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THREE DIMENSIONAL INTEGRATED
CIRCUITS AND METHODS OF
FABRICATION

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] Thepresent application claims the benefit of priority
under U.S.C. §119 from U.S. Provisional Patent Application
Ser. No. 60/993,638 filed on Sep. 12, 2007, the disclosure of
which is hereby incorporated by reference in their entirety for

all purposes.

FIELD OF INVENTION

[0002] The invention involves 3D system on chip (SoC)
and network on chip (NoC) semiconductor technology. Com-
ponents of the present invention involve micro-electro-me-
chanical systems (MEMS) and nano-electro-mechanical sys-
tems (NEMS). The invention also deals with fabrication
methods of constructing 3D IC components.

BACKGROUND

[0003] The challenge of modern computing is to build eco-
nomically efficient chips that incorporate more transistors to
meet the goal of achieving Moore’s law of doubling perfor-
mance every two years. The limits of semiconductor technol-
ogy are affecting this ability to grow in the next few years, as
transistors become smaller and chips become bigger and hot-
ter. The semiconductor industry has developed the system on
a chip (SoC) as a way to continue high performance chip
evolution.

[0004] So far, there have been four main ways to construct
a high performance semiconductor. First, chips have multiple
cores. Second, chips optimize software scheduling. Third,
chips utilize efficient memory management. Fourth, chips
employ polymorphic computing. To some degree, all of these
models evolve from the Von Neumann computer architecture
developed after WWII in which a microprocessor’s logic
component fetches instructions from memory.

[0005] The simplest model for increasing chip performance
employs multiple processing cores. By multiplying the num-
ber of cores by eighty, Intel has created a prototype teraflop
chip design. In essence, this architecture uses a parallel com-
puting approach similar to supercomputing parallel comput-
ing models. Like some supercomputing applications, this
approach is limited to optimizing arithmetic-intensive appli-
cations such as modeling.

[0006] The Tera-op, Reliable, Intelligently Adaptive Pro-
cessing System (TRIPS), developed at the University of
Texas with funding from DARPA, focuses on software sched-
uling optimization to produce high performance computing.
This model’s “push” system uses data availability to fetch
instructions, thereby putting additional pressure on the com-
piler to organize the parallelism in the high speed operating
system. There are three levels of concurrency in the TRIPS
architecture, including instruction-level parallelism (ILP),
thread-level parallelism (TLP) and data-level parallelism
(DLP). The TRIPS processor will process numerous instruc-
tions simultaneously and map them onto a grid for execution
in specific nodes. The grid of execution nodes is reconfig-
urable to optimize specific applications. Unlike the multi-
core model, TRIPS is a uniprocessor model, yet it includes
numerous components for parallelization.
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[0007] The third model is represented by the Cell micro-
processor architecture developed jointly by the Sony, Toshiba
and IBM (STI) consortium. The Cell architecture uses a novel
memory “coherence” architecture in which latency is over-
come with a bandwidth priority and in which power usage is
balanced with peak computational usage. This model inte-
grates a microprocessor design with coprocessor elements;
these eight elements are called “synergistic processor ele-
ments” (SPEs). The Cell uses an interconnection bus with
four unidirectional data flow rings to connect each of four
processors with their SPEs, thereby meeting a teraflop per-
formance objective. Each SPE is capable of producing 32
GFLOPS of power in the 65 nm version, which was intro-
duced in 2007.

[0008] The MOrphable Networked Micro-ARCHitecture
(MONARCH) uses six reduced instruction set computing
(RISC) microprocessors, twelve arithmetic clusters and
thirty-one memory clusters to achieve a 64 GFLOPS perfor-
mance with 60 gigabytes per second of memory. Designed by
Raytheon and USC/ISI from DARPA funding, the MON-
ARCH differs distinctly from other high performance SoCs
in thatituses evolvable hardware (EHW) components such as
field programmable compute array (FPCA) and smart
memory architectures to produce an efficient polymorphic
computing platform.

[0009] MONARCH combines key elements in the high
performance processing system (HPPS) with Data Intensive
Architecture (DIVA) Processor in Memory (PIM) technolo-
gies to create a unified, flexible, very large scale integrated
(VLSI) system. The advantage of this model is that repro-
grammability of hardware from one application-specific inte-
grated circuit (ASIC) position to another produces faster
response to uncertain changes in the environment. The chip is
optimized to be flexible to changing conditions and to maxi-
mize power efficiency (3-6 GFLOPS per watt). Specific
applications of MONARCH involve embedded computing,
such as sensor networks.

[0010] These four main high performance SoC models
have specific applications for which they are suited. For
instance, the multi-core model is optimized for arithmetic
applications, while MONARCH is optimized for sensor data
analysis. However, all four also have limits.

[0011] The multi-core architecture has a problem of syn-
chronization of the parallel micro-processors that conform to
a single clocking model. This problem limits their respon-
siveness to specific types of applications, particularly those
that require rapid environmental change. Further, the multi-
core architecture requires “thread-aware” software to exploit
its parallelism, which is cumbersome and produces quality of
service (QoS) problems and inefficiencies.

[0012] By emphasizing its compiler, the TRIPS architec-
ture has the problem of optimizing the coordination of sched-
uling. This bottleneck prevents peak performance over a pro-
longed period.

[0013] TheCell architecture requires constant optimization
of'its memory management system, which leads to QoS prob-
lems.

[0014] Finally, MONARCH depends on static intellectual
property (IP) cores that are limited to combinations of speci-
fied pre-determined ASICs to program its evolvable hardware
components. This restriction limits the extent of its flexibility,
which was precisely its chief design advantage.

[0015] In addition to SoC models, there is a network on a
chip (NoC) model, introduced by Arteris in 2007. Targeted to
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the communications industry, the 45 nm NoC is a form of SoC
that uses IP cores in FPGAs for reprogrammable functions
and that features low power consumption for embedded com-
puting applications. The chip is optimized for on-chip com-
munications processing. Though targeted at the communica-
tions industry, particularly wireless communications, the chip
has limits of flexibility that it was designed to overcome,
primarily in its deterministic IP core application software.
[0016] Various implementations of FPGAs represent
reconfigurable computing. The most prominent examples are
the Xilinx Virtex-1I Pro and Virtex-4 devices that combine
one or more microprocessor cores in an FPGA logic fabric.
Similarly, the Atmel FPSLIC processor combines an AVR
processor with programmable logic architecture. The Atmel
microcontroller has the FPGA fabric on the same die to pro-
duce a fine-grained reconfigurable device. These hybrid
FPGAs and embedded microprocessors represent a genera-
tion of system on a programmable chip (SOPC). While these
hybrids are architecturally interesting, they possess the limits
of'each type of design paradigm, with restricted microproces-
sor performance and restricted deterministic IP core applica-
tion software. Though they have higher performance than a
typical single core microprocessor, they are less flexible than
a pure FPGA model.

