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To view a copy of the license, visit:
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Disclaimer

We disclaim any warranties or representations as
to the accuracy or completeness of this material.

Materials are provided “as is” without warranty of
any kind, either express or implied, including
without limitation, warranties of merchantability,

fitness for a particular purpose, and non-
infringement.

Under no circumstances shall we be liable for any
loss, damage, liability or expense incurred or
suffered which is claimed to have resulted from
use of this material.
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Goal

— This lecture aims at presenting the current
trends in the microelectronic industries, with
peculiar emphasis on some recent
developments, such as SoC, SiP, 3D packaging,
and NoC.
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Prerequisites
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Homework

— Students are warmly invited to visit:
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. web pages related to microelectronic trends
. web pages of the Intel site related to the

Moore’s law:

—www.intel.com/technology/mooreslaw/inde
X.htm

. web pages on 3D technology advances:

—www.youtube.com/watch?v=WiTus-
tspfA&feature=em-uploademail
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Further readings

— The International Technology Roadmap for
Semiconductors home page at

. http:/Ipublic.itrs.net
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Further readings

« Students interested in making a reference to a text
book on the arguments covered in this lecture can
refer, for instance, to:

— G. Conte, A. Mazzeo,
N. Mazzocca, P. Prinetto:
“Architettura dei
calcolatori”,
Citta Studi, 2015
(App. C - Evoluzione
Tecnologica)
(In Italian)
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Outline
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Moore’s law
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Moore’s Law



X 780,000




Outline
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Semiconductor Technology Nodes
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Technology node
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SoC trends
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SoC trends
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SoC trends
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IP core

A hardware circuit
design implementing
a well-defined
set of functions
that is
lent, sold, or licensed
from one provider
to a customer
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Embedded Cores:
Pre-designed, pre-verified
functional blocks, also
termed

IP (Intellectual Property),
or macro.
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Costs
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High costs for design
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High costs for production
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The “Tick-Toc” Evolution to Intel® 6" Generation

2011

Sandy Bridge

3Z2nm
{tock)

2012

lvy Bridge

37 Gen

220m
{tick)

2013

Haswell

4" Gen

22nm

2014

Broadwell

5" Gen

14nm
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Pollack’s Rule
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Tn other words, if you
double the logic in a
processor core, then it
delivers only 407% more
performance



Consequences: MPSoC
MultiProcessor SoC Architecture
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Two smaller processor
cores, instead of a large
monolithic processor
core, can potentially
provide 70-807% more
performance, as
compared to only 407%
from a large monolithic
core



Applying Pollack’s rule inversely...
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CPU AMD Opteron
including 16 cores x86 at 2.6 GHz
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Titan Cray XK7



Multiprocessors additional benefits
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IC’s traditional package
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Advances In
Device Packaging

t
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Advances In
Device Packaging

t
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Ball Grid Array
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Outline
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Advances in
System Packaging
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Advances in
System Packaging
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Advances in
System Packaging
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System-in-
package (SiP)

A combination of
multiple active
electronic components
of different
functionality,
assembled in a single
unit that provides
multiple functions
associated with a
system or sub-system




SiP Packaging Technologies

Side-by-side

Flip Chip / Wire bond

Stacked / Wire bond




SiP : An example
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3-D IC Packaging
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SiP Categories
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SEcube: a real SiP example
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SEcube: a real SiP example
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SEcube™ - Single Chip Open Security Platform

The first Open Security Platform in a Single Chip:

v ARM Cortex M4, Floating Point, Low Power CPU

v FPGA for Hardware Custom Developments

v Security Controller (Smart Card) certified EAL 6+ (SW EAL 5+)

CPU FPGA Smart Card SEcube™




Outline
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An example of 3 x 3 mesh NoC
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An example of 3 x 3 mesh NoC
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Network-On-Chip (NoC)
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An NoC based Massively Parallel Multi-
Processor System-on-Chips (MP2SoCs)
architecture



An NoC based Massively Parallel Multi-
Processor System-on-Chips (MP2SoCs)
architecture
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