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Figure 2

The three inventors of the transistor: (left to right) William Shockley, John Bardeen, and Walter Brattain, who were
awarded the 1956 Nobel Prize in physics.

William Shockley, John Bardeen, and Walter Brattain, Bell Labs



In the summer of 1947, any of a number of technical societies could have held
a symposium to commemorate the 50" anniversary of J. J. Thomson'’s
discovery of the electron. That 1947 event could surely qualify as the start of
the electronics discipline and the industry that followed. It was the new
understanding of the properties of the electron that created the field of
electronics, and that, combined with our developing capabillity in the electrical,
magnetic, and mechanical arts, enabled a rich array of new products and
services.

The symposium would have been an upbeat event. Vacuum tube technology
had fully matured with a wide range of tubes — diodes, pentodes, CRTSs,
klystrons, and traveling-wave tubes — in high-volume manufacture. Vacuum
tubes were the key component in an array of electronic equipment that seemed
to meet all conceivable information needs.

Mervin Kelly, the then Director of Research at Bell Labs who later became Bell
Labs president, might well have been invited to submit a paper to the
symposium. And he would also have been upbeat. Electromechanical relay
technology was making possible fully automatic telephone dialing and switching.
Microwave radio was providing high-quality telephone transmission across the
continent. Again, available technology appeared capable of meeting
conceivable needs.




Yet Kelly would have raised a word of caution. Although relays and vacuum
tubes were apparently making all things possible in telephony, he had predicted
for some years that the low speed of relays and the short life and high power
consumption of tubes would eventually limit further progress in telephony and
other electronic endeavors.

Not only had he predicted the problem, he had already taken action to find a
solution.

In the summer of 1945, Kelly had established a research group at Bell Labs to
focus on the understanding of semiconductors. The group also had a long-term
goal of creating a solid-state device that might eventually replace the tube and
the relay.

Kelley’s vision trigged one of the most remarkable technical odysseys in the
history of mankind, a journey that has continued through fifty years and longer.
The semiconductor odyssey produced a revolution in our society at least as
profound as the introduction of steel, of steam engines and the total Industrial
Revolution. Today electronics pervades our lives and affects everything we do.



The progress made by semiconductor physics, from what was
described by Wolfgang Pauli as ‘Physik der Dreckeffekte’ or ‘dirt
physics’ in 1920s, over the eight decades or so of the last century is
truly amazing. The technological revolution unfolded by this progress
has ushered in a new epoch in human civilization. The information age
IS but a spin-off of this revolution. Arguably no other field of human
endeavor has had such a profound and wide ranging impact on
human society over the last century. The story of this march from 'dirt
physics’ to such subtle and complex effects as the fractional quantum
Hall effect (FQHE) is full of numerous exciting thrills ranging from our
deeper understanding of the defect (dirt) states and how to control
them to a level where semiconductors rank among the cleanest man-
made materials with unparalleled purity, so high as to exhibits ever
unknown physical phenomena such as FQHE and Wigner
crystallization.

(Semiconductor hetero-structures (AlGaAs-GaAs) made by MBE.)

But what has really reached the common man out of this progress is
the phenomenal range of electronic applications which have
unleashed a flood of consumer goods and communication gadgets,
starting from the wireless radio to the present day personal computer
and the mobile phone, coupled with the software resolution
engendered by the Internet.



MBE — compound semiconductor growth

Alfred Y. Cho (HTI'|#) and co-workers
RHEED (reflection high energy electron diffraction)
Liquid nitrogen shroud

Load-lock chamber vs single chamber (New Jersey
humid weather affecting semiconductor laser life time)

lon pump, cryo-pump, turbo pump, mercury pump,

diffusion pump, dry pump, mechanical pump, absorption
pump, etc

Effusion cells

Flux gages

Manipulator

Heaters

GaAs wafer surface oxide absorption




MBE — metal and oxide growth

Raynien Kwo (ETBEF%FF) and co-
workers
Electron mean-free path

— In metals vs in semiconductors

Metal superlattices

— Historical background
» Cu-Ni compositional multi-layers

— Enhancement of magnetic
moments and elastic modules

Magnetism
— Rare earth superlattices
» Long range coupling
— Ferro- and anti-ferro-
magnetic coupling
-~ GMR
Non-alloyed ohmic contacts
Schottky barrier
Silicide (WSi, CoSi, etc) on Si
— Metal base transistors
Fe,(AlSi), CoNi, etc on GaAs

