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• Text Book Reference:  N. A. Riza, Photonic Signals and Systems – An Introduction, 
McGraw Hill, New York, 2013.



Lecture 1 
Overview

Topics:

 Definition of signal (multi-variable function) and black box system

 Why use Light to Design Signals and Systems

 Definition of Electrical SNR versus Optical SNR via Photo-current having E-square 

dependence.

 system applications using photonics

 example list of components to build systems.

 System design requirements.
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Signals and Systems Interaction

Signals represent information that needs to be communicated, processed,
transformed, controlled, and utilized in a certain way that benefits the end user.
These operations are performed by the system or black box as shown in Figure 1.1.

In general, a signal can be mathematically represented in N-dimensions,
e.g., as a function of N-independent variables. E.g., s(,x,y,z,t) as a 4-dimensional
Signal.
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Signals and Systems Interaction 
Example

The original 1D voice signal that exists as sound or pressure waves is first converted by a
piezoelectric transducer to an electrical signal (typical time oscillator) or frequency
content for human voice at < 3 kHz (hertz = 1 cycle/second), which then modulates (or
multiplies) with a high-frequency carrier signal (e.g., 600 MHz) before being transmitted
as EM-waves generated by the antenna.
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Signal to Noise Ratio

Signal-to-Noise Ratio  or SNR is a measure of the desired signal power in a system 
versus the noise power in the system. 

For example, if the signal of interest is a 1000 MHz RF signal picked up by an RF 
antenna within its passband (e.g., 995 MHz to 1005 MHz), the noise in the received 
signal can be the noise level (e.g., from a jammer signal) in the receiver measured       
1 MHz away from the 1000 MHz signal peak.

SIGNAL POWER   (Watts)

NOISE POWER   (Watts)
SNR = 

Frequency (MHz)DC

0 W

RF Spectrum
Power (W)

1000 1001

Signal

Noise (e.g., In-band Jammer)
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Electrical Signal to Noise Ratio Expressed in Units of dB

where:
R is the termination electrical circuit resistance,
iS(t) is the signal current,
iN(t) is the noise current in the electrical circuit

To express SNR in dB, take the 10 LOG of the SNR

Electrical SIGNAL POWER   (Watts)

Electrical NOISE POWER   (Watts)
Electrical SNR = 

Note the 20 log (current ratio) dB Units
result known to Electrical Engg.
One can also use the voltage ratio for the
Electrical Power Calculation.
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Optical Signal to Noise Ratio

where:
PN is the noise optical power falling on the photodetector,
PS is the optical signal power falling on the photodetector 

The power of communicating and processing electrical signals in the optical domain 
can be seen by comparing electrical signal-to-noise ratio (E-SNR) versus optical signal-
to-noise ratio (O-SNR).

Optical SIGNAL POWER   (Watts)

Optical NOISE POWER   (Watts)

Optical SNR = 

To express SNR in dB, take the 10 LOG of the SNR

Note: The Electrical Current i(t) Produced by a Photo-Detector (Optical Receiving Antenna)
Is Proportional to the Optical Power P Falling on the Detector.

i(t)  =  K  P   where K is a constant- depends on detector specs20/09/2019
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Comparison of Electrical and Optical Signal to Noise Ratio

This doubling of SNR between the electrical and optical signal processing domains is 
very significant.

For example, a 1 x 2 optical switch that gives an interport optical isolation of 30 dB 
gives an electrical signal 1x 2 switch port isolation of 60 dB. 

Processing electrical signals in the optical domain using optical hardware requires less 
stringent component specifications ( 30 dB optical switch isolation vs a 60 dB electrical 
switch inter-port isolation) than when the electrical signal is processed and 
communicated in the electrical domain using electrical/electronic signal 
conditioning/processing components, such as electrical switches, attenuators, filters, 
etc. This brief analysis highlights the power of photonics for communication and 
processing of electrical signals that constitutes much of the world’s infrastructure.

Comparing the two SNR expressions:
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Apart from SNR Benefits, What Else Does LIGHT offer  
when Designing Signals and Systems using LIGHT

- One often Hears “ Light is Fast” – as a benefit of Light versus other EM waves.  

