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GlobalFoundries Fab 8

- GlobalFoundries Headquarters

- 30 minutes from Troy

- Get to go into fab and see fab equipment in action
- Tour attendees must be IEEE EPS members!

i |
- More details soon! Interest Form!
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Overview

Origins

Physics/how it works
Benefits

Systems that use it
Future State
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Origins
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Origins

Optical Telegraph
Claude Chappe, France, 1790
-Encode words/numbers on large towers, 10-30km apart
-2 to 3 words per minute (197km line)
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Total Internal Reflection:
Daniel Colladon, 1841
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Origins (1858)
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Origins-Cell tower communication - 1977
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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

125um
Y Coating

250um  Tight Buffer ~ Strength Members — p10 (o 4ot
900um Aramid Yarn (Kevlar)
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Origins

1959-2022 SILICON PHOTONICS HISTORICAL PERSPECTIVE

Source: Silicon Photonics report, Yole Intelligence, 2022

Annual sales of

Bookham releases silicon photonic
Jean Hoerni develops the ﬁvs§ silicon transceivers at Intel
the first planar transistor photonics product. reach 1 million units.
at Fairchild. Single mode g
Stewart E. Miller transmission at 1.55 S — |nte|)
proposes the conceptof  um, 0.2 dB/km intzgprated
Infegrated optics. circuit. Rockley
ol Photonics goes
oo | First SOI . public.
= i waveguide by E. Silicon .
~, cngu. ¥ Photonics 40 Gb/s M’ s‘
" Alliance. optical
Early moduylator.
1966 1970 1980 1987 1996 2004 2006 2008 2016 2020 | 2022
—_——— \! S — L (o /[ FEN = / ~ R o . 72\
= , AN\ b [ - Py
1959 1969 Late 1989 1998 ‘ 200 2010 20m 2018 2021
1980 _ ‘
Charles a0 intel /:\,qcncu; 8 G:eno lyte
demonstrates long- o 56 oihcaca enalyte p
distance communication InGaAs 1.3 um LA A5 o 8 T COMMeICarzoy
with optical fibers. lasers, 0.5 dB/km, First1Gb/s Communications _ silicon photonic
P ) o Richard Allan Soref silicon Luxtera (now Cisco) first and first immune assays.
develops the first modulator by to sell optical commercializatio intel)
silicon waveguide. Intel. transceivers using n of silicon
First room temperature 8 channel silicon photonics (SiPh photonic m
CW semiconductor laser WDM. ‘vaveguides, InP lasers). coherent
by Hayashi and Panish. KOTURA transceiver. Intel to
purchase Tower

Semiconductor.

Kotura commercializes the
first silicon photonics
variable optical attenuator
(VOA).
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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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Why Photonics?

AN OPTICAL LINK input signal
2 (electrical)
Laser
Modulator
Tx

Tra’nsmi‘ssion output signal

medium (eIectricaI)I ¥
photodetector§

Rx
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Why Photonics?

AN OPTICAL LINK input signal
2 (electrical)
Laser
Modulator
Tx '?\\’ 5

output signal

(electrical) I
:@a
photodetector

Rx
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Why Photonics?

Data cost goes down (J/bit)
Low losses

Reliability goes up
Performance goes up
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Why Photonics?

Building complexity goes up
Yield (May) go down
Production cost goes up
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HOW Photonics?

Al Ny

- '
light wavelength y, Slsr\al
transport filtering modulation

light
source

detection
» i%*

N
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Devices- Waveguides

High Performance: Glass/Complex
Polymers

Mid Performance: I1I/V Semiconductors
Low Performance: Silicon

' in out I
= ‘mmec
WAVEGUIDES ORIVERSITY

/\/\/\/\> \ guided mode: n f[('l)

—
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Physics-Reflection & Cladding

Critical for design: Refractive index
(Acceptance Angles)
Value in core: ~1.5
Value in cladding: ~1.4

NA =

Critical angle (Total Internal Reflection)
0, = arcsin(%)
1

Note: This corresponds with
maximum bend angle!

)Rensselaer

Acceptance
angle
X

/

/ /

Refractive index of Refrmti\'e{index of
cladding, n: Core, ni

Light incident at any
angle > Oc is totally
reflected

Light source
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Devices- Splitters

) out?2 11—
) = (Mmec
SPLITTERS el . . S
2 ]

/\W outl
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Devices- Couplers

I}

in2 out2 ZLmec

GHENT
UNIVERSITY

2%2 COUPLERS

in1 outl

VAN ol

Signal A
Port 1 Port 3 »

i

Port 2 Port4 I
Signal B
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Devices- Resonators

NOTE: Wire length/size MUST be multiple
of wavelength of desired light

Transmission

Transmission
v
Transmission
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https://youtu.be/spUNpyF58BY ?t=15

What is WDM?

WDM = Wavelength Division Multiplexing

Refraction through a prism

White light

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 JUPPLY (OLUTIONS

| N ;- - 23
‘ Rell‘.—"&'elaf]- { INSERT TITLE HERE ] 11/30/2018
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https://youtu.be/spUNpyF58BY ?t=15

What is WDM?

