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Electromagnetic radiation

Electric charges generate the electric field.  Additionally, when in motion the electric charges 
generate the magnetic field. If the charges are accelerated, the electric and magnetic fields are 
mutually orthogonal and they propagate in the space as a wave. The wave carries energy and 
power.
Many experiments at the beginning of the XX century shown that the radiation in some 
conditions behaves as a flow of particles called photons.
Both the waves and the particles show peculiar characteristics

The electromagnetic waves propagates in vacuum
The rest mass of the photon is zero.

since photons always travel at the speed of light, the concept of rest mass is meaningless

The speed of light is independent from the reference frame and its value in vacuum is the upper limit of 
any achievable speed.
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Electromagnetic spectrum

Photons are elementary particles carrying an amount of energy proportional to the frequency of the radiation (or 
inversely proportional to the wavelength)

In practice the radiation consists in a mixture of photons of different wavelengths.
purely monochromatic radiation cannot occur due to Fourier transform between t and f.

The power per unit of irradiated area is represented as a spectrum as a function of either frequency or wavelength 
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Electromagneticspectrum

Since frequency and energy are associated, the 
spectrum takes into account the different processes 
leading to radiation emission.
The radiation behaves in different ways according to 
the frequency. In particular, the scale of the matter 
interacting with the radiation depends on .

The detection of radiation requires different 
principles for each frequency interval.
A small spectral interval (400 – 700 nm) corresponds 
to the radiation perceived by the human eyes. The 
radiation in this interval is called light. The two 
adjacent regions are called ultraviolet and infrared.

Noteworthy, many semiconductors (e.g. silicon) are 
sensitive to the radiation around this range.
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Human perception based units (photometric units)
flux (lumen) and illumination (lux)

In order to evaluate the efficiency of illumination the 
spectrum of the radiation is weighted by the spectral 
response of human eyes (CIE standard).
The largest sensitivity is found at 550 nm.
Luminous flux: Lumen (lm):

Luminance: Lux (lm/m2) luminous flux impinging on a 
surface at distance d.
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Radiation sources

In classic electromagnetism, the radiation is emitted 
by accelerated charges. In quantum mechanics, the 
emission is also associated to the transition of 
charged particles from discrete energy states.
These phenomena give rise to different spectral 
signatures

Discrete spectra (spectral lines)
Transitions of electrons between atomic or molecular states

Continuum spectra
Thermal spectrum (thermal equilibrium between radiation and 
matter)

Black-body radiation

Bremmstrahlung (radiation from decelerated electrons)
X-ray sources

Cerenkov radiation (emitted by particles whose speed in a 
media exceeds the phase speed of light)
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Electromagnetic radiation and temperature:
The black-body radiation

Matter in thermal equilibrium with the environment 
spontaenously emits radiation whose ideal behaviour is 
described by the Planck’s law.

thermal equilibrium: all energy is absorbed and thermal 
radiation is emitted: black body

At room temperature, thermal radiation is emitted in the 
infrared.
The black-body radiation spectrum is described by the 
Planck’s law

Integral laws:
Total power: Stefan-Boltzmann law

Peak displacement: Wien law
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Emissivity

The emissivity (ε) measures the attitude of a 
body to behave as a ideal black-body.

It depends on the composition of the materials 
and on the conditions of the surface (e.g. 
polished or rough).

If the emissivity is close to one, the black-body 
laws can be applied with the emissivity as a 
correction parameter.

In these cases the measure of the power of the 
emitted radiation provides a measure of the 
temperature of a body.
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Example of applicaton of the Stefan-Boltzmann law:
the temperature of a bulb lamp
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Let us consider a 100 W bulb lamp
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Radiation-matter interaction

At different wavelengths the dimensions of the matter interacting with the radiation changes.

The electromagnetic radiation is a powerful probe to investigate the structure of the matter.

