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Optical communication - Wikipedia
hitps/fen.wikipedia.org/wiki/Optical_communication « Mpesod Ha cTpaHuuaTa

Optical communication, also known as optical telecommunication, is communication at a distance
using light to carry information. It can be performed visually or ..

Forms - Semaphore line - Optical fiber - Free-space optical .. —

Fiber-optic communication - Wikipedia

hitps:/fen.wikipedia_ org/wiki/Fiber-optic_communication « Npeso Ha cTpaHWLaTA
Fiber-optic communication is a method of transmitting information from one place to another by
sending pulses of light through an optical fiber. The light forms an ...

Optical wireless communications - Wikipedia

hitps:/fen.wikipedia org/wiki/Optical_wireless_communications  MNpesofq Ha cTpaHuLaTa
Optical wireless communications (OWC) is a form of optical communication in which unguided
visible, infrared (IR), or ultraviolet (UV) light is used to carry a ...

History - Current status - Applications - Recent trends

Optics Communications - Journal - Elsevier

hitps-/fwww journals elsevier. com/optics-communications - MNpesoq Ha cTpaHULETa

Optics Communications inwvites original and timely contributions containing new results in various
fields of optics and photonics. The journal.__.

Recent Articles - Guide for authors - Call for Papers - Trends in Label-Free Imaging
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Optical communication

From Wikipedia, the free encyclopedia

Optical communication, also known as optical telecommunication, is
communication at a distance using light to carry information. It can be performed
visually or by using electronic devices. The earliest basic forms of optical
communication date back several millennia, while the earliest electrical device
created to do so was the photophone, invented in 1880.

An optical communication system uses a transmitter, which encodes a message into
an optical signal, a channel, which carries the signal to its destination, and a
receiver, which reproduces the message from the received optical signal. When
electronic equipment is not employed the 'receiver’ is a person visually observing
and interpreting a signal, which may be either simple (such as the presence of a
beacon fire) or complex (such as lights using color codes or flashed in a Morse code
sequence).

Search Wikipedia Q

A naval signal lamp, a form of
optical communication that uses
shutters and is typically employed with
Marse code (2002)

Free-space optical communication has been deployed in space, while terrestrial forms are naturally limited by geography,

weather and the availahilitvy of linht This article hravides a hasie introcdnictinn to different formes of nntical comminication
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e
wikipepiA | Optische Kommunikation
Die freie Enzyklopidie
Optische Kommunikation ist die Ubenragung von Daten mit Hilfe von Licht. Das Frequenzspek‘trum reicht vom sichtbaren Licht bis in das nahe und mittlere Infrarot. Terrestrisch
Hauptseite werden die Daten mittels Lichtwellenleitern in Glasfasernetzen Ubenragen_ Ein eher neuer Bereich der DptiSChE,‘I"I Kommunikation ist die OptiSl:hE'.‘ Freiraumkommunikation, bei der

Elektrische
EfO-Wandler
Signalaufbereitung  —
e (Laserdiode f LED)
Optische Signalibertragung
(2.8, iiber Glasfaser)
Elekirische OfE-Wandler
Signalaufbereitung w—— (Fotodiode/PIN-
am Empfanger Diode)
Allgemeines Schema der optischen Datenlbertragung =

Schon frih erkannte der Physiker Alexander Graham Bell die Eigenschaften des Lichts flr das von ihm entwickelte Photophon. Es gilt als erstes Prinzip zur optischen
Kommunikation und verwendete ein Bundel von Lichtstrahlen zur Ubertragung der menschlichen Sprache. Eine weitere Form die man zur optischen DatenUbertragung bzw. zur
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Optical Communication Systems
hitps://books.google bg/books?isbn=0136387276 - MNpeBof Ha cTpaHWLaTa
John Gowar - 1993 - ©parmedti - Owe WagaHua
This is the Second Edition of the widely acclaimed book on Optimal Communications - a
well-balanced combination of optoelectronics and communication theory which will
complement existing, more introductory texts in this field.

Phase-Modulated Optical Communication Systems

https://books. google bg/books?isbn=03872430925 - Npesoj HA CTPaAHMLATA

Keang-Po Ho - 2005 - Buayanuzauwa - Owe nagaHus

pessiiiy  Phase-Modulated Optical Communication Systems surveys this newly popular area, covering

w the following topics: The transmitter and receiver for phase-modulated coherent lightwave
systems Method for performance analysis of phase-modulated -

Fiber-optic Communication Systems:

= | hitps://books google bg/books?isbn=7302087400 - Npeso Ha CTpaHULLATA

Govind P. Agrawal - 2004 - Bea suayanuzauus - Owe nagaHua

The Institute of Optics, University of Rochester * "_readers searching for a wide ranging and
up-date view of fibre optic communication systems would do well to purchase this book.

Introduction to optical fiber communication systems
hitps://books.google bg/books?id=u_hSAAAAMAA] - MNpesod Ha CTPaHWLATA
& William B. Jones - 1988 - @parmenty - Owe naganna
—=  For seniors or first-year graduate students, this text is a general introduction to optical
electronics with a strong emphasis on underlying physical properties and on the design of
optical communications systems. (=
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Hay4yHu ctatuu 3a Understanding Optical Communications
Understanding optical communications - Dutton - C noaosaeanua g 545

Design of integrated circuits for optical communications - Razavi - C nozoeaganns B 1239
OFDM for optical communications - Armstrong - C nozoeasanua 8 1630

POFl Understanding Optical Communications - The Free Information Society
www freeinfosociety com/media/pdif5475_pdf

o1 HJR Dutton - C noaoeaeanuA g 545 - CpogHu cTatiu

Understanding Optical Communications. Harry J. R. Dutton. International Technical Support
Organization http:/fwww.redbooks_ibm.com. 5G24-5230-00 __

Understanding Optical Communications: Harry Dutton - Amazon.com
https:/fwww.amazon com/Understanding-Optical-Communicati... + Mpesoa Ha cTpaHuLaTa
Understanding Optical Communications [Harry Dutton] on Amazon.com. *FREE® shipping on
qualifying offers. Optical fibre's low cost, accuracy and enormous ...

PoA Understanding Optical Communications - eClass
https:/leclass.uoa.grimodules/document/index php?course=D71&download=/...pdf
Understanding Optical Communications. Harry J. R. Dutton. International Technical Support
Organization http:/fwww.redbooks.ibm.com. 5G24-5230-00 ...
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KAKBO € OCHOBHOTO MNPEAMMCTBO HO

ONTMYHNTE KOMYHUNKALMNOHHN CHNCTEMM 2

[Tonmep 30 AbAXKMHM HA BbAHATA:
Ot10,4 um A0 2um mmame éel4Hz

HEC

HeC

TOTHO AEHTAO
O1

mm A0 100km mmame 3el 1Hz

TOTHAO AEHTA



KAQKBO CAEABO OT TOBA?

[OAIMA (MHOTO TOAIMA) CKOPOCT HO
NnpeAdBAHE HO MHADOPMALMATO




CaAMO TOBA AM € MPUYMHATA 30 TIXHOTO
DA3MNPOCTPAHEHNE?

Cpean 30 pa3npoOCTPAHEHNE C HUCKM
eHEePIrMmHmM 3aryom

HOAMYHO eAeMEHTHA ©a3d — M3TOYHMLM,
NPOUEMHULN

HUCKM PA3XOAM 3Q MOAAPBXKKA




OCHOBHM TUMOBE OMNTUYHMU
KOMYHUKALLMOHHM CUCTE MM

OnTMYHM BE3XKMYHM KOMYHUKALMOHHU CUCTEMM
(Free Space Optics)

CBETOBOAHM KOMYHUKALMOHHU CUCTEMM
(Fiber Optics)

POAMOMETPUYHU CUCTEMM
(Radiometry, Thermovision)




OnNTMYHM BEIKMYHM KOMYHUKALLMOHHMU
CUCTEMM
(Free Space Opfics)

NCTOpMYECKM HOM-CTAPUTE
MCTOpUMYECKM HOM-ABATUTE

bb30 M3rpPAXXAQHE
CAY4OMHO BAUAHME HO CPEAATA

30 MOMEHTA Be3 peryAaums npm CrnasBaHe HA TEXHMKA
HO ©Ee30MNACHOCT
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Messenger spacecraft and instruments on Earth....




