INTEGRATED CIRCUIT DEVICES AND METHODS
OF ASSEMBLING THE SAME

BACKGROUND

[0001] The subject matter disclosed herein eslaenerally to integrated
circuit devices, and more particularly, to threexdnsional stacked integrated circuit

devices including an interposer.

[0002] In conventional three-dimensional (3C9ckted integrated circuit
(IC) packaging, semiconductor devices are stacketl interconnected to each other
vertically, enabling a smaller IC package size dadilitating increased electrical
performance (e.g., increased bandwidth, reducedep@monsumption, etc.). At least
some known 3D stacked IC devices include a memewjcd—or a memory stack—that
is placed on top of a logic device due to the iaseel number of interconnects of the
logic device that need to connect to external dirgu Typically, logic devices, however,
have increased power dissipation, and thereformeased operating temperatures, in
comparison to the memory devices. Thus, with @attlsome 3D stacked IC devices it is
not a thermally advantageous arrangement to positie logic device between the

memory device and a substrate of the 3D stacketei@es.

[0003] In addition, at least some known 3D s&atkC devices include
through silicon vias (TSVs) formed in the logic aevto facilitate electrically connecting
the memory device to the external circuitry, whiatids complexity and cost to the
manufacturing of the logic device. In at least soknown 3D stacked IC devices, the
number of interconnects between the logic devicethe memory and external circuitry
would require an increase in the number of TSVihéamemory device, thereby reducing

the efficient use and cost effectiveness of the orgrdevice real estate.



BRIEF DESCRIPTION

[0004] In one aspect, an integrated circuit (#i@yice is provided. The
IC device includes a substrate. The IC device ailstudes a connection component
including a cavity defined therethrough. The catio® component is coupled to the
substrate. In addition, the IC device includegeast one memory die positioned in the
cavity. The at least one memory die is electrycabupled to the substrate. Moreover,
the IC device includes a logic die extending over at least one memory die and at least
a portion of the connection component. The attleas logic die is electrically coupled
to the connection component and the at least onmame die. The connection
component is free of through silicon vias, and lecteically coupled to the substrate

through at least one wire bond.

[0005] In another aspect, another integratectudir (IC) device is
provided. The IC device includes a substrate lgparfirst active surface. The first
active surface includes a plurality of substrateding pads. The IC device also includes
a plurality of connection components coupled toftrst active surface of the substrate.
The plurality of connection components is arrangeddefine a cavity between the
plurality of connection components. Each connecttomponent of the plurality of
connection components includes a second activacidpposite from the first active
surface of the substrate. Each second active cauiifecludes at least one connection
component bonding pad. Moreover, the IC devicdudes at least one memory die
positioned within the cavity and electrically coeglto the first active surface of the
substrate. In addition, the IC device includesg@d die coupled to each second active
surface and the at least one memory die. Thelluod connection components are free
of through silicon vias. Furthermore, each of #teleast one connection component
bonding pads is electrically coupled to a substt@eding pad of the plurality of

substrate bonding pads.

[0006] In yet another aspect, a method of fogran IC device having a
3D package structure is provided. The method desuforming a connection component



free of through silicon vias. The connection comgmt includes a cavity defined
therethrough and a redistribution wiring layer udihg a connection component bonding
pad. The method also includes coupling the commecomponent to a substrate. The
substrate includes a substrate bonding pad. Meretlve method includes coupling at
least one memory die to the substrate such thatomenie is positioned within the
cavity. Furthermore, the method includes extendinggic die over the memory die and
at least a portion of the connection component, edadtrically coupling the logic die to
the memory die and the at least a portion of theotion component. In addition, the
method includes electrically coupling the connectimmponent bonding pad to the
substrate bonding pad.

DRAWINGS

[0007] These and other features, aspects, anahtates of the present
disclosure will become better understood when titlewing detailed description is read
with reference to the accompanying drawings in Wiike characters represent like parts

throughout the drawings, wherein:

[0008] FIG. 1 is a schematic front view of agorart integrated circuit

(IC) device formed in a single three-dimension&®)package structure;

[0009] FIG. 2 is a schematic front view of agorart IC device formed

in a single 2.5-dimensional (2.5D) package stragtur

[0010] FIG. 3 is a sectional view of an exemyplE® device formed in a

single 3D package structure;
[0011] FIG. 4 is a schematic plan view of thedé&vice shown in FIG. 3;

[0012] FIG. 5 is a schematic plan view of aremdative IC device

formed in a single 3D package structure;



[0013] FIG. 6 is a schematic plan view of anothkernative IC device

formed in a single 3D package structure; and

[0014] FIG. 7 is a flow diagram of an exemplangthod of forming an
IC device having a single 3D package structureh stscthe exemplary IC device shown
in FIG. 3.