 MBE growth chamber

— RHEED
— Liquid nitrogen shroud

— Load-lock chamber vs single chamber
(humid weather in Taiwan)

— Ion pump, cryo-pump, turbo pump,
diffusion pump, dry pump, mechanical
pump, absorption pump, etc

— Effusion cells and e-guns

— Charges (or source materials)

— Flux gages

— Manipulator

— Heaters

— substrates? Unlike GaAs or Si growth




Multi-chamber MBE/in-situ analysis system

annealing

In-situ & metal In-situ metal unctional
Wafer In SPM chamber XPS chamber chamber
omde HIV omde
MBE MBE & metal

MBE
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| think that there’'s a world market for
about 5 computers.

Eniac-on-a Chip: Master Programmer

----------------------------

Thomas J. Waston, Sr.
IBM Chanrman of the Ioard ca1946

____________________________

ole B Y & ik : @Trustees University of Penreytvaria, 19?
The ENIAC machine occupied a Size: 7.44mm x 5.29mm;
room 30 x 50 ft. (van Pelt Library, U Penn) 174,569 transistors; 0.5 um
CMOS technology



Intel (Sematech) Transistor Scaling and Research Roadmap

Ultimate scaling of CMOS

90nm Nod (22 nm node and beyond)
e65nm Node
2003 P1264
| 45nm Node 201 3-2019
- 2005 54966
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Architecture
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Metal-Gate




The drive for alternative high k dielectrics (for replacing SiO,) and
metal gates initiated a decade ago has resulted in a recent Intel’s
news announcement of high k + metal gate transistor
breakthrough on 45 nm microprocessors, indeed a scientific
and technological achievement. The high k dielectrics have shown
Impressive properties with an equivalent oxide thickness (EOT),
defined as teq (Ksios /Koige), @S thin as or even less than 1.0 nm.
These relevant parameters include dielectric constant, band gap,
conduction band offset, leakage, mobility, and good
thermodynamic stability in contact with Si up to 1000°C. However,
Coulomb scattering from charge trapping and the phonon issue
related to high k gate dielectrics leads to degraded channel
mobility.

It Is adamant with consensus that beyond the 22 nm node
technology, higher mobility-channel materials such as IlI-V
compound semiconductors and Ge have to be employed.



InP/
GaAs/

Si INg 53Gag 4/AS/ GaN InAs InSb units
Energygap 1.12 1.43 0.75 3.40 0.354 0.17 eV
Lattice
5.431 5.65 5.87 3.19 6.06 6.50 A
constant
Electron
effective 0.19 0.063 0.041 0.20 0.023 0.014 -
mass
Electron cm*
. 1500 8500 14000 1300 25000 78000 V-is-
mobility n
Electron cm
saturation 1 x 107 2 x 107 8 x 106 3x107 3x107 5x107 o1
velocity
Electron
mean free 0.07 0.15 0.19 0.2 0.27 0.58 um
path



- Motivation -

 Rapid shrinkage of transistor size in Si industry
— 65 nm node in production, 50 nm or smaller in R&D, with channel length ~ 10 nm by 2010,
and SiO, thickness to quantum tunneling limit of 1.0nm
— Called for replacing SiO, with high k dielectrics; EOT as thin as 1.0 nm or less

— Coulomb scattering and phonon issue related to high k gate dielectrics leading to degraded
channel mobility

— higher mobility materials such as ¢, and llI-V’s

— Ge offers and
comparing with Si

— lack of stable native oxide hindering Ge passivation, making fabrication of Ge MOSFET
difficult

o [II-V MOSFET (llI-V's: GaAs, InSb, InAs, GaN,....)