CBETOBOAHM KOMYHUKAUMOHHM CUCTEMM
(Fiber Optics)

BbHLUHM dOAKTOPM MOYTU HE BAMSLT, CPEAATA €
3HAYUTEAHO MO-MPEACKA3YEMO

BABHO M3rPAXXAQHE
MHOIoO roAEMM PA3CTOAHUA HO 3EMATA

MHOTO BUCOKM CKOPOCTU U Bb3MOXKHOCTM 30 YIABTHEHMS
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wikieeniA  Black Sea Fiber-Optic Cable System

The Free Encyclopedia From Wikipedia, the free encyclopedia
{Redirected from BSFOCS (cable system))

Main page The Black Sea Fiber-Optic Cable System (BSFOCS) is a 1,300 km (808 mi) submarine

telecommunications cable system linking three countries bordering the Black Sea.[ll It went into
operation in September 2001, and has a total capacity of 20 Gbit/s along 2 fiber pairs.[]
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The Free Encyclopedia From Wikipedia, the free encyclopedia

Main page
Contents
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Donate to Wikipedia

Fiber-Optic Link Around the Globe (FLAG) is a 28,000 kilometres (17,400
miles; 15,120 nautical miles) long fibre optic mostly-submarine
communications cable that connects the United Kingdom, Japan, India, and
many places in between. The cable is operated by Global Cloud Xchange !
The system runs from the eastern coast of North America to Japan.[l Its

Fiber-Optic Link Around the Globe

FLAG"

Logo from 2003

o Europe-Asia segment was the fourth longest cable in the world in 2008.1°] Industry Telecommunication
Wikipedia store
. . . L 1999
The Europe-Asia segment was laid by Cable & Wireless Marine in the Founded
Interaction . . . . .
mid-1990s, and was the subject of an article in Wired magazine in December 2Tl Global Cloud Xchange
1zt 1996 by Neal Stephenson./?!
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MpeHala

N3NCKBAHNA

* Bucwe TexHuyecko obpasoeaHue

* OnuT Ha NnogoBHa No3nUyMA LWe ce cyMTa 3a NpeanMCcTBO

* [lo3HaHuWe 3a TMNoBeTe ONTUYHK MpexK 1 enemedTn (FTTB, FTTH — AON, PON u gp.)

* YMeHua 3a paboTa c namepeaTenHa anapatypa v cneyudpuyHa anapartypa 3a usrpaxaaHe u
nogapbiKKa Ha ONTUYHK TpaceTa

* lllodhbopcka KHUKKA, KaTeropua B

* YMeHuA 3a paboTa B ekun

* OTTOBOPHOCT W MHULMATUBHOCT

Hue Bu npegnarame

* [NpodecnoHanHo pasBuUTHUE B Hal-ronaMarta U BUCOKO TEXHONOMMYHa TeNeKoMyHUKaLMoHHa
KOoMnaHusa B bbnrapus

* OByueHune 3a NnpuaobueaHe Ha cneyndUyHK NO3HaAHWA U YMEHUA, CBbp3aHu ¢ pabotarta u
BbaeLwoTo pa3sBuTHe B KOMNaHWAaTa

* MHoro go6pu Bb3MOXHOCTU 3a Bb3HarpaxaeHue cnpamo npuHoca U NOCTUrHaTuTe pesynTatu
* PasaHoo6pasHn 1 KOHKYPEHTHU AOMbAHUTENHW NPUAOGWBKK

HayuvH Ha kaHgupaTcTBaHe

Mons, HaTucHeTe ByToH KaHaugaTtcTeain”, 3a aa uanparturte astobuorpadua 1 MOTUBALMOHHO
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MMOME AM OMTUMYHM BAOKHO M KODEAU B
AQBopaTopmdaTae

LLLe mpoeKkTMpame A1 MPUMEPHU TPACETA B
CEMMHAPHUTE YNPOKHEHMS €

HA KAQKBO HMBO LLLE HM € 9CHO
NPOEKTUPAHETO S




POAMOMETPUYHUN CUCTEMMU

OCHOBHQ MAES
OCHOBHO MPUMAOXEHME

MIMamMe AU TEPMOKOMEPT?




KAQKBO MPEACTABAIBO CBETAMHATA?

BbAHMC
POTOHMS

A
KOMEHTAPU 1 MPOUMMEPM.




B cBoeTo pa3BUTHE IO3HAHUETO Ha XOpaTa 3a CBETIMHATa € IPEThPILLIO
HEBEPOSATHO PA3BUTHE, a OT TYK M TEOPHUUTE U CHOTBETHUTE 3aKOHHU, OIHMCBAIIH
HaOJII0JaBaHUTE SIBJICHUSL.

[IspBo ca neduHUpaHu 3aKOHUTE Ha FTeOMETpUIHATa ONTUKA. BriocaeacTBue ce
OSIBABAT BBJIHOBATa ONTHKAa U YpaBHEHUATA Ha eleKTpoauHamukarta. IIpes 1900
roJIMHAa C€ TIIoOSBSIBAaT TEOpHUATa 3a CIEKTPOHHHS CTPOSK Ha MarTepusira Hu
KOPITYCKYJISIpHATa TEOpHUs 3a CBETIMHATa, a Inpe3 1926 roawHa — KBaHTOBAaTa
MEXaHHKa, KOSITO OIIMCBA BCUYKHU SBJICHUA B XUMHATA. MaJko mo-KbCcHO, mpe3 1929
rOJIMHA C€ IMOSBSIBa KBAaHTOBATa €JIEKTPOJUHAMHKA, KOATO ¢ MaTEMaTHYECKHUS anapar
Ha TEOpHUs Ha BEPOSATHOCTUTE 0OSCHSABA HAOIIOJAaBAHUTE JI0 MOMEHTA IIPOSBICHUS Ha

OIITHYHOTO JIBYCHHC.



Kou 3akoBHM mie u3nosrssaMe Hue?
Criopes crienaaHaTa Teoprs Ha OTHOCUTEIHOCTTA (POTOHBT KAaTO YacTUIIAa HMa
HaITbJIHO OIpEc/IeHa Maca, CBbp3aHa C EHEPIUATa MY

m=—,

Ve
C‘Z

C — CKOPOCT Ha CBETJIMHATA.
Criopeal KOpIyCKyJIsIpHATa TEOpUs Ha CBETIMHATa €Heprusta Ha (OTOHa €

CBbp3dHa € HCCTOTaTa Ha OIITHYHUTC TPCIITCHUA V

We=hv="—,

h=6,626.10"" J.s — korcTanTa Ha [L1aHK.




I'yk ce cbabpxka ujeAra 3a JIBYEAUHCTBOTO Ha CBETIIMHATa — BBIHOBO-
KOPIYCKYISPHOTO JBYEIUHCTBO.
OT ropHute /B¢ (POPMYIH MOJKE J1a C€ ONPe/IeI ChOTBETCTBANIATa Ha (JOTOH C

Maca /m BbJIHa € ObJIKHHA A

mc p

P = m.c — MEXaHWYCH UMITYJIC Ha JBHKEIIaTa C€ YacTUIIa.
[Tocieanata ¢opmyaa oTpaszsBa peaqHOTO (PU3HUIHO CHOTBETCTBHE MEXKIY

IBKHHATA A (XapaKTepHCTHKa Ha BBJIHATA) M MacaTa 7 (XapaKTEpHUCTHKa Ha
qacTHIaTa (TSI0TO)).




