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Elements Used in Semiconductor Industry
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ements of A Smartphone
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Indium tin oxide is a mixture of
indium oxide and tin oxide, used
in a transparent film in the screen
that conducts electricity. This allows
the screen to function as a touch
screen.

The glass used on the majority of
smartphones is an aluminosilicate
glass, composed of amix of alumina
(Al,O,) and silica (SiO,). This glass
also contains potassium ions, which
help to strengthen it.

A variety of Rare Earth Element
compounds are used in small
quantities to produce the colours
in the smartphone’s screen. Some
compounds are also used to reduce
UV light penetration into the phone.

The majority of phones use lithium ion batteries,
which are composed of lithium cobalt oxide as a
positive electrode and graphite (carbon) as the
negative electrode. Some batteries use other
metals, such as manganese, in place of cobalt.
The battery’s casing is made of aluminium.
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Copper is used for wiring in the
phone, whilst copper, gold and silver
are the major metals from which
microelectrical components are
fashioned. Tantalum is the major
component of micro-capacitors.

Nickel is used in the microphone as well
as for other electrical connections. Alloys
including the elements praseodymium,
gadolinium and neodymium are used
in the magnets in the speaker and
microphone. Neodymium, terbium and
dysprosium are used in the vibration unit.

Pure silicon is used to manufacture
the chip in the phone. It is oxidised
to produce non-conducting regions,
then other elements are added in
order to allow the chip to conduct
electricity.

Tin & lead are used to solder
electronics in the phone. Newer lead-
free solders use a mix of tin, copper
and silver.

Magnesium compounds are alloyed to make
some phone cases, whilst many are made
of plastics. Plastics will also include flame
retardant compounds, some of which contain
bromine, whilst nickel can be included to
reduce electromagnetic interference.
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Evolution of Transistors

Selective Epi Replacement 3D New Channel
Hi-k Metal Gate Metal Gate FINFET Materials

SiO,, Poly-Si HfSIO,, TIN SiGe, SIP InGaAs, Graphene




Revolution of Transistors

TECHNOLOGY GENERATION
45nm 32nm 22nm 14nm 10nm 7nm Beyond
2007 2009

2013 2017 2020

~ | Carbon Nanotube
~1nm diameter
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i~ | Graphene
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1 atom thick

10 atoms across



The iPhone Evolution

412 MHz 1.3 GHz 1.85 GHz




More Moore vs. More than Moore

Heterogeneous integration technology New Integration
More Appllcatlon Eication

—Sensors ™

_Actuators. __B:qch|ps

« Post-Si chip technologies that
cover cutting-edge CMOS/MEMS
(bio/photonic) sensor

« Heterogeneous integration for
loTs

« Wearable electronics
« Biochips
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CMOS : CPU, Memory, Logic

Memory Device

= Ge(Sn) III V 2D, Graphene
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New Structure, New Material




Logic Device Trend

2012 2016 2020
16-10 nm 7-5 nm

22/20 nm New Structure ??

Strain Technology High-K Metal Gate

e rial ?7?

tack & Channel Pos rslvarion

65 nm 32 nm 14 nm




Carbon Chemistry Era

Channel Electron Mobility (cm?/Vs) Energy Bandgap (eV)

Si=>» Ge 2 IlI-V = 2D / Graphene

Si 1,400 1.12
Ge 3, 900 0.67
GaAs 9,200 1.43
CNT 100, 000 0.5
Graphene 200, 000 0
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Why Graphene Enables Transistor?
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Academia-Industry Collaboration
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How ACS Journal Help Us to Resolve Issue ?
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Alternative Way for Tunable Bandgap

Valence band Valence band Valence band
Double-layer
graphene
Single-layer Double-layer

graphene graphene

Electric field

Conduction band Conduction band Conduction band




Summary

For More Moore

e Scaling technology is more and more tough, especially for EUV lithography process.

« New material and new structure are necessary to keep Moore’s law on-going.

For More than Moore

« New thinking for specific application can be more flexible to create new market.

 Technology needs to be compatible with Si-base IC technology and low cost.



