Nettoupyla Laser 60ov adopd ToUG EMITPENOUEVOUG SLOUNKELG TPOTIOUG TAAAVTWONG.

Qotooo, kat aAAoL cuveBalav o auth Tnv Mpoodo omwc Einstein, o omolog e€nynoe 1o QwtonAekpLko
dawvopevo, Hertz (16ete Figure 2) k.a.

E@appoyég vavoarsOntipov:
Me v Bonfeta vavooursONTpwv HITopovUE VO YOPAKTNPNGOVLE TNV TOLOTNTO.

Ontikadv epayudtov (idete apyeio FabricationHighResolutionGrating.pdf).

The profiles of the grating were measured by an atomic force microscope (AFM) using a high
aspect ratio silicon based tip (AR5T made by NANOSENSORS, Switzerland ). The tip is designed
with a tip radius less than 15 nm and a tip half cone angle smaller than 2.8°.

21006 omTiK0UG 0uoOnTpeS Qo TPEmEL VO KOTATALOVUE KAl EKEIVODS TOD GTOYEDOVY GTH AEYOUEVN
uetpnon & omootdoewe (remote sensing). Etoi, o1 omtikol pikpo
Kai Vavo-o1o0ntnpes Kalovvior Vo eMITEAECOVY  pOio TOOO  0€
O1EPEDVION QVTIKEIUEVWV UOKPIO, 000 KOL OVIKEUEVWV UECO O

EPYOCTPLOKO YWDPO OG UIKPOKOTIKH 1] VOVOTKOTIKH KAloko 0rws o

00VUE TTH COVEELQ..

-TNati eivon Y pNoRo vo QTAGOVUE GTI) VAVOTEVOAOYIN KOl VOVOOLGONTHPES;

-ITowog givar 0 dpOpoOg TPOG TOVS VavousONTIpES ;
I To remote sensing , Tvmikd ctélvovpus mo 6éoun laser mpog 10 vod

e€étaon avTiKEipEvo.....

Meta tn okéSaon Tou GwTog ano 1o avilkeipevo, cUAAEYOUHE pe KATAAANAR Sidtagn , mou
nepAapBAvel Ko TNAECKOTLO, TO GWTELVO GO KOL ETUXELPOULE Vo TTAPOUUE MAnpodopieg anod to
OVTIKELHEVO TTOU oTtoXeVoape. ESw nailouv poAo SU0 evaAlaKTIKA Ppavopeva ou Ba IpEREL va oG
anooxoAnoouv



A) Zkébaon anod akivnto otoxo Kot B) ZkéSaon and KIvoUUEVO oTOXO.

Kat oTig U0 MEPUMTWOELS ) OKESAON KATNYOPLOTIOLEITAL OE HOPLaKY) OKESAON Kal o okéSaon Mie,
6nAadn okédaon amnd avtikeipeva oAU peyaAUTEPNG SLUETPOU Kal Ao oo eKELVN EVOG Lopiou.

A¢ S0UME TNV MPpWTN EPIMTWON, EKELVNG TNG LOPLAKAG OKESAONG OIO aKivNTO 6TO)XO.
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OL mopimave CYEGEL UAOPOTY VI YPNGYOTom B0tV YL TOV TIOLOVIGND T
sxlbpac; ooy Ascum Laser emo o oysbwlopsve goomue LIDAR. H curtog ™
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- epiBhaon Kovrivov kar Makpivov Ilediov
- Xopporopetpo ®aumpvo-Ilgpo

- E€ioc®mon Helmholtz yvo kovtive nedio

- Oeopnoelg KPavTikig NAEKTPOOVVIUIKNG
-O1-(PTOVIKT] OTEIKOVIOT)

-CCD Sensors
http://lwww.neuro.gatech.edu/groups/potter/papers/tpabto.pdf

Nwg kataokevalovroal ot MikpoaoOntipeg kot NavoaloOntnpeg;

AG SOULE TO AVTIKELUEVO HEAETNG TTOU Ol LOG OLTIOLOXOANOCEL OLPKETA
KOl auto eilval ot atcOntipeg sikovag (image

sensors) [Image], [imagel], [image2]

CCD vs CMOS Sensors

Mua napaotatiki cUykpLon ReTal Twv aodntipwv eikovag CCD kat CMOS daivetal mopakaTw

Imagers for Machine Vision

In machine vision, area and line scan imagers rode on the coattails of the enormous mobile phone imager investment to displace CCDs. For most machine
vision area and line scan imagers, CCDs are also a technology of the past.