I Wu uHaue kazaHo:

SIIEKTPOH
goToH
CIIOpETT CaVIas:
BB.IHOBO KOPITYCKYJIAPHO

OITHCAHHC OITHCAHHC

B paznuunuTe caydau npeodiiagaBar pa3IMuHUTE MIPOSBICHUA.

Hanpumep wuHTepdepeHmmaTa U audpaknusTa Ha CBETJIMHATA, KaKTO U
MOJISIPU3AIMOHHUTE €(PEKTH MMaT TUIIUYHO BBJIHOB XapakKTep — CHJIHO JIOMHHHpPA
mposiBaTa Ha BBJIHOBATA CTPaHa Ha JIBYEAUHCTBOTO.

B u31pUBaHETO U NOTUIBIIAHETO HA CBET/IMHATA C€ MPOSBSIBA KOPNYCKYJIIpHATA
CTpaHa Ha JBYEIUHCTBOTO.

ChIIecTBYBaT SIBJICHUS, B KOUTO CHIIECTBYBa OalaHC MEKIy IIPOSIBUTE Ha
BBJIHOBUTE M Ha KOPIYCKY/LIPHUTE CBOMCTBA, HAlpUMED MIPABOJIUHEHHOTO
pa3poCTpaHEHUE Ha CBET/IMHATA.

\\




[Ton PA3NPOCTPAHEHUMETO OT METOAMYHO
TAEAHQO TOYKA € No-yYAODOHO AQ Ce
OA3IAEXAC BBAHOBATA MPOUPOAQ

EAEKTDOMATHUTHA BbAHA ....

A=c/v A=c/f
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Coherence (physics) - Wikipedia

https:-/fen wikipedia org/wiki/Coherence_(physics) v Mpesoa Ha CcTpaHuUAaTa

MpemuHasaHe ke Mon-optical wave fields - In physics, two wave sources are perfectly coherent if they
have a constant phase difference and the same ..

Introduction - Temporal coherence - Spatial coherence - Spectral coherence

Coherence theory (optics) - Wikipedia
hitps://fen.wikipedia.org/wiki/Coherence_theory_(optics) ~ lNpesoa Ha cTpaHuuaTa

In physics, coherence theory is the study of optical effects arising from partially coherent light and
radio sources. Partially coherent sources are sources where ...

Coherence | physics | Britannica.com
https-//www_britannica.com/sciencefcoherence ~ Npeso] Ha CTpaHULETA

Coherence: Coherence,, a fixed relationship between the phase of waves in a beam of radiation of a
single ... In optics: The mutual coherence function.

Encyclopedia of Laser Physics and Technology - coherence, coherent ...
https:/faww_rp-photonics.com/coherence_ html « Npesod Ha cTpaHWUaTa

Coherence is one of the most important concepts in optics and is strongly related to the ability of light
to exhibit interference effects. A light field is called coherent ..

Optics basics: Coherence | Skulls in the Stars
hitps://skullsinthestars.com/2008/09/.__Jjoptics-basics-coherence/ «
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Main page In physics, coherence theory is the study of optical effects arising from partially nt light and radio sources. Partially coherent sources are sources where the coherence =
Contents time or coherence length are limited by bandwidth, by thermal noise, or by other effect. Many aspects of modern coherence theory are studied in quantum opftics.
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Coherence (physics)

From Wikipedia, the free encyclopedia

In physics, two wave sources are perfectly coherent if they have a constant phase difference and the same frequency, and the same waveform. Coherence is an ideal property of
waves that enables stationary (i.e. temporally and spatially constant) interference. It contains several distinct concepts, which are limiting cases that never quite occur in reality but
allow an understanding of the physics of waves, and has become a very important concept in guantum physics. More generally, coherence describes all properties of the
correlation between physical quantities of a single wave, or between several waves or wave packets.

Interference is the addition, in the mathematical sense, of wave functions. A single wave can interfere with itself, but this is still an addition of two waves (see Young's slits
experiment). Constructive or destructive interferences are limit cases, and two waves always interfere, even if the result of the addition is complicated or not remarkable.

When interfering, two waves can add together o create a wave of greater amplitude than either one (constructive interference) or subtract from each other to create a wave of
lesser amplitude than either one (destructive interference), depending on their relative phase. Two waves are said to be coherent if they have a constant relative phase. The
amount of coherence can readily be measured by the interference visibility, which looks at the size of the interference fringes relative to the input waves (as the phase offset is
varied); a precise mathematical definition of the degree of coherence is given by means of correlation functions.

Spatial coherence describes the correlation (or predictable relationship) between waves at different points in space, either lateral or longitudinal ['! Temporal coherence describes
the correlation between waves observed at different moments in time. Both are observed in the Michelson—Morley experiment and Young's interference experiment. Once the
fringes are obtained in the Michelson interferometer, when one of the mirrors is moved away gradually, the time for the beam to travel increases and the fringes become dull and
finally are lost, showing temporal coherence. Similarly, if in a double-slit experiment, the space between the two slits is increased, the coherence dies gradually and finally the
fringes disappear, showing spatial coherence. In both cases, the fringe amplitude slowly disappears, as the path difference increases past the coherence length.

Contents [hide]
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Coherence

Definition: a fixed phase relationship between the
electric field values at different locations or at dif-
ferent times

German: Kohdrenz
Category: general optics

How to cite the article; suggest additional literature

Coherence is one of the most important concepts in optics and is strongly related to the ability of
light to exhibit interference effects. A light field is called coherent when there is a fixed phase re-
lationship between the electric field values at different locations or at different times. Partial co-
herence means that there i1s some (although not perfect) correlation between phase values. There
are various ways of quantifying the degree of coherence, as described below.
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- [ToOCTPAOHCTBEHA KOXEPEHTHOCT
CUMAHQ BPDB3KA MEXAY EA.MOAETA B
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DEMEBA KOXEPEHTHOCT
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CAY4OMHA dOYHKLLMS
KopeAauMoHHA doyHKLMS
HopMMPAHA KOPEAQLMOHHA JOYHKLLMS

KOXepEeHTHOCT (HOPMMPAHA KOPEAALUMOHHA CPYHKLIMA HO doa3mMTE HA
OMNTUYHUTE TPEMTEHMS)
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[TMCOHE HO ABCKATA U AMCKYCHA.

Cop=1/N(p(t.x) ¢ (t+tau,x+xi) + ¢ ¢ +P P...)
KOMEHTapM 30 KOPEAALMOHHATA COYHKLLMA.
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KOMEHTAP OT rA€AHA TOYKA JOOTOHM

CMNOHTAOHHO M3ABbYBAHE

CTMMYAUPAHO U3ABYBAHE
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2.1.3.1 Young's Experiment
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Optical Power cec | 2on
Cefinition: the energy per unit time, e.q. trans- BUYERlS GUIDE
ported by a laser beam, or a focusing power - |
German: optische Leistung Use the RP Photonics Buyer's Guide to Stand up for Science!
Category: general optics ﬁrj'd suppliers for photonics pr'_:'du':tgl You It is acceptable that some don't
Formula symbol: P (for energy per time), 1/ F (for will hardly find a more convenient resource. know much about photons, bio-
focusing power) logical evolution or global warm-
How to cite the article; suggest additicnal literature ing.

But we don't want bigot
ignorants to make politi-
cal decisions and educate
our children!

For example, global warming is
not a matter of political opinion,

The term optical power occurs in the literature with two totally different meanings:
- It can be the energy per unit time, as is delivered by a laser beam, for example.
- It can be a focusing power, also called dioptric power, for example of a lens or objective.

In the following, both meanings are discussed.

