METHOD OF MANUFACTURING MICROELECTRONIC DEVICES
TECHNICAL FIELD [0001] The present invention is related to microelectronic
devices and methods for manufacturing microelectronic devices.
BACKGROUND [0002] Microelectronic devices generally have a die (i.e., a
chip) that includes integrated circuitry having a high density of very small
components. In a typical process, a large number of dies are manufactured
on a Mg HOROFUEANBAY THRINTG MOCREIESEHER ORYbPEsgeasd at
various stages (e.g., implanting, doping, photolithography, chemical vapor
deposition, plasma vapor deposition, plating, planarizing, etching, etc.). The
dies include an array of very small bond-pads electrically coupled to the
TEOIegatd |iEgyifry. The bond-pads are the external electrical contacts on the
die through which the supply voltage, signals, etc., are transmitted to and
from the integrated circuitry. After forming the dies, the wafer is thinned by
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maSiaaied) McAieivaihigwrigeeNext, the dies are typically "packaged” to
connect the bond-pads to a larger array of electrical terminals that can be

B Kﬁé&’ ily. coupled to the various power supply lines, signal lines, and
‘@ Ihes? [0003] Conventional die-level packaging processes include (a)

attaching individual dies to an interposer substrate, (b) wire-bonding the
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. enc ulating the dies itqb malding compound. Die- level packaging,
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the demand for higher pin counts and smaller packages increases, it .
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chdnrieab {apelvaehissmeldi phaacessas defosTtikd, gheihanglingrpiacessasdor etc.).

attaching individual dies to interposer substrates or lead frames ma%fl )
Thaéw-réglgo&%g fearray of very small bond-pads electrically coupled to the integrated
circuitry. The bond-pads are the external electrical contacts on the die through which the
supply voltage, signals, etc., are transmitted to and from the integrated circuitry. After
forming the dies, the wafer is thinned by backgrinding, and then the dies are separated from
one another (i.e., singulated) by dicing the wafer. Next, the dies are typically "packaged"

to connect the bond-pads to a larger array of electrical terminals that can be more easily

coupled to the various power supply lines, signal lines, and ground lines.

[0003] Conventional die-level packaging processes include (a) attaching individual
dies to an interposer substrate, (b) wire-bonding the bond-pads of the dies to the terminals
of the interposer substrate, and (c) encapsulating the dies with a molding compound. Die-
level packaging, however, has several drawbacks. First, it is time consuming and
expensive to mount individual dies to interposer substrates or lead frames. Second, as the
demand for higher pin counts and smaller packages increases, it becomes more difficult to

form robust wire-bonds that can withstand the forces involved in molding processes.



[0004] Another process for packaging microelectronic devices is wafer-level
packaging. In wafer-level packaging, a plurality of microelectronic dies are
formed on a wafer, and then a redistribution layer is formed over the dies.
The redistribution layer has a dielectric layer, a plurality of ball-pad arrays on
the dielectric layer, and a plurality of conductive traces in the dielectric layer.
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in each array are coupled to corresponding bond-pads of the die with the
frapes dyidanagedry detonductive traces are typically constructed by laser
drilling holes in the dielectric layer to expose the bond-pads on the dies, and
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devices can also be constructed by "build-up” packaging. For example, a
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.. from the agtive sides of the dies and build-up layers or a redistribution layer
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and a reasonably robust structure, -2 [0006] The build-up packaging process

micloeleatois FeEceh Ae o bShi X AlFarhed dp a substrate such as™a printed circuit

board. Microelectronic devices packaged at the wafer-level can have high pin counts in a

small area, but they are not as robust as devices packaged at the die-level.

[0005] Packaged microelectronic devices can also be constructed by "build-up"
packaging. For example, a sacrificial substrate can be attached to a panel that includes a
plurality of microelectronic dies and an organic filler that couples the dies together. The
sacrificial substrate is generally a ceramic disc that is attached to the active sides of the
dies. Next, the back sides of the dies are thinned and a ceramic layer is attached to the
back sides. The sacrificial substrate is then removed from the active sides of the dies and
build-up layers or a redistribution layer is formed on the active sides of the dies. Packaged
devices using a build-up approach on a sacrificial substrate provide high pin counts in a

small area and a reasonably robust structure.



packaging processes, however, have several drawbacks. First, laser drilling
holes in the redistribution layer to expose the bond-pads can damage the
bond-pads and/or other components on the active side of the dies. Second,
because the dielectric layer covers the active side of the dies, it is difficult to
properly align the laser beam with the bond-pads. Thus, laser drilling
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microelectronic device assembly after encasing a portion of the dies. 3
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[0008] FIG. 1A is a schematic side cross-sectional view of a substrate for use in

constructing the microelectronic devices.

[0009] FIG. 1B is a schematic side cross-sectional view of a microelectronic device
assembly including the substrate and a plurality of singulated dies arranged in an array on

the substrate.

[0010] FIG. 1C is a schematic side cross-sectional view of the microelectronic device

assembly after depositing a third conductive layer onto the second conductive layer.

[0011] FIG. 1D is a schematic side cross-sectional view of the microelectronic device
assembly after depositing a second dielectric layer onto the conductive lines and the first

dielectric layer.

[0012] FIG. 1E is a schematic side cross-sectional view of the microelectronic device

assembly after encasing a portion of the dies.



[0014] FIG. 2A is a schematic side cross-sectional view of a substrate and an
adhesive layer on the substrate. [0015] FIG. 2B is a schematic side
cross-sectional view of a microelectronic device assembly. [0016] FIGS. 3A
and 3B illustrate stages in another embodiment of a method for
manufacturing microelectronic devices. [0017] FIG. 3A is a schematic side
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[0018] FIG. 3B is a schematic side cross-sectional view of a microelectronic
maga{AeBIr iss s DETIGEDBESCRIPTION A. Overview [0019] The
following disclosure describes several embodiments of microelectronic

[0Hdices ahmeéthodsForhrantisctifin girierssiidipbniicteiEes sapstrate and an
adl?é!l%‘?ﬁ%‘?%%@@@bsﬁb‘%@. method includes (a) providing a substrate having a

dielectric layer and a plurality of through holes arranged in arrays, and (b)

[oARching a@uality plsirguiatedDiGaslcclinnig dies & e RYBSHAR Mt vice

an active side of the individual dies facing toward the substrate and with a
assplubdity of terminals on the active side of the individual dies aligned with
corresponding holes in the substrate. The singulated dies are attached to the

[0 stratefter foknail HReiHok e sheeubsiamshocra)adimssthel a method for
maﬁ[{f@&ﬁ}gﬂ%qﬁ@&%@p&jggﬁ%g&_providing a plurality of singulated

microelectronic dies and a substrate with a plurality of holes arranged in

[002? ys. Thggindixidual, dies InGiide;an REiessIdR ARdARIUERILY Qldarmialk an

e active side. The method further includes (a) coupling the active sides
adhfsivie loiyegwiatdd ghbsitgahe substrate -4 such that the terminals are aligned
with corresponding holes, and (b) forming a redistribution structure at the
[00dFdstrateFithe3e distrignlitorder sidtenaapehegasnaiptigaligf ¢f microelectronic device

assembly.