This statement is not correct as all EM waves travel at the speed of light (c=3 x 108

m/s) or a fraction of c depending on 

(a) the propagation material  properties (e, m) 

or 

(b) the design structure of the waveguide and its material .

- One often Hears “ There is no Electromagnetic Interference (EMI) when using 

Light” – as a benefit of Light versus other EM waves.  This statement is not correct 

as all EM waves do not interact/interfere with each other as they

Pass by/through one another. 

INCORRECT CONCEPTS OFTEN HEARD !

But Before Answering this Question, Need to Clarify on the Below:
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“Light” is generally the EM-waves  belonging to

a Certain Frequency Range or Wavelength Band

One First Needs to Define what “LIGHT” we are referring to as 
ALL LIGHT waves are also Electro-Magnetic (EM) Waves

https://www.nist.gov/image-22077

https://phys.org/newman/gfx/news/hires/2014/
precisecontr.png
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“Light” is generally the EM-waves  belonging to

a Certain Frequency Range (~1 THz to 100 PHz) 

One First Needs to Define what “LIGHT” we are referring to as ALL LIGHT 
waves are also Electro-Magnetic (EM) Waves

http://www.canon.com/technology/approach/special/images/pre_ph001.jpg

1 THz = 1000 GHz,                                  1PHz= 1000 THz
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“Light” is generally the EM-waves  belonging to

a Certain Frequency Range (~ 1 THz to 100 PHz) 

One First Needs to Define what “LIGHT” we are referring to as ALL LIGHT 
waves are also Electro-Magnetic (EM) Waves

https://www.nasa.gov/directorates/heo/scan/communications/outreach/funfacts/txt_band_designators.html

1 THz = 1000 GHz
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“Light” is generally the EM-waves  belonging to

100 nm to 1 mm Wavelength Band

One First Needs to Define what “LIGHT” we are referring to as ALL LIGHT 
waves are also Electro-Magnetic (EM) Waves

http://light-measurement.com/images/wavelength-range.jpg
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Apart from SNR Benefits, What Else Does LIGHT offer to Signals & Systems

- Compared to Radio Waves in the EM Spectrum, Light has a VERY HIGH

EM wave Frequency   , e.g., 10 15 Hz  versus  10 9 Hz ( 1 GHz Microwave)

- This is 6 orders of Magnitude Higher Frequency

WHEN USING INFORMATION SIGNAL TRANSFER USING THE LIGHT FREQUENCY CARRIER WAVE
ONE GETS A MUCH WIDER INFORMATION SIGNAL BANDWIDTH CAPABILITY

RF Spectrum
Power (W)

EM Wave Carrier Frequency for Signal/Data Transfer (Hz)
DC

0 W
1015109

Example Link Design: 0.1% of Carrier Frequency  = Information Transfer Bandwidth

0.1% of 109 Hz= 106 Hz Bandwidth 0.1% of 1015 Hz= 1012 Hz Bandwidth 

VERY BIG 
Bandwidth

VERY SMALL 
Bandwidth

Information Signal rides the carrier wave (like a disturbance on a water wave)
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What Else Does LIGHT offer to the Design of Signals & Systems

THE PHOTONIC BOX IS RESISTANT TO RF DOMAIN INTERFERENCE/JAMMING
(The same is not true for an RF Signals and Systems Box that is very sensitive to RF around it)

- RF Signals riding on Light waves  
(guided or freespace) inside System 
don’t Engage (interfere) with RF 
Electronics and Electrical Systems
In and around the Box

- Light in Box does not Exit the Box 

Photonic System Box
With RF on Optical Carrier

- RF Electronics & 
Electrical and 
Magnetic Hardware 
Creates RF EM 
Radiation and Fields 
that can exit the Box

- RF fields can also 
Enter the Box

RF EM Radiation 
and
E/H fields
Entering the
Optical Box

RF System Box
With RF on RF Carrier
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Summary of What LIGHT offers to Design of Signals & Systems

- Massive Information Signal Bandwidth (for data transfer and Signal Processing)