Power as Energy per Time but a fact. Ruthless profiteers
A power with that meaning is usually specified in watts = joules per second. Particularly in the area of optical fiber communications, optical powers are are leading astray uneducated
also often specified in dBm, which means decibels relative to the reference power 1 mW. For example, a power of 100 pW = 0.01 mW corresponds to people, seducing them to take
—20 dBm {= 20 dB less than 1 mw). utterly irresponsible positions.

Optical powers of laser beams are often measured with so-called optical powermeters. Some of these devices can handle multiple kilowatts of laser But we cannot risk cata-

power from a high-power laser; they are usually water-cooled. Other powermeters, often based on photodiodes, can be used for measuring very low strophic climate changes! Sci-
optical powers of microwatts, nanowatts or even less. Optical power monitors are widely used as permanent parts of optical systems, e.g. in optical ence tells us it is high time to
fiber communications. act. Read, for example, the

The optical power of light which is radiated in a wide range of directions cannot easily be measured with a powermeter, as it is difficult to collect it. In IPCC Synthesis Report 2014.
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Linewidth

Definition: width of the spectrum of a light beam
or an absorption feature

German: Linienbreite

Categories: fluctuations and noise, lasers, physical
foundations

Formula symbol: Av, A4

Units: Hz, nm
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The linewidth (or line width) of a laser, typically a single-frequency laser, is the width (typically
the full width at half-maximum, FWHM) of its optical spectrum. More precisely, it is the width of
the power spectral density of the emitted electric field in terms of frequency, wavenumber or
wavelength.

The linewidth of a laser is strongly (but non-trivially) related to the temporal coherence, charac-
terized by the coherence time or coherence length. A finite linewidth arises from phase noise if the
optical phase undergoes unbounded drifts, as is the case for free-running oscillators. (Phase fluc-
tuations which are restricted to a small interval of phase values lead to a zero linewidth and some
noise sidebands.) Drifts of the resonator length can further contribute to the linewidth and can
make it dependent on the measurement time. This shows that the linewidth alone, or even the
linewidth complemented with a spectral shape (line shape), does by far not provide full information
on the spectral purity of laser light. (This is particularly the case for lasers with dominating low-
frequency phase noise.) More data are required for full noise specifications.

The r.m.s. linewidth can be defined as the root-mean-square value of the instantaneous optical
frequency:

av = IS, (f1df
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Haco4eHOCT HQ OMTMUYHOTO Ab4EHME

3ALLLO HM MHTEPECYBA

PA3XOAMMOCT

[OAIMQA HOCOYEHOCT MPU TOAIMA KOXEPEHTHOCT, 3ALLL0? (rpadonyeH
npumep)




ONTMYHU M3TOYHUMUM

[Tpe AMMCTBA HA OMTUYHOTO AbYEHME
MNPUMMEPU OT NPUPOAATA
COOCTBEHO M3ABYBAHE

3BE3AM, BYAKOHM, MOXAPKU U AP.

[OAIM HOOOP OT NAPAMETPU, KOUTO MOTAT AC CE MOAYAMPAT
S(t), S{xy.z), S{t.x.y.z), S(x.y)
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HeCTOTHO AEHTA (BEYE CME TO PA3FAEXAAAM)
AMAPPAKLMOHHA PAIXOAMMOCT

TEOPETUYHO 6 ~AD
D — AMOMETBLP HA M3ABYBALLLATA AHTEHA

npumep D=10cm, A=lum O ~ 10e-5rad

cpasHeHme ¢ A=1mm (300GHz) 0~ 10e-5rad D ~
100m !l

OTHOCUTEAHO MAAKMN QHTEHM




MN3TOYHMLUM HO AbMEHME B ONTUYHUTE
KOMYHUMKAUMNOHHUN CHNCTEMM

MN3MCKBAHUS
AMHENHO MOAYAMPAHE HA ABYEHMETO
ANHOMUMYEH MOAYAQLMOHEH PEXMM
EHeprmueH pecypc

EJoEeKTMBHO BbBEXAOHE HO ABYEHMETO B MPEHOCHATA
cpeaa

N300P HA LEHTPAAHA ABAXMHA HAO BBAHAOTO/BbAHUTE
AEHTA HA U3ABYBAHE

EAHOMOAOB PEXMM (MO-HATATHK LLLE CE PA3rAEXAQ)
MOHTQOXKHM, TEXHOAOTHUYHM M MKOHOMMYECKM MOKA3ATEAM




MHXXEKLMOHHM MOAYMPOBOAHMNKOBM
CBETOAMOAM N AQ3EPU

3ALLO TOYHO AQ3EPU M CBETOANOAMS
HepHM KYTUKM MAM KPATKO PA3TAEXAOHE?




...... KDATKO PA3rAEXAQHE

30HHA EHEPTIMMHA AMATPAMA
Pa3peLueHn eHeprmmHm HMBA
[DAQOMYHO MPEACTABIHE

/V — BOAEHTHA 30HA , /G — 3a0paHEHA 30HA, ZC — 30HA
HO MPOBOAMMOCT, EV — TOpHA rpAaHMLA HO BOAEHTHATA
30HA , EC — AOAHQ TPAHMLA HAO ZC

[lon meTaamTe LC 1 Lv ce NPUNoKPmMBAT — AODPU
MPOOBOAHULLM

[Tpoun AneAekTpmumte LG e 1Bbpae Lunpoka 10-15eV
[lpon /G MO-MAAKO OT 3€V — NMOAYMNPOBOAHMULM
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GO gle energy bands
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[eHepaumm M PEKOMOMHALMM

TOMAMHHM MPEXOAUN LV — LC, EAEKTPOHU U
AYNKU (B kKypca no [1M1E)

[Ton NpMAAQraHe Ha NoAe ce HODAKAOBO
ABMKEHME, T.€. TOK

[ToexoA OT MO-BUCOKO KbM MO-HMCKO HMBO

N3ABYBATEAEH - ADOTOH

Bbe3n3AbYBATEAEH — TOMNAMHAO




EHeprmata HaO @OTOHAO €

Nv = AEG

CbOTBETHO ABAXMHATA HA BBAHATA (KATO MMAME MPEABUA
KOHCTAHTATA HA [TAQHK)

Aum] < 1.24/AEG




Table 1. Bandgap Energy and Possible Wavelength Ranges in Various Materials

Material Formula Wavelength Range Bandgap Energy
A (um) Wg (eV)

Indium FPhosphide InF 092 1.35
Indium Arsenide InAs 3.6 0.34
Gallium Phosphide GaF 0.55 2.24
(Gallium Arsenide (GaAs 0.87 1.42
Aluminium Arsenide AlAs 0.59 2.09
Gallium Indium Phosphide GalnP 0.64-0.68 1.82-1.94
Aluminium Gallium Arsenide AlGaAs 0.8-09 1.4-1.55
Indium Gallium Arsenide InGaAs 1.0-1.3 0.95-1.24
Indium Gallium Arsenide Phosphide InGaAsF 09-1.7 0.73-1.35
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KoedUUMEHTLT HA NPEYYNBAHE B AKTMBHATA OOAQCT € NO-
FTOASM OT T€3M HQ OCTAHAAUTE ODAQCTU

KOMEHTAP OTHOCHO KOEULMEHTHUTE HA MNPEYYNBAHE HA
OOAQCTUTE (MO-KbCHO LLLE PA3rAEXAOME NOAODEH KA3YC MNpu
OHOAM3A HO PA3MNPOCTPAHEHMETO B OMTUYHM BAOKHA)

TEXHOAOTUYHO M3MCKBAHE 30 CbIAQCYBOHE HAO KPUCTAAHUTE
eLleTkM Ha obAaCTUTE (LLEA MOABK ODPOU HEUZABYBATEAHM
NnpexoAm)
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Measurement of Electron Mobility inAlg, From
Optical Medulation Measurements in Multilayer
Organic Light-Emitting Dicdes

Journal of Dizplay Technology

Published: 2006

Wavelength demodulation of ultrabright green light-
emitting diodes for electrical current sensing

IEEE Sensors Journal

Published: 2005
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155Mbps transceiver
1310nm LED, (MMF
2km), Duplex LC

H/W Version: 1

LevelOne SFP-1101 is a high performance and cost-
effective multi-mode SFP transceiver. Intended for
use with TOOBASE-FX, it provides up to 155 Mbps bi-
directional data transfer rate on a single duplex fiber
core. For use with 50 and 62.5 micron fiber cables, it
can reach a distance of up to 2km.

