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METHODS OF FORMING UNDER DEVICE INTERCONNECT STRUCTURES

BACK GROUND OF THE INVENTION

As microelectronie packaging technology advances for higher processor performance,
devices dimensions contune to shrink. Interconnect routing within a device has become a
hnuting factor in designing the butlding blocks or cells of a particular cell Iayvont design. One of
the ways n which a final cell size 1s linuted 15 by the limutations of designung/placement of the

mterconnect routing.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with clamms particularty pointing out and distinetly
clamming certam embodiments, the advantages of these emboduments can be more readily
ascertamed from the following description of the invention when read m conjunction with the
accompanving drawings in which:

FIGS. la-1f represent cross-sectional views of structures according to various
embodiments.

FIGS. 2a-2b represents cross sectional views of structures according to embodiments.

FIG. 3 represents cross sectional views of a structure according to embodiments.

FIG. 4 represents a cross-sectional view of a structure according 1o embodiments.

FIG. 5 represents a schematic of a systemn according fo embodiments,

DETAILED DESCRIPTION OF THE PRESENT INVENTION

Inn the following detailed description, reference is made to the accompanving drawings that
show, by way of illustration, specific embodunents i which the methods and structures may be
practiced. These embodiments are described 1 sufficient detail to enable those skilled m the art
to practice the embodiments. I i1s to be understood that the vartous embodiments, although
different, are not necessarily mutually exclustive. For example, a particular feature, structure, or
characteristic described herewn, m connection with one embodiment, may be implemented within
other embodiments without departing from the spirit and scope of the embodiments. In addition,
it 1s to be understeod that the location or arrangement of mdividual elements within each
disclosed emnbodiment may be modified withowt departing from the spirit and scope of the
embodiments. The following detailed description 1s, therefore, not to be taken m a linuting
sense, and the scope of the emibodiments 1s defined only by the appended claums, appropriately

mterpreted, along with the full range of equivalents to which the clamms are entitled. In the
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drawings, like numerals may refer to the same or similar functionalify throughout the several
Views.
Methods and associated sfructures of forming and utiizing nucroelectronic structures, such
as mterconnect under device structures, are described. Those methods/structures may inchade
5 forming a device laver mn a first substeate, fornung at least one routing layer in a second
substrate, and then coupling the first substrate with the second substrate, wheremn the first
substrate 18 bonded fo the second substrate. The structures of the various embodiments disclosed
herein enable reduction m cell size of microelectronic device cell layouts.
FIGS. 1a-1d illustrate cross-sectional views of embodiments of forming microelectronic
10 structures, such as a device with uerconnect sfructures, such as routing lavers disposed
undemeath a device laver. In an embodument, a device 100, which may comprise a
microelectronte die and/or a 3D monchthic die, for example, may comprise a first portion 102
aid a second portion 106, The first portion 162 may comprise routing lavers/interconnect

strichures 101, and in general may comprise power routing structures. The first portion 102 may
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not comprise multiple layvers of transistors 106, in an embodiment. In an emnbodiment, the first
102 portion mayv comprise capacitors and mductors. The second portion 106 may comprise
circuit elements such as transistors, resistors and capacitors. The second portion 106 may
comprise interlaver dielectric material 115, 113 and metal lavers, such as metal layers 109, 111,
for example. In an embodiment, the second layer 106 may comprise a device laver. In an
20 embodiment, a package substrate mav be coupled to the device 100. In an embodiment, a heat
stk may be coupled to the device.
The first and second portions 102, 106 of the device 100 may be separated from each other
by an mtermediate porfion 144, In an embodiment. the mtermediate portion 104 may comprise a
bonded layer, such as a region comprising an oxide fo oxide, a metal to metal and a silicon to
25 sihicon bonded region. In an embodiment, the intermediate portion 104 may comprise two lavers
that have been laver transferred fo become bonded together. In an embodument, the second
portion 106 may comprise a recrystallized portion, and may comprise an alpha sihcon matertal.
In an embodunent, the first portion 102 mayv comprise a single crvsial silicon material or other
single crystal senmconductor material. In an embodiment, the first portion 102 may comprise at
30 least one wider signal routing line for long distance wiring resowrces and lower RC, than routing
lines disposed m the second portion 106, In an embodiment, the second portion 106 may
comprise a smaller height than a first portion 102 height.
Inn an embodunent, the mterconnect structures 101 may comprise at least one of a power, a

ground and signal interconnect structure 101, In an embodiment. the second portion 106 may

