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What is a System on Chip?




What is a SoC

Intel Tukwila:
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Intel lvy Bridge:
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What is a SoC
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Technology 65nm CMOS Process
Interconnect 1 poly, 8 metal (Cu)
Transistors 100 Million
Die Area 275mm?
Tile area 3mm?2
Package 1248 pin LGA, 14 layers,
Pl VOAreg = 343 signal pins

Intel Teraflop:
100 - 10° Transistors

80 cores, 275mm? 65nm Technology

3.67 GHz, 62 W




Moore’s Law
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Ron Clarke: 28:14.0 world record in 10 000 m
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Urho Kekkonen: President 1956-82
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T.algle Erlander: Prime Minister 1946-69




Tage Erlander and Nikita Khrushchev
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T.algle Erlander: Prime Minister 1946-69




1965

I Lyndon B. Johnson: US President 1963-1968



1965

Lyndon B. Johnson signing the immigration bill
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COIMETICS

Gordon E. Moore. “Cramming More Components onto Integrated Circuits”. In: Electronics
(1965), pp. 114-117
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. In: Electronics
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Moore’s Law

Microprocessor Transistor Counis 1971-2011 & Moore’s Law
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Main Deflection Points




Mead-Conway Revolution

CARVER MEAD - LYNN CONWAY
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Carver Mead and Lynn Convay. Introduction to VLS| Systems. Addison-Wesley, 1980

1980 - 20 000 Transistors
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Standard Cells
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Standard Cells
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Logic Synthesis
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Figure 1. Truth tables
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Figure 2. Logic gates
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Figure 3. De Morgan equivalents

XAY vy x—y x@y
Figure 4. Venn diagrams

Logic
Minimization
Algorithms for
VLSI Synthesis

Robert K. Brayton, Gary D. Hachtel, Curtis T. Mc-
Mullen, and Alberto L. Sangiovanni-Vincentelli. Logic
Minimization Algorithms for VLS| Synthesis. Kluver
Academic Publisher, 1984




High Level Synthesis
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WHILE G < KLOOP
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Emergence of SoC

JTAG |, .| ARM . .| Voltage
+_.' o - - ™ +
Scan Processor Regulator '
System Controller
Advanced Int. Ctrl, A [— = EBI |#——7»
Power Mgt. Ctrl. mm =|::
PLL t:[:‘:f. E g
'::' Osc o RﬁM
++ E EC Osc U
Reset Cirl. Peripheral =
Brosmionat Dietect BI’idgE E
Power On Reset « | Flash
Prog. Int. Timer e E
Watchdog Timer ::
% | il Time TEi.'III.EI:‘ [ Peripherl Flash ~ >
Debug Unit A [* | Data Controller| |Programmer |
PID Chl. al
Application-Specific
T | o APP e P , ~
L o I T Ethernet WAC +# |4 = CAN =
| JSARTO-1 -+ |4 > JSE Device oo o
+ 2 SPI < >l > PWM Ctil -lHl-Eld--l'
Ay Ay
41| M  Two Wire Interface |+ |4 p|  Synchro Serial Cirl  fas] e
a4 a4 ADCO-7 %4 |4 p|  TimerCounter 0-2 s |4




Emergence of SoC




Emergence of SoC

1.5mm

1,44mm




Emergence of SoC

Surviving the SOC Revolution

A Guide to Platform-Based Design

Henry Chang
Lary Cooke
Merrill Humt
Grant Martin
Andrew Moelly
Lee Todd

2000 - 20 000 000 Transistors




Wires Make Trouble
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R. Ho, K.\W. Mai, and M.A. Horowitz. “The future of wires”. In: Proceedings of the IEEE
(2001), pp. 490-504



Wires Make Trouble
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Wires Make Trouble

Chip holds four cores Chip holds nine cores
Scaling

-

Wires that scale
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Wires that don’t scale

Ron Ho. “On-chip wires: Scaling and efficiency”. PhD thesis. Stanford University, 2003
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Wires

Reachable distance per clock (mm)

Ron Ho. “On-chip wires: Scaling and efficiency”. PhD thesis. Stanford University, 2003
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Wires Make Trouble
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Wires Make Trouble
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Capacity Trend
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The End of Frequency Scaling
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Emergence of NoC
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Technology 65nm CMOS Process
Interconnect 1 poly, 8 metal (Cu)
Transistors 100 Million

Die Area 275mm?

Tile area 3mm?2

Package 1248 pin LGA, 14 layers,

343 signal pins




The Multicore Revolution
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The Multicore Revolution
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The Reuse of Subsystems
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The Reuse of Subsystems

Host
Processor

System
Memory

HDMI

Smart
ARC Local
Audio Interconnect

Processor

(single or
dual core)

Clock Reset
management controller

Audio Subsystem
Hardware Architecture

S/PDIF

Mic
Line
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Line

I12S in

I12S out
S/PDIF in
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How are Transistors Used?

m More cores and IPs

m SoC infrastructure: interconnect, cache coherence,
power management, synchronization, data move-
ment, 1/0O, test IPs, ...

m  Memory, caches, buffers

m |Ps become more complex




2013: 3 000 000 000 Transistors
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What Next?