[0015] Unless otherwise indicated, the drawimpgevided herein are
meant to illustrate features of embodiments ofdiselosure. These features are believed
to be applicable in a wide variety of systems casipg one or more embodiments of the
disclosure. As such, the drawings are not meanhdlude all conventional features
known by those of ordinary skill in the art to bequired for the practice of the

embodiments disclosed herein.
DETAILED DESCRIPTION

[0016] In the following specification and theaiths, reference will be

made to a number of terms, which shall be defioduat/e the following meanings.

[0017] The singular forms “a”, “an”, and “thefiglude plural references

unless the context clearly dictates otherwise.

[0018] “Optional” or “optionally” means that trseibsequently described
event or circumstance may or may not occur, andtbeadescription includes instances

where the event occurs and instances where itmutes

[0019] Approximating language, as used hereimoughout the
specification and claims, may be applied to moaifiyy quantitative representation that
could permissibly vary without resulting in a charig the basic function to which it is
related. Accordingly, a value modified by a term t®rms, such as “about”,
“approximately”, and “substantially”, are not to lmited to the precise value specified.

In at least some instances, the approximating laggunay correspond to the precision of



an instrument for measuring the value. Here amaltfhout the specification and claims,
range limitations may be combined and/or interclea@nguch ranges are identified and
include all the sub-ranges contained therein unlesstext or language indicates

otherwise.

[0020] The devices and methods described hdemilitate increasing
the efficiency of an integrated circuit device bgnfiguring a passive connection
component to surround a memory die connected topasdioned between a logic die
and a package substrate. The logic die and theonyedlie are coupled to each other and
communicate directly via solder micro-bumps. Tagid die is electrically coupled to the
package substrate via the passive connection coenppositioned about the memory die
via solder micro-bumps. The memory die is providetth through silicon vias (TSVs) to
enable communication between the logic die andoitkage substrate. In addition, the
memory die is coupled directly to the substratekpge via solder micro-bumps. As
such, the embodiments described herein providefoeasing the thermal dissipation, or
efficiency, of the logic die by positioning the logdie (the higher power dissipation
component) above the memory die (the lower powssipiation component) away from
the package substrate. This facilitates increahednal management and increased
performance of the logic die. In addition, the edliments described reduce the need for
providing TSVs in the logic die to enable connetsi@f the memory die directly to the
package substrate. This facilitates decreasingnidweufacturing cost of the logic die by

reducing the size and complexity of the logic die.

[0021] FIG. 1 is a schematic front view of agorart integrated circuit
(IC) device 100 formed in a single three-dimensidB®) package structure. A typical
3D package structure includes at least one diegbmiounted on the top of another die,
with the lower die having TSVs to allow the upper tb communicate with the lower die
and the package substrate. For example, as sho®i®i 1, IC device 100 is fabricated
as a single 3D package including a logic die 102 a&trleast one memory die 104. Logic

die 102 and memory die 104 are coupled directlgaoh other via solder micro-bumps



110 and are vertically integrated, i.e., memory Xid is positioned on top of logic die
102 substantially covering logic die 102. Logie d02 is coupled to a package substrate
108 via a plurality of solder micro-bumps 112. loodie 102 includes a plurality of
TSVs 106 that enable at least some connectionseafary die 104 to couple to package
substrate 108 via solder micro-bumps 112. Whieelémgths of TSVs 106 are reduced
compared to wire bonds typically found in packagepackage structures, as described
herein, the TSVs 106 add size and complexity toloigec die 102. This results in an
increased manufacturing cost associated with logec102. In addition, the thermal
efficiency of IC device 100 is reduced because lgmaterated by logic die 102 is
transferred to memory die 104. Moreover, heat cabeaeadily removed directly from
logic die 102.

[0022] FIG. 2 is a schematic front view of agpriart IC device 200
formed in a single 2.5-dimensional (2.5D) packagacture. A typical 2.5D package
structure includes at least one die being mounted to another die in a single plane,
with an interposer placed between the package rsibsand the two dies, where the
interposer has TSVs connecting metallization laperss upper and lower surfaces. For
example, as shown in FIG. 2, IC device 200 is talted as a single 2.5D package
including a logic die 202, at least one memory2(d, and an interposer 206. Logic die
202 and memory die 204 are coupled directly torpaser 206 via solder micro-bumps
208 and 210, respectively, in a side-by-side aearent. Interposer 206 includes
electrical circuitry (not shown) that enables direeammunication between logic die 202
and memory die 204. Interposer 206 is typicallyriizated from silicon, although other
materials such as glass, ceramic, and/or organierras are also used. Interposer 206
includes a plurality of TSVs 212 that enable aslesome connections of logic die 202
and memory die 204 to couple to a package substdatevia solder micro-bumps 216.
The side-by-side 2.5D package structure, howewsylts in an increased size of IC
device 200. In addition, the length of the conimecpaths between logic die 202 and
memory die 204 are increased compared to the 3Ragacstructure shown in FIG. 1,

which results in additional inefficiencies of ICwige 200. In addition, interposer 206



includes TSVs 212 and connection circuitry for éodie 202 and memory die 204, which

results in an increased manufacturing cost assatiaith IC device 200.