[0017] All of these chip types are two dimensional planar
micro system devices. A new generation of three dimensional
integrated circuits and components is emerging that is note-
worthy as well. The idea to stack two dimensional chips by
sandwiching two or more ICs using a fabrication process
required a solution to the problem of creating vertical con-
nections between the layers. IBM solved this problem by
developing “through silicon vias” (TSVs) which are vertical
connections “etched through the silicon wafer and filled with
metal.” This approach of using TSVs to create 3D connec-
tions allows the addition of many more pathways between 2D
layers. However, this 3D chip approach of stacking existing
2D planar IC layers is generally limited to three or four layers.
While TSVs substantially limit the distance that information
traverses, this stacking approach merely evolves the 2D
approach to create a static 3D model.

[0018] InU.S. Pat. No. 5,111,278, Echelberger describes a
3D multi-chip module system in which layers in an integrated
circuit are stacked by using aligned TSVs. This early 3D
circuit model represents a simple stacking approach. U.S. Pat.
No. 5,426,072 provides a method to manufacture a 3D IC
from stacked silicon on insulation (SOI) wafers. U.S. Pat. No.
5,657,537 presents a method of stacking two dimensional
circuit modules and U.S. Pat. No. 6,355,501 describes a 3D
IC stacking assembly technique.

[0019] Recently, 3D stacking models have been developed
on chip in which several layers are constructed on a single
complementary metal oxide semiconductor (CMOS) die.
Some models have combined eight or nine contiguous layers
in a single CMOS chip, though this model lacks integrated
vertical planes. MIT’s microsystems group has created 3D
ICs that contain multiple layers and TSVs on a single chip.
[0020] 3D FPGAs have been created at the University of
Minnesota by stacking layers of single planar FPGAs. How-
ever, these chips have only adjacent layer connectivity.
[0021] 3D memory has been developed by Samsung and by
BeSang. The Samsung approach stacks eight 2-Gb wafer
level processed stack packages (WSPs) using TSVs in order
to minimize interconnects between layers and increase infor-
mation access efficiency. The Samsung TSV method uses tiny
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lasers to create etching that is later filled in with copper.
BeSang combines 3D package level stacking of memory with
a logic layer of a chip device using metal bonding.

[0022] Seealso U.S. Pat. No. 5,915,167 for a description of
a 3D DRAM stacking technique, U.S. Pat. No. 6,717,222 for
adescription of a 3D memory IC, U.S. Pat. No. 7,160,761 for
a description of a vertically stacked field programmable non-
volatile memory and U.S. Pat. No. 6,501,111 for a description
of'a 3D programmable memory device.

[0023] Finally, in the supercomputing sphere, the Cray
T3D developed a three dimensional supercomputer consist-
ing of 2048 DEC Alpha chips in a torus networking configu-
ration.

[0024] In general, all of the 3D chip models merely com-
bine two or more 2D layers. They all represent a simple
bonding of current technologies. While planar design chips
are easier to make, they are not generally high performance.

[0025] Prior systems demonstrate performance limits, pro-
grammability limits, multi-functionality limits and logic and
memory bottlenecks. There are typically trade-offs of perfor-
mance and power.

[0026] The present invention views the system on a chip as
an ecosystem consisting of significant intelligent compo-
nents. The prior art for intelligence in computing consists of
two main paradigms. On the one hand, the view of evolvable
hardware (EHW) uses FPGAs as examples. On the other
hand, software elements consist of intelligent software agents
that exhibit collective behaviors. Both of these hardware and
software aspects take inspiration from biological domains.

[0027] First, the intelligent SoC borrows from biological
concepts of post-initialized reprogrammability that
resembles a protein network that responds to its changing
environmental conditions. The interoperation of protein net-
works in cells is a key behavioral paradigm for the iSoC. The
slowly evolving DNA root structure produces the protein
network elements, yet the dynamics of the protein network
are interactive with both itself and its environment.

[0028] Second, the elements of the iISoC resemble the sub-
systems of a human body. The circulatory system represents
the routers, the endocrine system is the memory, the skeletal
system is comparable to the interconnects, the nervous sys-
tem is the autonomic process, the immune system provides
defense and security as it does in a body, the eyes and ears are
the sensor network and the muscular system is the bandwidth.
In this analogy, the brain is the central controller.

[0029] Forthemost part, SoCs require three dimensionality
in order to achieve high performance objectives. In addition,
SoCs require multiple cores that are reprogrammable so as to
maintain flexibility for multiple applications. Such repro-
grammability allows the chip to be implemented cost effec-
tively. Reprogrammability, moreover, allows the chip to be
updatable and future proof. In some versions, SoCs need to be
power efficient for use in embedded mobile devices. Because
they will be prominent in embedded devices, they also need to
be fault tolerant. By combining the best aspects of determin-
istic microprocessor elements with indeterministic EHW ele-
ments, an intelligent SoC efficiently delivers superior perfor-
mance.

[0030] While the design criteria are necessary, economic
efficiency is also required. Computational economics reveals
a comparative cost analysis that includes efficiency maximi-
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zation of (a) power, (b) interconnect metrics, (¢) transistor per
memory metrics and (d) transistor per logic metrics.

Problems That the System Solves

[0031] Optimization problems that the system solves can
be divided into two classes: bi-objective optimization prob-
lems (BOOPs) and multi-objective optimization problems
(MOOPs).

[0032] BOOPs consist of trade-offs in semiconductor fac-
tors such as (a) energy consumption versus performance, (b)
number of transistors versus heat dissipation, (c) interconnect
area versus performance and (d) high performance versus low
cost.

[0033] Regarding MOOPs, the multiple factors include: (a)
thermal performance (energy/heat dissipation), (b) energy
optimization (low power use), (¢) timing performance (vari-
ous metrics), (d) reconfiguration time (for FPGAs and
CPLDs), (e) interconnect length optimization (for energy
delay), (f) use of space, (g) bandwidth optimization and (h)
cost (manufacture and usability) efficiency. The combination
of'solutions to trade-offs of multiple problems determines the
design of specific semiconductors. The present system pre-
sents a set of solutions to these complex optimization prob-
lems.