I
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comprise an alpha silicon material, and the fivst portion 102 may comprises a non- alpha silicon
material. In an embodimzent the second portion 106 may comprise circuit elements. In an
embodiment, the first portion 102 may comprise a thickness 112 between about 30 microus to
about 750 mucrons, and the second portion 106 may comprise a thickness 110 of about 1 to about
S5 10 nucrons. In an embodiment, the second portion comprises cucust elements such as transistors,
resistors and capacitors, wherem the first portion 102 comprises power routing below the second
portion 106. In an embodiment, the first portion 102 comprises no greater than one laver of
metal. In an embodnnent, the first portion 102 comprises one of a power, ground and IO routing
lines. In an embodiment, the routing hines of the second portion 106 are thinner than the ronting
10 Lines of the first portion 102, and the thickness of the routmg hines disposed i the first portion
102 provide power delivery.
In an embodiment, substantially all power and mputioutput {I'O} may be delivered through
conductive bump interconnects disposed on the second portion 106. In an embodunent, an 'O

bump 124, a Vss bump 122 and a Vee bunipl 26 may be disposed on a top surface of the second
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portion 106 {FIG. 1b). In an embodiment, the top surface may comprise a bump side 120, which
may comprise a {4 bump side 1 some cases. In an embodiment, one of Vss and Vec may be
coupled to routing lavers disposed in the first portion 102, In an embodiment, only one of the
Vss or Voo may be driven mto/condnctively coupled to the interconnect structures/routing layers
101 that are disposed o the first portion 102 wnderneath the second portion 106, while the other
20 ofthe Vss or Vee 1s not coupled with the routing lavers. In an embodiment, a heat sink side 121
may be disposed opposite the bump side 120

1o another embodiment, the second portion 106 may comprise substantially all power and
O delivered through conductive interconnects/bumps on the front portion 106, Both the Vss

123 and a Veo 125 may be driven tofcoupled with the metal layers/routig interconnect

Q]
(]

structures 123, 125 disposed m the first portion 102 (FIG. I¢}. In an embodmment, a numceap
{which may comprise a parallel plate capacitor with two electrical plates and a dieleciric material
between them, in an embodiment} may be disposed i1 the first portion 102, Inductors may alse
be included 1o the first portion 102, which mayv mclude spiral inductors, mductors comprising
magnetic materials, as well as passive structures in general being disposed underneath the device
30 laver 102. In another embodiment, FO and Voo may be delivered through the second portion
106, which may comprise a package side {Fig. 1d). Vss 126 may be drivenscoupled with
mterconnects 123 to the routing lavers disposed m the first portion 102, Vss, which mavbea
ground Vss, may be delivered by bumps/interconnects 129 that contact a ground heatsink 130.

Alternatively, Vss and Vec may be interchanged, and the heatsink 130 may then be at Vee

Lad
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potential instead of ground.

In another embodiment, I'O signals may be dehivered through bumps on one side of the
device 100, and Vee and Vss power may be delivered through bumps on the other side of the
device 100 (FIG. le). For example. the FFO bump 124 may be disposed on the second portion

5 106, and the Ve and the Vss 126, 122 mav be disposed on the first portion 102, The power may
be delivered by bumps on the first substrate 102. In another embodiment. bumps on the first
portron 102 may dehver IO, Vss and Vee 124, 122, 126 {FIG. 11). No signals may be delivered
at the side opposite the VO, Vss and Vee {which may comprise the second portion side), and the
opposite side may comprise a heat sink. In an embodiment, the IO may be coupled to the first

10 portion by a conductive structure 133, and the second portion 106 mav comprise the heat sink

side 121,
FIGS. 2a -2b depict a method of formumg a device comprising routing mterconnect
strichures that are located below the device. In an embodinient, & first substrate 202 may

comprise conductive mterconnect lines 201, such as routing lines 201, for example. In an
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embodiment, the first substrate 202 may comprise a fust bonding layer 214, In an embodiment,

the first substrate 202 may comprise any suitable material(s) with which to form

mterconnect/routing structures 201, In an embodmment, the first substrate 202 may comprise a

stlicon on msulator material, a non-silicon material, a single crystal silicon material and a

polysilicon material.