[0023] FIG. 3is a sectional view of an exemyplit device 300 formed
in a single 3D package structure. FIG. 4 is a wdte plan view of IC device 300
shown in FIG. 3. With reference to FIGs. 3 andCAdevice 300 is fabricated as a single
3D package and includes a package substrate 302tegposer component or connection
component 304, at least one logic die 308, andadtlone memory die 312. Connection
component 304 is coupled to package substrate ia02 purality of solder micro-bumps
306. The at least one logic die 308 is positiooedonnection component 304, opposite
package substrate 302. Logic die 308 is couplegttly to connection component 304
via a plurality of solder micro-bumps 310. In soembodiments, logic die 308 is a
single chip, and in other embodiments, logic di8 &0a multi-chip (e.g., a side-by-side
chip arrangement) package. Logic die 308 incluttesexample, and without limitation,
a processor, processing device, or controller, sich general purpose central processing
unit (CPU), a graphics processing unit (GPU), atebrated processing unit (APU), a
microcontroller, a reduced instruction set compy®RISC) processor, an application
specific integrated circuit (ASIC), a programmaldgic circuit (PLC), a programmable
logic unit (PLU), a field programmable gate arr&P(GA), gate arrays, a digital signal
processing (DSP) device, and/or any other logicudiror processing device that enables
IC device 300 to function as described herein.

[0024] In the exemplary embodiment, connectiamponent 304 is
formed as a single component extending about aneéegr of logic die 308 and having a
cavity 324 defined. Cavity 324 is formed thereia the removal of material from a
generally central portion of connection componéi.3As shown in FIG. 4, connection
component 304 is generally rectangular-shaped aiohes a generally rectangular-
shaped cavity 324. While connection component B04hown having a generally
rectangular-shape, alternatively, connection corepbi304 has any shape that enables
connection component 304 to function as descrilerdih. In addition, cavity 324 may



be formed in any location in connection componed &nd need not be generally

centrally located.

[0025] Moreover, in the exemplary embodimenfreection component
304 is fabricated from silicon and includes onemare redistribution wiring layers 334.
Alternatively, connection component 304 is fabrchfrom any material that enables
connection component 304 to function as describaeih, for example, and without
limitation, glass, ceramic, organic materials, gamiam, gallium arsenide, indium
phosphide, and silicon carbide. Redistributionivgrlayer 334 facilitates electrical
connection points or pins (not shown) of logic d@8, for example locations
corresponding to solder micro-bumps 310, to be labvl® to other locations on
connection component 304. Thus, redistributionngilayer 334 facilitates routing the
electrical connection points or pins of logic di@83o favorable locations on connection
component 304 to facilitate enabling bonding fraiffedent locations on logic die 308 to
similar and/or adjacent locations on connection ponent 304, thereby simplifying

assembly of IC device 300.

[0026] Furthermore, in the exemplary embodimerdpnnection
component 304 is a passive interposer. For exarapl@ without limitation, in some
embodiments, connection component 304 does notudecladditional electrical
components, including only the one or more redistion wiring layers 334. In other
embodiments, connection component 304 includes @nenore integrated passive
devices (IPDs) embedded and/or formed thereongfample, and without limitation,
resistors, capacitors, inductors, or any other ipaselectrical devices that enable
connection component 304 to function as describeeih. Thus, in the exemplary
embodiment, connection component 304 does notdachctive electrical components,
for example, and without limitation, transistorggral amplifiers, signal filters, or any
other active electrical components. Alternativaly,some embodiments, connection
component 304 is an active interposer and incluoies or more active electrical

componentembedded and/or formed thereon



[0027] With reference to FIGs. 3 and 4, in tixeraplary embodiment,
memory die 312 represents a stacked or multipl@ emirangement. Alternatively,
memory die 312 may be a single chip and/or an gkethchip arrangement. In the
exemplary embodiment, logic die 308 and memory3di2 are coupled directly to each
other via solder micro-bumps 314 and are verticaltggrated, i.e., memory die 312 is
positioned vertically with respect to logic die 308 alternative embodiments, logic die
308 and memory die 312 are coupled directly to edllr using any connection method
that enables IC device 300 to function as descrifbe@in, for example, and without
limitation, via diffusion bonding, eutectic bondirthermal compression bonding, and the
use of conductive polymers. In the exemplary enthedt, memory die 312 is
positioned below logic die 308. More specificalipemory die 312 is positioned
vertically between logic die 308 and package sabstB02 such that logic die 308
overlies memory die 312. Memory die 312 is posgid in cavity 324 of connection
component 304, and logic die 308 entirely overlapsmory die 312. In alternative
embodiments, logic die 308 only partially overlapsmory die 312.