[0034] One ofthe chief problems is to identify ways to limit
latency. Latency represents a bottleneck in an integrated cir-
cuit when the wait to complete a task slows down the effi-
ciency of the system. Examples of causes of latency include
interconnect routing architectures, memory configuration
and interface design. Limiting latency problems requires the
development of methods for scheduling, anticipation, paral-
lelization, pipeline efficiency and locality-priority process-
ing.

SUMMARY

[0035] The main idea behind three dimensional integrated
circuits is the ability to combine layers of ICs into a single
functional entity. The construction of 3D ICs resembles a
skyscraper compared to one-story planar IC structures. The
stacking of functional layers of ICs is revolutionary because it
allows increased efficiency and enhanced performance objec-
tives. Solving the problems of three dimensional ICs with
multi-layer vias moves the semiconductor industry forward
by a generation. The 3D IC elements described in the inven-
tion are the building blocks of next generation 3D SoCs.
[0036] 3D ICs are constructed by integrating layers with
through silicon vias (TSVs). There are three types of TSVs:
(a) through wafer via, (b) connected-to-top via and (c¢) con-
nected-to-bottom via. Vias attach to interconnect trees in mul-
tiple wafers. TSVs are created using different methods. These
methods include deposition of via insulation barrier, wafer
thinning, electroplating and laser cutting. Once a tiny hole is
created, copper is typically used to fill the hole to create a 3D
interconnect for integrating multiple circuit layers. TSV holes
are also filled with conducting metals of gold, silver or plati-
num. 3D trees are created by connecting the top of one layer
to the bottom of another layer with a TSV.

[0037] The TSVs are applied to construct 3D microproces-
sors, 3D application specific integrated circuits (ASICs), 3D
complex programmable logic devices (CPLDs), 3D field pro-
grammable gate arrays (FPGAs) and 3D memory devices as
well as hybrids of these devices.
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[0038] While previous TSVs have connected only two
adjacent layers, which are limiting, multi-layer TSVs in the
present invention, allow the interoperation of several inte-
grated layers, thereby enabling greater operational function-
ality. The TSVs are applied to mixed function multi-planar
3D ICs, to 3D ASICs, to 3D microprocessors and to 3D
routers.

[0039] Moore’s law specifies that chip performance
doubles every two years. This quest for increased perfor-
mance requires more transistors to be used in circuits. In order
to accomplish this technology goal, chip fabrication pro-
cesses have been developed to make smaller transistors.
While recent chip fabrication techniques have generated 65
nm transistor dimensions and 45 nm techniques are now
being implemented, the next generations of fabrication tech-
niques are in scales of 32 nm, 22 nm and 16 nm. After 16 nm,
the physical properties of electrons make transistor construc-
tion less efficient. However, the smaller the fabrication tech-
nique, and the larger the wafer, the more chips can be placed
on a wafer, and the cheaper the process per chip becomes.
Therefore, smaller-scale chip production processes produce
the opportunity for high performance cost effective chips.
[0040] The 3D SoCisorganized to be constructed at45 nm,
32 nm, 22 nm, 16 nm and 10 nm scales across five genera-
tions. At 45 nm, deep submicron lithographic techniques are
required, including immersion lithography and ultra-low-k
interconnect dielectrics. At 32 nm, immersion lithography is
used with double patterning. Alternatively, extreme UV
lithography is used at 32 nm. At 22 nm, expected in 2011,
hyper numerical aperture immersion lithography will be
employed. At 16 nm, expected in 2014, high index immersion
lithography with double patterning will be used. New tech-
niques will be needed to create 10 nm chips, including elec-
tron beam lithography, expected in 2017. An alternative to
lithography at the deep submicron scale, that is, below 22 nm,
includes a technique to use self-assembled polymers poured
into a silicon wafer with a nano-scale wired circuit pattern;
the assembly is then baked, and carbon silicate glass is
removed to create a vacuum between the wires.

[0041] Different materials are used in 3D IC components,
particularly silicon, gallium arsenide, germanium, silicon
germanium and hafnium.

[0042] While in a main embodiment the 3D IC manifests in
a cubic configuration, in other embodiments, the chips are
configured in oblong shapes. Rectangular structures of chips
are useful in mobile embedded applications.

Novelties

[0043] The present description of 3D IC apparatuses eluci-
dates the construction of MPs, ASICs and an integrated mul-
tilayer hybrid circuit that consists of memory, multiprocessor
and CPLD logic components on different layers. The use of
TSVs across multiple layers in a 3D IC substantially
increases semiconductor efficiency and functionality.

ADVANTAGES OF THE INVENTION

[0044] Multilayer semiconductors have advantages over
planar architectures. 3D ICs require less interconnect area per
transistor, which increases performance while also reducing
energy consumption. Multifunctional 3D chips allow flex-
ibility for multiple application domains.

DESCRIPTION OF THE INVENTION

[0045] The disclosure describes solutions for problems
involving how to structure vias in 3D circuits and how to build
and organize layers in integrated circuits.
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[0046] (1) Inter-Layer Through Silicon Vias (TSVs) in 3D
1IC

[0047] Though TSVs are like worm hole etchings that con-
nect two layers in a multi-layer IC, the present system intro-
duces the concept of interlayer TSVs which appear at mul-
tiple points between the layers in a stack of IC layers. This
approach is useful for connecting parts of each layer to parts
of other layers. In the case of dividing an IC layer into sepa-
rate tiles, each tile is connected to other tiles above and below
in multiple layers.

[0048] An example of this model is the way in which logic
circuitry is situated on one tile of one layer and memory
circuitry on another tile of an adjacent layer of a 3D IC. The
interlayer TSVs connect these components at different loca-
tions even though they appear at different spatial coordinates
on the two layers.

[0049] (2) Multi-Layer Through Silicon Vias (TSVs) in 3D
1IC
[0050] Most TSVs appear as adjoining connected floors of

a building; they connect only adjacent layers in one position.
The present system connects multiple layers to each other by
using TSVs that connect layers that are not only adjacent. For
example, on an eight layer stack, layer two is connected not
only to layers one and three but also to layers four, five, six,
seven and eight. All layers are interconnected with a multi-
layer fabric woven beyond the nearest neighbor. These multi-
layer TSVs create connections between layers at multiple
points rather than merely a single spot that could represent a
bottleneck. This model dramatically improves functional per-
formance in part because of the increased connectedness
between layers, but also because of the increased connected-
ness between parts of layers.