DETAILED DESCRIPTION

A. Overview

[0019] The following disclosure describes several embodiments of microelectronic
devices and methods for manufacturing microelectronic devices. An embodiment of one
such method includes (a) providing a substrate having a dielectric layer and a plurality of
through holes arranged in arrays, and (b) attaching a plurality of singulated microelectronic
dies to the substrate with an active side of the individual dies facing toward the substrate
and with a plurality of terminals on the active side of the individual dies aligned with
corresponding holes in the substrate. The singulated dies are attached to the substrate after

forming the holes in the substrate.

[0020] In another embodiment, a method includes providing a plurality of singulated
microelectronic dies and a substrate with a plurality of holes arranged in arrays. The
individual dies include an active side and a plurality of terminals at the active side. The

method further includes (a) coupling the active sides of the singulated dies to the substrate
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contacts electrically coupled to corresponding terminals on the dies. [0021] In

another embodiment, a method includes attaching a plurality of singulated

microelectronic dies to a partially cured substrate with an active side of the

individual dies facing toward the substrate. The partially cured substrate has

a plurality of through apertures, and the individual dies further include a
sudduERkity @t tapninalsalignediwitty coiieSPORAIPSMRRI USRS TARNEHOfhrming a

further includes curing the substrate after attaching the singulated dies and
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corresponding terminals on the dies. [0022] Another aspect of the invention is
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microelectronic device assembly includes a substrate having a plurality o
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toward the substrate, a plurality of terminals disposed on the active Side an
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the active side and aligned with corresponding holes, and an integrated
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as EIIon i directod (o microelectionic dovices. o one_embodiment 2, o,
eroeledtrShic ARV ude Sk preformed substrafe fiaving 3 phiiralify ot
hathrgugbllralg afrasigedrnamrdirnyrand amhicpoetaidtyosticidigBitaChecrdelte@onic
substrate. The die includes an active side facing toward the sybstrate, a
dieﬁlﬁ?&ﬁ@?%f?erghﬁ iﬁ&%tr&fgp g@éediﬂ C\_flsdua? giese{nclgde an active s? e ac?ng toward the
substrate, a plurality of terminals disposed on the active side and aligned with
corresponding holes, a back side opposite the active side, and a plurality of ends extending

between the active side and the back side. At least a portion of the individual ends of the

dies are exposed.

[0023] In another embodiment, a microelectronic device assembly includes a
partially cured substrate having a plurality of through holes and a plurality of
microelectronic dies attached to the substrate. The individual dies include an active side
facing toward the substrate, a plurality of terminals disposed on the active side and aligned

with corresponding holes, and an integrated circuit operably coupled to the terminals.

[0024] Another aspect of the invention is directed to microelectronic devices. In one
embodiment, a microelectronic device includes a preformed substrate having a plurality of
through holes arranged in an array and a microelectronic die attached to the substrate. The

die includes an active side facing toward the substrate, a plurality of terminals disposed on
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the active side and aligned with corresponding holes, and an integrated

circuit operably coupled to the terminals. [0025] Specific details of several

embodiments of the invention are described below with reference to

microelectronic devices including microelectronic dies, but in other

embodiments the microelectronic devices can include other components. For
theSXAMPISdhanNigIRlacRRiC SJRMEEREAN HIRWISHAISHOMRERABICEIcuit operably

components, data storage elements, opfics, read/write components, or other
coypledfadhairamiialdelectronic dies can be SRAM, DRAM (e.g.,

DDR-SDRAM), flash-memory (e.g., NAND flash-memory), processors, and
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ordinary skill in the art, therefore, will accordingly understand that the
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of microelectronic devices. For example, : isa’schematic side
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ha@Obthee breblaiaichidheianbae sa orhl et eRpRiiRibHermad Dacthebisgtbelow with
dielectric_layer 112. Suitable substrates 110 include Product No. MCF-6000E
refﬁﬁ%ﬂfﬁf&bﬂfﬁ% B¢-Pftachi Chemical Co. America, Ltd. of Cupertino, California.
In other embodiments, such

B. Embodiments of Methods for Manufacturing Microelectronic Devices

[0026] FIGS. 1A-1E illustrate stages in one embodiment of a method for
manufacturing a plurality of microelectronic devices. For example, FIG. 1A is a schematic
side cross-sectional view of a substrate 110 including a first dielectric layer 112 and a first
conductive layer 114 on the dielectric layer 112. The first dielectric layer 112 can include a
partially cured material (e.g., B-stage material) for subsequently attaching the substrate 110
to a plurality of dies. For example, the first dielectric layer 112 can be a resin coated
copper (RCC) or pre-preg material with woven fiber cloth embedded in a B-stage resin.
The first conductive layer 114 can be a foil (e.g., copper foil) formed on the first dielectric
layer 112. Suitable substrates 110 include Product No. MCF-6000E manufactured by
Hitachi Chemical Co. America, Ltd. of Cupertino, California. In other embodiments, such

as the embodiments described below with reference to FIGS. 2A-3B, the substrate may not



as the embodiments described below with reference to FIGS. 2A-3B, the
substrate may not -6 include the first conductive layer, and/or the first
dielectric layer 112 may include a fully cured material. [0027] The illustrated
substrate 110 further includes a first surface 116 at the first conductive layer
114, a second surface 118 at the first dielectric layer 112, and a plurality of
inciitRugR heschRqrensdiog heiyspandthrddirsand seagad surfagesddeandruly
118. The holes 120 are arranged in arrays with each array corresponding to
curgd BygRgEment of terminals on a die that is subsequently attached to the
substrate 110. The individual holes 120 can have a first dimension Di at the