- Robustness to interference and jamming from RF band EM radiation and electric/magnetic
Field disturbances

- Short wavelength of light (e.g., 1 micron) versus RF band leads to
- High Spatial Resolution Object Sampling
- Smaller components to guide and control the light beam (vs) RF beam

(small optical lens for laser versus meters diameter RF antenna dish for microwave radar)
- Highly Directional Radiation (laser) vs RF Indoor Wireless for Data (Internet) at Home

- Extremely small Attenuation/absorption of light in optical materials versus 
RF waves traveling in RF guiding materials (e.g. metals).
So Less amplification of Signals is needed.
e.g.,  0.1 dB/km attenuation of light signals in internet glass (silica) optical fibers –
Internet data signals at 1550 nm light wavelength can go 50 km in optical fiber
without Amplification.
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Applications
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Applications
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Applications
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Applications
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Applications

20/09/2019 N. A. Riza Lectures 21



Photonic, Optoelectronic, and Electronic tools

There are many photonic, optoelectronic, and electronic tools (i.e., physical 
effects and components that are used to construct photonic systems) such as: 

1. Classic passive bulk optical components; examples include lenses, prisms, 
mirrors, stops, splitters, and lenses. 

2. Properties of free-space optical propagation; examples include geometrical, 
Fraunhofer/Fourier, and Fresnel optics.

3. Integrated passive optical components; examples include fibers, fiber lenses, 
waveguide couplers, splitters, combiners, fiber gratings, wavelength 
multiplexers and demultiplexers, 2D gratings.

4. Properties of integrated-optic (IO) waveguide propagation; examples include 
single-mode low-loss optical communication fibers, sensitivity of fibers to 
polarization, such as good for making remote sensors.

5. Active bulk optical components; examples include acousto-optic (AO) crystal-
based devices, electro-optic (EO) crystal-based devices, photorefractive (PR) 
crystal-based devices. AO, EO, and PR effects can be used to manipulate optical 
beams, such as frequency shifting, deflecting, and filtering.
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Photonic, Optoelectronic, and Electronic tools
6. Active large-area optical components; examples include liquid crystal (LC) arrays, 
magneto-optic (MO) arrays, and micromirror arrays. LC birefringence effects can be 
used in polarizationbased optical switching and wavelength filtering.

7. Active IO devices; examples include IO waveguide high-speed modulators for phase 
modulation (PM), amplitude modulation (AM), and frequency modulation (FM) for 
lowpower light beams.

8. Active liquid micro-devices; examples include electrically controlled fluidic optical 
lenses, waveguides, mirrors, etc., used for optical switching, attenuation, and wave-
front controls.

9. Active light sources and detection components; examples include coherent light 
sources, such as laser types that can be defined by laser wavelength, power, tuning, CW 
or pulsed mode, size, weight, modulation speed, noise, etc. Other examples are light 
detection components defined by sensitivity, integration speed, photosensitive area, 
noise, dynamic range, etc.

10. Electrical hardware; examples include cables, connectors, splitters, mixers, filters, 
power amplifiers, low noise amps (LNAs), power supplies, signal generators, differential 
amplifiers, AGC amplifiers, A-D converters, D-A converters, frame grabbers, and PC-
based data storage and processing. 20/09/2019 N. A. Riza Lectures
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System Design Constraints

This course concentrates on the use of photonics for processing or 
manipulating information signals, such that the end user’s and application 
goals are met while operating under the desired or required design constraints 
and requirements. 

Some typical design constraint basics for system design are:
• Performance (e.g., electrical signal-to-noise ratio >100 dB)
• Size/volume
• Weight
• Power consumption
• Electromagnetic interference (EMI)/electromagnetic pulse …
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System Design Constraints (continued)

• (EMP) sensitivity

• Environmental safety—water hazard, electrical shock hazard etc

• Cost

• Remoting

• Large-scale manufacturability

• Repair and assembly time

• Weather operation range (temperature, moisture, shock pressure,

• stability)

• Military specifications (MILSPEC)

• Robustness/tolerance to changes—power supply voltage

• Variations/mechanical vibrational stability
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