— electron mobility in 1lI-V’'s much higher than those in Si and Ge

— A mature IlI-V MOS technology with electron mobilities at least 10 times higher
than that in Si and with dielectrics having k several times higher that of SiO,,
would certainly enable the electronic industry to continue pushing its new
frontiers for a few more decades

— bandgap engineering and direct bandgaps in the IlI-V’s, not available in Si-
and Ge-based systems, providing novel designs and making highly-performed
integrated optoelectronic circuits of combining MOS and photonic devices
a reality




Device Scaling, Moore’s Law

Polysilicon
gate Oxide/semiconductor
electrode )
: interface

Insulator

Electrons

Semiconductor
(silicon)

Field-effect transistor

Moore’s Law:
The number of transistors per square inch doubles every 18 months

Shorter gate length L Driving force :

Thinner gate dielectrics t_, High speed
Lower power consumption

High package density




Oxygen Bonding from EELS

(Chemistry on an Atomic Scale)

1.6 nm wide oxygen profile
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CMOS scaling, When do we stop ?

In 1997, a gate oxide

Reliability: 25 22 18 16 A was 25 silicon atoms thick.

processing and yield 1ssue

Design Issue: chosen for 1A/cm? leakage In.2005, d .g.a s wrle
[ /I .>>1atl2A will be 5 silicon atoms

on’ “off tthk, 1f we still use Sloz

Bonding:
and at least
Fundamental Issues--- 2 of those 5

 How many atoms do we need to get atoms will
bulk-like properties? be at the
EELS -- Minimal 4 atomic layers !! interfaces.

* [s the interface electronically abrupt?

e Can we control roughness?



Pioneer Work : Single Domain Growth of (110) Gd,O, Films on (100) GaAs

[1 10]

2—10
1x10 J u
View along GaAs [110] pad® |
M. Hong, J. Kwo et al, ba0’ ;“*‘m
Science 283, p.1897, 1999 ~ a0tk
- .
3: 1x10°

Gd,0, (110) 25A ot |

10"

[001] [ 110] [

1x10™ F

-10 -8 -6 -4 -2 0

[110] 1: 2 match

3: 4 match

t=185A
F—O— t£140A
. t=104A
F - t=45A

F - t=25A

' —— Gd.O. on Si, 40A
P~ 1 L2 3, | 0 |

E [MV/cm)



Inventions of GaAs and InGaAs MOSFET'’s

1994
novel oxide Ga,04(Gd,0;) to effectively passivate GaAs surfaces
demonstration of low interfacial recombination velocities using PL
1995

establishment of accumulation and inversion in p- and n-channels in Ga,04(Gd,03)-GaAs
MOS diodes with a low D;, of 2-3 x 10'° cm? eV-1(IEDM)

1996
first e-mode GaAs MOSFETSs in p- and n-channels with inversion (IEDM)
Thermodynamically stable

1997

e-mode inversion-channel n-InGaAs/InP MOSFET with g,,= 190 mS/mm, and mobility of
470 cm?/Vs (DRC, EDL)

1998
d-mode GaAs MOSFETs with negligible drain current drift and hysteresis (IEDM)
e-mode GaAs MOSFETs with improved drain current (over 100 times)
Dense, uniform microstructures; smooth, atomically sharp interface; low leakage currents
1999
GaAs power MOSFET
Single-crystal, single-domain Gd,O; epitaxially grown on GaAs
2000
demonstration of GaAs CMQOS inverter
2001-2002
Design of high-speed and high-power devices; reliability of devices



Comparison with 65 nm CMOS

Intel’'s 65 nm low-power CMOS (IEDM '035)

0.7 1.2 v |
VesViT E o / P B S /-
E 0.6 5 E al ]
D5V = s 2 1E-6 { T 3 1} /
j — -505 i 10V 4 '&; dre | B
_ By = 0.4 ] 3/ T 1E7 W osk= T lleakl {U_ /
E ] o = p :
%E v ,— 03V "_---E'_?___:y 1E-8 :‘.'II‘: ‘:g':' ’UB:E——__ %}5
e 0.2 |7 I Dg: M
° 01V — “1},__1’_5"5——1 71 [Nvos ® M2 0 o
OHEERGE %05 0a o8 1.2 0 T ha ds 1.2 VEEM
w Vbs (V) \1’55 (v) oF N
@Vcd:{]-ﬁ v Tosv
—
Ly (nm) | 1oy (MA/MmM) | ligy (NA/mm) | S (mV/dec) | DIBL (mViv)
InGaAs HEMT 60 320 330 70 44
65 nm CMOS 55 220 330 90 80
(low power)

60 nm InGaAs HEMT yields 45% more |, than 65 nm CMOS
J. A. del Alamo, D.-H. Kim, and N. Waldron, Intel I11-V CMOS Conference, Sept. 9, 2006

For the same |,

A TII-V MOS will make I /I i ratio to >107, acceptable in the IC industry

on



ELECTRON MOBILITY [om’/V.s]

Why llI-V Research for Future Logic Applications?