20 A second substrate 240 may comprise a device laver 206, a cleaving layer 207, which may
comprise an implanted laver, for example, a dopor portion 210, and a second bonding layver 212.
In an embodunent, the second substrate 240 may comprise a single crvstal silicon material.

The device 206 laver may comprise circutt elements, such as capacitors, transistors and

resistors, for example. In other embodiments, the device laver 206 may not comprise cucuit

25 elements, but may comprise a material that may be utilized to form circutt elements subsequently
therein. A fransfer layer process 220 may be uiilized wherein the first bonding layer 214 may be
bonded to the second bondmg layer 212. In an embodiment, the second bonding laver 212 may
comprise any fvpe of material that may be bonded to the first bonding laver 214 of the furst
substrate 202. In an embodiment, the bonding layers 212, 214 may comprise a dielectric

30 matenal, such as a chenucal vapor deposition (CVD} dielectric material or a thermally grown

oxide or mitride material. In an embodiment, the laver franster process 220, may comprise an

oxide to oxide or a metal to metal bondmyg process, or a silicon to sihicon bonding process, for

example, which may be emploved to bond the first substrate 202 to the device layer 206, In an

embodiment, the bonding may comprise hydrogen bonding between the first and second bondmg
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layers.

In an embodiment. the second bonding layer 212 may be directly disposed on the device
layer 206, and the device layer 200 may be direcily disposed on the first bouding laver 214 afier
laver transfer process. The donor portion 210 may be cleaved at the cleaving laver 207 to form

5 ihe interconnect under device structure 200, wherein the mnferconnect/ routing layers 201 are
disposed m the first substrate 202 (FIG. 2b). In an embodiment, the mterconnect/routing lavers
201 of the first substrate 202 are separated from the device laver by mtermediate layver/ region
204, wherein the interconnect/routing lavers 201 may be viewed as being disposed above or
below the device features of the second substrate 206, depending upon the perspective.
10 In an embodiment, the cleaving laver 207, which may comprise an 1on implanted laver,
such as a hydrogen or belmm ton implanted layver, m some cases, may be cleaved/separated from
the device layer 206, and the dovor portion 210 may be removed from the second substrate 240
The donor portion 210 may also be removed using porous silicon or other mechamcally weak

mterface lavers to facilitate removal, and/or an etch back process may be emploved. Any suitable

ot
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process which pernuts the device laver 206 to be transferred may be utilized. In an emnbodiment,

the first and second bonding layers 212, 214 mav comprise an mntermediate layer 204, which may

comprise a thickness of between about 10nm to abont 200 am 1n some cases, and which
comprises a layverfregion that is disposed between the device layer 206 and the first substrate

202, wherem the region/laver 204 comprises two lavers that have been bonded together utilizing

20 alaver transfer process.

In an embodiment, circuit elements may be formed subsequent io the bonding of the device
layer 206 to the first substrate 200, and the removal of the donor portion 210, The cucustry
elements may comprise logic circuitry for use 11 a processor dig, for example, such as transistor
structures 203, or any other suitable device circuitry according fo the particular application.

25 Metallization lavers 209, 211 and insulative material 213, 215 may be mcluded n the device
layer 206, as well as conduciive contacts/bumps that may couple metal lavers/interconnecis to
external devices. In an embodiment. the bumps may comprise copper. In an embodiment,
conductive infercormects 219 may be formed to electrically and physically couple crrcuit
elements, such as transistors 203 for example, to the routing hnes 201 of the first substrate 201,

30 FIG. 3 depicts another embodiment of an mterconnect under device structure 360, A first

portion 302 may comprise routing layers/uttercounect structures, simtlar o those of FIG. 2b for

example. The first portion 302 may not comprise other types of circnit elements such as lavers of
transistors/devices, for example. A second portion 306 mayv inttially comprise an amorphous

stiicon material 321 The second portion 306 comprises oxide structures 304 that may comprise