10

denomination wavelength probed matter scale 

Radio waves and 
microwaves 

> 10-3  m Materials, electric components 

Infrared 103 – 0.75 μm Molecules, molecular bonds, atomic 
bonds 

Visible light 0.7 – 0.45 μm External molecular and atomic 
orbitals 

Ultraviolet 450 – 100 nm Deep molecular and atomic orbitals 

X rays 100 nm – 0.1 Å Deep atomic orbitals, atomic nucleii 

γ  rays  < 0.1Å Internal nuclear structures, 
elementary particles, sub-elementary 
particles 
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Adsorbance of light

The main mechanism of absorbance is the transfer of energy from the photon to one electron in the 
material. 
Electrons can acquire the energy necessary to a transition between orbitals, then the absorbance 
depends on the energy of the photon.
The energies at which absorption occurs depends on the density of states and the electrons 
population. In molecules and solids, atomic energy levels degenerate in number, in solids they become 
so numerous to form a continuum (band).
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Transmission,  absorbance, and reflection

Absorption is a function of wavelength.
Only a portion of the incoming light is 
absorbed, the rest of radiation is either 
transmitted or reflected.
The matter always emit a thermal radiation, 
function of the temperature, and proportional to 
the emissivity
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Absorption in terrestrial atmosphere
The sun is the most important extraterrestrial source 
of radiation. The spectrum is thermal with extra 
emissions beyond UV due to nuclear phenomena at 
the solar surface
The radiation is attenuated (absorbed and reflected) by 
the atmosphere

molecular absorbance: water, carbon dioxide, 
ozone, methane……

The visible light corresponds to the largest solar emission 
and the smallest atmospheric absorbance

T
I

R

I=A+R+T

thermal emission

photoluminescence
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Ocean Optics HR4000

Spectrophotometers
Spectrophotometer is the instrument to 
measure the spectra.

It separates the light in individual wavelengths.
This is obtained exploiting the phenomena of 
refraction (prism, rainbows…) or diffraction 
(gratings, CD surface…)

Hamamatsu C12666MA

C. Di Natale, University of Rome Tor Vergata: Optical Sensors

Optical sensors

Optical sensors, or photo-detectors, are based on the absorption of radiation and on the 
conversion of the adsorbed energy into a measurable signal.

The term optical sensor is limited to the detectors of radiation from UV to infrared.
Photo-detectors are classified in two categories according to their working principle.

Photonic photo-detectors
In these devices, the individual photons of the radiation interacts with the individual electrons of the material changing 
some measurable electrical property.
examples: photoconductors, photodiodes, photoemitters

Thermal photo-detectors
These devices measure the temperature change elicited by absorbed radiation power.  In practice these are 
temperature sensors coupled with a material with a large extinction coefficient.
examples: bolometers, pyroelectric devices
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Light absorption in materials
15

Absorption coefficient of silicon

In silicon, the absorbance coefficient in the visible range  is in the 
range 3000 – 105 cm-1.
It corresponds to depths of penetration between 3.3 µm and 100 nm.
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In the simplest model, the 
absorption in semiconductors is 
limited to the transitions from 
valence to conduction bands
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Photoconductors

Most of the absorbed photons interact with 
electrons in the valence band.  The energy is 
transferred from photons to electrons and if the 
energy is greater than the energy gap the 
electron can be promoted to the conduction 
band leaving a hole in the valence band.
As a consequence, the concentration of charge 
carriers increases and the resistivity of the 
material decreases.

The concentration of charge carriers is larger 
than the thermally generated carriers, then the 
photocarriers are recombined by generation-
recombination processes.
The signal is detected as a variation of the 
voltage drop across a load resistor, or as the 
variation of the current in the sensor.
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Photoconductors

The photo-conductivity is based on the 
creation of electron-hole couples. The energy 
released by the photon has to exceed the 
energy gap.

Therefore a cut-off wavelength exists over 
which the photo-conductivity cannot be 
activated.
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Photocurrent

The exposure to light gives rise to an excess of current (photo-current) respect to the current 
observed when the detector is not illuminated (dark current)

The photo-current is produced by the photo-generated electrons and holes kept in movement 
by the applied voltage.
The photocurrent is observed as a variation of the output voltage of a voltage divider.
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Photocurrent
19

Let us consider a flux  N of photons impinging 
on a N-type semiconductor.
Being wl the area of collection of photons and d
the depth of the detector.
The semiconductor is contacted by two 
electrodes at distance l. 
wd is the area of the electrodes.

Let us suppose that all the incident photons are absorbed. The rate of generation of electrons and 
holes is a fraction (η) of the rate of arrival of photons divided by the volume of the detector. η is the 
quantum efficiency.
hypothesis: photons are uniformely absorbed in the volume.