3
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i 1 Quantum-well FETs
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* llI-V has been used in commercial communication & optoelectronics
products for a long time

* llI-V quantum-wells show ~100X higher electron mobility and ~20X higher
electron conductivity than Si = [potentially high-speed + low-power]

* Top-down patterning as opposed to bottom-up chemical synthesis

* 1lI-V will NOT replace Si; it will need to be integrated onto Si

R. Chau
Intel Senior Fellow

2006 DRC

8



I1I-V Nano Electronics Processing Lab

oZoLe

Drain
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(Width=100um)

»ABM mask aligner - sub-

micro gate length capability
»UV-0zone = surface cleaning

»Olympus OM=-> image catch
and sub-micro measurement
capability

»ULVAC ICP-RIE 2 dry etch
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Ga,0,(Gd,0,) and JVD (MAD) Si;N, on InGaAs

Intel J. F. Zheng, W. Tsal, Natl Tsinghua- M. Hong, J. Kwo, Yale — T.P. Ma

Si, N, and O Vapor Sources

GGG dielectric is part of the
MBE channel grown — unpin
Fermi level

Sample Bé
A second dielectric can be high-

k to reduce EOT toward few nm
Ga,05(Gd,;05)

Principle of proof dual dielectric
approach with 5nm EOT GGG
and trap less JVD (MAD) Si;N,
(after high temperature PDA)
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High « Gate Dielectric MOSFET

Gate electrode,
poly

Upper interfacial
region

High-k Gate
Dielectric Stack

Bulk high-k
film

Lower interfacial
region

Source




Fundamental Materials Selection Guidelines

Si + MO, — M + SiO,

Thermodynamic stability in contact with Si

to 750°C and higher. (Hubbard and Schlom)
Alkaline earth oxide, 111B, 1VVB oxide and
rare earth oxide

Dielectric constant, band gap, and conduction
band offset

Defect related leakage,

substantially less than Si10, att,, <1.5 nm
Low interfacial state density D, < 10!! eV-lcm™
Low oxygen diffusivity

Crystallization temperature >1000°C




Assessmg Thermodynamic Stability

“Gedanken”™

Stable Interface Silicon Interface

Unstable Interface
Taz05(7.50m)

TEM by David A. Muller TEM by Don J. Werder
T Ewaeral T Appl Phye 89 (2001) 3020 GB_ Alers o ol Appl Phye Lett 73 (19508 1517




Electrical Properties of the High « Gate Dielectrics
Good News !!
Low electrical leakage 1s common, EOT under 1.2-1.4 nm

High interfacial state density

Large trapped charge

Low channel mobility

Electrical stability and reliability




Some Major Issues in High k Gate Stacks

reaction w! poly
durmg deposition
ot fand postdep steps
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In-situ UHV integrated functional system
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Ge and Si MBE




The First Abrupt Y,O,/SI Interface

STEM Cross Sectional Images | Medium Energy lon Scattering

With Rutgers University
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NOVEL GATE DIELECTRICS FOR IllI-V SEMICONDUCTORS

How to passivate GaAs surface? Previous efforts over thirty five years !