[00Z} surfaddel 1 alnefedl seGsHaliMENBIBRD ngtufes adéshawineachl 914, the first
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dimension D2, but in other embodiments the first dimension Di can be
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114 and a second portion 122b in the first dielectric The firstand
term@dﬁ@np@)mgrﬁlsal@wbscawb‘é)ﬁ@tm@ttd\ﬂmwﬁﬁm@ﬂmddébs&e Fodividual holes
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eqethioadimentisaiinbe fiesbaddisessivth fiprtions 122a-b of the holes 120 can be
formed by the same process. [0029] FIG. IB is a schematic side
[0028)ss-seclibnahdierual Adticrizleatrimic déiricepassanPBa 10Qtndiusti mgrthlmctive

trate.110 and,a Iurall fsm uI g s 130.arra d arra
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etween e active side 132 and the back 134, a pluraljty of terminals
1255 BT A SRR S et L PHERVE LifeOt A0S SHEPe 110,
patidtagiatesicieritob3S:(showhossheinatigaly)capgarabdy first conductive layer 114 to
remove selected portions of the layer 114. The second portion 122b can be formed by laser
drilling, punching, etching, or other suitable processes. In additional embodiments, the

first and second portions 122a-b of the holes 120 can be formed by the same process.

[0029] FIG. 1B is a schematic side cross-sectional view of a microelectronic device
assembly 100 including the substrate 110 and a plurality of singulated dies 130 arranged in
an array on the substrate 110. The individual dies 130 include an active side 132, a back
side 134 opposite the active side 132, a plurality of ends 135 extending between the active
side 132 and the back side 134, a plurality of terminals 136 (e.g., bond-pads) arranged in an
array on the active side 132, and an integrated circuit 138 (shown schematically) operably
coupled to the terminals 136. The dies 130 are attached to the substrate 110 with the active
sides 132 facing the second surface 118 and with the terminals 136 aligned with

corresponding holes 120 such that the terminals 136 and the holes 120 have a one-to-one



coupled to the terminals 136. The dies 130 are attached to the substrate 110
with the active sides 132 facing the second surface 118 and with the
terminals 136 aligned with corresponding holes 120 such that the terminals
136 and the holes 120 have a one-to-one -7 correspondence. The individual
terminals 136 may have a dimension D3 greater than the second dimension
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embodiment, the dies 130 are attached to the substrate 110 without an
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.[0030] After attaching the dies 130 to the substrate 110, the mjicroelectronic.
e e ST e el e R
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substrate 110. In other embodiments, such as embodiments jn which the
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on MTOBIRLEEINIGHABYIGERSSERIPINIAY RElbe Tteatest afipstaitaching the dies
130 to the substrate 110. In either case, after die attachment, a second
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such as embodiments in which the dielectric layer 112 does not include a partially cured
material, the microelectronic device assembly may not be heated after attaching the dies
130 to the substrate 110. In either case, after die attachment, a second conductive layer 140
is deposited onto the substrate 110. Specifically, the second conductive layer 140 is placed
in the holes 120 and over the first surface 116 of the substrate 110. The second conductive
layer 140 can be formed on the substrate 110 by electroless plating, physical vapor
deposition, sputtering, or other suitable processes. In several embodiments, in which the
terminals 136 do not have a surface compatible with electroless plating, additional
processes such as zincation, sputtering, and/or plating may be necessary to deposit a
compatible conductive protective layer (e.g., a nickel layer) on the terminals 136 before
depositing the second conductive layer 140. The conductive protective layer prevents the

plating solution from damaging the terminals 136.
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deposition, sputtering, or other suitable processes. In several embodiments,
in which the terminals 136 do not have a surface compatible with electroless
plating, additional processes such as zincation, sputtering, and/or plating
may be necessary to deposit a compatible conductive protective layer (e.qg.,
a nickel layer) on the terminals 136 before depositing the second conductive

[003YF" 140Fide; eoRdUCHERIRISHIVG JQYSERISYANR 6t RlaRGSelLiRsmiORyice
damaging the terminals 136. -8 [0031] FIG. 1C is a schematic side

asseraRly SEitieHar vienpofititehiliderostariic ddvice 14sseniplyheoneier conductive
layBER2G/1RG At Gongugtive Javes 4 2.ane %Bﬁé&fﬁt?méiﬁﬂﬂﬁ@ﬁedﬂ@fﬁfn across

140. The third conductive layer 142 can be formed by depositing a diy film
theazgesms! toadetvrd amndydétiratgyeing4de garténmgndelgairfiptatgdmaterial onto
e lat] ater] d ti t i .
o L S SRR 0 RS EMASAICIE v
comtbpositddyaciddscihebentapositedadrcontiactived ayerntd@miuthiey edegentitner the

sedfiE Sondueive lavers 440, andi 42 can bs formed g a sindle layar onei, one
process. In either case, after depositing the third conductive layer )

praeestiohs aftitrechisst afsaodeypehsaigy dicthividdoonductive layar$4P 4edidthantifbe first,
142 are,remaved (e.q., patterne tch rm a pluraljty of

secg e I PR e E A Teh B0 RSt Sy tepsg anc

etckabhiedodiclipuliniétyl 44 iowlactiicallyssoupleddmafcalrespaddinly dermiiatl) on
136 on a dje 130, and the condugtive lines 144 are spaced apart from each .

eI 0 b BT S G i e AT S DGy frorresponding

termMicE0eRCHIO I € 3T andsne kOl aftesdepositinpagesagandraigieaticother.

layer 150 onto the conductive lines 144 and the first dielectric layer 112. The

[0022¢ond dieiectrd {ayeicAdfcanie arssidetidaskvaswodiehishiiadbidsnesaiidevice
for protecting and electrically isolatingﬁthe. c%réductive lines 144. After forming144

assHRO O BRI SERRS AR A P60 HO HIBISSIEF Y95y aP 1B - RV foines

an®XROFessamdiensi g qandurtivedinng dfdeantt dphirabity ah ania@rididRask or
can be formed on exposed sections of corresponding conductive lines 144.

othehswikhacRAE Ay Be e ARfet By MRt KRG ShofrRaduGHyp knes 144.