The concentration of photo-generated charges is an excess of charges respect to the equilibrium
concentration. If the material is N-type, the recombination of holes is the dominant phenomena.

l
w

d

Va+ -

(
dn

dt

)
G

= η
Nλ

wld

[
electrons

s · cm2

]
=

(
dp

dt

)
G

= η
Nλ

wld

[
holes

s · cm2

]

Nλ

[
photons

s

]

(
dp

dt

)
R

=
p

τp

[
holes

s · cm3

]

[
holes

s · cm3

][
electrons

s · cm3

]

C. Di Natale, University of Rome Tor Vergata: Optical Sensors

Photocurrent
20

The charge with the smallest mobility determines the current, then let us limit our attention to 
the holes.
At the equilibrium the rate of generation and recombination are the same and the steady 
concentration of holes (peq) is :

These charges determine a photocurrent equal to:

Iph = JA = qpvpwd = qηNλτp
vp
l

The quantity l/v is the transit time of the holes in the semiconductor.
The ratio between the recombination time and the transit time is the detector gain. 
For a high gain, the lifetime should be long and electrode spacing short.  Gain is in the range 103-106.

Introducing the bias voltage:

and the gain G is: 

Iph = qηNλτp
μpE
l

= qηNλτp
μpVA

l2

G = τp
μpVA

l2

η
Nλ

wld
=

peq
τp

→ peq = ητp
Nλ

wld
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Parameters for optical sensors

Responsivity
Ratio between the signal and the incident power. In case of linearity it coincides with the sensitivity

Noise Equivalent Power (NEP)
Minimum detectable power, it is the similar to resolution where responsivity replaces the sensitivity

Detectivity (D)
NEP is a negative figure of merit, namely better sensors have a small NEP. In order to use a positive figure 
of merit the detectivity is introduced
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Dependence from wavelength and geometry
22

λ
0 =
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EG

The responsivity is a growing function of wavelength, this 
behavior is typical for photonic detectors.  The curve is abruptly 
interrupted at the cut-off frequency.
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Spectral power
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To evaluate the spectral responsivity, let us consider the 
response to a monochromatic source of power P

Pλ = Nλ · Ephoton = Nλ · hc
λ

Iph = qηNλG =
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Photoresistor
23

Interdigitated electrodes contribute to increase the gain reducing the distance between the 
electrodes.
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Photovoltaic effect

Photovoltaic effect takes place in junction 
devices where a built-in electric field exists.

Radiation can generate electron-hole pairs 
everywhere in the semiconductur. Those created 
in the neutral regions are soon recombined, 
while those generated in the depletion layer are 
separated by the built-in electric field.
Photovoltaic sensors are active sensors: the 
photo-charges increase the drift current in the 
depletion layer then a current is observed 
without bias.
Typical photovoltaic sensors are P-N junctions 
(photodiodes) where the depletion layer is the 
sensitive volume of the device.
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Photodiodes

The photocurrent is a drift current, then it is 
additive to the reverse current.

respect to photoconductors, the signal is due to 
majority charges which are not subjected to 
recombination. Then photodiodes are expected to be 
more fast than photoconductors

The photovoltaic effect is manifested as a open-
circuit voltage or a short-circuit current.
Photodiodes are typically operated in a reverse 
bias regime, and the photovoltaic effect is 
observed as a voltage drop across a load resistor 
(photoconductive mode).

Avalanche detectors:  The device is fabricated and 
biased in order to work at the edge of the avalanche 
effect. In this way the amplification effect leads to high 
sensitive devices as it happens in SPADs (single 
photon avalanche detectors).
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Photocurrent calculation

Respect to a photoconductor, charges are not recombined, indeed the depletion layer is 
reverse biased then the generation dominates. All photocharges contribute to the current

Considering the relationship between the rate of arrival of photons and the radiant power in 
case of a monochromatic radiation we have:

The open-circuit voltage is the given by the product of the photovoltage and the dynamic 
resistance at V=0;

It leads to 
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Bias circuits
27
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Geometrical properties
28
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The penetration depth depends on the wavelength. The concentration of photo-
generated electron-hole pairs is proportional to the adsorbed light.
The signal is contributed by the charges created where the electric field is not 
null.
This is found in the depletion layer and in the neutral zone for a length of about 4 
Debye lengths.
Charges generated in the neutral zone diffuse before to be recombined. This 
extend the sensitive region of a distance of the order of the recombination length.
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Photo-signal versus depth

Qualitative behavior of the fraction of photo-generated 
charges contributing to the photocurrent.