LAh
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openings 327, The openings 327 may allow for a recrvstallizing process 328 wherem a single
crystal area 323 may be seeded from the underlving material from the first portion 302 material,
to form a device laver 306 within the second portion 306.
Thus, the second portion 306 mayv be grown to a desired thickness, and mav be utilized to

S5 subsequently foumn crreuit elements such as fransistor, capacitors, ete, and may be analogous to

the device layer 206 of FIG. 2b, for example. The oxide laver 304 may comprise an intermediate
layer 304 between the first porfion 302 and the second portion 306 of the interconnect under
device structure 360, in an embodiment. In an embodiment, portions of the seeds 325 may
comprise a portion of the intermediate laver 304,

10 The embodiments of the mterconnect under device structures mcluded heretn may be
coupled with various package structures, for example, and may comprise any suitable type of
package structures capable of providing electrical communications between a microelectronic
device, such as a die, and a next-level component to which the package structures may be

coupled (e.g., a circuit board). In another embodiment, the package structures heremn may
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comprise any suitable tvpe of package structures capable of providing electrical comununication

between a die and an upper mtegrated cirentt (IC) package coupled with a lower KU package.

A device mn the various Figures herem may comprise a silicon logic die or a memory die,
for example, or any type of suttable microelectronic device/die, and mav be disposed on a back
side or on a front side of a package structure. In some embodiments the package structure may
20 further comprise a plurality of dies, which may be stacked upon one another, depending upon the

particular embodunent. In some cases the die(s) may be located/attached/embedded on either the

front side, back side or on/in some combination of the front and back sides of the package
strizchures. In an embodiment, the diefs) may be partially or fully embedded in the package
structures of the embodiments.

25 The varions embodiments of the mterconnect under device structures meluded herein
promote cell size reduction by at least 40 percent m some cases. By locating routmg lavers below
the device laver and cell layout, the cell footprint may be allowed to shrink. Power ground and
signal routing lavers may be moved below the device elements, such as below transistors and the
hike. A single erystal silicon mav be utilized for device fabrication by employing a laver transfer

30 process.

Turning now to FIG. 4, dlusirated 15 an embodiment of a computing svstem 400. The
systemn 400 melndes a number of components disposed on a mamboard 410 or other circuit
board. Mamboard 410 meludes a first side 412 and an opposing second side 414, and various

components may be disposed on either one or both of the first and second sides 412, 414, In the
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illustrated embodiment, the computing system 400 mcludes a package structure 440 (which may
be sinular to the package structure 120 of FIG. 1e, for example) disposed on the mamboard’s
first side 412, wherein the package structure 440 may comprise any of the conductive
mferconnect structure embeodiments described herein.

5 System 400 may comprise any fype of computing system, such as, for example, a hand-
held or mobile computing device {e.g., a cell phone, a smart phone, a mobile mternet device, a
music plaver, a tablet computer, a laptop computer, a nettop compuier, ete.j. However, the
disclosed embodiments are not lunited to hand-beld and other mobile computing devices and
these embodiments may find application 1 other types of computing systems, such as desk-top

10 compuiers and servers.

Mamnboard 410 may comprise any suitable type of circuit board or other substrate capable
of providing electrical communication befween one ot more of the varions components disposed
on the bpard. In one embodiment, for example, the mamboard 410 comprises a printed circust

board (PCB) comprising nwiltiple metal lavers separated from one another by a laver of dielectric

ot
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material and mterconnected by electrically conductive vias. Anyv one or more of the metal lavers

may be formed i a desived circuit pattern to route — perhaps m conjunetion with other metal

layers — electrical signals befween the components coupled with the board 410. However, 1t
should be understood that the disclosed embodiments are not luntted to the above-described PCB
and, further, that mamboard 410 may comprise any other suitable substrate.