LC Connector

SFP-1101

The SFP-1101 transceiver operates using a wavelength
of 1310nm with an LED light source and has a LC
connector.
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Multimode 155Mbps 850nm LED Optical Transceiver

Features
850nm LED Transmitter / GaAs PIN receiver
Industrial standard 1x9 pin footprint
Duplex SC/ST/FC single mode connector interface
Receiver signal detect function
PECL/LVPECL logic interface, DC or AC coupling
Single supply 5V/3.3V
RoHS available

Specifications
Parameter

Transmitter

Data Rate (NRZ)

Optical Output Power (avg.) "2
Extinction Ratio

Optical Wavelength

Spectral Width

Output Rise Time (10-90%)
Output Fall Time (10-90%)

DC Coupled

AC Coupled
(Differential)

Data Input ®

Supply Voltage
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M Products Home / Incoherent Sources / Light Emitting Diodes (LED) ! Fiber-Coupled LEDs

Fiber-Coupled LEDs

~ UV, Visible, and NIR Versions

i Optimized Heat Management Results in Stable Output
b Integrated Chip Stores LED Operating Parameters

b Accepts SMA Fiber Connector

M&25F2
625 nm Fiber-Coupled LED

Integrated Power Cable

#3400 pm Caore Patch Cable
(Mot Included)

TN Specs | Stability | Wavelength Shift | Pin Diagram | LED Drivers | Feedback

Create an Account | Log in

The Company

Large Heat Sink for
Cptimized Heat Dissipation

4

M385FP1
385 nm Fiber-
Coupled LED

LED Selection Guide

Features

« Mominal Wavelengths Ranging from 285 nm to 1050 nm

« Warm White (4000 K), Cold White (6200 K), and Broadband (470 - 850 nm) LED= Also
Available

= |ntegrated ldentification Chip (EEPROM) Stores LED Operating Parameters

= Optimized Thermal Properties Lead to Stable Output Power

Search Search

‘mr?ujﬂ} % Dolar ¥ ENGLISH ¥

Contact Us My Thorlabs

=

Related Items
LED Controllers -

© 8

Multimode Patch Cables

7 »
N’

# 1

L

- Optogenetics

N

Halogen Light Source with
Fiber Bundle

Legend

LED Mounted to a 50 mm Long Heat Sink |

LED Mounted to a 34 mm Long Heat Sink

Color

P ] [ U - A I - |

T TR - 0 1

©200 pym Core | ©400 pm Core
Fiber Output | Fiber Output
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Single Bidirectional Infrared LED Communication Port Reference Design TIDésigns

(ACTIVE) TIDA-01212

B Description & Features @ Technical Documents E Support & Training Order Now

O view the Important Notice for Tl Designs covering authorized use, intellectual property
matters and disclaimers.

Key Document

Ia : Single Bidirectional Infrared LED Communication Port Reference Design (PDF 2908 KB)
28 Nov 2016 27 views

View All Technical Documents (7)

Description
TIDA-01212 Single Bidirectional Infrared LED Communication Port Reference
The TIDA-01212 reference design provides a ultra-low power yet simple and low-cost solution for Design Board Image

adding a bi-directional IrDA PHY link at 9600 bps to any Smart Metering or sub-metering device.

Using a single IR LED, a resistor and internal 1.27 V reference, controlled by an optimized

software inside the Sensor Confroller engine, both transmitter and receiver for IrDA PHY @ 9600

bps is implemented. This design approach can be used with the TI CC13xx and CC26xx (7 ] Fully assembled board (shown above) developed for testing and

SimpleLink™ Wireless MCUs to reduce cost by replacing legacy optical IrDA PHY modules with performance validation only, not available for sale.

two separate LEDs. -
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RPM972-H14

IrDA Infrared Communication Module

RPM972-H14

RPM372-H14 is an infrared communication module for IrDAVer. 1.4 (Low Power). The infrared LED, PIN photo diode,

and waveform shaping LSl are all integrated into one single package. This module is designed for low power
consumption. The very small package makes it a perfect fit for mobile devices.
Also it provides the capability of IR remote control transmission for universal remote control applications.

®Features

1} Infrared LED, PIN photo diode, LED driver and receiver frequency formation circuit built in.

Improvement of EMI noise protection by Shield Case.

2) Applied to SIR (9.6k to 115.2kbps), MIR (0.576M, 1.152Mbps) and FIR(4Mbps).

3) Surface mount type.
4) Power down function built in.

5) Adjustable communication distance by LED load resistance value.

6) Infrared remote control transmission driver built-in.

®Applications

Cellular phone, PDA, DVC, Digital still camera, Printer, Handy terminal etc.

®Absolute maximum ratings (Ta=25°C)

Parameter Symbol Limits Unit
Supply voltage Veo/Viea/ Vio 6.5*1 v
Input voltage Vin(3.4, 5pimy 0.3 to Vie+0 3 W

>

e, | »



Home > Enektpoanaparypa > Enektpomepn >

TpudazeH enextpomep MT17X

TpudaseH Enektpomep MT17X

3a lpogykra

Hanpexenwne 3x230/400V, 3 x400V

Tokos 0bxsaT 3 x5(120) A, 3 x5 (85) A /aupexTHO cBbp3aH enekTpomep

Knac Ha ToyHocT 2 unm 1

Yectota 50 Hz unun 60 Hz

Onuun

Kog:MT17X
Kateropuu: Enex
Etukern: MT17X, «

yrpaB/ieHne Ha ToBapa ¢ Uptomos pene
- Bx0g 3a anapmMa (HMCKO HamnpexeHue)
- 10 ABa UMMYNCHW BXOAaWn/U3xoaa

- IR HTepdeiic 3a oTYMTaHe 1 NporpaMMpaHe Ha enekTpomepa
Ha MACTO

- CS cepueH nHTepdeiic (20 mA TOKOB KOHTYP) 33
AVNCTaHUMOHHO OTYUTaHe Ha JlaHHW

- BrpageH GSM/GPRS mogem ¢ MACTO 3a noctaBsAHe Ha SIM
KapTa (onuyus)

- BrpaaeH RS485 KkoMyHMKaUWMOHeH MHTepdeiic (onuus)




CBeTOAUMOAHO OCBeTAEHue
Solid-state lighting

https://bg.wikipedia.org/wiki/7eD0%A 1 7%D0%B27%D0%B 5%D 17%827%D07%BEZ%D0O
70B476D07%B8%D07%BE7%D07%B47%6D0%BD%D0%BE 7%D07%BEZD 17%817%D07%B2%D0
76B576D 17827%D07%BB7%D07%B57%D07%BD%D0%B87%D0%BS
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MHXXEKLMOHHM MOAYNPOBOAHUKOBM AQ3EPU

YCAOBMA 30 AQ3EPHA reHepaLu M
MHBEPCHAO HAOCEAEHOCT (MMA o U Npu CA)
[TOAOXKMTEAHO OOPATHA BPB3KA B PADOTHATA OOAQCT

¢ CTUMYAMPAHO M3ABYBAHE
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1. Atom in "ground"” (low 2. Energy is supplied from
energy) state i outside and atom enters
i excited state

Cniginal Photon

RYATAVAVAV
avAAVAVAV

Emitted Photon

Arriving Photon g

3. Photon arrives and mteracts 4. Atom emits additional photon
with excited atom. i and returns to the ground state
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Pigtailed Laser Diodes, Single Mode Fiber

Related Items

» Wavelengths from 405 to 1625 nm R

- FC/PC or FC/APC Connector LASER RADIATION LASER RADIATION

i i i AMOID DMFRECT EYE EXPOSURE AVOID EXPOSURE TO BEAM
» Custom Plgtalls Available CLASE IR LASER PRODUCT CLASS 38 LASER PRODUCT

Dther Pigtailed Lasers

-

"> 4
TO Packaged Pigtail, W .