WDM = Wavelength Division Multiplexing

Refraction through a prism

White light

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 JUPPLY (OLUTIONS
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Devices- Vertical Fiber Interface

Allows fiber to interact with Silicon-end 7
waveguide
»

N \ vertical_in out
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Devices- Electrical Modulator

VERY exotic materials!
Lithium Niobate Electrical signal
Complex Polymers
[11/VV Semiconductors

CW light

Conceptual diagram of
the process of an optical modulator

Optical Modulator

Input Light \ ‘ { Optical Signals

—/_ib YTl

Waveguide

Modulated light
Electrical Signals»—/

o REI].HHEl(itl]_‘ { INSERT TITLE HERE | 11/30/202168



Devices- Photodetector

Typically 11I/V Semiconductors

modulated light
detector &

<P,

I-. »

’ " electrical signal
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Devices- Lasers and Amplifiers

Typically 11I-V Semiconductors
GaAs, InP

amplification
light
source
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light wavelength y/ Sigf\al
transport filtering : modulation

, VEGUIDE LOSSES
light HIGH WA = INEFFip] S detection
source | , »
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Why Photonics- 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
Qi

Direct: Energy release in form of photon
E.g. GaAs, InP (Typically 111-V)

‘L §
Indirect: Offset between states leads to ibisis haad
release of photon (and phonon, to War k
conserve momentum) (0). divec . st .
a) direct-band-gap struc- (b) indirect-band-gap structure

-Inefficient ture
-Most semiconductors do this

E.g. Si* (Typically IV)

ensselaer 20
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Why does Silicon GREAT at this?

CMOS technology is extremely mature/highly repeatable

New technologies enable smaller waveguides.

-Silica on Silicon
Low contrast
Mode Diameter: 8um
Bend radius: 5mm
Size: 10cm”2

-Indium Phosphide
Medium Contrast
Mode diameter: 2um
Bend radius: 0.5mm
Size: 10mm~™2

-Silicon on Insulator
High contrast
Mode diameter: 0.4um
Bend Radius: 5um
Size: 0.1mm”2

{INSERT TITLE HERE ]

Indium Phosphide

Silica on silicon

Silicon on insulator
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Yield/size precision issues?
-Let’s look at a Silicon waveguide... o\

-Height & Width vs. Resonant wavelength (Filters) 5_ ~ 1 nm/nm
w

How do we fix this???
-Statistical Process Control

-Redundant/Tolerant Design oA - anm
-Tunable Circuits % ~ 2 /nm
oA

a—T ~ (0.08 nm/K

Rensselaer "

{INSERT TITLE HERE ] 11/30/2018




Precision- Thermal Tuning

3.500 ;

| M 3.495
3.490 SBon

3.485
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\
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A\ i

1.505

Refractive Index n

1.500 S ! . ‘
1.495 S

1.490

1.485 ; i ;
20 30 40 50 60 70

Temperature (°C)
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Precision-Liquid Crystal Tuning

Silicon
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Designing a SIMPLE optical circuit

-Laser source
-Filter (Resonance)
-Photodetector
-Fiber Interfaces

] 35
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Designing a ROBUST, multifunctional optical circuit

-Why is this more robust?
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Building an application-specific PROGRAMMABLE optical circuit

-Why is this more robust?
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Building a GENERAL-PURPOSE PROGRAMMABLE optical circuit

-How???
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Building a GENERAL-PURPOSE PROGRAMMABLE optical circuit

-How???

https://youtu.be/CBhdLTThY oM?t=282"
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https://youtu.be/CBhdLTTbYoM?t=2825

Future of Photonics: Photonics PDK’s?

ESSENTIAL in IC industry- Why?
CHALLENGING in SiPh industry
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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

1
$308UU02IB3U|
apIsjuoi4

Risks: Transistors _—
* Yield

* Reliability

* Thermal Dissipation
* Debug Capability

* Higher RC delay

I

Backside
Interconnects

Transistors

41
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-Silicon Photonics poses many challenges- particularly the “silicon” part
-Fabrication isn’'t very different from a typical fab’s process-just requires precision

-Photonics enable long range communication at low cost, but becomes challenging at
small scale

-Minimum signal size & supporting devices pose challenges when scaling

-This is an extremely young, fast developing industry. Now is a good time to get into this

oo plaor 42
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Thanks ©

Asianometry- “Casual watch”, not as deep (15 min)
https://www.youtube.com/watch?v=29aTglLvRia8

U. Ghent Silicon Photonics Research Group- More technical/longer (50 min)
https://www.youtube.com/watch?v=CBhdLTTbYoM&t

ensselaer 2
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https://www.youtube.com/watch?v=29aTqLvRia8
https://www.youtube.com/watch?v=CBhdLTTbYoM&t

%) Rensselaer

why not change the world?®




	Slide 1: Silicon Photonics
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44