[0051] Inanother embodiment of the present system TSVs
are created on the outside edge of layers. This model
resembles elevator shafts on the outside edge of a building.
Using multiple outside elevator shaft type TSVs allows high
bandwidth to provide simultaneous contact between all lay-
ers.

[0052] (3) Mixed Function Multi-Planar IC

[0053] While other 3D ICs are homogenous, where, for
instance, 3D memory is simply stacked planar memory mod-
ules, the present system introduces the notion of a 3D circuit
with multiple functions on different layers. In one embodi-
ment, stacks of layers contain opto-electronic, digital logic
(DSP or MAC), analog (RF), memory and sensor compo-
nents. By using multiple functional layers, the present system
implements cross-functional integration across the 3D fabric.
[0054] There is a distinctive advantage of separating the
layers by functionality. In a mixed signal 3D IC, it is advan-
tageous to isolate the analog signals on a separate layer with
shielding from digital layers so as to suppress noise crossover.
[0055] Inan additional embodiment of mixed functionality
in a multi-planar IC, a hybrid 3D integrated circuit contains
tiles on each layer, with each tile possessing a separate func-
tion. For example, a single layer has memory, logic, analog,
optical-electronic and sensor components in a microproces-
sor configuration using Von Neumann architecture, while
other layers are similar. However, with TSVs, the sections of
each layer are connected to other layers. In this model, the
memory from one layer may be shared by the logic from
another so as to optimize operational efficiency.

[0056] (4) Multi-Layer 3D Cubic ASIC

[0057] The system describes a model for a multi-layer
ASIC. In this model, different layers have different functions.
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While the number of layers in the integrated circuit vary
contingent on the thickness of the layers, in the present model
the chip is configured as a cube. The width of the plane of each
layer is calibrated with the distance between layers in the
stacking process, depending on each application. The number
oflayers to be used is relative to the base layer surface area. In
general, there are from 6 layers to 108 layers. In the former
case, the layers are relatively thicker and the layer surface
area is smaller. In the latter case, preformed extremely thin
layers in wafers of CMOS fabrication composed of 9 layers
are each stacked in a group of twelve wafers to construct a
cubic IC.

[0058] The distance between each layer is modulated
depending on the functional utility of each layer. For some
analog applications, it is advantageous to separate the analog
layers from the digital layers with more distance or a strong
partition.

[0059] The relative positioning of the layers is structured
with memory layers in the center so as to allow the logic
layers on top and bottom to share memory functionality to
increase operational performance.

[0060] As the lithographic techniques used in semiconduc-
tor fabrication move from 45 nm to 32 nm and from 32 nm to
22 nm and 16 nm, the size of the transistors and the wafers
drop proportionately. In this evolutionary scenario, the size of
the 3D ICs decline even as the performance increases. 3D
architectures further improve performance.

[0061] (5)Multi-layer 3D Cubic Microprocessor Architec-
ture
[0062] A typical planar microprocessor uses a design to

fetch instructions from memory with each clock cycle in
order to perform a logical or arithmetic process. In a 3D
microprocessor, the main logic, arithmetic and memory com-
ponents are on different layers. A memory layer will be shared
by, and sandwiched between, logic layers for increased effi-
ciency because the access to the memory has minimal inter-
connection and maximum bandwidth.

[0063] In another embodiment, the multi-layer 3D micro-
processor has tiles on each layer that includes all major com-
ponents. In this complex model, multiple microprocessors on
different layers interact with other microprocessors on other
layers to share functions so as to optimize operation. This
model works like a multi-core microprocessor but in a hyper-
efficient 3D package.

[0064] (6)Integrated Multi-Layer Hybrid Circuit IMLHC)
[0065] A standard microprocessor fetches code for two or
more software programs and oscillates the programs’ opera-
tions; while this offers application flexibility, it substantially
retards computational performance and efficiency. A com-
plex programmable logic device (CPLD) periodically
restructures its architecture to different ASIC positions in
order to repeatedly perform a specific task. Both logic circuit
models have advantages of flexibility (MP) or performance
(FPGA).

[0066] In the present invention, on the other hand, an inte-
grated multi-layer hybrid circuit (IMLHC) is constructed of
an MP (RISC processor) on one layer and a CPLD on another
layer in a 3D hybrid circuit. This model uses the Harvard
architecture of accessing multiple memory sources in differ-
ent data and instruction pipelines rather than the von Neu-
mann model that is prominent in most microprocessors. By
accessing multiple memory sources, the IMLHC uses
memory layers sandwiched between MP and CPLD layers for
optimum memory access. Additionally, memory is shared
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from embedded DRAM on board the MP layer(s) and CPLD
layers(s) as well as on separate memory layers between the
device’s layers.

[0067] In a preferred embodiment, a single MP layer
complements multiple FPGA layers. The MP layer is either in
the center of the 3D IC in order to provide maximum access
or in the top or bottom layer. This configuration promotes
maximum flexibility and performance.

[0068] The advantage of the IMLLHC is its ability to benefit
from the best of both main architectures to adapt to specific
applications while also performing a range of tasks. The
IMLHC is optimized in the 3D configuration because of the
efficiency maximization of sharing resources.

[0069] The combination of multiple heterogeneous layers
into an IMLHC represents a polylithic integration into a com-
plex VLSI architecture.

[0070] (7) Multi-Way 3D Router in 3D SoC

[0071] One of the challenges of operating in a 3D environ-
ment is the need to manage flow control. Operating the rout-
ing and switching within a network fabric of a SoC is critical
to optimizing the functional advantages of 3D architecture.
Unlike a planar two way router in most 2D integrated cir-
cuitry, the present system constructs a 3D router that sorts
flow control functions by priority of destination.

[0072] The 3D multi-way router works somewhat like a
stop light. Data objects enter from different directions and are
sorted according to priority. However, unlike the typical stop
light, the 3D router has six inputs corresponding to the sides
of'a box. The 3D router operates like a variable 6-way switch.
[0073] The 3D router has circuitry to identify incoming
data packets and to route them,to destinations. In heavy load
situations, the router employs a cache to queue the entering
data packets. The router uses a queuing algorithm that repri-
oritizes the destination of the data packets based on a resort-
ing of the priorities. As the system criteria change, the router
changes its routing pathways so as to optimize efficiency.
[0074] (8) Intermediate Layer in Multilayer 3D IC to Con-
nect Functional Stacks

[0075] CMOS fabrication techniques are used to build mul-
tilayer ICs up to nine layers on a single die. The present
system stacks these multilayer ICs to create 3D SoCs. An
intermediate layer is added between the stacks of CMOS
multilayer ICs in order to provide various functions, from
routing to supplemental memory to diminishment of analog
circuitry interference. This intermediate layer, in another
embodiment, is not functional but merely connects stacks of
layers.

