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Updates

Last meeting of the semester! ®
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Overview

Origins (Fiber Optics)
Physics/how it works
Benefits

Systems that use it
Future State
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1952: First fiber optic cable invented
1970: Corning researchers break
attenuation barrier, allowing fiber optics
for communication

1986: Sprint becomes first US company
with nationwide, 100% digital Fiber Optic
Network

1996: All-optic fiber cable laid under
pacific ocean

Colors are for llustration purposes only
and may vary depending on fiber types

Fiber Core
Cladding
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Origins

1959-2022 SILICON PHOTONICS HISTORICAL PERSPECTIVE

Source: Silicon Photonics report, Yole Intelligence, 2022
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Physics- Direct Bandgap Challenge

To lase or not to lase...

Band gap: An energy gap that an electron
must traverse to change from valence to
conduction band...

conduction band conduction band

electrons

Direct: Energy release in form of photon
E.g. GaAs, AlGaAs (Typically IlI-V)
Indirect: Offset between states leads to
release of photon (and phonon, to
conserve momentum) (6) ‘Aiect-handgap skxoo (b) indirect-band-gap structure
-Inefficient ture
-Most semiconductors do this

E.g. Si* (Typically IV)

valence band

k

k=0
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Physics- Transmission mediums

Light transmitted via waveguides
“Light Wires”

** \Wire must be AT LEAST 12 * A

%) Rensselaer

Strip wavegunde

Rib waveguide

Slot waveguide

Wi
s G waveguide Phc waveguide
SWG slot
waveguide I Silicon
Sio,
SPP slot . Metal

waveguide
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Physics- Modulators

Photodiodes generate light (As a laser)
Electronic modulators

Physical properties of modulator vary to
control light movement

Conceptual diagram of
the process of an optical modulator

Optical Modulator

Input Light \

Electrical Signals %/

)Rensselaer

|

Optical Signals
¢ g‘ LA R R B B

Waveguide

{INSERT TITLE HERE ]

Optical
Directional amplifier
coupler |

Laser diode

HBT, HEMT, or
MODFET

™ fiber

~. Optical
< waveguide
2 x 2 switch

%
" Electrooptic
\ modulator
Photodiode

Integrél
V-groove

8
11/30/2018



What is WDM?

WDM = Wavelength Division Multiplexing

Refraction through a prism

White light

Single strand of fiber

DWDM

40 virtual high-speed channels per physical fiber
Expanding capacity of an OC-48 ring from 2.5 to 100 Gbps

WDM is used on fiber optics to increase the capacity of a single fiber (i

Fiber Optics For Sale Co.

COMPLETE SUPPLY (OLUTIONT
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Benefits

No electronic power loss in signal transmission
-Near infinite signal travel length
-Near infinite signal speed (Speed of light)
-No heat generation within the wire
-Signals can be sent via multiplex, increasing signal volume
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Championed by large volume data companies
-Internal servers for companies like google transport more data at
any given time than the entirety of the open internet from east to
west coast
-Desperate need for reduction in communication cost per bit
Adopted by companies to allow faster overseas data transfer (E.g. cross-
Atlantic)

Interest in Silicon Photonics

-Global Foundries industry leader, followed by Intel, Defense
companies

ensselaer
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Future State- SoC Integration

Unlikely “Dream”

Challenging to create light-based signals in silicon devices, near impossible at
current process nodes

-Wavelength Issue... Find Smaller Wavelengths?

-Silicon has indirect bandgap... New materials?
Low power systems, biosensors, long distance signal communication

12

el]-sselatlr { INSERT TITLE HERE | 11/30/2018



Possibility for signal wires do be further decoupled, using waveguides instead
of traditional wires

Solves some electrical, power issues

Frontside Power Delivery vs Backside Power Delivery

Backside Power Delivery

Even faster signals (Near instant transmission) Frontside Power Delivery

Signal wires and

forthe
same resources at every
metal layer.

Signal wires and
are decoupled and
optimized separately.

Value Proposition
* Higher Performance
* LowerCost

Front side
Interconnects
\

Requires aggressive
scaling of metal layer
pitches:

* High cost

» Higher voltage droop
* Higher RC delay

1
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Risks: Transistors _—
* Yield

* Reliability

* Thermal Dissipation
* Debug Capability

I

Backside
Interconnects

Transistors
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Thanks ©

https://www.youtube.com/watch?v=29aTqglLvRia8
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https://www.youtube.com/watch?v=29aTqLvRia8
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