290 In addition to the package structure 440, one or more additional components may be
disposed on either one or both sides 412, 414 of the mamboard 410. By way of example, as
shown in the figures, components 401a may be disposed on the first side 412 of the mamboard
410, and components 401b may be disposed on the mamboard’s opposing side 414, Additional
componenis that may be disposed on the mamboard 410 include other IC devices {e.g.,

25 processmg devices, memory devices, signal processing devices, wireless communication
devices, graphics confrollers and/or drivers, audio processors and/or controllers, efc.), power
delivery components (e.g., a voltage regulator andfor other power managenment devices, a power
supply such as a batferv, and/or passive devices such as a capacttor), and one oOr niore user
mterface devices {e.g., an audio nput device, an audio ountput device, a keypad or other data

30 entry device such as a touch screen display, andfor a graphics display. etc.), as well as any

combination of these and/or other devices.

In one embodiment, the computing system 400 meludes a radiation shield. In a further
embodiment, the computing svstem 400 mcludes a cooling solution. In vet another embodiment,

the computing systemn 400 mclndes an antenna. In vet a fiuther embodiment, the assembly 400
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may be disposed within a bousing or case. Where the mamboard 410 15 disposed within a
housing, some of the components of computer system 400 — e.g., a user mterface device, such as
a display or keypad, and/or a power supply, such as a batferv — may be electrically conpled with
the mamboard 410 {and‘or a component disposed on this board) but may be mechanically

5 coupled with the housmg.

FIG. 5 1s a schematic of a computer system 30 according to an embodiment. The
computer system SO0 {also referred to as the electronic system 300) as depicted can
embody/include a package stiucture/conductive mterconnect material that meludes any of the
several disclosed embodiments and thetr equivalents as set forth in this disclosure. The

10 compuier svstern 300 mav be a mobile device such as a netbook computer. The computer
systenm 300 may be a mobile device such as a wireless smart phone. The computer system 300
may be a deskiop computer. The computer svstem 500 may be a band-held reader. The
computer svstem 500 may be integral to an avtomobile. The computer system 500 may be

uegral to a television.
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In an embodiment, the electronic system 500 1s a computer svstem that mcludes a system
bus 320 to electrically conple the various components of the electronic system 300, The system
bus 320 1s a single bus or any combination of busses according to various embodiments. The
electronic svstemn 500 mcludes a voltage source 330 that provides power to the integrated circuut
510, In some embodiments, the voltage source 530 supplies current to the mntegrated civeuif 510
20 through the system bus 320

The mtegrated circuit 510 15 electrically, communicatively coupled to the system bus 520
and meludes any circuit, or combination of cirenits according to an embodiment, including the
package/device of the vartous embodiments included herein. In an embodiment, the integrated
circuit 510 mcludes a processor S12 that can melude any type of packaging stinctures according

25 to the embodiments herein. As used herem, the processor 312 may mean any type of circust such
as, but not limited to, a microprocessor, a microcontroller, a graphics processor, a digital signal
processor, or another processor. In an embodiment, the processor 512 mcludes any of the
embodiments of the package structures disclosed herem. In an embodiment, SRAM
embodiments are found i1 memory caches of the processor.

30 Other types of circuits that can be mcluded m the mtegrated circuit 310 are a customn ciremt

or an application-specific mtegrated circuit {ASIC), such as a commmnications circmt S14 for use

m wireless devices such as cellular telephones, smart phones, pagers, portable computers, two-

way radios, and smular elecironic systems. In an emboediment, the processor 512 meludes on-die

memory 316 such as static random-access memory (SRAM). In an embodiment, the processor
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512 mcludes embedded on-die memeory 516 such as embedded dynamic random-access memory
{eDRAM}.
1o an embodiment, the miegrated cirentt 310 15 complemented with a subsequent mtegrated
ciremit 511, In an embodiment, the dual integrated circuit 511 includes embedded on-die memory
5 317 such as eDRAM. The dual mtegrated circuit 511 mcludes an RFIC dual processor S13 and a
dual compunications eircutt 515 and dual on-die memory 317 such as SRAM. The dual
communications ctrcuit 315 may be configured for R¥ processing.
At least one passive device 580 is coupled to the subsequent mtegrated cicurt 511, In an
embodiment, the electronic system 500 also mcludes an external memory 540 that 1 turn may
10 mclude one or more memory elements suitable o the particular application, such as a mam
memory 342 i the form of RAM, one or more hard drives 544, andf/or one or more drives that
handle removable media 546, such as diskettes, compact disks (CDs), digiial variable disks
{DVDs), flash memory drives, and other removable media known in the art. The external

nmemory 5346 may also be embedded memory 548 In an embodiment, the electronic system 500
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also mchudes a display device 530, and an audio output 560. In an embodiment, the electronic
system 300 mchudes an mput device such as a controller 570 that may be a keyboard. mouse,
touch pad, keypad, trackball, game controller, microphone, voice-recognition device, or any
other iput device that inputs information into the electronic svstem 300. In an embodiment, an
mput device 570 mcludes a camera. In an embodiment, an mput device 370 mcludes a digital