[0076] (9) Spherical Elements in 3D IC

[0077] While the cubic configuration is prominent in SoC
IC elements, a spherical configuration is described as well. In
some cases, such as shared memory modules or routers, a
spherical geodesic module design is optimal.

[0078] In the spherical architecture, the center layer pro-
trudes at the geodesic circumference while the layers at the
top and bottom are smaller. The center layer has increased
functional utility because it has more surface area. There are
conditions in which the spherical model is increasingly effi-
cient, particularly as it links to other modules at its outside
circumference.
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3D IC Fabrication Process

[0079] (1) Combining Layers in 3D IC Package with Cross-
bars
[0080] Since the elemental IC nodes of 3D SoCs are them-

selves 3D, specific techniques are used to fabricate the chips.
CMOS techniques are typically used to fabricate multi-layer
ICs to construct a 3D chip. For example, in multi-layer IC
construction using CMOS, up to 8 or 9 layers are combined
on a single mask. The fabrication die is organized with mul-
tiple ultra-thin layers of transistors in logic and memory con-
figurations.

[0081] Through silicon vias (TSVs) are integrated into the
aggregate assembly during the fabrication process by install-
ing holes at key junctures of tiles in the layers. Vias may be
etched during fabrication or after fabrication. When done
after mounting the layers, foundries etch vias once the attach-
ment of the second die is made.

[0082] These multi-layer CMOS assemblies are stacked
together, much as floors of a skyscraper are combined. Layers
in 3D ICs are integrated with wafer bonding and low-tem-
perature silicon epitaxy processes. The three most common
ways of bonding between 3D chip layers are (a) oxide to
oxide fusion, (b) copper tin eutectic bonding and (¢) polymer
bonding. The layers are precisely aligned by using alignment
pins at different points on the planes.

[0083] Crossbars are used in the overall package to support
the chip structure. The crossbars act as scaffolding so as to
gain access to individual layers on the edges. The crossbars
are used to house memory components and interconnects as
well.

[0084] (2) Combining Multiple Inverted Pyramid Vias in
3DIC
[0085] One way to integrate TSVs into 3D ICs is to con-

struct asymmetric layers that are built as broad pyramids with
TSVs on the edges. The pyramid layers are combined by
inverting alternating layers to create internal patterns of vias
that connect specific tiles on specific layers. Changing the
width of the pyramid layers changes the structural range of
the via layout.

[0086] Combining interlocking inverted pyramid struc-
tures in a multi-layer 3D IC solves a range of problems in the
fabrication of TSVs in the internal positions of multilayer
chips. This method is particularly useful in fabricating TSVs
in numerous positions on different parts of the different lay-
ers. For example, this method is useful in connecting the tiles
of different layers.

[0087] The inverted pyramid via model is useful not only to
connect TSVs between adjacent layers, but also to connect
parts of multiple layers that are not adjacent. By allowing
access of different layers in a 3D IC, the present system
appreciably increases the efficiency and functional utility of
the chip.

[0088] (3) Thermal Vias, Tiles and Layers in 3D IC for Heat
Sinks
[0089] In order to keep up with Moore’s law, chip makers

need to increase the number and density of transistors over
time as they also need to shrink production processes to make
chips more efficient. The biggest problem with this evolution-
ary pathway is that transistors experience electron leakage,
manifest in hotter chips, so efficiency and performance are
compromised.

[0090] In order to combat the problem of excessive heat
generation, a number of solutions have been provided, from
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low power modulation to slower chip clocking so as to reduce
aggregate electronic output of integrated devices.

[0091] Inthe3D ICnodesofa3D SoC, empty TSV cavities
are used as heat vents. Whilethe TSV spaces are created using
traditional methods, the spaces are not filled with copper. In
this way, the empty TSVs provide critical venting for adjacent
circuitry.

[0092] In addition to the use of empty TSVs, some of the
tiles on specific layers contain empty chambers for heat dis-
sipation. This is particularly useful in locations next to logic
circuits that tend to generate heat. The location of the empty
tiles between layers provides a major tunnel in the 3D IC to
promote heat dissipation.

[0093] In addition to the use of empty TSVs and empty tile
chambers on specific layers, 3D ICs have empty layers
between stacks of circuits that also provide venting for heat
dissipation.

[0094] (4) 3D Transistor in 3D CMOS IC

[0095] Though the invention of the transistor by Shockley
specified a tubular configuration of elements, the vast major-
ity of transistors in present day integrated circuits use a planar
design. There are, however, problems with planar transistors
at sub-35 nm scales, which is the design specification of
next-generation SoCs and 3D ICs. At this deep submicron
level, transistors experience leakage which leads to less per-
formance and more heat. If Moore’s law is to be maintained,
the planar transistor’s days are numbered.

[0096] Developed by Intel, tri-gate transistors (TGTs) are
fabricated using CMOS techniques with on Silicon on Insu-
lator (SOI) materials. The TGTs are 3D transistors that wrap
around the gate. Their unique configuration limits electron
drain in order to save power by using high-k metal gate
materials. Specifically, a gate is mounted over two vertical
gates in the TGT configuration. This 3D transistor model is
particularly useful for specific types of SRAM cell configu-
rations.

[0097] Inanother 3D transistor approach, developed at the
University of California, Berkeley, the field effect transistor
(FET) is modified at the deep submicron scale with “fins” to
create a FinFET. In this configuration, the fins allow a dissi-
pation of heat at the local transistor level. The FinFET archi-
tecture has a gate stacked on top of two vertical gates, thereby
creating the 3D configuration. Specifically, a “conducting
channel is wrapped around a thin silicon ‘fin’” to create the
FinFET. This approach is a derivative of a double gate FET.
[0098] In the case of both the TGTs and the FinFETs, the
model for designing transistors for deep submicron scale
fabrication is applicable to 3D IC fabrication. The 3D tran-
sistors are applied to layers of a multilayer IC. In the design
specifications of 3D MPs, 3D FPGAs or 3D IC hybrids,
several million transistors are configured to various logic and
memory arrangements on each layer of the chips.