Single Mode Fiber

FC/PC Connector 55

Compact LD / TEC Driver

FC/IAPC Connector

LGN Design | LD Operation | Laser Safety | Feedback | LD Selection Guide

Features i N < Laser Diode Selection Guide?

+ Single Mode Pigtails from 405 nmto 1625 nm rER= Shop by Package [ Type

Internal 8°-Angle-Cleaved Fiber (See the Design Tab) o i . TO Can (@3.8. @56 @9 and @95 mm)

Connector: FC/IPC or FCIAPC (2.0 mm MNarrow Key) =Rl =il g = 1 TO Can Pigtail (SM)

1'm of M Fiber "Y . g Y \ o
Custom Pigtails Available Upon Request \ s T : '_I'(_} (:‘..an ?.'ma.l.l pr}

LI I




Home Pricelist Order Contact Newsletter

éROITHNER LASERTECHNIK GmbH

Home [

LASER DIODES

STANDARD DEVICES PULSED

1@, )
ﬁj ﬁ\ 7 A%
"o ® &'

FIBER COUPLED

O

CHIP DIES VCSELS

¢

Roithner Lasertechnik GmbH, Wiedner Hauptstrabe 76, A-1040 Vienna, = Austria, Tel.: +43 1 586 52 43 - 0, Fax +43 1 586 52 43 - 44

Links

Exhibitions Legal Notice

ARRAYS

m

.3




opfi
opfi
opfi
opfi

Cd
Cd
Cda
Cd

rd
rd
rda
rda

Nscel
Nscel
Nscel

Nscel

ve
ve
ve
ve

" SC
dle




GO g Ie sc transceiver

E
Q= Q i
Bcuuko Wzobpaxennn HosuHK Buaeoknunoee Kaptu Owe HacTtpoiiku UHcTpymeHTH BeaonacHo TepceHe ¥
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6COM Optical BIDI SFP Tra... LC / SC Fiber Channel BIDI SFP Tran... 10Km 1Core SFP SC Optica... 155M~2.67G SFP Single Fiber SC Conn... Optical Media Converter Tra... Allied Telesis AT-MMC200/S...
aliexpress.com sfp fibermodule.com tinout.con willsym. com lelong.com.my

SFP BiDi Transceiver 1.25Gb/s DDMI SC/L

0 1.25G GBIC Transceiver Module 120 _.. Hot SC Transceiver Fiber Optical Transc...
ttx01merry.en.ec21.com opticaftransceiver.sell everychina.com
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hitp://www.fiber-optic-transceiver-
module.com/brief-infroduction-to-tosa-rosa-

and-bosa.ntml g o

Brief Introduction to TOSA, ROSA and BOSA
Posted on December 7, 2015 by Admin

Fiber optic transceivers are key components of fiber optic transmission network. They are

designed in small form-factor with some integrated optical sub-assemblies which can be suitable
2 B P ML $5800&55850

for high-density network. The major cost components of a transceiver module are the transmitter 3
8 Y ) P 10G/40G/100G Switch

optical sub-assembly (TOSA), which converts an electrical and the receiver optical sub-assembly
(ROSA). However, inside a BiDi (Bi-Directional) transceiver (for example, a BiDi SFP), there is a Cost-effective Data
component with called “BOSA” (Bidirectional Optical Sub-Assemblies) which acts the role of TOSA Center Solution

and ROSA but with different principle.
Learn More

40G QSFP+ Series
Transceivers

SR4 US$ 49 PLRL4 USS$ 220
LR4 US$ 340 ER4US$ 1500
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What Is TOSA?

The TOSA consists of a laser diode, optical interface, monitor photodiode, metal andfor plastic

housing, and electrical interface. Depending upon the required functionality and application, Recent Posts
. i . ' v Structured Cabling
other components may be present as well including filter elements and isolators. It is used to = What I = And
Why Use It?
convert signal into an optical signal coupled into an optical fiber cable. = SFP Compatibility Guide and How
to Use a Compatible SFF Modula?

= How o Usa the Home Patch Panel
el

® Metwork Patch Panel Wiki: What's
It? Why Use It? How to Buy It?

w Gigabit Ethernet Switch: Is It

Meeded for Your Home Network?
Categories
Select Category -
Tags

1oche 100G SFP+ 40GBASE-
LRy 40GBASE-5F4
40GbE 40G QSFP+ 40G
What Is ROSA? QSFP+ transceiver 100GbE

soomase =x cable man-
agement CFP cicosre cieo

The ROSA consists of 8 photodiode, optical interface, metal and/or plastic housing, and electrical

intert D gi ired functionali B _— SFP-10-5R Dac Cable data center
nterfac ending upon the T funct o an on other c nents mav b

terface. Depending upon the required functionality and application, other components may be — fiber
present as well including amplifiers. It is used to receive an optical signal from a fiber and convert Dptij: cable fiber opt‘ic ca-
it back into an electrical signal. bles fiber optic cable

supplier fiber op-
tic network seope:
mmctie FiDET Optic
transceiver fiber
patch cables fiber
patch panel figure of 8
cable rrrs 1082 contioning patch
cable optical add-drop multipleser optical
amglifier optical fiber cable optical patch
cords optical splitter DptiCEl.].
transceiver oTDR pasic
fer plastic optical fiber
PLC splitier prc splitters por ca-
What Is BOSA? te 0SEP+ OSFP28 SFP




What Is BOSA?

The BOSA consists of a TOSA, a ROSA and a WDM filter so that it can use bidirectional technology

to support two wavelengths on each fiber. The most valuable advantage of BiDi transceivers is

saving much cost on fibers.

After reading the brief introduction of TOSA, ROSA and BOSA above, | hope you could have a

simple concept of these optical sub-assemblies. To purchase fiber optic transceiver modules, no

matter what form factors, what data rates and what brands compatibility, | always recommend

FS.COM as they can offer the most cost-effective products with a fast delivery service.

Related Articles:

Common Fiber Optic Transceiver Vs Bidi Fiber Optic Transceiver

Isn't Compatible Transceivers Better Than OEM Modules?

This entry was posted in Fiber Optic Transceivers and tagged BOSA, Fiber optic transceiver, ROSA, TOSA. Bookmark
the nermalink
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Diode laser
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ROITHNER LASERTECHNIK

Wiedner Hauptstrafle 76, A-1040 Vienna, Austria
Tel.: ++43 | 586 52 43-0, Fax -44, office@roithner-laser.com

Description:

LFO-14-ip - optical module on the base of uncooled 1310 nm MQW
InGaAsP/InP Fabry-Perot laser diode. coupled with singlemode
optical fiber. Hermetically sealed modules are performed in
standard package with built-in monitor photodiode and collimator
microlens. Modules operate in wide temperature range. have stable
output power and lifetime more than 5*10° hours.

LFO-14-ip - the best source for analog and digital (up to 622 Mb/s)
telecommunication lines. optical testers and other metrology
devices. local optical networks and many other applications.