[0028] In the exemplary embodiment, as showrFi@. 3, an active
surface 316 of memory die 312 is oriented towar@etive surface 318 of logic die 308
and away from substrate 302, i.e., logic die 308 m@emory die 312 are oriented in a
face-to-face arrangement. Memory die 312 inclualgdurality of through silicon vias
(TSVs) 320 formed therein to enable electrical @mtion directly to package substrate
302. TSVs 320 are coupled directly to substrat2 @@ a plurality of solder micro-
bumps 322. In alternative embodiments, TSVs 320caupled directly to substrate 302
using any connection method that enables IC de8@€eto function as described herein,
for example, and without limitation, via diffusidmonding, eutectic bonding, thermal
compression bonding, and the use of conductiverpaly. In some embodiments, TSVs
320 are formed in memory die 312 using any knowmufecturing technique such as
laser drilling, mechanical drilling, and/or etchipgpcesses. TSVs 320 and solder micro-
bumps 322 enable at least one electrical connecianemory die 312 to connect to

other circuitry (not shown) on substrate 302 withpassing through logic die 308. This



facilitates increasing the efficiency of IC deviB@0 as well as reducing manufacturing
costs associated with the fabrication of IC de&08.

[0029] In alternative embodiments, memory di€ 3Bn be oriented
such that active surface 316 of memory die 31Ziented away from active surface 318
of logic die 308 and toward substrate 302. In saigibodiments, TSVs 320 of memory
die 312 facilitate electrical connection directly togic die 308. Also, in such
embodiments, TSVs 320 are coupled directly to lajec 308 via solder micro-bumps,
such as solder micro-bumps 314. As such, TSVsaB&solder micro-bumps 314 enable
at least one electrical connection of memory di2 ®lconnect directly to logic die 308
without passing through substrate 302. In alteweaémbodiments, logic die 308 and
TSVs 320 are coupled directly to each other usmgannection method that enables IC
device 300 to function as described herein, formgda, and without limitation, via
diffusion bonding, eutectic bonding, thermal conggien bonding, and the use of
conductive polymers.

[0030] In the exemplary embodiment, as showrrli@s. 3 and 4 and
described herein, logic die 308 is coupled direttly}connection component 304 via a
plurality of solder micro-bumps 310. Connectioimpmnent 304 includes one or more
wire bonding pads 326 formed on redistribution mgriayer 334. Bonding pads 326 are
electrically connected to at least one solder mimrmp 310 via an electrical circuit (not
shown) formed on redistribution wiring layer 334d#or internal circuitry 328 formed
within one or more build-up layers (not shown) ofinection component 304. Thus an
electrical signal (not shown) is transmitted froogit die 308 to one or more wire
bonding pads 326. Moreover, substrate 302 inclodesor more wire bonding pads 330,
which connect to other circuitry (not shown) via alectrical circuit and/or internal
circuitry (not shown) formed on/in an active suga&831 of substrate 302. It is noted that,
as opposed to at least some known interposers,ectan component 304 is free of
through silicon vias, thereby facilitating decreasa complexity and manufacturing cost
of fabricating connection component 304.

-10-



[0031] In the exemplary embodiment, connectiemponent bonding
pads 326 and substrate bonding pads 330 are e#@lstrtoupled together through wires
332. This facilitates connecting logic die 308edity to substrate 302. Wires 332 are
fabricated from, for example, and without limitatjggold, aluminum, copper, and alloys
thereof. Coupling logic die 308 to substrate 3@2wires 332 facilitates a cost effective
and flexible technique for coupling IC device 3@ dther electrical devices and/or

circuits (not shown).

[0032] FIG. 5 is a schematic plan view of andé&vice 500 formed in a
single 3D package structure. With reference tosFIG and 5, in the exemplary
embodiment, IC device 500 is fabricated substdptisimilar to IC device 300, as
described herein. IC device 500 includes packagsteate 302, at least one logic die
308, and at least one memory die 312. Howeveopa®sed to the unitary connection
component 304 described herein with respect tod@ceé 300, IC device 500 includes
one or more connection components, for example exiron components 502, 504, 506,
and 508, as shown in FIG. 5. Connection componB@% 504, 506, and 508 are
coupled to package substrate 302 via a pluralitgadder micro-bumps 306. Logic die
308 is positioned on and coupled to connection amapts 502, 504, 506, and 508
opposite package substrate 302. Logic die 308oigpled directly to connection
components 502, 504, 506, and 508 via a plurafitgotder micro-bumps 310. In some
embodiments, logic die 308 is a single chip, andtirer embodiments, logic die 308 is a
multi-chip (e.g., a side-by-side chip arrangememagkage. As described herein, logic
die 308 includes, for example, and without limibati a processor, processing device, or
controller, such as a general purpose central psireg unit (CPU), a graphics processing
unit (GPU), an accelerated processing unit (APU)mgrocontroller, a reduced
instruction set computer (RISC) processor, an apptin specific integrated circuit
(ASIC), a programmable logic circuit (PLC), a pragrmable logic unit (PLU), a field
programmable gate array (FPGA), gate arrays, datligignal processing (DSP) device,
and/or any other logic circuit or processing devltat enables IC device 500 to function