[0099] A new generation of trigate transistors that consist
of two vertical gates and one horizontal gate, resembling a
box, provides the opportunity to move from the 45 nm cir-
cuitry level to the 16 nm circuitry level. Trigate transistors
allow production of far smaller circuits. 3D transistors pro-
vide multi-dimensional conductivity by using a layer of metal
(not silicon) and are generally produced on insulator material.
[0100] Arrays of trigate transistors are arranged symmetri-
cally within tiles on planar ICs. The layers of 2D planes are
then stacked in 3D configurations. As an example, the appa-
ratus configuration is arranged on 2D planes consisting of 8
tiles by 8 tiles. Each tile has a specific functionality, such as a
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part of a logic IC (DSP or MAC), a memory IC or an analog
IC. While interconnects determine the efficiency of the layout
on the individual plane, TSVs determine the efficiency of the
3D structure. With multiple TSVs, each tile is connected to
tiles on other layers, thereby dramatically increasing connect-
edness of the parts of the layers into a fully functional inte-
grated multilayer hybrid circuit.

[0101] The use of 3D transistors is key to meeting the high
performance goals of the 3D SoC. With several million tran-
sistors per layer, up to 108 layers (12x9) per node, and 35
nodes, the 3D SoC may have as many as ten billion transis-
tors. The use of 3D transistors in SoCs enables engineers to
get closer to the goal of meeting Moore’s law for another
generation.

[0102] (5) Self-Assembling Lattice Grids of Nano-Wires in
3D Crossbar Latch in 3D IC

[0103] Inaddition to traditional lithographic approaches to
IC fabrication, a new generation of chip construction tech-
niques involves self-assembly of chemical processes using
molecular forces. In one embodiment of the present inven-
tion, specific layers of the 3D IC’s use lattice grids of inter-
secting nano-wires and apply voltage impulses at a junction
for activation. Developed by HP labs, the “crossbar latch”
uses voltage impulse sequences to control the nano-lattice
grid behavior. This circuit configuration is an alternative to
transistors.

[0104] Arrays of crossbar latches are integrated into spe-
cificlayers of 3D ICs. The crossbar latches are used in specific
tiles of specific layers in order to maintain operational effi-
ciencies. The use of crossbar latches eliminates some prob-
lems associated with transistor heat but requires electrical
device generation and modulation devices, which are pro-
vided on-chip at the periphery of specific layers.

Generations of the 3D iSoC Family

Economy Standard  High Performance
Gen 1:2009 (32 nm) 1.2 TFlop/s
Gen 2:2011 (22 nm) 2.4 TFlop/s
Gen 3:2014 (16 nm) 4 TFlop/s
Gen 4: 2017 (10 nm) 10 TFlop/s

[0105] Although the invention has been shown and
described with respect to a certain embodiment or embodi-
ments, it is obvious that equivalent alterations and modifica-
tions will occur to others skilled in the art upon the reading
and understanding of this specification and the annexed draw-
ings. In particular regard to the various functions performed
by the above described elements (components, assemblies,
devices, compositions, etc.) the terms (including a reference
to a “means”) used to describe such elements are intended to
correspond, unless otherwise indicated, to any element that
performs the specified function of the described element (i.e.,
that is functionally equivalent), even though not structurally
equivalent to the disclosed structure that performs the func-
tion in the herein illustrated exemplary embodiment or
embodiments of the invention. In addition, while a particular
feature of the invention may have been described above with
respect to only one or more of several illustrated embodi-
ments, such feature may be combined with one or more other
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features of the other embodiments, as may be desired and
advantageous for any given or particular application.

Acronyms

[0106] 3D, three dimensional

[0107] ASIC, application specific integrated circuit

[0108] BOOP, bi-objective optimization problem

[0109] CMOS, complementary metal oxide semiconductor

[0110] CPLD, complex programmable logic device

[0111] D-EDA, dynamic electronic design automation

[0112] DIVA, data intensive architecture

[0113] DLP, data level parallelism

[0114] DRAM, Dynamic random access memory

[0115] DSP, Digital signal processor

[0116] EDA, electronic design automation

[0117] EHW, evolvable hardware

[0118] eMOOP, evolvable multi-objective optimization
problem

[0119] FLOP, floating operations per second

[0120] FPCA, field programmable compute array

[0121] FPGA, field programmable gate array

[0122] HPPS, high performance processing system

[0123] ILP, instruction level parallelism

[0124] IMLHC, Integrated multi-layer hybrid circuit

[0125] 1P, intellectual property

[0126] iSoC, intelligent system on a chip

[0127] MAC, Multiply Accumulate Converter

[0128] MEMS, micro electro mechanical system

[0129] MONARCH, morphable networked micro-archi-
tecture

[0130] MOOP, multi-objective optimization problem

[0131] MPSOC, multi-processor system on a chip

[0132] NEMS, nano electro mechanical system

[0133] NoC, network on a chip

[0134] PCA, polymorphous computing architecture

[0135] PIM, processor in memory

[0136] REF, radio frequency

[0137] RISC, reduced instruction set computing

[0138] SCOC, supercomputer on a chip

[0139] SoC, system on a chip

[0140] SOI, silicon on insulation

[0141] SOPC, system on a programmable chip

[0142] SPE, synergistic processor element

[0143] TLP, thread level parallelism

[0144] TRIPS, Tera-op reliable intelligently adaptive pro-

cessing system

[0145] TSV, through silicon via

[0146] VLSI, very large scale integration

[0147] WSPS, wafer level processed stack packages
DESCRIPTION OF THE DRAWINGS

[0148] FIG. 1 is a schematic drawing of three layers of an

integrated circuit.

[0149] FIG.2isaschematic drawing of through silicon vias
between several tiers of an integrated circuit.

[0150] FIG. 3 is a schematic drawing of a set of layers of
integrated circuits organized in three clusters in an integrated
circuit node.

[0151] FIG. 4 is a schematic diagram of a multi-layer inte-
grated circuit with different types of components.

[0152] FIG. 5 is a schematic diagram showing the TSVs
connecting several logic and memory layers in a multilayer
IC.
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[0153] FIG. 6 is a schematic diagram showing a stack of
layers of ICs in a multilayer 3D IC node.

[0154] FIG. 7 is a schematic diagram showing the integra-
tion of several layers of logic and memory components in a
multilayer hybrid IC.