At the surface, the generated charges are completely 
recombined by the large density of traps and defects.
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The effective sensitive area is 
increased with a p-i-n
configuration.
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Examples of photodiodes
30
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Image detectors

Each individual sensor is sensitive to the radiation 
collected through its own field-of-view

To detect an image, it is necessary a planar array of 
detectors, a suitable electronic interface able to read in 
order and sequentially the signals of the detectors, and a 
system of lenses reconstructing the scene onto the planar 
array.
Each individual sensor is called pixel, and the whole scene 
is transformed into a matrix of signals. Each pixel measure 
the light intensity from a portion of the scene.
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CMOS array

Photodiodes are arranged in array.  Each photodiode is connected to 
a minimal circuit allowing for the individual reading of signals. Each 
photodiode is the pixel of the image.
Reset (RST) pulse reversely biases the photodiode to the voltage 
VRST. Then the voltage can fluctuate. Due to the reverse bias, charges 
are generated in the depletion layer. Generated charges are 
accumulated in the depletion layer capacitor in order to cancel the 
reverse bias. This is the dark charge of the detector. The integration 
time determines the actual value of the charge.
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CMOS pixel current

In presence of an impinging radiation (Nλ) an additional 
charge (Qsig) is generated by the absorbed photons. Qsig

contributes to decrease the pixel voltage. 
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MOS photo-detector

The MOS structure can also be used as a light detector considering that the time for inversion 
charge creation is long.

The MOS is polarized in inversion (VG>VTH) and exposed to light.
Photoelectrons are dragged at the interface populating the inversion layer, thermal electrons 
generated by the semiconductors in response to the polarization are the dark signal.

The dark charge can be reduced cooling the detector.
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At end of the exposure each 
pixel carries a quantity of 
charge proportional to the 
intensity of light.
The charge is moved from one 
pixel to the adjacent by a 
proper potential profile.
Channels are connected by n-
silicon layers.

charge read-out
Charge Coupled Detectors 

VG VG VG Vextr

VG VG VG +Vextr

+VextrVG +VG +VG

+VextrVG VG VG

+VextrVG VG +VG
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Monochromatic detection

The detectors measure the integral of the spectrum of the adsorbed light weighted by the 
sensor responsivity.

Then, the notion of color (wavelength) is lost and the sensors are intrinsecally monochromatic.
To measure the color is necessary to use a system of filters that makes possible the measure 
the light in a limited wavelength range.
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Colour

Colour is the human perception of the spectrum of light. It is 
obtained evaluating the signals of three receptors whose 
responsivity is peaked at different wavelengths.
The RGB colour code is an attempt to recreate colour sensing and 
actuation.
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Colourmeasurement
38
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3-detectors colourscamera
39
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One detector colourcamera:
Bayer filter

40

Demosaicising algorithm
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Low-cost webcam
41
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FOVEON sensor

Foveon technology exploits the relationship between the depth of penetration and the 
wavelength to design color single pixel detector.

It is formed by a stack of three photodiodes buried at different depths so that each diode 
collects a prevalent colour.
In this way, each pixel of the image is actually sensitive to the three colour bands.

42

Photodiodes spectral response with a NIR cut filter
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Near Infrared (NIR) filter
43

NIR cut filter
Applied to the 
objective of a webcam

The maximum responsivity of silicon 
detectors is in the NIR region

Burnt slide film can be used to block the 
visible light allowing for a NIR camera

NIR image of a 5 € banknote, images printed 
with NIR ink appears.
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Photo-emission

In photoemission electrons receive enough energy to leave the material.
The energy necessary for the emission is called work function, it is defined as 
the difference between the vacuum energy and the Fermi level of the 
electrons in the material. 
The work function is then the minimum photon energy necessary for 
photoemission.

The emitted electron can be collected by an external electrode (photoanode) 
suitably biased with respect to the emitting material (photocathode).

45

hc
λ
≥qΦ    λ0 =

hc
qΦ

In semiconductors, the work function 
is affected by the surface states. 
Then, it can be modulated by a  
suitable modifications of the surface.
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Photomultiplier

The photomultiplier is an avalanche device based on the emission process.

Emitted electrons are accelerated up to an energy enough to produce secondary emission in a 
metallic target. 
A voltage drop ladder is maintained among the electrodes (dynodes) in order to give rise an 
avalanche phenomenon.

This gives rise to the most sensitive photodetector.
To avoid energy loss by scattering with gas molecules, the device is kept under vacuum.

46
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Transmission mode photocathode

In this device electrons are emitted from the opposite surface with respect to the 
incident light. Then, a large area detector and a compact arrangement are made 
possible.