- Anodic, thermal, and plasma oxidation of GaAs
- Wet or dry GaAs surface cleaning followed by deposition of various dielectrics

- AlGaAs doped with O or Cr, Cho and Cassey 1978

- Native oxides or Al203 on GaAs during the same growth, 1.e. introduction of oxygen 1n III-
V MBE chamber, Ploog et al 1979

- 7ZnSe (lattice constant of 5.67A and a E, 2.7¢eV) on GaAs, Yao et al, 1979

- S1 on InGaAs or GaAs, IBM at Zurich 1990 (?) and Morkoc et al, 1996

- Novel gate oxides Ga,0,(Gd,0O,) and Gd,O, in-situ deposited by e-beam
evaporation with low D;,
- Have applied to GaAs, InGaAs, AlGaAs, InP, GaN, and Si




NOVEL DIELECTRICS FOR IlI-V SEMICONDUCTORS

Effective Passivation of GaAs

Advantages

Inherent higher electron mobility and semi-insulating GaAs
substrates, comparing with Si-based MOSFET

Rich band gap engineering in compound semiconductors

low power consumption and circuit simplicity of CMOS, comparing
with GaAs MESFET, HEMT

Applications

new generation of digital GaAs IC’s of high speed and low power for
communication and computer industries

e Other electronic applications
— High power devices in MESFET, HEMT, and high speed devices in HBT
o Laser facet coatings and other photonic applications




Inventions at Bell Labs toward GaAs MOSFET's

novel oxide Ga,0,(Gd,0,) to effectively passivate GaAs surfaces
demonstration of low interfacial recombination velocities using PL

establishment of accumulation and inversion in p- and n-channels in Ga,05(Gd,0,)-
GaAs MOS diodes with a low D;, of 2-3 x 101% cm2 eV-1{(IEDM)

first e-mode GaAs MOSFETSs in p- and n-channels with inversion (IEDM)
Thermodynamically stable

1997

e-mode inversion-channel n-InGaAs MOSFET with g,,= 190 mS/mm, and mobility of
470 cm?/Vs (DRC, EDL)

d-mode GaAs MOSFETSs with negligible drain current drift and hysteresis (IEDM)

e-mode GaAs MOSFETs with improved drain current (over 100 times)

Dense, uniform microstructures; smooth, atomically sharp interface; low leakage
currents

GaAs power MOSFET
Single-crystal, single-domain Gd,O5 epitaxially grown on GaAs

demonstration of GaAs CMOS inverter

Design of high-speed and high-power devices; reliability of devices




ULTRAHIGH VACUUM DEPOSITION OF OXIDES

Initial thinking: to attain Ga,O, film for passivation
High-purity single crystal Ga;,Gd,;0,, (GGG) source
r Evaporation (sublime) by e-beam

Gd, O, ionic oxide Ga, O, more covalent oxide
T > 4000K T~ 2000K

Ga,0O, evaporated mostly, and formed amorphous Ga,O, film

Gd/(Ga+Gd) > 20%
Gd™*3 stabilize Ga*3

Single domain, epitaxial film
In (110) Mn,O, structure

H(ER G0, x-tal Gd,0,

x-tal Gd, O,

GaAS GaAs




High Resolution TEM of Ga,04(Gd,0;) on GaAs

Amorphous
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Single Domain Growth of (110) Gd,O, Films on (100) GaAs

M. Hong et al, Science 283, pp.1897-1900, 1999

m T °
LA LR LK

[1 10]

3:4 match 1: 2 match

GaAs a=5.65A

View along GaAs [110]




Single crystal Gd,O; on GaAs - Epitaxial interfacial structure

Nature — Materials 2002 Oct issue
CoVer paper

“New Phase Formation of Gd,O,
films on GaAs (100)”, J. Vac. Sci.
Technol. B 19(4), p. 1434, 2001.

“ Direct atomic structure
determination of epitaxially grown
films: Gd,0; on GaAs(100) ” PRB
66, 205311, 2002 (12 pages)

A new X-ray method for the
direct determination of epitaxial
structures, coherent Bragg rod
analysis (COBRA)




Grand Challenge in Nanoelectronics

« 1968-2003
(G. Moore, ISSCC 2003)

—Transistors increases to 108-
10° transistors/chip

—Price per transistor
decreases 7 orders of
magnitude

—Power decreases 7 orders of
magnitude

—Volume decreases 6-7 orders
of magnitude

—“Moore’s second law” —
Increasing cost of
manufacture -- Self assembly

V. V. Zhirnov, D.J.C. Herr: New Frontiers: Self-Assembly and Nanoelectronics. |IEEE

K. L. Wang UCLA Computer 34(1): 34-43 (2001)

Performance Space

»

