﬁ}?h?f-@ﬁtaée.s OBﬁedt]ﬁglegir%ts“J(e&%%t g(’%oi ey e hdlés 420
certai n gEBEALHNENSm thEk&ohd SBe 204 td ACInkehReditt AeHth REd SubdeqRniPAled Qith the
the contact at the second side and to a correspondi ng bond-site at

the firstondyctee mptsriddi3adp fent e coritatiVy Afire iderchaplcHdiG thearepshet AR can
AU ; o . r ' |
wire bong t%{%etdnﬁ tl'?eef?rgtg%%ﬁs%ﬁgt%) éﬁﬁt@ﬂfs(?cé %&?&g@%ﬁh%hﬁ?@a@t Tk?ectlagtiigtgigﬁﬂon structure

portion of e wWre ormed portion
cor r espotidi cag thee rvd-dkipbeedadt thenfirsf §ids 20Sirdecomipletesthi lelectrigrk dpanectors 448 between

enbodi ne gg},fst %l%lef faﬁgﬁwgﬁ%go@'d”s%ég@] di sposing a redistribution

struct ur'@® The process illustrated in Figure

5 can be onplished i.n.a relatiyely short period, of tinme becaus

Undi vi dulPSSi a6 B e anes e o HEHIed i B PI NP i WLP

the el ecehbfd! an@OMNBLT iRNSaBBE VRS iR fiics SI06ard paRedeneklgbldesmdohigh hguality

assenbly. Rather, the intersecti ng trenches -
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 inciude

-16-



and channels can quickly create nultiple openings through the nold
material. For exanple, after formng the first side trenches,
formng a single second side channel creates nmultiple openings at the
intersections in a single pass. 100601Any one of the assenblies
havi ng the electrical connectors described above with reference to
Figures 1A-5 can be incorporated into any of a nyriad of |arger
and/or nore conplex systens, a representative exanple of mhich i's

system 600 shown schematically in Figure 6. The sys n

i ncl ude &rpingcesRye teeed in asheionr § ‘3813' gy beteen thgy %F%%W b&@ﬁ’“ﬁﬁd‘?“’d’?ﬂer
ot her NMempy v AW ik&GSde foltrﬁ‘tﬂg%@&t R pHAVLEICGRS sPREd ﬁﬁﬁﬁ/ tRnclts A€ Each row or column
subsystens or conponents 608. The assenblies having el ectrical

connect obstwdestbe fised above with reference to Figures 1A-5 nmay be

included in any of the conponents shown in Figure 6. The resulting
system 6w5&hn pérmkcmmeamﬁlr&lfcr anolidge rapzovingt patefial clympux saggnd side of the molded

processin ra
Accor di n6?§10 ﬁgre e%}gg d;hwg ll’xevggg %/(si g'e&lﬂg%@ ocg] CSF% f{ém&;a#ll%ﬂtt% material from the
|imtati Qfon€ GRRRULENS @REingy tipbler tidamaldpd Qoesserd, thfaomolemmmf@, In certain

deskt op corrput ers, |aptop conp nterne i anc

devi ces EBDRIIMeR x| this B3P E’%‘n‘ﬁ&]ﬂla"r r%asfe&%des‘é?oﬁ‘i%glﬁé“’r%r ﬁ‘é@?ﬁlstﬁoa n °rmed1ate
mobi | e phghes ThPetSRAA dedihdide® catR g%hé}QN}StraﬂEU&h@toNh@MﬁﬁS&ldeeﬁ'&wl)as In other
mul ti-processor systems, processor-based or progranmmabl e consumer

el ect r onienbpdimeptadokverenibift epscan lue fpreupginlesriom detpgond side to an intermediate
representat Ilvlg B 3 q{ﬁm?@r@al YinB6idlQUREDiohd aft :&?n\gltﬁ th'é“fitrstosride trenches The
di stri but e over® nul el n er connect ed unit % , through a

communi cabmbinautmtomn&dcpth'ﬁhﬁ tltm‘ﬁrptmmrmmclm& anMeeGSIyttlmt@OtDB]%@n Second side holes)