-
4
’

20 sound recorder. In an embodiment, an input device 370 mcludes a caniera and a digital sound
recorder.

Although the foregoing description has specified certamn steps and materials that may be
used 1 the methods of the embodiments, those skilled m the art will appreciate that many
modifications and substitufions may be made. Accordingly, it 15 intended that all such

25 modifications, alterations, substitutions and additions be considered to fall within the spirit and
scope of the embodiments as defined by the appended clamms. In addiiion, the Figures provided
herem illastrate ondv portions of exemplary nucroelectronic devices and associated package
structures that pertain to the praciice of the embodnnents. Thus the embodiments are not lunited

to the structures described herein.

o
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IN THE CLAIMS

What is clanned is:

1. A method of fornung a stimcture comprising:

forming at least one routing layer m a first substrate;

forming a device laver 1n a second subsirate; and

coupling the first substrate with the second substrate, wherein the first subsirate is bonded

o the second substrate.

2. The method of claim I fimther comprising wherem a cell size 15 reduced by about
43 percent.
3. The metbod of claum 1 further comprismg wherein the routing layer may

comprise at least one of a power, a ground and signal routing laver.

4. The method of claim 1 further comprising wherein the at least one routing laver
comprises one of a Vee, a Vss, and an VO delivery structure.
3. The method of claim I fimther comprising wheren: the device layer s formed m

the second substrate, and the at least one routing laver 1s formed 1o the first subsirate.

a. The method of claum 1 further comprismg wherein the first subsirate and second

substrate are layer fransferred and bouded to one another.

7. The method of claim 6 further comprising wherein a first bonding layer disposed
on the first substrate and a second bonding laver disposed on the second substrate are directly

bonded together.

8. The method of claim 1 further comprising wherein the second substrate comprises
substantially all power and IO conductive interconnects, and wherein one of a Vss and a Vee are

coupled to the at least one routing laver disposed in the first substrate.



10

20

Q]
(]

WO 2014/159980 PCT/US2014/025562

9. The method of claum 1 further comprismg wherein the second substrate comprises
substantially all power and VO bumps, and wherein both Vs and Ve are coupled to the ronting

layers in the first substrate.

10, The method of claum 9 further comprismg wherein a mimeap 1s formed m the first
substrate.
1. The method of claim 1 further comprising wherein the second substrate comprises

FO and Vee bumps, and wherein Vss 1s coupled to the at least one routing laver n the first

substrate, wherein Vss 1s delivered by bumps that contact a grounded heat sk

12. The method of claim 1 further comprising wherein the second substrate comprises
FO and Vss bumps, and wherem Ve 1s coupled to the at least one routing laver disposed in the

first substrate, wheremn Ve is delivered by bumps that contact a grounded heat sink.

13. The method of claim I fimther comprising wherein the second substrate comprises
an IO bump, and wherem Vec and Vss are coupled to the at least one routing laver disposed 1z

the first substrate, wherein power 1s delivered by bumps on the second substrate.
14 The method of claim 1 further comprising wherein the first substrate comprises
bumps delivering FO, Vss and Ve, and wherem no signals are delivered on the second

substrate.

15 The method of claum 14 further comprising wherein a heat sink is conupled to the

first substrate.
6. The method of claim 1 wherem the first substrate comprises at least one wider
signal routing line for long distance wuing resouwrce and lower RC than ronting lines of the

second substrate.

17. The method of claim 1 wherem the second substrate comprises a smaller

thickness than a thickness of the first subsirate.

i& The method of claim I wherem the second substrate comprises a single crvstal

11
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19. The method of claim 1 wherem the routing Iines of the second substrate are
thinper than the routing lmes of the first subsirate, and wherem the thickness of the routing lines

disposed in the first substrate provide power delivery.