[0155] FIG. 8isaschematic diagram ofa three dimensional
IC with TSVs connecting multiple layers.

[0156] FIG. 9 is a schematic drawing showing the connec-
tion of TSVs in a multilayer IC.

[0157] FIG. 10 is a schematic drawing showing multiple
logic and memory components in a multilayer hybrid IC.
[0158] FIG. 11 is a schematic diagram showing multiple
tiles on two layers of a multilayer IC and the TSV's connecting
the layers.

[0159] FIG. 12 is a schematic diagram of logic layer tiles
connected to memory tiles in a multilayer integrated circuit.
[0160] FIG. 13 is a schematic diagram of a multilayer IC
with heavy shielding between layers.

[0161] FIG. 14 is a schematic drawing of a multilayer IC
with multiple logic types connecting several layers with
TSVs.

[0162] FIG. 15 is a schematic diagram of logic types and
memory types on tiles in a multilayer integrated circuit.
[0163] FIG. 16 is a schematic drawing of several layers of a
multilayer IC with TSVs connecting tiles.

[0164] FIG. 17 is a schematic diagram illustrating a three
dimensional router in a central layer of a three layer three
dimensional IC in which the router operates as a six-way
switch.

[0165] FIG. 18 is a schematic diagram showing the three
phases of the reprioritization process of a three dimensional
router.

[0166] FIG. 19 is a schematic diagram showing channels
between layers of a multilayer IC.

[0167] FIG. 20 is a schematic diagram showing a spherical
internal element in a multilayer IC.

[0168] FIG. 21 is a schematic diagram showing stacked IC
layers with pins and sockets in a multilayer IC.

[0169] FIG. 22 is a schematic diagram showing holes for
vias in a multilayer IC.

[0170] FIG. 23 is a schematic diagram illustrating side
crossbars in a multilayer IC package.

[0171] FIG. 24 is a schematic drawing of an inverted pyra-
mid structure for TSVs on a layer of a multilayer IC.

[0172] FIG. 25 is a schematic drawing of multiple inverted
pyramids in adjoining layers of a multilayer IC.

[0173] FIG. 26 is a schematic diagram illustrating the five
stage fabrication process with bonding, plasma, etching and
bonding phases.

[0174] FIG. 27 is a schematic drawing showing pins in
packaging on the side of a multilayer IC.

[0175] FIG. 28 is a schematic drawing showing empty
chambers between layers, used as heat vents, in a multilayer
1C.

[0176] FIG. 29 is a schematic drawing showing a top view
of blank tiles, used for heat dissipation, on one layer of a
multilayer IC.

[0177] FIG. 30 is a schematic drawing showing an empty
layer and empty layer between stacks of multilayer ICs in a
3D IC node.

[0178] FIG. 31 is a schematic drawing showing the top
view of rows of 3D transistors in a semiconductor.
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[0179] FIG. 32 is a schematic drawing showing the top
view of nano-wires with cross bar latches on a layer of a
multilayer IC.

[0180] FIG. 33 is a schematic drawing illustrating the
stacking of 3D multilayer ICs into an integrated 3D IC node.

DETAILED DESCRIPTION OF THE DRAWINGS

[0181] Three dimensional integrated circuits (3D ICs) are
constructed by integrating layers of ICs in a fabrication pro-
cess that incorporates through silicon vias (TSVs). FIG. 1
shows the stacking of three layers (100, 110 and 120) in a
multilayer IC. FIG. 2 shows the use of a TSV (260) that
connects three tiers (210, 220, 230 and 240) on the left side
and a TSV (250) that connects four tiers (200, 210, 220, 230
and 240) on the right side. FIG. 3 shows three clusters of four
1C layers each.

[0182] FIG. 4 shows the alternating positions of logic and
memory layers in a multilayer IC. Memory layers (400, 420,
440 and 460) alternate with logic layers (410, 430 and 450).
This configuration has the advantage that a logic layer is able
to store and access data and instructions in an adjacent
memory layer.

[0183] FIG. 5 shows the use of TSVs (510, 515 and 520)
between different layers of a multilayer IC. FIG. 6 shows a
side view of a multilayer IC with 15 layers.

[0184] FIG. 7 shows the stacking of multiple logic and
memory device types in a single 3D IC. At the top layer is a
microprocessor (700), with an FPGA layer (710) at layer two,
a memory layer (720) at layer three, an FPGA layer (730) at
layer four and an analog layer (740) at layer five.

[0185] FIG. 8 shows a 3D IC with eleven layers. The TSVs
on the facade are single interlayer (805 to 860), while the
TSVs onthe right facade (870 and 880) are integrated into the
entire stack of layers.

[0186] FIG. 9 shows the connection of multiple TSVs in a
matrix configuration between several layers. The intercon-
nects between layers one and two (920) and between layers
three and four (910) provide space between the layers. The
TSVs (905 and 915) connect all four layers.

[0187] FIG. 10 shows a multilayer IC with different logic
and memory types on different layers. An opto-electronic
device is at 1000, an FPGA is at 1010, memory is at 1020 and
1070, and an ASIC is at 1030, a multiprocessor logic device is
at 1040, a multiply-accumulate-convert (MAC) logic device
is 1050, a digital signal processor (DSP) is at 1060, an analog
device (radio frequency) is at 1080 and a sensor is at 1090.
This multifunctional representation of a 3D IC is configured
for specific applications.

[0188] FIG. 11 shows the stacking of two different types of
IC layers (1100 and 1110) for connections between tiles of
differently configured devices. FIG. 12 shows the stacking of
logic and memory devices. The sections of the logic device
are connected to sections of the memory device by multiple
vias to abutting and adjacent sections. [.2 is connected to both
M2 (1215) and M1 (1210). L3 is connected to both M3 (1225)
and M2 (1220). L4 is connected to both M4 (1235) and M3
(1230). L5 is connected to both M5 (1245) and M4 (1240). L1
is connected to M1 at 1205.