:ﬁ;oggl ggvgra!ggr& 3n IEP)}'I dl{ﬁlanld b?ﬁﬂ%l% %g{ﬂjew n1ng§jthrough

f or egoi NQpd hoWinldker® appreC| at ed that speci fic enbodi nents have been
descri bed herein for purposes of illustration, but that various

modi ficatih@Rs Mayrie R uhéRHides Ritindlg armurfamgzmabarwm@nmm theF@tond side
exanpl e, one or nore additional assenblies may bhe stacked on the

assenbl i e thenmeldgd partiphat @aiopenings{bockalyr |IBéEﬁ%‘bSR‘?‘EO‘t'Ble’f‘tévrtmssgfeﬁcf’fi‘%éfwl”dc
assenbl i eg, y&ﬁ&@cr 0§ %ﬂﬂtts%ta B cftfantresmaéhﬂqyga%l@ér) 2} Hﬁ%%beﬁkﬁ‘ésrﬁolﬁrﬁﬁé second
al so i nclUde ura or singular terns Spectively. Moreover,

unl ess t i‘s(B;ieV\DIrndoth@remhoshrmnFH @owkyer, hisi &t@dcemdnninémmmﬂyga Reiriiel ef & avisn bond
excl usive f rq}r}n t he at her

itens, tHBRY the ppenipg an%,def%pﬂzng[ﬁ%e{,ﬁ(g? {n?e gf g, Vtt"ll(‘)e l:?ong a%tth Seerc%PrMe) §|85 Wé Brocess

i ncl udi N O 15k 1r§:ﬂwc§él8n9h@alllytcﬁﬁhdcﬁn§ the sédofd SIdé bc)nta:ltsl to&forrbd@;@ndxh@hmdl—nes on the
the list, or (c) conbi nati ogn of thelterrsrﬁ’ﬁnthe

Addi t i oneﬂtq:s“b[oelh@(})e}:}ﬁert@@rﬁga?hogmf@ts thés slepgdnt L@ﬁ@ﬁwngtzbw%gwd to the contact
i ncl udi ngatﬂ'f] ¢ SebAd ks o%r%ﬁd £ 88 chigd t‘;:ﬁﬁﬁﬂfoﬁ@%ne §tLlFré"f'Fsh§He aWenBRAH s mcludmg the

nunber of e sane feature or add|t| onal types of features are not

pr ecl uded:leforﬂaeaﬂ)ﬁ@’iwaoi tbclsnrmbdnff atchg georms! sidgythisstaperde inudp atitchiigingttion gf the
fromthe enb di r

descri bed"h°t ”Iq%esq%t tfoe”k? e%%g“r F ﬁ’gﬁ 0grme orrdglg @H&]h mxoeﬁt?g{ t??)e s g o sl
el i m nat e@rthéd embhtﬁrncﬁtﬁhbdlswpnmmcllﬁdas ti:la;msmgalrtdns:ou@}haoadtrmwrag%e first side.
associated with certain enbodi nents have been described in the

cont ext ofposdyose erdpdtexenlisirated he]anmbolen rhenmmpa;heahsa relxtivelyi thog petiod of

advant ages, and not all enbodi nents ne%[eHn r|I detﬁge btlt S p lectrical
advant agemt §eqasel ingvidyphvieh do ep Ry 8 vB A 18, FXG e elec
trenches gof,ChaMGkSedl thy FEY 1aRY storld HSthQ@QEt’ﬁSIyCa{hﬂﬁe theim@ekcting trenches

the nmold material. Accordingly, the invention is not |imted except
as by t heardphemglsda [qaickly. create multiple openings through the mold material. For example, after

-17-



CLAIMS I/We claim |.A nethod of manufacturing a sem conduct or

device, conprising: formng a first trench in a nolding material at a
first side of a nolded wafer in a | ane between a first sem conduct or
die and a second sem conductor di e enbedded in the nolding material,
wherein the first and second di es have bond-sites at the first side;
formng a second trench in the first side of the nolded wafer in the
| ane, wherein the second trench is spaced apart from and general ly
parallel to the first trench; renovi mat er.i,al, froma second side of
P e 1ol BB e S eeE e SEnEEawony T ot Biraist oG T e
first ang.seapndintd §abpss, Wherein removing the material forns a
plurality of first openings through the nol ded wafer, and wherein

renmovi ngwﬁaﬂ_er | ah nf R drhife SEGRAMeS hslend ARl dsl@Scal QbAARG A deaARIICAbOWE with
t he second side of  the nolded wafer in a direction generally

t r ansverséranee h&gdes sA-5a0md bsdeerppratedinehay of wreyriad P Ty eer a4d/of Fere complex