AfIOFSRRRR: the second dielectric layer 150, portions of the layer 150 are removed to
expose sections of the conductive lines 144 and a plurality of contacts 146 can be formed
on exposed sections of corresponding conductive lines 144. The contacts 146 may be

constructed by electroplating or other suitable processes.

[0033] FIG. 1E is a schematic side cross-sectional view of the microelectronic device
assembly 100 after encasing a portion of the dies 130. After forming the contacts 146, an
encapsulant 160 is deposited onto the second surface 118 of the substrate 110 between
adjacent dies 130. In the illustrated embodiment, the dies 130 have a first thickness T}, and
the encapsulant 160 has a second thickness T, at least approximately equal to the first
thickness T;. As a result, the illustrated encapsulant 160 encases the ends 135 of the dies

130. In other embodiments, the second thickness T, of the encapsulant 160 can be less



[0033] FIG. 1E is a schematic side cross-sectional view of the microelectronic
device assembly 100 after encasing a portion of the dies 130. After forming
the contacts 146, an encapsulant 160 is deposited onto the second surface
118 of the substrate 110 between adjacent dies 130. In the illustrated
embodiment, the dies 130 have a first thickness Ti, and the encapsulant 160

thahas 2RI kN &3S Tid alleast pepiaxaiatels ¢ ua)r e ha flEStHb GkaRE1ant

Ti. As a result, the illustrated encapsulant 160 encases the ends 135 of the
mag;also £Roase bmerckridesidnsthndisedadfd thickness T2 of the encapsulant

160 can be less -9 than or greater than the first thickness Ti of the dies 130.
[003d} exampléctiaeitghatteat AR EISH chclsei Vil siges! 294 ppineality of

elegﬂﬂéa}%gug? AATEILNCARNG AILARE R RAHUN ARG Jodivi abHigS1#%. aThe

plurality of electrical couplers 152 (e.g., solder balls) are formed on

clegtiteabsonpliely doAtatesclerg iy evaBnted toLeesPraRigeeterarnidalipo on the
dleﬁoﬁ?ﬁ%ﬁ?&’ &%SQH@%E&%H‘?&QEJS&?]&@E"?S%%@rb&'ﬂ?ae@éef4&39n@%t%'§dﬁb‘%we lines

electrical couplers 152, the contacts 146, and the conductive lines 144 form
144 redistributidiststbutiure sorichiaadies 1306. tasthbilemdodiotieatssitiwdiments, the

lectronic .device assembl include ler
R S T T
Wutcalsmdheambwﬁtednﬂohuo dwmtméﬁﬂalwwﬁhsrmwdmmmee&eﬂrmﬁc device

I t a. Iura of ndw& mlcroee tr eV|c sl Zé ntfed
o B S e T S S T e gponic
devlilustrm@@dmmfmwlﬂdmfthHMes IOFEGBH. 1A- 1E is that the through holes 120
are formed in the substrate 110 before the dies 130 are attached to the

[O(Bﬂ)strateaﬂi)feﬁtﬁsefeﬁtheeehm&amrmﬁﬂmanmmill-'tisatatmmuasemdtﬂl'nag:rence

ot rp 0cess fo | es 120 in the bstra
o B R e S e R T e SR d B ehe
dielaz@fatbeucﬂaesedw thecabseadtael $0bsrta§&éla1@r¢slﬂetmhed ﬁr@mmiage@eﬁiﬁothe
the holes 120 are formed. As esult, theb E 8?/% ethod is
i

las &8 1ACPEME Ot é|8r8f‘t‘ﬁse %‘8!8& Tbﬁles%ﬁ’éﬁéte 10
doébencm w@@@sﬁ@n@ﬂﬁwmla&ﬁmtmmgeﬂ@mn the active sides 132 of the dies

130 because the substrate 110 is detached from the dies 130 when the holes 120 are
formed. As a result, the illustrated method is expected to increase the yield of the
microelectronic devices 102. Second, the microelectronic device assembly 100 does not
require desmearing to remove residue and other debris from the terminals 136 on the dies
130 after forming the holes 120. Accordingly, the illustrated method reduces the number
of processes required to construct the microelectronic devices 102 and increases the
throughput. Third, the preformed holes 120 in the substrate 110 facilitate proper alignment
of the dies 130 on the substrate 110 because the terminals 136 are visible through the holes
120. Thus, the illustrated method may not require expensive alignment tools to ensure that

the holes 120 are properly aligned with the terminals 136.

[0036] Another feature of the embodiment of the method illustrated above with

reference to FIGS. 1A-1E is that the dies 130 can be known good dies. An advantage of
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require desmearing to remove residue and other debris from the terminals
136 on the dies 130 after forming the holes 120. Accordingly, the illustrated
method reduces the number of processes required to construct the
microelectronic devices 102 and increases the throughput. Third, the
preformed holes 120 in the substrate 110 facilitate proper alignment of the

thifliegd R0 omihecshniain d 1h hpcauseatherferminalsidd3fiarg sisiRleviorougmbly

the holes 120. Thus, the illustrated method may not require expensive

10Qlidhindnerrssrs eeyislitetihe MereRirss azo deuiptopEspndigeaanile thigmber of
dedRIDINAISHA O dAAREI SRR iGefiie @lithg embodiment of the method

illustrated above with reference to FIGS. 1A-1E is that the dies 130 can be
an

maRitRaGiTens@bMetrads ivManufagtuknaicraelectionie ReweRsic[HI8 dross-

FIGS. 2A and 2B illustrate stages in another embodiment of a method for

seqhionl ritinG AritPskRie i i wrihediv e NarRpIR2 FRE. UK fubstafieAlltic The

SR & odsaarlionsl MewRkaIsuaiRe B 1RandriAdhaY Ve lRyBed 2bO with
the substrate 210. The illustrated substrate 210 is generally similar to the

refegsnser sd 1Q 0lde sERPEYRANNCFith badraite A LR itr ludss pfirsbAisglentiindayeie? 12,
firgWistiale 24 Gindudes gt Aiglegpicila¥et Ald sarfiest s1Taca 2 udlity of first

second surface 218 opposite the first surface 216, and a plurality of first

hom&%%m&%mmg@éltM%ém#@@w S8EBaes SUfars2d 86 &h@?i@ﬂfﬁawd
embiiHsaied S emoal mﬁﬂheﬁ@‘dﬁﬁfoé{‘ﬁo’%%éfﬁﬁ&?@é&ﬂ@&ﬁ@%@ﬁ'Hg& @e first

conductive layer, and the first dielectric layer 212 includes a fully'cure
dictnetraeiddySutbbliaclubetratbdlincindéd wpiteilr)-Datddermabsiiates rmmhude dipiéak ©-
stri T ,dSqRto icroluix, b )
ba%érr%n?%%%%y %\%?E%%ﬁ%m%ﬁegﬁggﬁ? ée N’er%@[) rgﬁj aﬁg)@g ; olj;& [%glav%g%?n o
Migyslax arteh B SEOANEEXiebynmeritidlly duaiialbld. frdwm Rippate Stesl@iemichlCo. of