N

2013: 3 000 000 000 Transistors

What Next?

m 22 nm is state of the art
m 14 nm under preparation
m 10 nm is scheduled to go commercial in 2015

m 7/ nm is expected in 2020
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When Will Moore's Law End?
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In 2604

Universal Limits on Computation

Lawrence M. Krauss' and Glenn D. Starkman':?
Y Center for Education and Research in Cosmology and Astrophysics,
Department of Physics, and Department of Astronomy,
Case Western Reserve University, Cleveland, OH {4106-7079
? Department of Physics, CERN, Theory Division, 1211 Geneva 23, Switzerland

The physical limits to computation have been under active scrutiny over the past decade or two,
as theoretical investigations of the possible impact of quantum mechanical processes on computing
have begun to make contact with realizable experimental configurations. We demonstrate here that
the observed acceleration of the Universe can produce a universal limit on the total amount of
information that can be stored and processed in the future, putting an ultimate limit on future
technology for any civilization, including a time-limit on Moore's Law. The limits we derive are
stringent, and include the possibilities that the computing performed is either distributed or local.
A careful consideration of the effect of horizons on information processing is necessary for this
analysis, which suggests that the total amount of information that can be processed by any observer
is significantly less than the Hawking-Bekenstein entropy associated with the existence of an event
horizom in an accelerating universe.




Trends

m  Many new technologies under development
m Heterogeneity and Specialization

m Integration with the physical world




Promising Technologies
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3D Stacking

3D Transistors

Phase Change RAM FERAM
Spin  Torque Transfer
RAM

Memristor

Hybrid Memory Archi-
tectures

Carbon Nano Tubes
Organic Electronics
Functional Materials

Polymer FeRAM

CBRAM

B \\‘.J-plug ;

Polymer RRAM
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3D Stacking




3D Stacking

3D with TSVs

POP with Stacked MCP

Stacked MCP

From: Denis Dutois and Ahmed Jerraya. "3D Integration Opportunities for Memory Intercon-
nect in Mobile Computing Architectures” . In: Future Fab International 34 (July 2010)




3D Stacking

Micron 2014: 4 GB package, 4 dies stacked in a 31 x 31mm? package
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The Era of Heterogeneity
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The Era of Heterogeneity

TI OMAP732 Hardware Platform

ARM 7 MCU ARM 926 Core
C54x DSP General Purpose
Baseband Processing

Processing

Debug Messaging

-
||||||

| ARM7 MCU
| TMS320C54x™

~hare

Control/
Data =
GSM MMC Flash Card,

Real-Time 3 SD Flash Card
Control -

Hz

Graphics
Accelerator Ao InOU
S " ; JPSHCEME
ug jcal or
s rlty Touch Screen Display | Controller
Accelerator Conirller

TI OMAP Platform




The Era of Heterogeneity
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The Era of Heterogeneity

Multi-Core/Accelerator Engine Platform (SOC-MC/AE Architecture)

L2Cache | L2Cache  L2Cache | L2Cache

Multi-Core Multi-Core Multi-Core Multi-Core

Accelerator Engine
Accelerator Engine

Accelerator Engine L3 Cache

Accelerator Engine

Hi Speed Hi Speed Hi Speed

SoC Networking Architecture (ITRS)




The Era of Heterogeneity
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The Era of Heterogeneity
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Heterogeneous Integration
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Heterogeneous Integration

Protective Plastic Layer

Sof} Battery

Courtesy of KTH
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Heterogeneous Integration

Bio-sensing node
Silicon chip

T E

A" - electrode

i T 2
. : SN
W = i r
. i
.
4 e ¥
-

electrode

Courtesy of KTH
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Lighting Control




Eyesight Test

Courtesy of MIT Media Lab



Non-Invasive Monitoring
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Courtesy of MIT Media Lab




The World in 2025




The World in 2025




The World in 2025

m  Moore's Law has faded away




The World in 2025
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m  Moore's Law has faded away

m General purpose computing has become a niche
market
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The World in 2025

m  Moore's Law has faded away

m General purpose computing has become a niche
market

m  We have a wealth of materials and technologies at
hand




The World in 2025

m  Moore's Law has faded away

m General purpose computing has become a niche
market

m  We have a wealth of materials and technologies at
hand

m New value comes from

1.

Gnles ke e

Devising new solutions to interesting prob-
lems

Novel, heterogeneous integration
New sensors and actuators
New materials including bio-processes

Further IC integration
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