CCD Linescan CMOS Linescan
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The performance advantage of CMOS imagers over CCDs for machine vision merits & brief explanation. For machine vision, the key parameters are speed
and noise. CMOS and CCD imagers differ in the way that signals are converted from signal charge to an analog signal and finally to a digital signal. In CMOS
area and line scan imagers, the front end of this data path is massively parallel. This allows each amplifier to have low bandwidth. By the time the signal
reaches the data path bottleneck, which is normally the interface between the imager and the off-chip circuitry, CMOS data are firmly in the digital domain
In contrast, high speed CCDs have a large number of parallel fast output channels, but not as massively parallel as high speed CMOS imagers. Hence, each
CCD amplifier has higher bandwidth, which results in higher noise. Consequently, high speed CMOS imagers can be designed to have much lower noise
than high speed CCDs



Image sensor

From Wikipedia, the free encyclopedia

A CCD image sensor on a flexible circuit board

An image sensor or imaging sensor is a sensor that detects and conveys the information that
constitutes an image. It does so by converting the variable attenuation of light waves (as they pass
through or reflect off objects) into signals, small bursts of current that convey the information. The
waves can be light or other electromagnetic radiation. Image sensors are used in electronic imaging
devices of both analog and digital types, which include digital cameras, camera modules, medical
imaging equipment, night vision equipment such as thermal imagingdevices, radar, sonar, and
others. As technology changes, digital imaging tends to replace analog imaging.

Early analog sensors for visible light were video camera tubes. Currently, used types

are semiconductor charge-coupled devices (CCD) or active pixel sensors in complementary metal—
oxide—semiconductor (CMOS) or N-type metal-oxide-semiconductor (NMOS, Live MOS)
technologies. Analog sensors for invisible radiation tend to involve vacuum tubes of various kinds.
Digital sensors include flat panel detectors.

In February of 2018, researchers at Dartmouth University announced a new image sensing
technology that the researchers call QIS, for Quanta Image Sensor. Instead of pixels, QIS chips
have what the researchers call "jots." Each jot can detect a single particle of light, called a photon.i
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Image sensor (upper left) on the motherboard of a Nikon Coolpix L2 6 MP

Most small consumer products containing cameras use a CMOS sensor, because most CMOS
sensors are cheaper and smaller than CCDs, lower power consumption in battery powered
devices.2 CCD sensors are used for high end broadcast quality video cameras, and (C)MOS
sensors dominate in still photography and consumer goods where overall cost is a major concern.
Both types of sensor accomplish the same task of capturing light and converting it into electrical
signals.

Each cell of a CCD image sensor is an analog device. When light strikes the chip it is held as a small
electrical charge in each photo sensor. The charges in the line of pixels nearest to the (one or more)
output amplifiers are amplified and output, then each line of pixels shifts its charges one line closer
to the amplifier(s), filling the empty line closest to the amplifiers(s). This process is then repeated
until all the lines of pixels have had their charge amplified and output.®

A CMOS image sensor has an amplifier for each pixel compared to the few amplifiers of a CCD. This
results in less area for the capture of photons than a CCD, but this problem has been overcome by
using microlenses in front of each photodiode, which focus light into the photodiode that would have
otherwise hit the amplifier and not be detected.® Some CMOS imaging sensors also use Back-side
illumination to increase the number of photons that hit the photodiode."CMOS sensors can
potentially be implemented with fewer components, use less power, and/or provide faster readout
than CCD sensors.® They are also less vulnerable to static electricity discharges.

Another design, a hybrid CCD/CMOS architecture (sold under the name "sCMOS") consists of
CMOS readout integrated circuits (ROICs) that are bump bonded to a CCD imaging substrate — a
technology that was developed for infrared staring arrays and has been adapted to silicon-based
detector technology.® Another approach is to utilize the very fine dimensions available in modern
CMOS technology to implement a CCD like structure entirely in CMOS technology: such structures
can be achieved by separating individual poly-silicon gates by a very small gap; though still a
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product of research hybrid sensors can potentially harness the benefits of both CCD and CMOS
imagers.”