Deﬁ%métﬁ's%;g%ﬁyﬁsﬂﬁmf‘ cnoqnor;[lrérecrigﬁ%lg%riﬁbmeaﬁa&lg I1§I'ipp0n Steel Chemical Co.,
Ltd. of Tokyo, Japan; and other dielectric materials.

[0038] The adhesive layer 224 is positioned on the second surface 218 of the
substrate 210 for attaching the substrate 210 to a plurality of singulated dies. The adhesive
layer 224 can be deposited onto the substrate 210 before or after constructing the first holes
220a in the substrate 210. In either case, the adhesive layer 224 includes a plurality of
second holes 220b aligned with corresponding first holes 220a in the substrate 210. The
first and second holes 220a and 220b form through holes 220 with a first dimension D4 at
the first surface 216 of the dielectric layer 212 and a second dimension Ds at the adhesive
layer 224. In the illustrated embodiment, the first dimension D4 is approximately equal to
the second dimension Ds; however, in other embodiments, the first and second dimensions
D4 and Ds can be different. In additional embodiments, the substrate 210 may further

include a conductive layer on the dielectric layer 212.
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[0038] The adhesive layer 224 is positioned on the second surface 218 of the
substrate 210 for attaching the substrate 210 to a plurality of singulated dies.
The adhesive layer 224 can be deposited onto the substrate 210 before or
after constructing the first holes 220a in the substrate 210. In either case, the
adhesive layer 224 includes a plurality of second holes 220b aligned with

[om;r espongingsHskoleE220R INdPe RHOSHAIBAL Qi e I ShRRERLAPAL: device
holes 220a and 220b form through holes 220 with a first dimension D4 at the

aSSﬁr@bbqrf%QOe Mme aswmémwﬁ@mw@q& ﬁﬁ@‘aié@éﬁhqotﬁirﬁ%siéﬁ%%t ;heThe
mi&%@f%%'t‘f@ni'@ycﬁ'if?c%4a§&m€1§rl|%Hairse%&fmﬁg'mﬁﬁfam‘3 fiFRt HiPRRRICAAR Fevice

approximately equal to the second dimension D5; however, in other
assemblydiAtedesciibedinbpan o gbdefrdedivnen&ins. D% HAad o5 cramipe differbnstrated

' Iy ' YHSIANE Atk -ﬁfj&?i' i h
s R TR U SR e SHEH P, DAY AR B 98 P carricd by the
substhaeerialit sideacrodstgbutionalvietwroffarmidroeibetsobsorae\dde. desbdmblystrated

200.n rdance with another. em i t of.the ipvention. Th
oMY HERANCE A SO AT T AR B AR 10 the substrate
210mvcxokéeathenicedayice 24s Setmtelyy 6 @hde Hoxtred dibrolve nibiti sefereneectincludes a

FIGS. 1B-1E. For example, the illustrated assembly 200 includes the
R, ST LIy et R R e g ke et B FONE
pluaaiity o disteaotstidmostoueied & focored @irdia s ebsttiaiav2 1Pades thedil IUBkkatedividual

assembly 200, howeyer, the, active sides 132 of the dies 130 are attached to
COREIBASES HHb IR M CSRTA D2 A oep e I At 220 (FIG.
2 Aneghgtidpudienfistiuaitirdnrlgdestae Rlbalityeof iipasldiclive-tiatesnifidtive layer 242
electrically coupled to corresponding terminals 136 and a pluralit

for A A oG S T ST MU0 HAEES A48 CPh S Safisard to

recefRAuctiu HaESSHEA¢ (BHUdBIadirshroNet ehivedayeit 248 cigRaseedtotifls. The
holes 220 (FIG. 2A) and on the first surface 216 of the substrate 210 and a

illusgragith BUFAStaRTEO Mg efloAce fariRat'on TH8 fruthanistades IdPecoapsihet 260

enéHk‘i%%aEﬁQ cratasts %ﬁicé}{é_ b@g&@@iﬁé‘@%%ﬂ ecﬁgi\{ﬁcﬁ{ﬁ@ﬁﬂPadiEQUfﬁﬁr S (& Bther
solder balls) or the ends of individual wire-bonds. The illustrated

emBdiBsRistiRiEYeDiteansI6MBIYY Y famiethimbRsieddsn bitapdorathezpire ends

135 of the dies. After construction, the microelectronic device assembly 200 can be cut to
singulate a plurality of individual microelectronic devices 202 (identified individually as

202a-b).

[0040] FIGS. 3A and 3B illustrate stages in another embodiment of a method for
manufacturing microelectronic devices. For example, FIG. 3A is a schematic side cross-
sectional view of a substrate 310 and an adhesive layer 224 on the substrate 310. The
illustrated substrate 310 is a preformed multi-layer substrate and includes a dielectric
material 312 and a plurality of conductive traces 344 electrically isolated from each other.
The substrate 310 and the adhesive layer 224 further include a plurality of through holes
220 positioned such that each hole 220 exposes a corresponding conductive trace 344. In

several embodiments, the adhesive layer 224 may be a pre-preg material.
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encasing the ends 135 and the back side 134 of the individual dies 130. In

other embodiments, the encapsulant 260 may not cover the back sides 134

and/or the entire ends 135 of the dies. After construction, the microelectronic

device assembly 200 can be cut to singulate a plurality of individual

microelectronic devices 202 (identified individually as 202a-b). [0040] FIGS.
[oo¥jand 3prusigaie stages i anpiberRIkediment RbadPgthedéelectronic device

manufacturing microelectronic devices. For example, FIG. 3A is a schematic

asssilrdds-igersiondiview shaspthstr s BTG ah Bahesrsifyer2e4ibistratcd
ass z%f'%%aige Qraﬁ@%iﬁlﬂﬁ%%%é%%%@% 'ée@cﬁrlfé(@ %Sge%{ﬂ'&%}‘&fgnce to

substrate and includés a dielectric material 312 and a plurality of conductive
Fl@rad8s 340relevtncadly iBolateenitdsn Hthnsiivdes Thee sultsstesae3300 anelutadity of

sing-lﬂj‘fcéﬁeici}"cﬁéﬂ% %g‘%ei@z&r%?{h@ Gide R PRl of 1R H%%tr&&QrQ?éiH{%ﬁea‘? the

at each hole 220 exposes a corresponding conductive trace 34
subsnatrad BmbdtbemEnssiathd adhgsivetiayeti22thmaydhelespreppreditmate namductive