The next?

v

10 nm 100nm
Technology node


http://www.informatik.uni-trier.de/~ley/db/journals/computer/computer34.html#ZhirnovH01
http://www.informatik.uni-trier.de/~ley/db/journals/computer/computer34.html#ZhirnovH01
http://www.informatik.uni-trier.de/~ley/db/journals/computer/computer34.html#ZhirnovH01

Storage approaching atomic limit

1':'”

Atoms per bit

e Atomic limits

e What else can be done?
 Associate memory

I__IZ and kiclogy-based device.
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V. Zhirnov and D. Herr, Computer, 2001



Nanoelectronics

e Fewer electrons
e Massive number of interconnects
« Power consumption

Major Issues
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From materials to single electron, spin, etc.

New Materials

o Strained layers (Si and Ge):
— Changing band structure
— Increasing mobility

Quantum confinement

 |ID: nanowires
— Carbon nanotubes

— Reducing phase space for
scattering

— Density of states

« 0D quantum dots
— Density of states

 Single atom Devices

* Single Spin

« Quantum Coherence Phenomena,
Devices (and Systems)

e Molecular Devices

wn

81

s

wn

G

o

2

Z

(] -
B 2-D
s

75]

G

o

2

'z

O -
2 1-D
z | i
§ E
w2

G

o

2

95]

& 0-D
)




Processing: Fabrication of Nanostructures

« Conventional techniques
(High Throughput)

— Deep Vacuum uv ( 13 nm)
Immersion lens systems
X-ray (200 nm to nm)
Projection ebeam
Other innovative processes

0.3 um 1996

130 nm 2001

100 nm 2003

e |ow throughput
— E beam or Nanoprobes

IStration
Template -- Nanostamping
Self assembly

Molecular and atomic
manipulation or bio
engineering

nm

Inm

Optical Lithography

L Deep or EUV
BN Sclf-assembly ??

Atomic plane and
Molecular sizes



Is EUVL the path to the Future??
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Great Progress but,




Methods for Self-assembly
Physical self assembly
—~ MBE, GSMBE, CVD, etc.
— Templates: Electrochemical, mechanical, Sol gel, etc.
Chemical self assembly

— Molecular self assembly, polymer self assembly, protein, DNA,
bio-molecular, etc

— Colloidal self assembly

Bio self assembly
— biochem
— Protein and Virus engineering

User defined surface dip pen

Key Issues: uniform size
Controlled placement

Directed processes

— Physical mechanisms, Chemical Mechanisms, and
Biochemical Processes



Mechanisms and Principles

 Physical self assembly

— Mechanical Field —
templating, strain,
etc.

— Use of structured strain

— Electrical and magnetic
(including photon) fields

— Surface energy — catalyst
seeding
 User defined surface dip pen

e Chemical and Bio chemical
self assembly

— Chemical bonding

— Conjugating - e.g., triple
conjugation of QDs will be
achieved at the Y-Junction,

while QDs are trapped at
the junction

W

SiGe wﬁes

NASA




Next Logic Device

« To develop Si- based nanoelectronics circuits
and architectures
— Needs
 Low Power dissipation per function

» Massively parallel
e Minimize the interconnect
 Low cost fabrication methods — self assembly

— Nanoelectronics Architectures

e Cellular automata-- combination of vertical MOS and
single electron device, possibly optical device, etc.

 Neural architecture
e DNA architecture

e |nterface from Micro to Nano circuits

— Develop enabling technologies to use Nano quantum and
molecular devices — a few electron buffer amplifiers and

circuits:
approaching to single electron devices to interface to outside

world



What else can be put on Si??