Performanceedit]
See also: EMVA1288

There are many parameters that can be used to evaluate the performance of an image sensor,
including dynamic range, signal-to-noise ratio, and low-light sensitivity. For sensors of comparable
types, the signal-to-noise ratio and dynamic range improve as the sizeincreases.
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Color separation/edit]

Fasasiting pa e

Bayer pattern on sensor

Foveon's scheme of vertical filtering for color sensing

There are several main types of color image sensors, differing by the type of color-separation
mechanism:

e Bayer filter sensor, low-cost and most common, using a color filter array that passes red,
green, and blue light to selected pixel sensors. Each individual sensor element is made sensitive
to red, green, and blue by means of a color gel made of chemical dye placed over each
individual element. Although inexpensive to manufacture, this technique lacks the color purity
of dichroic filters. Because the color gel segment must be separated from the others by a freme
(similar to stained glass windows), less of the areal density of a Bayer filter sensor is available to
capture light, making the Bayer filter sensor less sensitive than other color sensors of similar
size. This loss can be negated by using larger sensor size, albeit at greater cost. The most
common Bayer filter matrix uses two green pixels, and one each for red and blue. This results in
less resolution for red and blue colors, corresponding to the human eye's reduced sensitivity at
the limits of the visual spectrum. The missing color samples may interpolated using
a demosaicing algorithm, or ignored altogether by lossy compression. In order to improve color
information, techniques like color co-site sampling use a piezo mechanism to shift the color
sensor in pixel steps.

¢ Foveon X3 sensor, using an array of layered pixel sensors, separating light via the inherent
wavelength-dependent absorption property of silicon, such that every location senses all three
color channels. This method is similar to how color film for photography works.

e 3CCD, using three discrete image sensors, with the color separation done by a dichroic prism.
The dichroic elements provide a sharper color separation, thus improving color quality. Because
each sensor is equally sensitive within its passband, and at full resolution, 3-CCD sensors
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produce better color quality and better low light performance. 3-CCD sensors produce a
full 4:4:4 signal, which is preferred in television broadcasting, video editing and chroma
key visual effects.

Specialty sensorsiedit]

Infrared view of the Orion Nebulataken by ESO's HAWK-I, a cryogenic wide-field imagert

Special sensors are used in various applications such as thermography, creation of multi-spectral
images, video laryngoscopes, gamma cameras, sensor arrays for x-rays, and other highly sensitive
arrays for astronomy . fetation needed]

While in general digital cameras use a flat sensor, Sony prototyped a curved sensor in 2014 to
reduce/eliminate Petzval field curvature that occurs with a flat sensor. Use of a curved sensor allows
a shorter and smaller diameter of the lens with reduced elements and components with greater
aperture and reduced light fall-off at the edge of the photo.®

Sensors used in digital camerasiedit]

A listing of digital camera sensors can be found here.
See also[edit]

e Contact image sensor (CIS)

e Video camera tube

e Semiconductor detector

e Full-frame digital SLR

¢ Image sensor format, the sizes and shapes of common image sensors
e Color filter array, mosaic of tiny color filters over color image sensors

e Sensitometry, the scientific study of light-sensitive materials

e History of television, the development of electronic imaging technology since the 1880s
e List of large sensor interchangeable-lens video cameras

e Oversampled binary image sensor

e computer vision
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SNOM - Magnetooptical characterizaion:

Xpnon Ontikev aiednTpov Yo pETtpnon arAlov neyedov
[Mopadetypota £XOVpE amd oGONTNPES TOV EMTPETOVY TNV UETPTOT LEYOAOV LOYVITIKOV GE
dropa (Baclopevav oe pavopevo Zeeman) kot nAektpikov tediov (facilopevov
otopoawopevo Stark), (avagopég [2], [3])

KAtpokwrtoi @aopatikoi alodntipeg:

Autoi Baocifovtal kupiwg o€ omTikA ¢ppdypata. AUTA ETITPEMOUV TNV Kataypadr EVOg LEPOUG LOVO TOU

0paToU PACHATOC EVW CUXVA amalteitol oe ebpapUoyEC n Suvatotnta Kataypadng eupltepng



daopatikng meploxng, m.x. and 200 nm wg 1000 nm, Kal TAUTOXPOvwe Pe uPnAn SLakpLTKN
LKAVOTNTO TNG TAENC Tou 1 A. AuTth N avdykn LkavoroLeiTaL Pe Ta AeYOUEVA KALUAKWTA QPayuaTa

(echelle gratings). Qg yvwotov, n SLaKPLTIK LKAVOTNTA EVOC OTTIKOU GpAyHaToC SlveTal amod Tnv

ékdpaon:

AMON =mN,

Xprion dSLR dwtoypadikng pnxavng yia kotaypadn paopatwv

H peydhn xwptkn SlakpLtikn tkavotnta uiag dSLR pog emttpénel va kotaypdpoupe pe akpifela kat
Toxutnta ontikad ddaopata. O Tpomog Aettoupyiag eival, pe Alyeg ypappeg, o £€ng: To mpog avaiuon dwg

ELOEPXETAL OE €vVa KAELOTO BAAALO TIOU TIEPLEXEL £VA KOIAO OTTIKO ppayUal.