47

NEP =Pris =
1 nA

3⋅105   A
W

=3.3⋅10−15  W

to estimate the NEP in terms of photons rate, let us consider the peak wavelength λ=400 nm

Nλ , res =
NEP
h ⋅c

λ =
3.3⋅10−15

6.6 ⋅10−34 ⋅3⋅108 400 ⋅10−9 ≈6000 photons
s

C. Di Natale, University of Rome Tor Vergata: Optical Sensors

Image enhancement
48
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Thermal detectors

Photonic sensors are defined by a limit wavelength 
corresponding to the energy gap of the detector 
material. 
In spectral regions were photonic detectors cannot 
be used, the radiation intensity can be measured 
through the measure of the temperature change 
due to the absorbance of radiant power. 
These devices are temperature sensors coupled 
with a large absorbance material (ideally a black 
body) so that the total incident power is absorbed 
and then transformed in a temperature variation.
The amount of temperature change depends on 
the heat dissipation towards the environment.
The response of these sensors depends uniquely on 
the radiant power and not on the wavelength (in 
the interval of opacity of the material), then the 
responsivity is constant with respect to the 
wavelength.
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Thermistor bolometer

The bolometer is a device measuring the total 
absorbed power.
The thermistor bolometer is a thermistor used 
to measure the change of temperature due to 
the absorbance of infrared radiation.
The changes of temperature are typically tiny so 
the detector is always described by a linear 
characteristics and then the temperature 
coefficient is the important quantity:

The performance depends on the heat 
dissipation with the surrounding environment. 
The heat received from a radiant source is 
dissipated through conduction (convection is 
usually negligible). The conduction can take place 
through the substrate and through the electric 
contacts.

=
1

R

dR

dT
Heat 
conduction

Radiant power

bolometer

substrate

reflector

An IR mirror reflects back the 
transmitted radiation

structure of a microbolometer for IR 
image arrays.

20 – 40 μm

2 μm
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Bolometer
heat balance

A portion η of the incident radiation is 
absorbed by the bolometer.

The ideal bolometer is a black body

The absorbed radiation contributes to 
increase the bolometer temperature.

In a wide range of wavelength η is almost 
constant.
The change of temperature is ruled by the 
heat exchange equation between the 
bolometer and the environment.
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bolometer

Incindent power: Pin

Absorbed power: Pass= Pin

Tc

T0

η ⋅Pin −δ ⋅ T −TA( ) =m ⋅c ⋅ dT
dt
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Bolometer:
the case of constant illumination
Let us suppose a bolometer subjected to a step input of illumination: Pin(t<0)=0; : Pin(t 0)=Pin

The bolometer is connected to a voltage divider where RL>>RS (current source).
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Pin

t

RL

RS V0

Thermal equilibrium:

m ⋅c ⋅
dT

dt
+δ ⋅ T −TA( ) =η ⋅Pin

at t = 0; T = TA ⇒ T −TA =
η ⋅Pin
δ

1− exp − δ
mc t( )⎡⎣ ⎤⎦;   

m ⋅c
δ

: thermal time constant

steady-state temperature T −TA =
η ⋅Pin

δ

Voltage signal:

Vout =Vin ⋅
Ro ⋅ 1+α ⋅ T −TA( )( )

RL
=Vin ⋅

Ro
RL

+Vin ⋅α ⋅
Ro
RL

⋅
η ⋅Pin
δ

1− exp − δ
mc t( )⎡⎣ ⎤⎦;   

Steady-state responsivity:ℜ =
Vout

Pin

=Vin ⋅α ⋅
Ro

RL

⋅
η
δ

Observation: smaller is the 
heat dissipation, more 
responsive but slower is the 
sensor.

Vi

Vin ⋅
Ro
RL

Vin ⋅
Ro
RL

+Vin ⋅α ⋅
Ro
RL

⋅
η ⋅Pin
δ

=12 ms
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Bolometer:
modulated incident radiation

The incident radiation is modulated in time
Example: a masked disk (chopper) rotating at the steady 
pulsation ω.
Then, Pin, Pass, and T are modulated at the pulsation ω
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ω

t

Pin

Pin

Poff

T = 2
1

Limiting the Fourier development to the first harmonic, the 
incident power is: 

Pin=constant

Pin = f ( t)