20. The method of claim I wherem the structure comprises a device, and wherem a

package substrate is coupled to the device.

21. The method of claim 20 wherem a heat sink 1s coupled to one of the first and the

second subsirate.

22. A methed of forming a package structure comprising:

fornung a first bonding laver on a device layer of a first substrate; wherein the first
substrate comprises at least one routing layer;

forming a second bonding laver on a second substrate; and

bonding the first bonding laver with the second bonding layer.

23, The method of clamm 22 further comprising wheremn a donor portion of the

second subsirate 1s cleaved from the second subsirate.

24 The method of claim 22 further comprising wherein cucuit elements are formed

i the device laver subsequent to bonding the first bonding laver to the second bonding laver.

25 The method of claum 22 further comprising wherein the first subsirate is bonded

to the second substrate by using a laver transfer process.

26. The method of claim 22 further comprising wherein the first substrate comprise

no greater than one layer of metal routing lines.

27. The method of claim 22 further comprising wherein the first bonding layer and

the second bonding laver comprise one of an oxide, a metal and a stlicon material.

28, A sfructure COMprsing:

at least one routing layver disposed m a first substrate;

[
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a device layer disposed in a second substrate; and

a bonding laver coupling the first substrate with the second substrate.

29. The structure of clamm 28 further comprising wherein the at least one routing layver

may comprise at least one of a power, a ground and a signal routing laver.

30. The structure of clann 28 further comprising wheretn the at least one routing laver

1s conductively coupled to one of Vec, Vss and O disposed mn the device layer.

3l The structure of claim 28 further comprising wherem the device laver comprises a

different substrate material than a matenial of the first substrate.

32 The structure of claim 28 further comprising wherem a first bonding laver
disposed on the first substrate and a second bonding layer disposed on the second substrate are

directly bonded together.

33 The structure of clanm 28 finther comprising wherein the second subsirate
comprises substantially all power and IO conductive interconnects, and wherem one of Vs and

Ve are conductively coupled to routing lavers disposed in the first substraie.

34 The structure of clanm 28 finther comprising wherein the second subsirate
comprises substantially all power and TO conductive interconnects, and wherein both Vs and

Ve are conductively coupled o routing lavers disposed in the first substraie.

35 The structure of clamm 34 further comprising wherem & numcap 18 disposed i the

first substraie,

36. The structure of claim 28 further comprising wherem the second substrate
comprises FO and Veg, and wherein Vss 1s conductively coupled to routing lavers disposed m

the first substrate, wherein Vss 18 delivered by bumps that confact a grounded heat sink.

37 The structure of claim 28 further comprising wherem the second substrate
comprises IO and Vss, and wherem Vo 1s conductively coupled to routing layers disposed m

the first substrate, wherein Vee is delivered by bumps that contact a grounded heat sink.

o
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38. The structure of clamm 28 further comprising wheremn the second subsirate
comprises FO | and wherein Voc and Vss are conductively coupled to routmg layvers disposed i

the first substrate, wherein power 1s delivered by bumps on the first substrate.

39 The structure of clamm 28 further comprising wherem the first substrate comprises
bumps capable of delivening O, Vss and Vee, and wherein the second substrate comprises no

signal limes.

40. The method of claum 3% further comprising wherein the second substrate

comprises a heat smk.

41. The method of claim 28 wherem the first substrate comprises at least one wider

signal routing line for long distance wuing and lower RC.

42. The structure of clamm 28 wherein the second substrate comprises a thickness that

1s less than a thickness of the fivst substrate.

43 The structure of claim 28 wherein the second substrate comprises a single crvsial

sthicon subsirate.
44, The structure of claim 28 wherein the ronting lines of the second substrate are
thinner than the routing lines of the first substrate, and wherein the routing hnes disposed 1 the

first substrate are capable of providing power delivery.

45. The structure of clann 28 wherein the sfructure comprises a device, and wherein a

package substrate is coupled to the device.

46. The structure of clamm 46 wherein a heat sink 15 conpled to one of the first and

second substrate.