Absolute maximum ratings:

Laser diode

Max. output power (mW) 1.5

Reverse voltage (V) 2.0
Monitor photodiode

Reverse voltage (V) 10

Forward current (mA) 1.0
Environment

Operating temperature range (°C) -30..+60

Storage temperature range ("C) -40_+75
Assembly

Pin soldering temperature (°C) 200

Pin soldering time (sec) 5.0




Optical and electrical characteristics (T=25°C):

Characteristics Symbol Test condition Rating Units
Laser diode
Output power from fiber end Pop Iop 1.0 mW
Wavelength Aop Pop 1.280..1.340 L
Spectral width FWHM Ad Pop <5.0 1M
Threshold current Ity CWwW <15 mA
Forward current Ir Pop <40 mA
Forward voltage Uge Pop <16 vV
Rise time/fall time Tr/TE Pop <0.5 ns

Monitor photodiode

Monitor current Irp Use=50V, Pop =100 LA

Dark current Ip Uzgp =50V <0.1 A

Capacitance Cep Uggv=5.0V._ =1 MHz <15 pF
Optical fiber

Fiber core/cladding diameter DD 9/125 L

Fiber length L 400..1500 mm

Optical connector type «FC» or «ST»




Characteristics Symbol Test condition Rating Units
aser diode
Output power from fiber end Pap Iop 1.0 mW
Wavelength )op Pap 1.280..1.340 [Lm
Spectral width FWHM
Threshold current
Forward current I5; Pop <40 mA .
Forward voltage Uop Pop <16 V.
Rise time/fall time Ta/Ts Pop <05 s




[1PU MO-BUCOKM MOAYAQLIMOHHM YECTOTU XPOMATHUYHATA LLIMPUHA
HAPACTBA
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Distributed Feedback (DFB) Lasers

B

Active Region

=

end mirrors (optional)

Light Output

E grating E |
/

Bragg grating - https://www.rp-photonics.com/bragg gratings.himl

[PU MPOMIHA HO KOEPULIMEHTA HA NPEYYNBAHE CE MPOMEHSIT U CBUCTBATCA
HQO PEeLLEeTKATA


https://www.rp-photonics.com/bragg_gratings.html

BAPUMAHT 30 MOAYAQLLMS

Drive Modulation
Current Current ©

Active Region Absorption Region

Anti-Reflection
Coating

#

Isolation Bamier

Mirror

=
Light Output



| SPL1370-2-9-PD

TECHNICAL DATA

Pigtailed Coaxial Laser Diode

Features Applications
e 1370 nm, DFB e Optical Bidi Module and Optical Receiver
e SM Fiber e Optical Transmitter
e Coaxial package
oks ATTENTION
e Built-in PD OBSERVE PRECAUTIONS

R FOR HANDLING
Electrical Connection | ELECTROSTATIC SENSITIVE DEVICES

Pin Configuration Bottom View

PIN Function %ﬂm
1 | PD Cathode 4 mo/ 3
2 | PD Anode -
3| LD Anode, GND Q@ 2 /

4 |LD Cathode g el




Type Min. Typ. Max. Unit

Optical Specification
Qutput Power Pr - 2 - mW
Center Wavelength Ac +2 1370 +3 nm
Spectral Width AA - C 03) - nm

Fiber Characteristics s
Fiber Core Size - 9 - Mm
Fiber Length - 0.8 1.0 m
Connector FC

Electrical Specification
Slope Efficiency Es - - - mW/mA
Threshold Current I 5 11 15 mA
Operation Current lo - 30 35 mA
Operation Voltage Vs - 1.1 1.6 \
Monitor Current | 0.1 - - mA
PD Capacitance - 10 15 pF
PD Dark Current - - 0.1 HA
Side Mode Suppression Ration 30 35 - dB
Data Rate 1.25 Gb/s
Package Style Coaxial

Absolute Maximum Ratings
Reverse Voltage Vr 2.0 1
Operating Temperature Top -10 ... +85 °C
Storage Temperature Tsig -40 ... +85 C

Lead Soldering Temperature (10 sec.) 260 “C
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Home : Fiber Optic components » 40G QSFP/10G SFP+ / XFP [ Xenpak / GBIC / 5FP BIDI / 1000BASE-T, C

DWDM » SFP Modules over Two Fibers » SFP Module @irLAN-1000BASE-Z3-5M DDM SM 5FP LC Connector DFB

;."‘I'I'I?I't Home - smart living Laser (1550 nm) 80 km. Cisco Compatible
14

IP, HD-TVI and AHD SFP Module @

Cameras (82)

-1000BASE-ZX-SM DDM SM SFP

—— LC Connecto Jaser (1550 nm) 80 km. Cisco
E&?’; Optic components Compati b le

Wireless Networks (46)
LAN Equipment (74) Description
PON - Passive Optical
Network (21)

PoE adapters (26) Price excl. tax: 5135.00

Sale (33) Price inc. tax: $162.00
The product is supplied on

TV n Set-top-box (2) request.

Recently Viewed

SFP Module @irLAN- Detailed Description
1000BASE-ZX-5M DDM 5M
SED I Coannactar DEFR | acar
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| FINISAR

Product Specifications
10Gb/s, 1310nm 40km, Single Mode, Multi-Rate SFP+ Transceiver

FILX1772M3BCL

PRODUCT FEATURES

e Hot-pluggable SFP+ footprint

e 17dB D)[JTiL‘ﬂl link budget for up to
40km"” over G.652 single mode fiber

e Supports 6.144, 8.5G and from 9.83
to 11.3 GDb/s bit rates

e TUn-cooled 13101]15&1‘

e Receiver limiting electrical interface APPLICATIONS

—— - " " ow . ok &




Distributed Bragg reflector (DBR) laser

Littrow Grating Laser Diode F’artlal Mirror

Dutput

Culllmatmg
Lens

OCHOBHAO MAEST — PELLETKATA Ce BAMIE CAADO OT pabOoTATA HA AQ3EPA




D Search
A
D (0) $Dollar v ENGLISH v
Create an Account | Loglin

Products Home Rapid Order Services The Company Contact Us My Thorlabs

# Products Home / Coherent Sources / Laser Diodes by Package & Type / Pigtailed Distributed Bragg Reflector (DBR) Single-Frequency Lasers,
Butterfly Package Q
Pigtailed Distributed Bragg Reflector (DBR) Single-Frequency Lasers, Butterfly Package
Related Items
: : Compact LD / TEC Driver
» 785 nm, 976 nm, or 1064 nm DBR Laser Diodes S
) ) Application Idea
» Narrowband, Tunable, Single-Frequency Operation DBR Laser Diode Mounted
ina CLD1015 L Diod
» Integrated TEC Element ey

» Versions with SM or PM Fiber Pigtail

Butterfly Mounts

DBR785S

Fiber-Coupled Laser
with Internal Isolator ) Power and Energy Meters

Type 1 Butterfly Package Pin Diagram

LRV ERICTN SFL Guide | Laser Safety | LD Operation | Feedback LD Selection Guide
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Quantum well =~ stomeoms—»
20 nm
- ™\ h-InGaAsP
Active Layers

OCHOBHA MAEST — TEOMETPUYHU PAZMEPU CBU3MEPUMM C ABAXKMHATA HO
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Vertical-cavity surface-emitting laser
(VCSEL)
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EEL vs VCSEL

VCSEL

Edge-Emitting Laser (EEL)

Wide divergent output

L ~ 300-500 pm Two DBRs serve as mirrors
The semiconductor L=1-10 um A\ = (A)%(2nL)
facets serve as mirrors — single-longitudinal-mode.

EELs and VCSELs have very different cavity lengths and mirror
reflectivities (~30%, 99%), but similar photon lifetimes.
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WIEDNER HAUPTSTRASSE 76 1040 VIENNA AUSTRIA
TEL., +43 | 586 52 43 -0. FAX. -44, OFFICE@ROITHNER-LASER.COM

é ROITHNER LASERTECHNIK GmbH

PT410

TECHNICAL DATA

TO-Can PIN Photodiode Flat Window

FT410 i1s an InGaAs pin structure based photodiode on InP by MOCVD method and planar diffusing
technology. The sensitive area is @ 75um respectively. TO-46 package with flat window.