[0189] FIG. 13 shows the use of two memory layers (1310
and 1320) sandwiched between two FPGA layers (1300 and
1330). The digital logic and memory layers are separated
from the analog layers (1340 and 1350) by shielding. The
analog layers are also separated from the sensor layer (1360)
by shielding.
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[0190] FIGS. 14 and 15 show 3D hybrid circuits that con-
sist of both a microprocessor layer and a reconfigurable hard-
ware (FGPA) layer. FIG. 14 shows the use of TSVs (1430 and
1440) between FPGA layers (1400 and 1420) and a micro-
processor layer (1410) in a multilayer hybrid IC. FIG. 15
shows a six layer hybrid IC with FPGAs (1505, 1510, 1570
and 1575) on tiles of the first and sixth layers. Memory layers
with different memory types are sandwiched between the
FPGA and microprocessor layers. M1 (1515), M2 (1520), M3
(1525) are sandwiched between the FPGAs at layer one and
the microprocessors on layer three and are connected by
TSVs to each adjacent logic tile. The microprocessors (1,2, 3
and 4 at 1530, 1555, 1570 and 1575) on layers three and five
use the memory tiles (M4, M5 and M6 at 1540, 1550 and
1555) on layer five. This configuration maximizes space and
computational efficiency and access to data and instructions
from the microprocessor layers.

[0191] FIG. 16 shows the use of TSV to connect tiles of
different layers in a multilayer IC.

[0192] FIG. 17 shows a three dimensional router (1725) in
a central layer of a multilayer IC. The router has connections
on each facade. FIG. 18 shows several phases of a process of
routing data or instructions in the 3D router. In phase one, data
enters at A and departs at B. In phase two, data enters at C and
exits at D. In phase three, data enters at E and exits at F.
[0193] FIG. 19 shows the use of channels between layers in
amultilayer IC. The channels (1930 and 1940) are connected
by aTSV. TSVs are integrated into the borders of the channels
in order to connect the tiles of layers one (1900) and three
(1920).

[0194] FIG. 20 shows the use of a spherical internal ele-
ment (2040) in the center layer of a multilayer IC. Intercon-
nects and TSVs connect the spherical element to layers one
(2000) and three (2030).

[0195] FIG. 21 shows the use of pins (2120 and 2150)
connecting three layers (2100, 2110 and 2120). The pins
operate by slipping into grooves (2140) in an adjacent pin
assembly. This apparatus configuration allows the modular
connection of layers in a multilayer IC package.

[0196] FIG. 22 shows the holes for vias in a multilayer IC.

[0197] FIG. 23 shows the use of crossbars on the periphery
of' a multilayer IC assembly. The crossbars (2310 and 2320
illustrated on one facade of the 3D IC and 2330 and 2340 on
another facade) provide support for connection of the IC
packaging. In addition, the crossbars provide the use of
supplementary memory.

[0198] FIGS. 24 and 25 show the use of inverted pyramid
structures in layers of multilayer ICs. The inverted pyramids
are useful for integration of TSV for access to multiple tiles
on different layers. In FIG. 24, the inverted pyramid structure
separates sections A (2430), B (2440), C (2450) and D (2460)
on layer one. In FIG. 25, the inverted pyramid structures are
shallow. They are constructed of inverted stacks of ICs and
sandwiched together to integrate TSVs and interconnects
between layers. The layer at 2500 is sandwiched to the layer
at2510. The layer at 2520 is sandwiched to the layer at 2530.
[0199] FIG. 26 shows a fabrication process for construction
of' a multilayer IC. In the first phase, a single layer is con-
structed. Two other layers are sandwiched (2605, 2610 and
2615) to this initial layer. Plasma (2620) is added to remove
the gaps in the top layer of the assembly. This top layer (2630)
of the assembly contains gaps at the top of the assembly. A
layer (2645) is sandwiched to the top of the assembly to create
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gaps in the second layer. These gaps are filled with metals and
used for TSVs or remain blank in order to be used for heat
dissipation.

[0200] FIG. 27 shows the 3D IC package assembled with
pins (seen here in square configurations at 2705, 2710 and
2720) on the sides of the device. The pins are used to connect
specific nodes in the device to external applications.

[0201] FIG. 28 shows the use of empty chambers between
layers of a multilayer IC. The empty chambers are used as
heat vents.

[0202] FIG.29isatop view ofalayerina 3D IC. The blank
gaps (2930, 2935, 2940, 2945, 2950 and 2955) on tiles of the
IC layer are used for heat dissipation.

[0203] FIG.30is aside view ofamultilayer IC showing the
use of blank gaps on a layer (3030) and a channel (3045)
between layers. The gaps are used to separate layers due to
interference.

[0204] FIG. 31 shows the use of 3D transistors on a layer of
a 3D IC. The transistors use a crossbar between elements.
[0205] FIG. 32 shows the top view of nano-wires with cross
bar latches on a layer of a multilayer IC. This approach is used
as an alternative model to traditional transistors on layers of
3D ICs.

[0206] FIG. 33 shows the stacking of twelve layers of IC
clusters in a 3D IC. Each cluster consists of several layers of
1Cs.

I claim:

1. A system for organizing semiconductor integrated cir-
cuits (ICs) into a set of layers of circuits with through silicon
vias (TSVs), comprising:

Combining several layers of ICs in a multi-layer module;

Positioning TSVs connecting adjacent layers;

Connecting three or more layers with contiguous TSVs;

Wherein electronic signals are transmitted through the

TSVs from one layer of the multilayer module to other
layers; and

Wherein the multilayer IC performs specific computa-

tional tasks.
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2. A system of claim 1, wherein:

Each layer of the multi-layer IC contains multiple indi-
vidual tiles which are structured to perform specific
functions; and

The tiles are connected by interconnects and TSVs.

3. A system of claim 1, wherein:

The layers in the multi-layer IC are microprocessors.

4. A system of claim 1, wherein:

The layers in the multi-layer IC are complex program-
mable logic devices.

5. A system of claim 1, wherein:

The layers in the multi-layer IC are memory components.

6. A system of claim 1, wherein:

The TSVs in a multi-layer IC are integrated using an
inverted pyramid structure that connects layers of the
device.

7. A system for organizing semiconductor integrated cir-
cuits (ICs) into a set of layers of circuits with through silicon
vias (TSVs), comprising:

Combining several layers of ICs in a multi-layer module;

and

The multi-layer node is a hybrid IC device consisting of
FPGAs, microprocessors and memory components.

8. A system of claim 7, wherein:

The multilayer IC contains FPGA, microprocessor and
memory components on tiles on specific layers of the
device;

Wherein the interconnection between the tiles on the layers
of different computational devices are connected by
TSVs.

9. A system for constructing a multi-layer integrated cir-

cuit, comprising:

Combining three IC layers in a sandwich assembly;

Applying plasma gas to the IC layer assembly;

Etching specific holes in the top layer of the assembly;

Filling in the holes with metals; and

Adding an IC layer to the etched layer.
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