47. The structure of claim 28 fiwther comprising wherein the first substrate comprise

no greater than one layer of metal routing lines.

i4
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48. The structure of claim 28 further comprising wheren the first bonding laver and

the second bonding layver comprise one of an oxide, a metal and a silicon material.

49. The structure of claim 45 further comprising wherem the package substrate

5 comprises a BBUL package substrate.

50. The structure of clamm 28 wherein the device laver further comprises at least one

of a CPU die and a memory die.

10 51 The structure of claim 28 further comprisig a system comprising:
a bus conupumcatively coupled to the structwre; and

an eDRAM communicatively coupled to the bus.

52, The structure of claim 28 further comprismg wherein the structure comprises a

1 monolithic 3D device.

(]

53 A methed of forming a structure comprising;

fornung interconnect structures 1o a first portion of a subsirate;

formung a second poriion of a substrate, wherein the second portion comprises a
20 recrystallized silicon material; and

forming devices in the second portion of the substrate.

54, The method of claum 53 further comprising wherein the interconnect strnctures

comprise at least one of power, a ground and a signal routing laver.

25
S5, The method of claim 54 further comprising wherein the second portion i formed
by one of a solid phase crystallization and a liquid phase crvstallization process.
36. A structure comprising:
30 interconnect structures disposed m a first portion of a substrate; and

circutt elements disposed i a second portion of a substrate, wheretn the first portion and

the second portion are separated from each other by an intermediate layer.

57. The structure of clamm 36 further comprising wherem the intermediate portion

o
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comprises one of a bondmg layer and a recrvstailization seed laver.

58. The structure of clanm 56 fiwther comprising wherein the first porfion comprises a

non-alpha sihcon material, and the second substrate comprises an alpha sihicon material.

39, The structure of clamm 36 further comprising wherem the intermediate portion

comprises a thickness of about 10 num to about 200 nny

&0, The structure of claim 56 wherein the substrate comprises a portion of a

nucroelectronic die

61. The structure of clann 56 wherein the circnit elements comprise one of transistors,

resistors and capactiors.

62. The structure of claim 36 wherein the first portion comprises power routmg below

the second portion.

63. The structure of claim 56 wherein the second portion comprises transisiors,

resistors and capactiors.

64, The structure of clann 56 wherein the fivst substrae comprises no greater than one

laver of metal.

65. The structure of claim 56 wherein the first porfion comprises routing lavers.

£6. The structure of clann 56 wherein the first portion comprises one of a power, a

ground and an IO routing laver.

67. The structure of claim 66 wherein the routing lavers of the first portion arve thinner
than routing layers disposed in the second portion, and wherem the routimg lavers disposed n the

first portion are capable of providing power delivery.

68, The structure of claim 56 further comprising wherem the second portion

comprises substantially all power and IO conductive mterconnects, and wheremn one of Vs and
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Voo are conductively connected to the miferconnect structures disposed in the first portion .

69, The structure of clann 56 further comprising wherein the second portion
comprises substantially all power and TO conductive interconnects, and wherein both Vs and

Voo are conductively coupled fo the mterconnect structires disposed m the fust portion.

70. The structure of clanm 56 further comprising wheretn the second portion
comprises FO and Vee, and wherein Vss 1s conductively coupled to the mterconnect structures
disposed i the first portion, wherein Vss 18 capable of being delivered by bumps that contact a

grounded heat sink.

71. The structure of clanm 56 further comprising wheretn the second portion
comprises FO and Vss, and wherein Vee is conductivelv coupled to the interconniect structures
disposed m the first portion, wherem Ve 1s dehvered by bumps that contact a gronnded heat
sink.

72. The structure of clamm 36 further comprising wheremn the second portion
comprises O, and wherem Vee and Vss are conductively coupled to the mterconnect stinctures
disposed i the first portion, wherein power 15 delivered by bumps on the first substrate.

73. The structure of clamm 36 further comprising wherem the first portion comprises

bumps delivering FO, Vss and Ve, and wherem no signals are delivered on the second porfion.

74. The structure of claim 56 wherein the structiure comprises a device, and wheremn a

package substrate 1s coupled io the device.

17
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