To dpdopa avalvetal kat anetkoviletal otnv dwroypadikr Lnxavr, Ue pia mapauetpo mAakoc
(vpapptkr LETaBOAR (Ax ) avd petaBoAr prikoug KUpaTog (AN)), Ax/AN Tng Taéng twv 32 um/ A. . Av
TWPA, £EKAOTO ELKOVOKUTTAPO EXEL YPAUULKN SLldoTacn mepimou 5 um, mapatnpoUpe MwG GOCUATIKEG
Sopég evpouc 1 A availovtat oAU eVKoAa .



2.1.1 F'eovianij ket ypoiuinyj s1a6mopd
Kafs tomoc pécovw Mwcmopds yopaxtnpileTtor amd 1 yoviax)] ducmopd A,

dp

A

mov opiletol @g . omov df eival 1) yowviokl) Sweopd HeTalt 00 okTivew Lle

Olpopd pNKous Kopato di mov Pratvouy 1) avorhiovio and to pégo. H yoviow)
OWOTOpO OYeTIleTOl NOVO [IE TO NEGO OLUCTOPOS Kot elval aveldpTnTn amd 1o eidog
g 0dteing oty onole Ao ypnoiworon el qutd. OTov 1o PEGO ducmopdc omoTehel

LEPOC eVOC OMTIKOY GUGTIUUTOC, TO YUPUKTPICTIKG Kol TV d0o cuvivdloviol, yid
; - . . dl | )
ve Kofopigowy TN VPOMUKN S0GTopd TOU GUOTIUATOC, rE omov dl etvan 1)
A

UMOCTUCT OTO E0TIOKG EMINEGO OVANECST O OVO TKTIVEC [IE D10QOPA UIKOUS KUHOTOG
di. Av 1 mpooninTovown GECUN OTO WEGO OWOTOPOC elvol TOPalinin, TOTE 1|

YPOLHKT] O10CTOPE OIVETOL Od T1) GYECT|:

d_, db

=r_ra 2.1)
di tdi 2 (

omov f> Elvol 1) EOTIOKN  OMOGTOON TV ONTKGOY TOU  ¥YPNOULOTO0UVIoL. Vil vo

Omov fi elvol 1 €OTWOKY CMOCTOCY TGV ONTIKGOV TOU YPITILOTOI00VTaL, Vit Vi
CUYKEVIPOGOUY TV TEPIBAGEVT] OEGLT GTOV UVIIVELTI|.
2.1.2 Hapdyovtog miKOS I GVTIGTPOQI] YPGHUIKY S16GTOPd

O mopoyovtac miowoc (Plate factor) 1 oviioTpogn YpopMIKY] OlocTOpU
(Reciprocal linear dispersion) gmoteiel &vo @mo To MO ONUOVTIKG YUPOKTIPIGTIKG

EVOC QUOUATOMETPOL, ovpfoiiletar pe P won opiletor omd T ayean):

p=ﬁ_ (2.2)

O1 povddec mov yproiponooiviet cuvijdn: sivar A/mm 1 nm/mm.



2.1.3 Opio SIGKPITIKNS IKGVOTHTOS KOl QETHATIKI] GVEAUTIKI 1GY0UC

Av Be@pT|COVUE VO QUGLUTOLETPO [ GYLoUT 156500 W Tov QOTICETIL and
PoTOVIC e SU0 SUQOPETIKG WK KOMETOC A Kon 4 + 44, TOTE 1] edva T GYIoLS
Yo kdbe piroc kopatoc Bu &yel mhdroc w kot and v eficwmon (2.1) 1) andotooy

OVOLESO OTO KEVIPO TV GU0 eovay Ba eiva
Al = frd A} (2.3)