v ough PREMR BEr e RFAREE BR8, £ shacd 00 Seotl e RERATAFREROET, The

t hr ough YRE™ ntersectio ween the channel and the
first angsws@odndat iehekespioespeciilyememofofd feg. eI Revly DRAMctlash aod/or sther

extendi ng from i ndivi dugl bogg-sit of .the first and second dies. 0
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2. The nmethod of claiml wherein the first trench, the second trepch

and t he @blagasdn any of the components shown in Figure 6. The resulting system 600 can perform any of
a wide variety of computing, processing, storage, sensing, imaging and/or other functions.
Accordingly, the representative systems 600 include, without limitation, computers andfor other
data processors, for example, desktop computers, laptop computers, Internet appliances, hand-held
devices (e.g., palm-top computers, wearable computers, cellular or mobile phones, personal digital
assistants, music players, etc.), multi-processor systems, processor—based or programmable
consumer electronics, network computers and minicomputers, Other representative systems 600
may be housed in a single unit or distributed over multiple interconnected units (e.g., through a

communication network). The components of the system 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.
Morcover, 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 fist, (b) all of the items in the list, or (¢) 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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each have a depth in the nolded wafer |ess than a thickness of the

nol ded wafer. 3. The nmethod of claim 1l wherein formng

el ectrical connectors conprises coupling a correspondi ng 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 wire bond through the second

openi ng. 4. The nmethod of claim 3, further conprising

di sposing a dielectric nmaterial at the first side of the nolded wafer
and over[OQ@II easVarousompoiidicatisist may fher srdanwthost slsdiaing 1o nEe wppgdiments
the fir Sé 2 164 RG& 9”?’09%)?331 le feam es & bR§ il e B Rlor Eé:ﬁbﬁﬁ%ﬂ%@fm@‘én@ may be
the firs penlngs inc &% S GearT portion an e second openi ngs

i ncl ude @nﬂﬂ;rd:éwablﬁmm@ued nromtheraumboémmtsl Atiitheg, aﬂth@ug(hiaésar@mmssmcd with certain

cutting t ugh the fer en e fir

t r enches® “g??g s ]éaéfg ﬁ?sflﬁ%dy‘" t ‘?’rﬁ fﬂ‘gseslc géd‘ﬁ% &%oéﬁ&owgnbgé "he M3y
first opggy HaisanGch B&aﬁta@&\/\/@ﬁd ncﬂ@lttetribﬂdl&fent% heec&&@@daﬁh!p[@&I&Ibhgu&uﬁhantages to
that the first and second wi re bonds are ex d at

a
the. i ngfHlatitin ferssepaniie deRioHT E& SASBELTRFar o chantels oBvirig Hidts and
met hod of, ﬁJs%m,éf ot tD@E n?d?érﬂ{ake?ﬂaf‘gﬁ\&%rdlirf‘g%ﬁTtha%(fér!t@h|;§’ncftllinhte6&xééﬁ€as by
first ope é)the second openings wth conductive materi al

and mherénammh@ﬂﬂﬂnmally connecting the bond sites of the first and
second dies to the second side of the nol ded wafer includes:

enbedding 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
enbedding a first portion of a second wire bond in the conductive
material in a correspondi ng second openi ng and connecting a second
portion of the second wire bond opposite the first portion through

t he second opening to a correspondi ng bond-site of the second die.
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7. The nethod of claim6 wherein enbedding the first portion of the
first wire bond in the conductive material includes piercing the
conductive material with the first portion of the first wire bond.

8. The method of claim®6 wherein enbedding the first portion of the
first wwre bond in the conductive material includes piercing the
conductive material with a wire bonding tool and injecting the first
portion into the conductive material. 9. The nethod of claim
6 wherein at least partially filling the first openings and the
second openi ngs includes disposing a discrete anount of the
conductive material in each of the first and second openi ngs.

10. The nethod of claim6 wherein th€lédMducti ve material in the
first and second openings is substantially coplanar with the second
side. 11. The nethod of claiml| wherein form ng electrical connectors
includqﬁﬁekgsﬁrting a first wire bond into one of the first openings
such that “&%F1r st portion of the first wire bond projects fromthe
second side through the nolded wafer; deforming the first portion of
the first wire bond, wherein the deformed first portion, at | east
partial |y prleventsmethied @ manyasiring HIaHet ey SRy IEehe By he fi r st

openi ng; anqoa?\‘ﬂﬁ'[gg.cﬁlispg‘m?chsﬁcg%l@iﬂ th R0 0ot Lh&rsf LS torWy ﬁ’l%fcgﬁ%ﬂ:l‘ in a lane
opposite the tfirst portion to a correspondi ng bond-site of the first
di e. between a first semiconductor die and a second semiconductor die embedded in the
molding material, wherein the first and second dies have bond-sites at the first side;
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;
removing material from a second side of the molded wafer opposite the first side at a portion
overlapping the first and second trenches, wherein removing the material forms a
plurality of first openings through the molded wafer, and wherein 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;
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.