- 1] FIG. 3B is a schemati sig regs-segtional view of
i e R IS AT R BT RSy coupid 10 he
asseniitodimeantuotitiee tracentizid. Thesillustiatdd asBeididy 800discgeanarallys 344 are

similar to the assembly 200 described above with reference tq FIG..2B. For

el e RB SR, 3015 PTG B CU Ao B enigtrLay o ilStrated

asssinglilat@aDdifsthdd cachielddyathplstabisiratd 3d6¢t@icdl a reaidrbutEh formed on
structure formed at the substrate 310. The illustrated redistribution structure

COTEES ST T i A5 Fae Al Lok SHET T HStol ormed

on 2B0 (lserad) 3l elpcihitateamiqdiectinsthéeasseeimigdvondustive tracesde the
344. As such, the individual conductive traces 344 are electrically connected

clegiica SiaRISEh iy RBHASIS iS5 Rt iRe 819580 Caihe SBBH Ao sk races

3480duheoitehdeaamialitycef electrical couplers 152 formed on
corresponding conductive traces 344 and a dielectric layer 350 (e.g., solder

[00%2sK) forpregh a1t theesdhsiraiendiOsd mpphes ABabedimeats: thendssBimdls of the

300 mag not include the electrical couplers 152, but rather wire-bonds may

INVERE9AC Vecd?fﬁ% SrsCHsgudisieiiy desgpurposes of illustration, but that various

modifications may be made without deviating from the spirit and scope of the invention.
For example, many of the elements of one embodiment can be combined with other
embodiments in addition to or in lieu of the elements of the other embodiments.

Accordingly, the invention is not limited except as by the appended claims.

-13°-



344 to corresponding external contacts. [0042] From the foregoing, it will be
appreciated that specific embodiments of the invention have been described
herein for purposes of illustration, but that various modifications may be
made without deviating from the spirit and scope of the invention. For
example, many of the elements of one embodiment can be combined with
other embodiments in addition to gfjin |igig of the elements of the other
embodiments. Accordingly, the invention is not limited except as by the
appended claims. -13 CLAIMS 1 claim: 1. A method for manufacturing a
plurality of microelectronic devices, the method comprising: providing a
IClgllJIB:strate having a dielectri [ i i [
g a dielectric layer, a first conductive layer on a first side of
the substrate, and a plurality of through holes arranged in arrays; attaching a
plurality ofd%icro lectronic dies_to the substyat .Withgan active side. of the

individual diestacif PAMELHHLE PN TS PR BFOpfnfRgEeEnthe

methedesivipriide; of the individual dies aligned with corresponding through
holes in the substrate, wherein the dies are attached to the substrate after

formiig AR SUBH R de Vingha dsksstrigdayan Aty R aqadratiienfatd g L side

through holgsite faptasearns mandictbreraen asithadiiakeond Hﬁﬂyé layer
after attaching the dies to the substrate, wherein the second conductive layer

formitaciinsibliahsh chisersiestin A distd e GiubirEniayeithAnstive side of

second conguciivgviaiarl @dermdngedishibuian laye.anddemaming SECURT of
of the redistribution layer, the first conductive layer, and the second

conductive tl%fy@ﬂ{’ésfp% @@ﬁd@&ﬁ\)’é links offth $ul§§%ﬂé}121. THesmekigoedof With
claim 1 Wh%@@sﬁlﬁ‘lm\/ﬂ%g@'%f&g ti}ﬁe{h‘émﬁ%‘?e?\pﬁ'&%in the dies are attached

to the substrate after forming the through holes in the substrate;

placing conductive material in the through holes to form a second conductive layer
on the first conductive layer after attaching the dies to the substrate, wherein
the second conductive layer forms a redistribution structure;

placing a third conductive layer on the second conductive layer to form a
redistribution layer; and

removing sections of the redistribution layer, the first conductive layer, and the

second conductive layer to form conductive lines on the substrate.

2. The method of claim 1 wherein the individual dies further comprise a back
side opposite the active side and a plurality of ends extending between the active side and
the back side, and wherein the method further comprises:

curing the substrate after attaching the dies to the substrate; and

placing an encapsulant between adjacent dies to encase at least a portion of the ends

of the dies.
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side opposite the active side and a plurality of ends extending between the
active side and the back side, and wherein the method further comprises:
curing the substrate after attaching the dies to the substrate; and placing an
encapsulant between adjacent dies to encase at least a portion of the ends
of the dies. -14 3. The method of claim 1 wherein providing the substrate

comprises fRIRAHINEINERUEN NYRSEMnpPFHAY AW EAIRUREL B sisE0Forming

method of claim 1 wherein providing the substrate comprises forming the
thetHrenigh holesithaaPpridaBieg) rRdaaliae. The method of claim 1 wherein

providing the substrate comprises removing a plurality of first sections of the

conductive layer with a first process and removing a plurality of second

sectibns of The dietbedrieflalramwitivbesaoard pdoee skediffbstatetisamphisesiforming

th e%%ﬁ\gﬁ'h%i J;rfg g}%hg&gkcg%ﬁ&l wherein providing the substrate comprises

removing a plur st sections of the conductive layer with an etching
process and removing a plurality of second sections of the dielectric layer

with a differgnt progess..7. The.method of claim 1 wherein attaching.the .
microelectraie BaL B e B AL g M e S epgovine
a fheadinpstf afieswvitdwisna nédhe sivedpositidagd vetiveefithepsodestratelarchtivéing a
dies. 8..The method of claim 1, further comprising curing the substrate after
P TR R S th BB B T At T BN et the
firplioicng the substrate comprises laser drilling the through holes in the
substrate. 10. The method of claim 1 wherein providing the substrate
comprises punching the substrate to construct the through holes. -15

6. The method of claim 1 wherein providing the substrate comprises removing
a plurality of first sections of the conductive layer with an etching process and removing a

plurality of second sections of the dielectric layer with a different process.
7. The method of claim 1 wherein attaching the microelectronic dies to the
substrate comprises coupling singulated dies to the substrate without an adhesive

positioned between the substrate and the dies.