as described herein.
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[0033] In the exemplary embodiment, connectiomponents 502, 504,
506, and 508 are discrete components positionedrpabe a perimeter of logic die 308,
defining a cavity 524 therebetween for receivingmogy die 312. As shown in FIG. 5,
connection components 502, 504, 506, and 508 arergiy rectangular-shaped
components positioned to define a generally rectianghaped cavity 524. It is noted,
however, that while connection components 502, 504, and 508 are shown having
generally rectangular shapes, it is contemplatatl ¢onnection components 502, 504,
506, and 508 can have any shape that enables ¢mmesmponents 502, 504, 506, and

508 to function as described herein.

[0034] In the exemplary embodiment, each of emtion components
502, 504, 506, and 508 are only partially overlainlogic device 308. In such an
embodiment, one or more of connection componengs 504, 506, and 508 may be an
active connection component. For example, in ombogliment, one or more of
connection components 502, 504, 506, and 508 iechuative electrical components
embedded and/or formed theredor example, and without limitation, transistosgynal
amplifiers, signal filters, and any other activeattical component that enables the one or
more connection components 502, 504, 506, and 6d8nction as described herein.
Such active electrical components are placed otiopsrof connection components 502,
504, 506, and 508 that are not overlain by logmae308.

[0035] In alternative embodiments, one or moré annection
components 502, 504, 506, and 508 is a passivepoder. For example, and without
limitation, in some such alternative embodimentsg or more of connection components
502, 504, 506, and 508 do not include additionatteical components. In other such
embodiments, one or more of connection compondits 4, 506, and 508 include one
or more integrated passive devices (IPBspedded and/or formed thergfor example,
and without limitation, resistors, capacitors, iotus, and any other passive electrical
components that enable connection components 382,396, and 508 to function as

described herein.
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[0036] Furthermore, in the exemplary embodimerdpnnection
components 502, 504, 506, and 508 are fabricated &ilicon and include one or more
redistribution wiring layers 334 (i.e., and actisarface). Alternatively, connection
components 502, 504, 506, and 508 are fabricatech fany material that enables
connection components 502, 504, 506, and 508 totiam as described herein, for
example, and without limitation, glass, cerami@amic materials, germanium, gallium
arsenide, indium phosphide, and silicon carbideedi&ribution wiring layer 334
facilitates electrical connection points or pinst(shown) of logic die 308, for example
locations corresponding to solder micro-bumps 3d®e available to other locations on
connection components 502, 504, 506, and 508. ,Tiedsstribution wiring layer 334
facilitates routing the electrical connection peimr pins of logic die 308 to favorable
locations on connection components 502, 504, 506, 308 to facilitate enabling
bonding from different locations on logic die 3@Bsimilar and/or adjacent locations on
connection components 502, 504, 506, and 508, ldiesanplifying assembly of IC
device 500.

[0037] With reference to FIGs. 3 and 5, logie 808 and memory die
312 are coupled directly to each other via soldererbumps 314 and are vertically
integrated, i.e., memory die 312 is positioned igalty below logic die 308. More
specifically, memory die 312 is positioned vertigdletween logic die 308 and package
substrate 302 such that logic die 308 overlies nmgrdie 312. In such an embodiment,
memory die 312 is positioned in cavity 524 defitgdconnection components 502, 504,
506, and 508, and logic die 308 overlaps memory3di2 entirely. Alternatively, logic
die 308 only partially overlaps memory die 312.

[0038] In the exemplary embodiment, logic die8 38 coupled directly
to connection components 502, 504, 506, and 50& yilurality of solder micro-bumps
310. Connection components 502, 504, 506, andr&)8de one or more wire bonding
pads 526 formed on a redistribution wiring layed538onding pads 526 are electrically

connected to at least one solder micro-bump 310awmialectrical circuit (not shown)
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formed on redistribution wiring layer 534 and/oteimal circuitry 328 formed within one
or more build-up layers (not shown) of connectiomponents 502, 504, 506, and 508.
Thus an electrical signal (not shown) is transrditi®m logic die 308 to one or more
wire bonding pads 526. It is noted that, as opgdseat least some known interposers,
connection components 502, 504, 506, and 508 ae=df through silicon vias, thereby
facilitating decreasing a complexity and manufaotyrcost of fabricating connection
components 502, 504, 506, and 508.

[0039] In the exemplary embodiment, connectiemponent bonding
pads 526 and substrate bonding pads 330 are e#lstrcoupled together through wires
332. This facilitates connecting logic die 308edity to substrate 302. As described
herein, wires 332 are fabricated from, for exammed without limitation, gold,
aluminum, copper, and alloys thereof. Couplingdatie 308 to substrate 302 via wires
332 facilitates a cost effective and flexible teigue for coupling IC device 500 to other

electrical devices and/or circuits (not shown).