Opilovpe To Op10 TIC SEKPITIKIC IKOVOTNTOC 44 F T1] Slopopd [KoUS KULATOC Y10
v onola A7 = w', dnhadl] TETOW, GOTE 01 UMEKOVIGELS TIC OGS GTOV QVIYVELTI)
Yo wdfe PKoc KOPOTOC Vo efvol oplokd SKPITES CUUQGVE LE TO KPTIpLo Tou

N}-‘quistl [24]. Amd Tic efwmoels (2.1), (2.2) won (2.3) mpoxdmTetl 6T

a;_=%u;.; _ Py’ 2.4)

H poouetn] ovaeionikn] woyvg (spectral resolving power) R eivon gddotato

H gocpotik) avelutiw) woyig (spectral resolving power) R elvot adidototo
LéyeBor Kot LETpd TO Op10 TG SLOKPITIKIG WavoTNTag Tov pmopel va metiyetl éva

00GHEVO QuopaTopeTpo. Opifeton amd T oyéon:

Me Baon tnv e€iowon ppdypotog avakiaong,

d(sina+sinB)=mA



n ywviakn Slacmopa ypadetat

A=dB/dA=m/(d cosB)= mN/ cosp

omou N n YpOULK TIUKVOTNTA XOpoywv

sinf+sina

A (2.11)

Acos f3

Amo v eliomaon (2.10) PAEmovpe OTL 1] YOVIOKT) O10CGTOPA Y1e O00EVT) TULN
M EWVOL GUVAPTIGT] TG yOVIias S won g mokvotnteg yopavov N Eva amo mmyv
efiomon (2.11) yivetan ovItAnaTo, OTt Yo vo UeTafindel 1) yoviow) owcmopd,
yperdleton vo aaldler 1 yovio mepifiacnc Nkt va ypnoylomomBel Eva diio
epayuna. Amo v elicman (2.11) yo oedoLEvD UIKOC KUNMTOS 1] T@VIZKT] O100Topa
poivetel Tt efapTdton povo omnd TiC yovied a kot § aveldptnte ond 1o m kol to N
‘Etct 1) emBupnT) yoviakl] olcTopd HTopel vo emTevyfel [le ToAloU GUVODAGIODS
oV M Kol Tov N, vrd v npolnofect) 0T Ot YOVIEC TOPUUEVOLY aUETAPANTEC KUl TO
ywopevo m-N otefepo. To yeyovoc autd 001)Y1|0E OTIV KOTUOKEVT] QPUYUATOV E101Kd
GYEOIUCLEVAV VU EMTLYYOVOLY UEYAAEC YOVIOKEC OUCGTOPEC KAVOVTUC TIC YOVIES O
wol fopeydiec. AvTd T QPOYIOTY KOAOUVTIOL KAPEKOTU, Ve To TOMKG QpdypHoTa
TpaTC 1) osvTepnC Taing, v va Ceyopilovy, koiovvion cuyvd echellette. T to
KAMHOKOTA pdyrote B eimmboly TepIogoTEpa GTIV ETOUEVY) TUPAYPUQO.

H ovoivmkn 10y0c o100 0p1o TNC OWOKPITIKNG IKOVOTNTOS EVOC QpayloTog



H avoiomk) 16y0C¢ 610 Op1o TS OOKPITIKS IKAVOTI|THS EVOC QPOyLUUTOS

OWVETUL GO TNV TUPUKATE GYECT):
R, = mNW . (2.12)

omov W To OoAO MAGTOC TOU @pdyudtoc. AviikobioTtoviec amd v eficmon Tov
epayuatoc (2.9) mpokLMTEL Kol 1 MOPUKATE GYECT) Y TV OVOAUTIKY 100

CUVIPTI|GEL TAV YOVIOV ¢ Kot -
W . A
R,=—/(sina+sinf) (2.13)
A

Amd aom) T oy£on pAemovie OT1 TO R elvon avAaioyo e TO TAGTOC TOU QPAYLTOS Yo
evo osoopevo Cevyoc vevioov a, B Emiong, o apBunmic ¢ GyEonc £xer ot uio
YEGQUETPIKY] gpLveln elval 1) o1eQopd OPOLOL avVANECSH GTIC OU0 UKPUIE; UKTiVEC TG
OECUINC MOV WUAUTTEL TO TAGTOC TOL QPUYHOTOS, KAl 1] OVOALTIKY] 10)UC &tval o

aplBIos TV UKOV KOPUTOS oL TEPLACUPAVOVTIUL GE aVTY] T1] JlQopd.
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