2. The method of claim | 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.

-20-



12. The method of claim 11 wherein deform ng the first portion of the

first wire bond includes formng a ball-1ike nmenber at the first
portion with an electronic flame off. 13. The nethod of claim
12 wherein the ball-like menber protrudes fromthe second side of the
nol ded wafer. 14. The met hod of claim 11 wherein deform ng
the first portion of the first wire bond includes permanently
deflecting the first portion. 15. A nethod of manufacturing a

sem conductor device, conprising: formng a plurality of first side
trenches to an internediate depth in a nolded portion of a nol ded

wafer having a plurality of dies arranged in rows and col ums,. .
wher ei n i ndbvi dughe aiedwdiafclaittel #hpicliy rning elFctighauetias Compristreeoupling 2
first side trenc _are Lel: ther :
or " col BT RE SRR Ak o BE Hri e W IR Wi BTsORRe Bhnd BRoleR e firs
mol ded op@rihg @Rl @lupBfi@asombdpgnddg bbidisitehs thid sesondsdideo theencingssidanigh eiserond
removing the material forms openings through the nolded portion;

f or mi ngviee Yonaapighthesecep@epyidal contacts at the backside of the

nol ded portion at the openings, wherein formng the plurality of
electrical contacts conprises partially filling each of the openings

W ][ g S di sceet e Fnourthodfofetridys firder netensiad disgosinge dalekisic dertafal phige first
nol ded wafer; and electricall onnecti.n C f the backside

cont acts¥led e ’88%"?&%&&&?@@"?}%}5 48§ BO"HH’QP%ZIE E.'irgém%s?cl‘?“ Kl TR and the first
ext endi_ng .t LeHRL the correspondi ng opening. 16. A method of
formng one or nore hol es extending conpletely through a thickness of

a nol ded wafer between two or nore sem conductor dies enbedded in the

mol ded waf ers,. ' herhg'?ﬁeﬂ%% 0(%%%{1 i3svivlpe9éin:
the first openings include a sidewall portion and the second openings include a sidewall
portion; and
singulating the dies comprises cutting 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.

0. The method of claim 1, 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.



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 forns a first trench and a second trench each having a

depth less than the thickness of the nolded wafer; renoving a portion

of the nol ded wafer froma second side of the nolded wafer opposite

the first side and intersecting the trench fromthe second side,

wherein renoving the portion of the nolded wafer fromthe second side
forms the one or nore hol es extending through the nol ded wafer; and
wherein each of the one or nore holes includes a sidewall; and
singulating the dies by cutting through the nol ded waf er between the
first and sécondThe entirdsofsiain & whereintenbsidiegad st paripihohthe first wire bond in
peri phe rtion of .the singul ated dies. ..17. Th t af ¢l ai .
wher o rin EH AR TyericliRg Ty g IRty e IR} DR Heftpofudt OF hE e
par al | elidihnand spaced apart fromthe second trench; and wherein
renovi ng the portion of the nolded wafer includes partially dicing

the second side in a second direction generally transverse to the

fi di i d i b . i .
[0St STeckdon 9L 08 R oAMIEl, Ay DY PEFh TG pHIBk Aons

trench th@somiutiives naeipl icludbe predenchet ¢widehiveasatthid Fith at wiepbhdinaneb! and
t he channel has a second depth, wherein the conbination of the first
dept h dnigctingehe Bisopertige prp thegopductixagpteddluial to the thi ckness of the

mol ded waf er.

9. The method of claim 6 wherein at least partially filling the first openings and the
second openings includes disposing a discrete amount of the conductive material in each of the first

and second openings.

10. The method of claim 6 wherein the conductive material in the first and second

openings is substantially coplanar with the second side.

11, The method of claim | 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.