[0040] FIG. 6 is a schematic plan view of and€vice 600 formed in a
single 3D package structure. With reference tosFIG and 6, in the exemplary
embodiment, IC device 600 is fabricated substdptsmilar to IC devices 300 and 500,
as are described herein. For example, IC devi€eitfludes package substrate 302, at
least one logic die 308, and at least one mema\3dP. However, as opposed to the
unitary connection component 304 or generally regiigar-shaped connection
components 502, 504, 506, and 508 described hesghrrespect to IC devices 300 and
500, respectively, IC device 600 includes one orrem6L-shaped” connection
components, for example connection components 602694, as shown in FIG. 6.
Connection components 602 and 604 are coupledcieapa substrate 302 via a plurality
of solder micro-bumps 306. Logic die 308 is pasied on and coupled to connection
components 602 and 604 opposite package substite Bogic die 308 is coupled
directly to connection components 602 and 604 viduasality of solder micro-bumps
310.

-14-



[0041] In the exemplary embodiment, connectiomponents 602 and
604 are discrete components positioned about anpter of logic die 308, defining a
cavity 624 therebetween for receiving memory di.3As shown in FIG. 6, connection
components 602 and 604 are positioned to definenarglly rectangular-shaped cavity
624. Logic die 308 and memory die 312 are cougieetly to each such that memory
die 312 is positioned vertically between logic 8@ and package substrate 302. In such
an embodiment, memory die 312 is positioned in tga@R4 defined by connection
components 602 and 604, and logic die 308 overiaesnory die 312 entirely.
Alternatively, logic die 308 only partially overlgmemory die 312.

[0042] In the exemplary embodiment, as showkl@s. 3 and 6, logic
die 308 is coupled directly to connection composed@?2 and 604 via a plurality of
solder micro-bumps 310. Connection componentsad@l604 include one or more wire
bonding pads 626 formed on a redistribution wiriager 634. Bonding pads 626 are
electrically connected to at least one solder mimrmp 310 via an electrical circuit (not
shown) formed on redistribution wiring layer 634d#or internal circuitry 328 formed
within one or more build-up layers (not shown) ohnection components 602 and 604.
Thus an electrical signal (not shown) is transrdifi®m logic die 308 to one or more
wire bonding pads 626. It is noted that, as opgdseat least some known interposers,
connection components 602 and 604 are free of ¢girasilicon vias, thereby facilitating
decreasing a complexity and manufacturing costabfitating connection components
602 and 604.

[0043] Moreover, in the exemplary embodimenraEction component
bonding pads 626 and substrate bonding pads 33®lectrically coupled together
through wires 332. This facilitates connectingidogje 308 directly to substrate 302. As
described herein, wires 332 are fabricated from,efcample, and without limitation,
gold, aluminum, copper, and alloys thereof. Couplogic die 308 to substrate 302 via
wires 332 facilitates a cost effective and flexitdehnique for coupling IC device 600 to

other electrical devices and/or circuits (not shpwn
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[0044] Furthermore, in the exemplary embodimerdpnnection
components 602 and 604 are formed in substantiBlysame manner as connection
component 304 and/or connection components 502, B0&, and 508. For example,
connection components 602 and 604 are fabricated &ilicon and include one or more
redistribution wiring layers 634. Alternativelypmenection components 602 and 604 are
fabricated from any material that enables connaatmmponents 602 and 604 to function
as described herein, for example, and without &tioh, glass, ceramic, organic
materials, germanium, gallium arsenide, indium phate, and silicon carbide. In
addition, in some embodiments, one or more of cotnore components 602 and 604 is an
active connection component, including one or martive electrical components
embedded and/or formed theredor example, and without limitation, transistosgnal
amplifiers, signal filters, and any other activeattical component that enables the one or
more inter connection components 602 and 604 totifium as described herein. In other
embodiments, one or more of connection componef® &d 604 is a passive
interposer, i.e., connection components 602 anddéOdot include additional electrical
components. In some such embodiments, one or pfocennection components 602
and 604 include one or more integrated passivecds\iPDsembedded and/or formed
thereon for example, and without limitation, resistorgpacitors, inductors, and any
other passive electrical components that enableemion components 602 and 604 to

function as described herein.

