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2



Application examples
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Integrated silicon optical transmitter to carry large volumes 

of data between CPUs, modulators

https://phys.org/news/2012-08-

silicon-optical-transmitter-

large-volumes.html

https://www.sciencedirect.c

om/science/article/pii/S136

9702104006789

Google keyword: photonic quantum computing chip

EXAMPLES
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“High-Q microresonators integrated with microheaters on a 3C-SiC-on-Insulator platform” by Xi Wu, Tianren

Fan, Ali A. Eftekhar, and Ali Adibi, Optics Letters, 44, 20, 4941-4944 (2019).

DOI: 10.1364/OL.44.004941

New Tunable Optical Chips Can Be Used As Building-Blocks 

for Next Generation Quantum Computers 

https://scitechdaily.com/new-tunable-optical-chips-can-be-used-as-building-blocks-for-next-

generation-quantum-computers/

School of Electrical and Computer Engineering, Georgia Institute of Technology, Atlanta, Georgia, USA 

https://doi.org/10.1364/OL.44.004941
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Two-qubits controlled-unitary quantum gates for quantum 

computing by silicon photonic chip (2017)

https://www.semanticscholar.org/paper/Two-qubits-controlled-unitary-quantum-gates-for-by-Huang-

Kwek/d26dfb680657a5ea6821f5271d426acbb4620595

https://www.laserfocusworld.com/optics/article/16566918/new-dutch-silicon-nitride-photonics-

company-quix-aims-at-quantum-computing

A quantum state provides a probability distribution for the value of 

each observable, i.e. for the outcome of each possible measurement 

on the system.
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https://spectrum.ieee.org/tech-talk/computing/hardware/qudits-the-real-

future-of-quantum-computing

Qudits: The Real Future of 

Quantum Computing? (2017)

Qudits can have 10 or more quantum states 

simultaneously compared to just two for qubits

Instead of creating quantum computers based on qubits that can each adopt only two possible options, scientists have now developed a 

microchip that can generate “qudits” that can each assume 10 or more states, potentially opening up a new way to creating incredibly 

powerful quantum computers, a new study finds.

Classical computers switch transistors either on or off to symbolize data as ones and zeroes. In contrast, quantum computers use quantum 

bits, or qubits that, because of the bizarre nature of quantum physics, can be in a state of superposition where they simultaneously act as 

both 1 and 0. 

Oak Ridge National Laboratory, in Tennessee

https://spectrum.ieee.org/tag/quantum+computer
https://spectrum.ieee.org/tag/qubit
https://spectrum.ieee.org/tag/superposition


Passive components – part 2
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How can we define a passive component?

A passive component is an optical device that modifies the

propagation of the light at its inputs completely in the optical

domain without external power supply or electrical signal

It can be classified by three different ways:

• According to their functionality

• According to their structure

• According to their port number

http://imedea.uib-csic.es/~salvador/docencia/coms_optiques/addicional/ibm/ewtoc.html
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Optical circulators



Polarization independent-> Opto-mechanical 
circulator
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https://www.nature.com/articles/s4

1467-018-04187-8/figures/1

https://www.nature.com/articles/sre

p10190



Component and symbol – implementation 
with optical fiber
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http://www.sfpfibermodule.com/sal

e-7722894-3-ports-c-l-band-fiber-

optical-circulator-polarization-

insensitive-components.html

https://www.thorlabs.com/newgrou

ppage9.cfm?objectgroup_id=373



Application - OADM
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Interferometer

14



15

- Passive device but also

- Active device

Interferometers- Fixed or tunable



Mach-Zehnder

16

https://physics.stackexchange.com/questions/207810/mach-

zehnder-interferometer-two-output-interference-pattern-question



Passive interferometer
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Array of interferometers (cascaded)
Multiplexer (MUX)
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Active interferometer
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https://www.comsol.com/blogs/silicon-photonics-designing-and-

prototyping-silicon-waveguides/



Combination
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Sagnac interferometer

21https://aip.scitation.org/doi/abs/10.1063/1.4871988?journalCode=rsi
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Optical filters



Waveguide 
Grating Router 
(AWG)

• The incoming light (1) traverses a free space (2) and enters a bundle 
of optical fibers or channel waveguides (3). The fibers have different 
length and thus apply a different phase shift at the exit of the fibers. 
The light then traverses another free space (4) and interferes at the 
entries of the output waveguides (5) in such a way that each output 
channel receives only light of a certain wavelength. The orange lines 
only illustrate the light path. The light path from (1) to (5) is a 
demultiplexer, from (5) to (1) a multiplexer.

https://en.wikipedia.org/wiki/Phase_(waves)


Waveguide grating router-> all optical DMUX



Active components
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Gerd Keiser – Cap 10
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How can we define an active component?

-Active components require some type of external energy either

to perform their functions or to be used over a wider operating

range than a passive device, thereby offering greater application

flexibility
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31 Gerd Keiser – page 172



MEMS – microelectromechanical systems

• These are miniature devices that combine mechanical, electrical, and optical components to 
provide sensing and actuation functions. 

• MEMS devices are fabricated using integrated-circuit compatible batch-processing 
techniques and range in size from micrometers to millimeters. 

• The control or actuation of a MEMS device is done through electrical, thermal, or magnetic 
means such as microgears or movable levers, shutters, or mirrors. 

• The devices are used widely for automobile air bag deployment systems, in ink-jet printer 
heads, for monitoring mechanical shock and vibration during transportation of sensitive 
goods, for monitoring the condition of moving machinery for preventive maintenance, and in 
biomedical applications, for patient activity monitoring and pacemakers.

• MEMS technologies also are finding applications in lightwave systems for variable 
optical attenuators, tunable optical filters, tunable lasers, optical add/drop 
multiplexers, optical performance monitors, dynamic gain equalizers, optical 
switches, and other optical components and modules.
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Active Grating – RF voltage
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The stretching can be done by thermomechanical, 
piezoelectric, acousto-optic or stepper-motor means



Active components

dynamic gain equalizer

• A dynamic gain equalizer (DGE) is 
used to reduce the attenuation of the 
individual wavelengths within a 
spectral band. These devices also are 
called dynamic channel equalizers 
(DCEs) or dynamic spectral 
equalizers. The function of a DGE is 
equivalent to filtering out individual 
wavelengths and equalizing them on 
a channel-by-channel basis.
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Interferometer

Michelson Mach-Zender

Electro-optic effect



Optic transceiver
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Optical amplifiers
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Gerd Keiser – Cap 11
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Optical amplifiers



Optical amplifiers classes
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Er dopped amplifiers
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Raman amplifiers



Optical amplifiers
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Amplification
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1.Signal light (1550nm) is launched into port 1 and passed through port 2 with 

minimum loss.

2.The signal is combined with the pump light (980nm) by a WDM coupler and both 

lights are launched into an erbium-doped fiber

3.The signal is amplified along the erbium-doped fiber

4.Both the signal and residual pump light are reflected by the mirror

5.The signal and residual pump light pass through the erbium-doped fiber again and 

the signal is amplified again by the residual pump light

6.At the WDM coupler, the signal light (1550nm) passes through while the pump 

light (980nm) is guided away into the pump laser (but absorbed by a built-in 

isolator)

7.The signal light is guided into port 3 by the circulator



Pumping schematic view

Forward
Backward

Hybrid



Amplification
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https://www.analogictips.com/optical-amplifiers-basic-implementations-faq/



Raman amplification
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Fiber Amplifiers and Fiber Lasers Based 
On Stimulated Raman Scattering: A Review

Micromachines2020,11, 247; 
doi:10.3390/mi11030247



Application: WDM systems
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Questions