Ptot = Poff + Pin e j t
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Bolometer:
modulated incident radiation
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Ptot = Poff +Pin ⋅e
jωt ⇒ T = Toff +Tc ⋅e

jωt

η ⋅Poff +η ⋅Pin ⋅e
jωt −δ ⋅ Toff +Tc ⋅e

jωt −To( ) = c ⋅
d

dt
Toff +Tc ⋅e

jωt( )
η ⋅Poff +η ⋅Pin ⋅e

jωt −δ ⋅ Toff −To( )−δ ⋅Tc ⋅e
jωt = c ⋅ jω ⋅Tc ⋅e

jωt

offset component :  η ⋅Poff −δ ⋅ Toff −To( ) = 0⇒ Toff = To +
η ⋅Poff

δ

modulated component : η ⋅Pin ⋅e
jωt −δ ⋅Tc ⋅e

jωt = c ⋅ jω ⋅Tc ⋅e
jωt ⇒ Tc =

η ⋅Pin

δ + jω ⋅c

Tc =
η⋅ Pin

δ2 +ω2 ⋅c2

Vout =Vin ⋅α ⋅
Ro

RL

⋅ To +
η⋅ Poff

δ
+

η⋅ Pin

δ2 +ω2 ⋅c2

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

ℜ =
Vout

Pin

=Vin ⋅α ⋅
Ro

RL

⋅
η

δ2 +ω2 ⋅c2

ℜ =Vin ⋅α ⋅
Ro

RL

⋅
η
δ

1

1+ω2 ⋅
c2

δ2

The responsivity to the modulated power is a 
low-pass function of the modulation frequency.
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Bolometer:
modulated incident radiation

example carbon black resistor:

c=0.69 ⋅10−3 J

kg ⋅K
α = 0.01 K −1 η =1

R0 =1 kΩ; RL = 50 kΩ; Vin =10 V

The cut-off frequency depends on the 
capability of the sensor to dissipate the 
absorbed heat.
The increase of the frequency range results in 
a decrease of the pass-band responsivity.

With respect to a continuous exposure, the modulation of the source results in an 
apparent decrease of performance but:

Real world applications requires a differential measurement 
It makes possible the use of the lock-in amplifier. A measurement technique and 
an electronic amplifier that makes possible to extract signals embedded in noise.
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Lock-in amplifier

The lock-in amplifier is an amplifier with an 
adaptive filter centered at the frequency at 
which the signal is modulated.
The signal to noise ratio depends on the 
integration time, and for a long measurement 
time, signals embedded in noise can be 
measured.
The measurement requires a steady 
modulation of the radiant power driven by a 
known and accessible signal.

56
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Principle of a Lock-in amplifier
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A

-1

+

switch

switch

d.c.
filter

source
detector

Modulation
driver

Phase shifter

∫

modulation signal

φ

φ +π

1 2 3

3

4 5

Vout =
1
T

vs ⋅sin x +vnoise( )
0

T

∫ dt T→∞
⎯ →⎯ = vs

2
π

lim
T→∞

1
T

vnoise
0

T

∫ dt =0
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Thermal camera

58

arrays of bolometers made of VO2.
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Infrared imaging

59
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Thermal Camera
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Fiber optics sensors

The condition of entrapment of light inside a 
waveguide depends on the ratio between 
the refraction indexes of the core and the 
cladding.
There are two main applications of fiber 
optics for sensors

Light transport:
The fiber can deliver and collect light from non 
directly accessible locations (e.g. endoscopy)

Sensitive properties of fiber optics 
performance

Changes in the refractive index of the cladding 
result in variation of the transmitted power. Then if 
the refractive index of the cladding is sensitive to 
some environmental quantity (e.g. temperature) 
the fiber optics can be turned into a sensor.

Such a sensor can be distributed. Namely the 
signal is the average along the length of the fiber.
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sin i  >  
ncladding
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Fiber optics sensors
pyrometer

Measurement of thermal radiation emitted by thin film black body on the tip of the fiber optics.
Black body radiation can be measured in a suitable spectral range using a proper filter.
Dynamic range: 200 – 500 °C.
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Sensori a fibra ottica: variazione di fase: interferometro

Esempio sensore di deformazione:

C. Di Natale, University of Rome Tor Vergata: Optical Sensors

  x = L tan
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The rotation axis is connected to a series of concentric masks containing a pattern of opaque 
and transparent parts that modulates the optical path of LED-photodiode couples.

The number of transparent parts in each circle encode the angular position in a digital code (0: 
opaque, 1: transparent).
The number of concentric masks determines the number of bits and then the angular 
resolution.
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Mask order Mask angle Observed 
pattern 

Contribution to 
the total angle 

1 180 1 180 
2 90 0 0 
3 45 0 0 
4 22.5 1 22.5 
5 11.25 0 0 
6 5.625 1 5.625 
7 2.8125 1 2.8125 
8 1.40625 0 0 

  Total angle:  210.94 
 