12.  The method of claim 11 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,

13.  The method of claim 12 wherein the ball-like member protrudes from the second side

of the molded wafer.
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19. The method of claim 16 wherein renoving the portion of the nol ded
wafer fromthe second side conprises at |east one of directing a

| aser, directing a fluid jet and di sposing an etchant on the portion
of the second side. 20. The nmethod of claim 15 wherein form ng
the plurality of first side trenches includes formng the first side
trenches in a | ane between corresponding dies, and wherein the first
side trenches are spaced apart fromand generally parallel to one
another within the |ane. 21. The nmethod of claim15 wherein
partially filling each of the openings mﬁth t he di screte amount of

conductive material includes partially I|n each of the ope |n
such that tH& codlacrghed %%‘é‘l“? al "f]’é’éedbé% SH‘P'lnglt‘I"ey“b%ﬁP'éWéIrO ‘é'EbO“d

Pﬁgk?&)ﬁ ]g([estgrg%zngl flegh riefild ﬂ@g@%{tgﬁessed fromthe first si de of

tion e nmet hod of claim 15 wherein
electrically connecting each of the backside contacts to the

correspondi bond- si t n t dles furth nbeddi
end por ti on 18t AETEUPY GEBBHAFFIL 0 # SUURHHOL HO ot PRSPO g

backsi de contaghe aé)lmallty ofdst sitendRhiod eﬁ’lflnf-‘ehﬁéd‘rbté@em%i%' Molded portion of a
el ectrical |y conhecting each of the backside contacts to the

cor respondi ng bomdﬂéxﬁemﬁnlmhmﬂdlebummwDﬁ@ﬁﬁd@ﬁmgubeslmMSémipWQmah wherein

ond porti on of o, i, 8e0d 0,41t 0L, SOLASSRRnclag. GRPOUEAS At e

tool and injecti pgeRN oﬂﬂ:@al@:ﬂébh@é\ﬁﬁ@ rdvior OGS PeRdk R dhewiésebond into
the correspondi ng backsi de contact. 24. The nethod of claim

15, further reonying siategiakfrague backside phie dicddedmpriiemaarasg aperadi voilsthefirst side
the mol ded wafer tll%%éhvt\agew*le?&lrlrteen% Vu?tgfhg%mftél ira?%on%ls Qﬁent;ég%'%ﬁl%ﬁgﬁ the molded portion;

forming a plurality of electrical contacts at the backside of the molded portion at the
openings, wherein forming the plurality of electrical contacts comprises partially
filling each of the openings with a discrete amount of conductive material at the
backside of the molded wafer; and

electrically connecting each of the backside contacts to a corresponding bond-site on the dies

with a wirebond extending through the corresponding opening.

16. A method of forming one or more holes extending completely through a thickness of
a molded wafer between two or more semiconductor dies embedded in the molded wafer, the
method comprising:
partially dicing a first side of the molded wafer in a first direction between the two or more
dies, wherein partially dicing the first side forms a first trench and a second trench
each having a depth less than the thickness of the molded wafer;
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, wherein removing the
portion of the molded wafer from the second side forms the one or more holes
extending through the molded wafer; and wherein each of the one or more holes

includes a sidewall; and



singulating the dies by cutting through the molded wafer between the first and second

trenches such that the sidewalls remain at a periphery portion of the singulated dies.

17.  The method of claim 16 wherein:

partially dicing the first side forms the first trench parallel to and spaced apart from the
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.

18.  The method of claim 17 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.

19.  The method of claim 16 wherein removing the portion of the molded wafer from the
second side comprises at least one of directing a laser, directing a fluid jet and disposing an etchant

on the portion of the second side.

20.  The method of claim 15 wherein forming the plurality of first side trenches includes
forming the first side trenches in a lane between corresponding dies, and wherein the first side

trenches are spaced apart from and generally parallel to one another within the lane.

21.  The method of claim 15 wherein partially filling each of the openings with the
discrete amount of conductive material includes partially filling each of the openings such that the
conductive material is substantially coplanar with the backside of the molded portion and

recessed from the first side of the molded portion.



22, The method of claim 15 wherein electrically connecting each of the backside
contacts to the corresponding bond-site on the dies further comprises embedding an end portion of

the corresponding wirebond in the corresponding backside contact.

23.  The method of claim 15 wherein electrically connecting each of the backside
contacts to the corresponding bond-site on the dies further comprises inserting an end portion of a
wire bonding into the cotresponding openings and piercing the corresponding backside contact with
the wire bonding tool and injecting an end portion of the corresponding wirebond into the

corresponding backside contact.

24, The method of claim 15, further comprising singulating the dies by removing

portions of the molded wafer between corresponding first side trenches.
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