8. The method of claim 1, further comprising curing the substrate after

attaching the dies to the substrate.

9. The method of claim 1 wherein providing the substrate comprises laser

drilling the through holes in the substrate.

10. The method of claim 1 wherein providing the substrate comprises punching

the substrate to construct the through holes.
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11. The method of claim 1 wherein the individual dies further comprise a back
side opposite the active side and a plurality of ends extending between the
active side and the back side, and wherein the method further comprises:
constructing a redistribution structure at the substrate, the redistribution
structure including a plurality of conductive lines electrically connected to

corrggponding (GEMRISr A iRe 1dipRe R REGHAY RN L GAPRHABE B B a back
adjacent dies to encase at least a portion of the ends of the dies. 12. The

sidgnepRect isftbrarety cfeidp apd Srbhiaiy: oprRdh §dandiHeBAY 38y dhoActiee side and
theSHRRIGRIE; ARFAERIRGIR RRILBfRAes e adhesive layer such that the

holes in the adhesive layer are aligned with corresponding holes in the
subsweassut8ng Herpdeshidodie  simclugeheirdin prbsitirey the mdbsitrhvsion structure

comprises . ructing ugh h i ubstr a
s riCeeg0 feAEe o PeRl e R RQHEN DTt ered 1o
terminals. Torisprethiog fommriufactogidigs pidrality of microelectronic

devices, the method comprising: providing. a plurality of singulated.
iR AIRARANE TS A et el A LSl B raing R g e cnds
layer and adiirdtectingluctive layer, the substrate having a plurality of holes
arranged in arrays, the individual dies including an active side and a plurality

of terminals at the active side; coupling the active sides of the singulated dies

to thezsubsThéensukbdtbatien temnithaiscarepaligmed with corresponding

holes; farming %redistribution tructure on the first conductive layer after

couﬂlﬁ‘(}%@n& eV BT R SYRETAE fithution structure including a

pluratibnafg-4 pleantaeiseirsticallyaaufiedl i9dhe fishaondusiive layes adltsive

to
layer are aligned with corresponding holes in the substrate.

13. The method of claim 1 wherein providing the substrate comprises
constructing the through holes in the substrate such that the individual holes have a

dimension less than a dimension of the individual terminals.

14. A method for manufacturing a plurality of microelectronic devices, the
method comprising:

providing a plurality of singulated microelectronic dies and a substrate, the
substrate comprising a dielectric layer and a first conductive layer, the
substrate having a plurality of holes arranged in arrays, the individual dies
including an active side and a plurality of terminals at the active side;

coupling the active sides of the singulated dies to the substrate such that the
terminals are aligned with corresponding holes;

forming a redistribution structure on the first conductive layer after coupling the

dies to the substrate, the redistribution structure including a plurality of
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corresponding terminals on the dies; placing a third conductive layer on the
second conductive layer to form a redistribution layer; and removing sections
of the redistribution layer, the first conductive layer, and the second
conductive layer to form conductive lines on the substrate. 15. The method of
claim 14 wherein forming the redistribution structure comprises depositing a

conductive lgyeiit thebplesiyLOediptemetfodal ciaim 1opaeiel: ifer and to

substrate further comprises a first surface facing the dies and a second
surface oppUsHPMEiflEsicstine opAkefBIPhing the redistribution structure

COMPBYISER PIAGHR SSRANG FONGYGIVE: [axer 1a-tha NAIRGRANILMIA! I638@ a

portion of the second surface of the substrate. 17. The method of claim 14
wherein prowlstigbrieoslgiratadvith the holes comprises forming the holes in

the %%%%?ﬁ% ?SJHBESCQ}PRﬂ%}%&g&%&?ﬁ&@#%‘éaﬁ?st@oﬂﬁ%t{v@t ?/grf)f?]nd the

claim 14 wherein coupling t les to the subsfrate comprises attaching the
dies to a partialiyl canddsiisstrate (d Sorheondettiod bhetadmthed whereie. the
individual dies further comprise a back side opposite the active side and a
plurality of ends extending between the active side and the back side; and
coupling th@ldiemtohine stibstrate ténwitises aftaakiny the deel$stattheon structure

substra(tle such that adéfca% ies are sﬁpﬁt&%g apart by a gap and at least a

COIBBH?SF} O B ST e haiighs gl’es are'exposed. -17 20. A method for

manufacturing a plurality of microelectronic devices, the method comprising:

attaching a pluralit ﬂ%LSh ulat icroelectronic dies to a partially cured
substPate, ?ﬁ’(—?&ﬁﬁ}é ?(-,f SRR g’l%‘f&eé%ith a first conductive layer, a

secaRd sidssr@Bdurther comprises a first surface facing the dies and a second surface
opposite the first surface; and
forming the redistribution structure comprises placing a second conductive layer in

the holes and onto at least a portion of the second surface of the substrate.

17. The method of claim 14 wherein providing the substrate with the holes

comprises forming the holes in the substrate before coupling the dies to the substrate.

18. The method of claim 14 wherein coupling the dies to the substrate

comprises attaching the dies to a partially cured substrate.