[0045] FIG. 7 is a flow diagram of an exemplamgthod 700 of forming

an IC device having a single 3D package structsmeh as exemplary IC device 300
shown in FIG. 3. With reference to FIGs. 3-6, eplary method 700 includes forming
702 at least one connection component, for exaggiaection component 304, having a
cavity 324 defined therein. Additionally or altatively, method 700 includes separately
forming 704 a plurality of connection components, éxample, connection components
502, 504, 506, 508, and/or 602 and 604, and pasigo706 the plurality of connection
components 502, 504, 506, 508, and/or 602 and 6@4substrate, such as substrate 302,

to define a cavity (e.g., cavity 524 or 624, respety) therebetween. Each connection
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component 304, 502, 504, 506, 508, and/or 602 & iBcludes one or more wire
bonding pads (e.g., wire bonding pad 326, 526, 28, Gespectively) formed on
redistribution wiring layer 334, 534, or 634, respecly. In addition, substrate 302
includes one or more wire bonding pads 330 formedative surface 331 of substrate
302.

[0046] In the exemplary embodiment, method 7060 aincludes
coupling 708 the at least one connection compotesubstrate 302. Additionally or
alternatively, the operation of coupling 708 théeaist one connection component further
includes bonding 710 the at least one connectiompoment to substrate 302 via adhesive
bonding, solder micro-bumps 306, and any othertebat or non-electrical bonding

process that enables IC device 300 to functioreasrtbed herein.

[0047] In some embodiments, method 700 inclwdestrically coupling
712 at least one memory die 312 to substrate 3@2 \plurality of solder micro-bumps
322, such that memory die 312 is positioned withm cavity defined by the at least one
connection component. In one such embodimentjrealty coupling 712 the at least
one memory die 312 to substrate 302 includes @atifr coupling 714 active surface
316 of memory die 312 to substrate 302. In arrradtere embodiment, the operation of
electrically coupling 712 at least one memory di2 3o substrate 302 includes
electrically coupling 716 a plurality of TSVs 320 4ubstrate 302 via a plurality of solder

micro-bumps 322, i.e., coupling a non-active swefatmemory die 312 to substrate 302.

[0048] In the exemplary embodiment, method 70@&her includes
electrically coupling 718 logic die 308 to memorng @12 and at least a portion of the
connection components. For example, logic die i8a®upled to memory die 312 via a
plurality of solder micro-bumps 314. In additidagic die 308 is coupled to the at least
one connection component via a plurality of soldeicro-bumps 310. In one
embodiment, logic die 308 overlies memory die 3ifirely. In an alternative

embodiment, logic die 308 only partially overlieemmory die 312.
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[0049] Moreover, method 700 includes electricatbupling 720 the
connection component bonding pads, for example B2és 526, or 626, to substrate
bonding pads 330 via wires 332. This facilitatecteically coupling logic die 308 to
substrate 302.

[0050] The above-described embodiments of cdioreccomponents
and methods enable making of IC devices with théynalvantageous arrangements,
improved heat dissipation, and reduced complexitgd @ost of manufacturing as
compared to at least some known IC devices. Spaltyf the disclosed connection
component embodiments include a cavity configuredeiceive at least one reduced
power dissipation component, for example, a mentdey(or memory die stack). The
cavity facilitates electrically coupling the mematie to a logic die and an IC package
substrate, vertically positioning the memory dierdbetween. This enables the memory
die, which is typically positioned on top of thegio die due to a reduced number of
electrical interconnection, to have its logic dompections couple directly to the logic die
and the remaining connection to couple to othesudiry on the substrate. In addition,
such an arrangement reduces and/or eliminatesaée for TSVs to be formed in the
logic die, thereby reducing size and complexity tbé logic die. The connection
component enables the logic die to electricallynamt to the circuitry on the substrate
via wire bonds (e.g., ball bonding, wedge bondiagd compliant bonding), thereby
reducing and/or eliminating the need for TSVs fadnmethe memory die to pass electric
signals from the logic die. Also specifically, tlownnection component facilitates
reducing the complexity, time, and cost of fabiimgthe IC devices described herein.

[0051] An exemplary technical effect of the neoath, systems, and
apparatus described herein includes at least or{a)gflacing the logic die on the outside
of the package structure (versus being sandwicletdiden a memory die and the
substrate), leading to better thermal managemethance enhanced performance; (b)

reducing the complexity of the logic die (i.e., wethg or eliminating TSVs) and thereby
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manufacturing cost; and (c) reducing the overadtt @ an IC device further through the

use of a wire bonded connection component.

[0052] Exemplary embodiments of connection congms defining
cavities for 3D stacked dies and methods are dest@bove in detail. The connection
components having cavities, and the methods usialg sonnection components, are not
limited to the specific embodiments described mereut rather, components of systems
and/or operations of the methods may be utilizéépendently and separately from other
components and/or operations described herein. &ample, the exemplary
embodiments can be implemented and utilized in ection with many other

applications that are currently configured to uselsed integrated circuit devices.

[0053] Although specific features of various adiments of the
disclosure may be shown in some drawings and nathers, this is for convenience
only. In accordance with the principles of thecthsure, any feature of a drawing may

be referenced and/or claimed in combination wity f@ature of any other drawing.

