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Growing Information Needs

From International Telecommunications Union
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Tech
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256kbp/s 2Mbp/s 100Mbp/s
Google home page 5s 0.65 0.64s
Music track 2m36s 2s 0.40s
/ video clip 10mSs 1m20s 1.60s
/ CD/low-quality movie 6h 47m 555
DVD/high-quality movie 34h17m 4h29m 5m

v" By end of 2011 2.3 billion people were online
v’ Total international Internet bandwidth increased 7x over last five years
v Mobile and wired broadband growing

What needs to occur during this information transfer?

» Generation, Transmission, and Processing of information
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Why Photonics Over Electronics? Ge%gggﬂﬂ

Photonics includes generation, transmission % g
and processing of light : 5
1:)_19_(3amma-rays —O1A
= Bandwidth of audio signals; ~ 20 kHz o _inm
» Bandwidth of analog video: ~ 7 MHz -
= Digital and HD video can be greater “uaae | 500
10
R o0 o .
Benefits: :.fd o
1. Bandwidth — capacity for carrying information
2. Minimal interference — no EMI, low cross-talk s> . o'
3. Low loss — for long distances oo 11|\ oo :
4. Fast — for processing or routing | |
7-13 10% _{Radio, TV
100 Mtz om
Drawbacks: MH; we| 0 -
1. Cost, cost, cost — infrastructure in place : e -
2. Processing — electronics more mature Longwaves



Generation & Transmission: Fibers G“’Q'a@

Cladding

Acceptance v,
cone

Cladding

Key breakthroughs:

v' Semiconductor lasers permit generation of information
v' Low loss fibers enable transmission over long distances
v' Amplification allows for even longer distances

Generate, Transmit,
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Processing: Routing & Switching Ge?,gggg@

Process

|

1. Electronic switching — OEO:

Conversion to take advantage of
mature switching technology

Switching time ~ microseconds
Power consumption issues

2. “All-optical switching”

No conversion to electrical
signals needed

Switching time slow ~ 10’s
milliseconds

Larger footprint
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Nonlinear Optics Toch |
@ e ) Appll_ed Field
1 n=n,+n,l
_ a=a,+pl

The material’'s optical properties will be modified by the incident light intensity.

|

The modified optical properties Control pulses
will, in turn, cause changes in
the incident light.
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Use Light to Control Light IlﬂAII-Optical Signal Processing

Process
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All-Optical Switching: Inorganic MateriaIsGe‘-i-gggﬂM

circular

. . w polarization -
» Fiber-based AOS: & ™~

= Mature material technology with
some tailorability

= Fast switching possible -
= Nonlinear response relatively low a—— —

= Relatively large footprint polarization

coupler
(50:50)

» Semiconductor-based AOS
= Highly integrable with existing
technology
= Strong confinement of light
= Material tailorability may be limited

= Switching response and optical
losses can be issues

MNormalized power (a.u)

Process
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All-Optical Switching: Organic Materials ™ Fech

¢ possible extension of end-group f

X, conjugation to control relative

substituents for tuning ON energies of 1-photon and 2-photon . . .

v Nonlinear optical properties

0 o e II~ < ¥ Linear optical properties

stability

possible ring-locking of polymethine chain to: / P hyS i Cal p ro pe rti eS

« improve thermal and photochem. stability

« reduce aggregation \

« provide points of attachment for solubilizing
groups, tethered counterions etc.

chain length allows control
of absorption edge and y

Systematic molecular engineering Modification of properties

4 [ —o—dimethylamine
t —B—pyridinium
[ —%— benzthiazolium

v Polymethines behave like [ Coditole
molecular wires 5

Polarizable m“n‘n 2 —
" v Facile modification of linear
and NL optical properties

v Potential for AOS o

Selenopyrylium-based end group

Nonlinearity oc L'

Process
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All-Optical Switching: Polymethines Tech ||

> Want this large!

== Se-3C 3 _
o n=n, +0,)]
Se-7C |

R @/ Want this small!
= : a=a,+
g — 10% wt dye
~ 1.0 4 30% wt dye
,r—\\‘ 50% wt dye
\0-.)/ _ —— C7 in chloroform
e S 084
N 3
g 0.6 -
2
<
3 04
01 Lot v b b b E
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» Achieve large nonlinear refraction while minimizing nonlinear absorption
» Properties are tunable by adjusting molecular length
» Poor translation of microscopic NLO properties to macroscopic NLO properties

Process
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All-Optical Switching: Polymethines G“’Q'a@

AJBC 1721-1725

_ Ph = 4 £ Fa-
R= H C AJBC1721 AJBC1722 AJBC1725
C H 3 P Ph
7' 115 P Ph P Ph
CHY L® Hol L@ d F on
CiHis Bu- N
AJBC 1721 AJBC 1722  AJBC 1723 AJBC 1724 AJBC 1725

» Drastic reduction in optical loss as
compatibility is increased

AJBC1722 AJBC1725
» Successful translation to macroscopic
properties R e e B
. . . . . J Pump )
> Integration into silicon-organic hybrid 081 1
waveguides allows for NLO response Soul
Slot nonlinear < O'Zj Idler
LT 30 <
'_ 400 gl ] 1200
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From Applied Communications Sciences

Networks

Network elements
- t Increased Subsystlerr?s - j
icati omponen functionalit A w1l
Materials Fabrication primitives y . [ - . X1
Fundamentals development technology . i L R MMedlm
principles i 0. N i

1% - | S

» Larger information content requires improvement in technology
» Photonics could provide viable route for improved processing of information
» Success in design of organic materials for all-optical switching

> Key is to identify how innovative device technologies can be integrated into
all-optical networks

Process
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