In Integrated Nanosystems

« New nanoelectronics

— Spin as a variable
e Ultimate CMOS and beyond
« Nano photonics
 Molecular devices
e Spintronics

— Nanomagnetics

— Coherent wave
« Nano bio devices

 Sensors and Fluidics; .
Nano-transducers Application space

« Quantum coherence (Heterogeneous
devices (and Systems) Integration)

Performance space

Market sectors




Our Motivation : Bandwidth Capacity of Optical Fiber
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“Photonics” was invented at Bell Labs |

Ralf Menzel

Photonics

Linear and Nonlinear Interactions
of Laser Light and Matter

To use laser light in this sense in science, technology and medicine, know-
ledge from different fields of physics, chemistry and engineering is necessary.
Besides conventional optics, which is essential in all laser light applications, a
large field of new physical phenomena has to be considered. This book assem-
bles the necessary knowledge ranging from the basic principles of quantum
physics to the methods describing light and its linear and nonlinear interac-
tions with matter, to practical hints on how the different types of lasers and
spectroscopic and other measuring techniques can be applied. So that the
book remains handy and readable, the description focuses on newer concepts
in a compressed form. Nevertheless, many examples, tables and figures allow
direct access for answering practical questions. '

In this book, nonlinear physical processes in which laser photons are used
as a tool will be summarized under the term prhotonics. This term was intro-
duced by engineers at the Bell Laboratories to describe the optical analogy
of electronic devices in electronic communication technologies; here, photons
are the information-carrying particles. But the word is used today to cover

nonlinear optics and quantum optics, too.

Springer




Introduction

« Optical fibers fabricated from silica glass have been the key component of
the “information age”,

e Silica has excellent material characteristics

Most stable glass formation, Most stable glass against reduction.
Thermodynamically easiest to purify

» Optical losses are at theoretical limit 0.2 dB/km, ideal long haul
transmission medium.

« Silicafibers have immense data capacity (> 100 Terabit/sec)

BUT
 Silica glass has high phonon-energy
Not suitable for radiative transitions, active device applications

 Silica has low non-linearity
Not suitable for switching device applications



Low-Phonon Energy Glasses for Fiber

Devices

Many new low-phonon energy glasses are emerging with significantly
superior properties

Transparency up to 20 microns

Kerr non-linearity can be up to 800 times of silica
Efficient lasers at many new wavelengths

Good optical amplifiers for many new bands
Very-short device lengths possible

BUT

Transparencies of Glasses ( 0.1-2 dB/mt ) are less than ideal
For device lengths < 10 meters, this is perfectly acceptable.



Transparency, historical
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Transparency of Optical Materials
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attenuation, dB/km

Intrinsic Optical Losses
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Capacity : Historical

Capacity (Gbls
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Evolution of Network Architecture

Optical cross-connects,

interconnected optical
rings and meshes
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The Next Generation Lighting Technology

- Semiconductor Lighting

Y.S. Liu

Opto-Electronics & Systems Laboratories (OES )
Industrial Technology Research Institute (ITRI )
Taiwan, ROC

YSLiwCopy Right@ITRI




Semiconductor Lighting

L
* Y3 /#13
"R/ EE

YSLiu/industry Forum/CLEO/PR2003 Copy Right@ITRI



Eﬁ Major Milestones in Photonics

 Invention of Light Bulbs (1882)

— Beginning of man-made electrically-generated light
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iiSks Edison’s Lamp - 1882

" We are striking it big in the electric light, better than my vivid imagination
first conceived. Where this thing is going to stop Lord only knows.*

- Thomas Edison October 1879

Thomas Edison, 1882 September 4, 1882



i[§ Bdison’s Incandescent Lamp - 1882
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September 4, 1882

“The first step is an intuition- and
comes with a burst, then difficulties
arise. — This thing gives out and then
that- ‘Bugs’ —as such little faults and
difficulties are called- show
themselves and months of anxious
watching. Study and labor are
required before commercial success
or failure- is certainly reached.... I
have the right principle and am on the
right tracks, but time, hard ward, and
some good luck are necessary foo.”

- Thomas Edison, describing his inventive process, 1878



m%"ﬁ Beginning of Nano-technology - 1900s
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ITRI
m OES Incandescence, fluorescence & LED Lights
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m ITRI . Evolution of Semiconductor Lasers
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Metal Oxide Semoconductor (MQOS) Transistor

+ Speed Increases with
Charge Carrving Capacity,

Q=CV

—Dielectric constant

. &7
where C = / 0 =Oxide thickness

* To Increase C:
| — Decrease d
| — Increase £ (E=K Eﬂ]
] —High-k dielectrics
Intel Press Release (11/5/2003) on the high « gate dielectrics for
45 nm in year 2007.
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