[0054] This written description uses examples disclose the
embodiments, including the best mode, and alsm&ble any person skilled in the art to
practice the embodiments, including making and gisany devices or systems and
performing any incorporated methods. The pateatabbpe of the disclosure is defined
by the claims, and may include other examplesdbatir to those skilled in the art. Such
other examples are intended to be within the sadghe claims if they have structural
elements that do not differ from the literal langeaof the claims, or if they include
equivalent structural elements with insubstantiiecences from the literal language of

the claims.
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WHAT IS CLAIMED |IS:
1. An integrated circuit (IC) device comprising:
a substrate;

a connection component comprising a cavity defined therethrough, said

connection component coupled to said substrate;

at least one memory die positioned in said cavity, said at least one memory die

electrically coupled to said substrate; and

a logic die extending over said at least one memory die and at least a portion of
said connection component, said at least one logic die electrically coupled to said connection
component and said at least one memory die, wherein said connection component is free of
through silicon vias, and wherein said connection component is electrically coupled to said
substrate through at least one wire bond.

2. The IC device in accordance with Claim 1, wherein said connection
component comprises a redistribution wiring layer comprising at least one wire bonding pad
and said substrate comprises at least one substance bonding pad, and said at least one wire
bonding pad is electrically coupled to said substrate bonding pad through said at least one

wire bond.

3. The IC device in accordance with Claim 1, wherein said at least one
memory die comprises an active surface, said active surface faces said substrate and faces away
from said logic die.

4. The IC device in accordance with Claim 1, wherein said at least one
memory die comprises an active surface, said active surface faces said logic die and faces away

from said substrate.

5. The IC device in accordance with Claim 1, wherein said connection

component is a passive connection component.

6. The IC device in accordance with Claim 5, wherein said passive

connection component comprises at least one passive component embedded therein.
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7. The IC device in accordance with Claim 6, wherein said passive

component comprises one or more of the following: resistors, capacitors, and inductors.

8. The IC device in accordance with Claim 1, wherein said connection

component is an active connection component.

9. The IC device in accordance with Claim 8, wherein said active

connection component comprises at least one active electrical component embedded therein.

10.  The IC device in accordance with Claim 9, wherein said active electrical
component comprises one or more of the following: transistors, signal amplifiers, and signal

filters.
11.  Anintegrated circuit (IC) device comprising:

a substrate comprising a first active surface, said first active surface comprising

a plurality of substrate bonding pads;

a plurality of connection components coupled to said first active surface, said
plurality of connection components arranged to define a cavity between said plurality of
connection components, each connection component of said plurality of connection
components comprising a second active surface opposite said first active surface, each said

second active surface comprising at least one connection component bonding pad;

at least one memory die positioned within said cavity and electrically coupled

to said first active surface; and

a logic die coupled to each said second active surface and said at least one
memory die, wherein said plurality of connection components are free of through silicon vias,
and wherein each said at least one connection component bonding pad is electrically coupled
to a substrate bonding pad of said plurality of substrate bonding pads through at least one wire
bond.

12.  The IC device in accordance with Claim 11, wherein at least one
connection component of said plurality of connection components is a passive connection

component.

21



13. The IC device in accordance with Claim 12, wherein said at least one

passive connection component comprises at least one passive component embedded therein.

14. The IC device in accordance with Claim 13, wherein said at least one

passive component comprises one or more of the following: resistors, capacitors, and inductors.

15.  The IC device in accordance with Claim 11, wherein at least one
connection component of said plurality of connection components is an active connection

component.

16. The IC device in accordance with Claim 15, wherein said active

connection component comprises at least one active electrical component embedded therein.

17.  The IC device in accordance with Claim 16, wherein said active
electrical component comprises one or more of the following: transistors, signal amplifiers,

and signal filters.

18. A method of forming an IC device having a 3D package structure, said

method comprising:

forming a connection component free of through silicon vias, the connection
component including a cavity defined therethrough and a redistribution wiring layer including

a connection component bonding pad;

coupling the connection component to a substrate, the substrate including a

substrate bonding pad,;

coupling at least one memory die to the substrate such that memory die is

positioned within the cavity;

extending a logic die over the memory die and at least a portion of the

connection component;

electrically coupling the logic die to the memory die and the at least a portion

of the connection component; and

electrically coupling the connection component bonding pad to the substrate

bonding pad through at least one wire bond.
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19.  The method in accordance with Claim 18, wherein forming the
connection component comprises separately forming a plurality of connection components,
each connection component of the plurality of connection components including a connection
component bonding pad, and wherein coupling the connection component to a substrate

comprises:

positioning the plurality of connection components on the substrate to define a

cavity between the plurality of connection components; and
coupling the plurality of connection components to the substrate.

20.  The method in accordance with Claim 18, wherein coupling the at least

one memory die to the substrate comprises:
electrically coupling a first surface of the memory die to the substrate; and

electrically coupling a second surface of the memory die to the substrate through
a plurality of through silicon vias formed in the memory die, the second surface opposite the

first surface.
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