19. The method of claim 14 wherein:

the individual dies further comprise a back side opposite the active side and a
plurality of ends extending between the active side and the back side; and

coupling the dies to the substrate comprises attaching the dies to the substrate such
that adjacent dies are spaced apart by a gap and at least a portion of the ends

of the individual dies are exposed.
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a plurality of through apertures, wherein the plurality of singulated
microelectronic dies are attached to the second side with an active side of
the individual dies facing toward the substrate, and the individual dies

include a plurality of terminals each aligned with a corresponding through
aperture; curing the substrate after attaching the singulated dies; constructing

a redtribUNOR, STHIRIUES QRMNAAUSEHH6le, Op IGIRYDSH Mo tife EHSUTRMIRES, the

structure including a plurality of conductive lines electrically coupled to the
mefhed conMIELve: layer and to corresponding terminals on the dies; placing a

third, GORRMELLY 51 ANy 0T BE.RRAEMhRIDEEHYE YRS 10 PP P AiFlINR R ate,

layer; and removing sections of the redistribution layer, the first conductive

layer, and tthe ssbstng bonddutveidgyeitioafony eordettivddyresaoreehrd side, and
substrate. 21. t im ei ing.t ies.to the..
2«1 rﬁﬂ]ﬁlﬂy Q? S‘%fa?]{%é (#gr\%?@sr, Qfl?éf&?p B ﬂg&ﬁ? (Ha singulated

substrate comprises cou es to a substrate having preformed
apertures. 2icmletrothiodlof cleimtROhwtdretheastaohihgideevdibsatoatteve side of

substrate cpmprises,coupling the dies to e-preg material, 23, The . .
method of CRrAb P AR e R R R e Wy s
cured substnatedeomplusa$ ¢ ofiptingithds dishtol tpeedubstrateanthpoatding through
adhesive posiIt%'oned between the dies and the substrate. -18 24. The method

of claim 20 WRere constructing the redistribution structure comprises
depesiting thcanduaty eftadatdiiimnialib eiagdaiedesic®5. A method for
manufacturing a microelectronic device, the meth %%gpqhgrggf%@gea the

et B s

redistribution structure including a plurality of conductive lines electrically
coupled to the first conductive layer and to corresponding terminals on the
dies;

placing a third conductive layer on the second conductive layer to form a
redistribution layer; and

removing sections of the redistribution layer, the first conductive layer, and the

second conductive layer to form conductive lines on the substrate.

21. The method of claim 20 wherein attaching the dies to the substrate

comprises coupling the dies to a substrate having preformed apertures.

22. The method of claim 20 wherein attaching the dies to the substrate

comprises coupling the dies to a pre-preg material.
23. The method of claim 20 wherein attaching the singulated dies to the

partially cured substrate comprises coupling the dies to the substrate without an adhesive

positioned between the dies and the substrate.
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forming a plurality of through holes in the substrate with the holes arranged in

arrays corresponding to at least one array of terminals on a microelectronic

component; forming a second conductive layer in electrical connection with

the first conductive layer and with at least one terminal on at least one

microelectronic component attached to the substrate, wherein the second

condictive fayer, fafssst @sistrivitign siekiarrlasinga teideeneustiveucture

layer on the second conductive layer to form a redistribution layer; and
CORIERANGROSETRN S STRACCEREI SR ANIRYEE BRFHSS conductive layer, and

the second conductive layer to form conductive lines on the substrate. 26.

The method of claim 25 wherein forming the holes in the substrate

compbises donswetistthgfeie moreddetaripgrtiallyndeiesdestibsicatdegize.THoe method
Coﬂgf;}mg:of claim 25 wherein forming the holes in the substrate comprises

constructing the holes in a pre-preg material. 28. The method of claim 25

whepeiry fdimgingubrsrhielbsvim ghedelbstratdaycomptisfssat tedscone lojdaser

d“”'?ﬁr?ﬁrf UQCW&I%IE e S St(gﬁt%. B%?glzszlgri 'tb%ﬁmse | agalg.r\{zri]t%r_lﬁfg %{%{é@g@aﬁranged in

plurality o fmickoelectfonic evr%es, the ‘method comprising: providing a

plurality of diesyeachdspumtirantactiveasidemand @y piliralityrol tenminalsroelectronic

arranged in a termin%l array at the active side; providing a preformed

substrate s%%gpé)flee?rOm the dies, wherein the preformed substrate has a

dielefokticih@y:e ke eofitst cahdiiciivia yay ar edaath iz ) voaline wbnthrio ghe ioke esndystive

wherein individual through hole arrays have a plurality of individual thI’OLi

olos arranGEl by o [ e MAREH Akl afi. micros

component attached to the substrate, wherein the second conductive layer

gchtronic

forms a redistribution structure;

placing a third conductive layer on the second conductive layer to form a
redistribution layer; and

removing sections of the redistribution layer, the first conductive layer, and the

second conductive layer to form conductive lines on the substrate.

26. The method of claim 25 wherein forming the holes in the substrate

comprises constructing the holes in a partially cured substrate.

217. The method of claim 25 wherein forming the holes in the substrate

comprises constructing the holes in a pre-preg material.

28. The method of claim 25 wherein forming the holes in the substrate

comprises at least one of laser drilling or punching the substrate.
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attaching the microelectronic dies to the substrate with the active side of
individual dies facing toward the substrate and with individual terminals of
individual dies aligned with corresponding individual through holes in the
substrate, wherein the dies are attached to the substrate after forming the
through holes in the substrate; placing conductive material in the through

holesgo forg &8RNt FANdMEEEIRYEra PIUNETT SCANSHIVEGNE" @lBEes, the

attaching the dies to the substrate, wherein the second conductive layer
mefBphsAREEBbution structure; placing a third conductive layer on the

Sec%@x&&ﬁ%%%%%ﬁl’f b yen TEAISIRHURR BYE- AR 56&19\5’1%9 SeelioNSals

of the redistribution layer, the first conductive layer, and the secon
conductive dapeeed forniccamer]ctivey [tdeeastive $dbstrate. -20

providing a preformed substrate separate from the dies, wherein the preformed
substrate has a dielectric layer, a first conductive layer, and a plurality of
through hole arrays, wherein individual through hole arrays have a plurality
of individual through holes arranged to correspond to the terminals of a
terminal array;

attaching the microelectronic dies to the substrate with the active side of individual
dies facing toward the substrate and with individual terminals of individual
dies aligned with corresponding individual through holes in the substrate,
wherein the dies are attached to the substrate after forming the through holes
in the substrate;

placing conductive material in the through holes to form a second conductive layer
on the first conductive layer after attaching the dies to the substrate, wherein
the second conductive layer forms a redistribution structure;

placing a third conductive layer on the second conductive layer to form a
redistribution layer; and

removing sections of the redistribution layer, the first conductive layer, and the

second conductive layer to form conductive lines on the substrate.
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