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Electronics and Communication Systems

• “Communication�Systems”�module�– 4CFU
– Prof. Marco Luise

• “Electronic�Systems”�module�– 5 CFU
– Prof. Giuseppe Iannaccone, Prof. Luca Fanucci, 

• Lecture hours:
– Tue 10:30-13:30 SI5 (Electronic Systems )
– Wed 10:30-12:30 AD II1 (Communication Systems)
– Wed 14:30-17:30 ADII2 (Electronic Systems)
– Thu 11:30 – 13:30 A28 (Communication Systems)

Giuseppe Iannaccone

• Every information on www.iannaccone.org
• Æ “Teaching”��tab

– Office hours:
• By appointment: call or send email 

– Tel. 050 2217677 – giuseppe.Iannaccone@unipi.it

• Wed 10:30-12:30 or by appointment
– Register to mailing list for students (through my 

website) 

Syllabus (Electronic systems module)

The smartphone: a top-down exploration of a reference 
electronic system
• Integrated Circuits: (CMOS technology, CMOS Systems design)
• Design methodology and EDA (Electronic Design Automation)
• Processor,  Memory, Power Management
• Example of sensors

Design of FPGA systems (Field-Programmable Gate Array)

G. I.
approx
30 h

Prof. Luca Fanucci – approx 20 h 
(more info from him)

The engine of ICT

1947

1961- first IC

2010 i7
1B transistors

32 nm

Nanotransitors are smaller than 
a virus



Why do we need all these 
transistors?
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Why do we need all these 
transistors?

Atari  PONG (1976) FIFA 14 (2013)

Why do we need all these 
transistors?

Atari  PONG (1976) 
Atari 3659-1C

3000 transistors

FIFA 14 (2013)
XBox one – PSP 4 

5 Billion transistors
8 Jaguar cores

http://www.pong-story.com

Point-contact Transistor –
Bardeen, Brattain, Schockley – 1948

http://history-computer.com/ModernComputer/Basis/transistor.html

First transistor applications

TR52 Transistor Radio, 1955Hearing aid 1952



Integrated Circuit– 1958
J. Kilby (Nobel 2000), R. Noyce

http://history-computer.com/ModernComputer/Basis/IC.html

MOSFET demonstrated 1960, 
Atalla & Kahng

Moore’s�law,�1965 4004 Microprocessor – 1970 – Intel 
(Hoff, Faggin, Mazor)

4004 
2300 PMOS – 10 mm process
108 KHz
3 mm x 4 mm
http://history-computer.com/ModernComputer/Basis/microprocessor.html

4004 Microprocessor – 1970 – Intel 
(Hoff, Faggin, Mazor)

4004 
2300 PMOS – 10 mm process
108 KHz
3 mm x 4 mm
http://www.intel4004.com/sign.htm

Busicom 141-PF calculator (NCR 18-36)

http://www.vintagecalculators.com/html/busicom_141-pf_and_intel_4004.html



Busicom 141-PF board

• 4 x 4001 
• (2048-bit ROM, 

mask 
programmable)

• 2 x 4002 (320-bit 
RAM).

• 3 x 4003, 10-bit 
shift register

• 4004, 4-bit CPU

http://www.vintagecalculators.com/html/busicom_141-pf_and_intel_4004.html

Busicom LE-120A��“Handy”�(1971)
Chip: Mostek MK6010 (2100 transistors)

http://www.vintagecalculators.com/html/busicom_141-pf_and_intel_4004.html

Scaling

• Larger chips and smaller transistors

• Why?

• Smaller transistor are faster
• Shorter time per operation (higher clock freq.)
• Better microarchitectures (more instructions 

per cycle)

Dennard’s�scaling�rules

Parameter Sensitivity Dennard Scaling
L: Length 1/S
W: Width 1/S
tox: gate oxide thickness 1/S
VDD: supply voltage 1/S
Vt: threshold voltage 1/S
NA: substrate doping S
b W/(Ltox) S
Ion: ON current b(VDD-Vt)2 1/S
R: effective resistance VDD/Ion 1
C: gate capacitance WL/tox 1/S
t: gate delay RC 1/S
f: clock frequency 1/t S
E: switching energy / gate CVDD

2 1/S3

P: switching power / gate Ef 1/S2

A: area per gate WL 1/S2

Switching power density P/A 1
Switching current density Ion/A S

Impossible!

• 1980 – diminishing returns below 0.5 micron
• 1990 – not convenient beyond 0.25 micron, 

impossible below 0.1 micron
• 2000 – not below 50 nm
• 2010 – not below 10 nm
• ….



Intel, presentation from 2001
The incredible shrinking transistor

Still�a�“standard”�transistor

“New”�scaling�
Not�your�dad’s�transistor Strained silicon

nMOSFET tensile uniaxial pMOSFET compressive uniaxial

High k metal gate

• You use silicon because of silicon oxide, right?



From Mark Bohr, IDF 2014

1.4 B transistors - die size 177 mm2

May 2018, Anandtech

Market data (2014 unless otherwise indicated)

Global Gross Domestic Product: 76.5 $T
Global Production electronic systems: 1.49 $T
Global Semiconductor Market: 353 $B
Semiconductor Capital Spending: 65 $B
Semiconductor Materials Spending: 44.8 $B 
Fab cost (22 nm): ~10 B$
Intel revenue 2013 (2016): 53.3 B$ 

(55,3 B$)
Source: IC Insights, Intel

Global Integrated Circuits market: 297B$ (2017)

Compound annual growth rate

Integrated circuit cost as a fraction of total 
Electronic Systems cost



1.5 B smartphone sold in 2015 The smartphone is the reference 
electronic system

Source: Benedict Evans

Smartphones are eroding the camera market

Source: Benedict Evans

the iPhone 6 is the most sold smartphone

Mix of iPhone models (estimate)

Source: Asymco.com

iPhone�is�most�of�Apple’s�revenues



iPhone 6 tear down

Source: ifixit

Battery (1800 mAh)

Front facing
CMOS camera

Display

Main board

Rear facing
Camera (iSight)

WiFi Antenna

Source: ifixit

Board: front side
1/2

Source: ifixit

20 nm CMOS
TSMC 2 BT SoC

was STM

LTE:
Multiband in the 
Range 700-2600 MHz

Board: front side
2/2

Source: ifixit

Board: back side
1/2

Source: ifixit



Board: back side
2/2

Source: ifixit

Component cost

Source:
Teardown.com

A8 package on package

• Top: 1GB 
DRAM

• Bottom: 
processor

• 20 nm CMOS 
process by 
TMSC

A8 die
89 mm2

(8.5 mm x 10.5 mm)
TSMC 20 nm CMOS
2 Billion transistors
10 level metal

Dual-core CPU 
(Cyclone ARMv8 - 64 bit)

Quad-core GPU
(PowerVR 6xT GX6450)

Common Level 3 Cache

Cost Analysis (X and XS) A12 preview (X, XS, XR)

Package on Package
• Top: 4 GB DRAM
• Bottom: Processor

– 6 CPUs (2 HP + 4 LP 
cores)

– 4 GPUs
– 8-core Neural Engine

• TSMC 7 nm FINFET 
CMOS technology
– Die size 83.27 mm2

– 6.9 B Transistors



Global Electronics Systems market: 1.3 $T (year 
2012)

Compound annual growth rate

Global Integrated Circuits market: 292 $B (year 2012)

22%

Compound annual growth rate