ATTENTION
OBSERVE PRE GAUTIONS
FOR HANDLING

ELECTROSTATIC SENSITIVE DEVICES

Absolute Maximum Ratings (T;=25°C)

Parameter Symbol Value Unit
Reverse Voltage Ve -10 vV
Optical Current lop 10 mA
Forward Current Iz 10 mA
Fower Dissipation Fo 50 mWW
Operating Temperature Topr -40 .. +80 °C
Storage Temperature Tag -40 ... +80 °C
Soldering Temperature (max. 10 s) Tea 260 °C




Specifications (T,=25°C)

Item Value Unit
Sensitive Area 75 Qim
Spectral Response Range 900 _. 1650 nm
- A=1310 nm >0 8 AW
Responsivity A=1550 nm >0.85 AIW
Linear Range (0 V) - -f0 .. +10 dBm
Capacitance (-5 V) =1 pF
Dark Current (-5 V) =1 nA
Operating Voltage 0. -5 W
Linearity +0 2 dB




Outline Dimensions

TO-46 (flat window):

i
1
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PIN dooTOAMOAM
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PIN cootoAMOAM (MPOABAXKEHUE)

HeobxoAMMA € OTHOCUTEAHO BUCOKA EeHEPrms Ha dOOTOHUTE 30 AC AOBEAQAT
AO MOSBABAHE HO TOKOHOCUTEA

T.e. 30BUCHMMOCT OT AbAXMHATA HA BbAHATA
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WIEDNER HAUPTSTRASSE 76 1040 VIENNA AUSTRIA
TEL., +43 | 586 52 43 -0. FAX. -44, OFFICE@ROITHNER-LASER.COM

é ROITHNER LASERTECHNIK GmbH

PT410

TECHNICAL DATA

TO-Can PIN Photodiode Flat Window

FT410 i1s an InGaAs pin structure based photodiode on InP by MOCVD method and planar diffusing
technology. The sensitive area is @ 75um respectively. TO-46 package with flat window.

ATTENTION
OBSERVE PRE GAUTIONS
FOR HANDLING

ELECTROSTATIC SENSITIVE DEVICES

Absolute Maximum Ratings (T;=25°C)

Parameter Symbol Value Unit
Reverse Voltage Ve -10 vV
Optical Current lop 10 mA
Forward Current Iz 10 mA
Fower Dissipation Fo 50 mWW
Operating Temperature Topr -40 .. +80 °C
Storage Temperature Tag -40 ... +80 °C
Soldering Temperature (max. 10 s) Tea 260 °C




Specifications (T,=25°C)

Item Value Unit
Sensitive Area 75 Qim
Spectral Response Range 900 _. 1650 nm
- A=1310 nm >0 8 AW
Responsivity A=1550 nm >0.85 AIW
Linear Range (0 V) - -f0 .. +10 dBm
Capacitance (-5 V) =1 pF
Dark Current (-5 V) =1 nA
Operating Voltage 0. -5 W
Linearity +0 2 dB




Outline Dimensions

TO-46 (flat window):

i
1




APD (avalanche photodiodes, AQBMHHM
dootoaroamn)
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I Finisar

Product Specification
WDM SFP Transceiver with APD Receiver

FWLF16197Dxx

PRODUCT FEATURES

e Up to 1.25 Gb/s data links
e Hot-pluggable SFP footprint

e Bult-1n digital diagnostic functions

e Uncooled DFB laser transmitter in
8 CWDM wavelengths

e APD Recerver
e Very low jitter

e Metal enclosure. for lower EMI

e Single 3.3V power supply




Search

Create an Account | Loglin

Products Home Rapid Order Services

The Company Contact Us

# Products Home / Photodetectors / Amplified Detectors / Si Amplified Detectors / Si Avalanche Photodetectors

Si Avalanche Photodetectors

» High-Speed Response up to 1 GHz
» Ultra-High Sensitivity up to 26.5 x 108 V/iw
» Wavelength Range of 200 - 1000 nm or 400 - 1000 nm

» Temperature-Compensated and Variable-Gain Versions Available

APD130A2
APD120A2 Temperature-Compensated APD

APD210
High-Speed APD

APD430A
Variable-Gain, Temperature-
Compensated APD

(e V-1 W1 APD120 and APD130 | APD410 and APD430 | APD210 Specs | Pin Diagrams | Fiber Coupling | Feedback Selection Guide

Features

Y(0) $Dollar v ENGLSH v

My Thorlabs

Related Items
InGaAs APDs,

Single Photon Counters

Fiber Adapters

a4

Photodiodes & Detectors
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M Factor Stability Comparison
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P”\l VS APD https://electronics360.globalspec.com/article/10397/pin-vs-apd-different-
sepsitivity-different-goplications

Powered by IEEE GlobalSpec IEEE.org | About | Advertise
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Sponsored By

Industrial Electronics Sponsared Content
PIN vs. APD: Different Sensitivity, Different
Applications

21 November 2017 Design Separately,
[ share| 9 Tweet [ Email Integrate Seamlessly

Advertisemnent

The dsPIC33CH Dual-core (DSC) Family
Optimized for High-end Embedded Control
CLICK TO LEARN MORE »

Sponsored content

PIN and APD receivers are used to facilitate fiber optic networks. Often, they provide extremely high-speed

internet access or receive telephone and digital television signals. The chief overall advantage of optical 0\\ MicrocHIP @
technology is its high data transfer rate; PIN and APD receivers are both designed for such applications. However,

there are distinct differences in the technologies.

Electronics360
Weekly Newsletter

Avalanche photodiodes (APDs) are widely used in
laser-based fiber optic systems to convert optical hy Absorption and
data into electrical form. They are high-sensitivity, SN T ilp+) initial generation
high-speed semiconductor light sensors. of electron-hole-pair

Get news, research, and analysis
oh the Electronics industry in your
inbox every week - for FREE

The main advantage of the APD is that it has a i
greater level of sensitivity compared to PIN. The '
avalanche action increases the gain of the diode
rﬂan‘;.r times, providing much h|gher sen5|t|wty

Avalanche amplification

Engineering Newsletter Signup

Figure 1. Operation of an APD. Source: Shahriarh91 / CC BY-5A 4.0
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Form Factor: QSFP28 Distance: 100 m Data Rate (max): 103.1 Gb/s Wavelength: 850nm
Band
Protocol: 100G Ethernet Compliant

100GBASE-SR4 100m QSFP28 Optical Transceiver
FTLC9551REPM

Form Factor: QSFP28 Distance: 100 m Data Rate (max): 103.1 Gb/s Wavelength: 850nm
Band
Protocol: 25G Ethernet Compliant, 100G Ethernet Compliant

100GBASE-SR4, 0TU4 & 128G Fibre Channel Multirate 100m
QSFP28 Optical Transceiver
FTLC9551SEPM

Form Factor: QSFP28 Distance: 100 m Data Rate (max): 112 Gb/s Wavelength: 850nm Band
Protocol: OTN OTU4 Compliant, 25G Ethernet Compliant, 100G Ethernet Compliant

100GBASE-SR4 with Low Latency/Limited or No FEC QSFP28

Optical Transceiver
FTLC9554REPM

Form Factor: QSFP28 Distance: 40 m Data Rate (max): 103.1 Gb/s Wavelength: 850nm Band
Protocol: 25G Ethernet Compliant, 100G Ethernet Compliant, |IB EDR Compliant

100G CWDM4 2 km QSFP28 Optical Transceiver
FTLC1152RGPL

Form Factor: OSFP28 Distance: 2 km Data Rate (max): 103.1 Gb/s Wavelength: 1310nm
Band
Protocol: 100G Ethernet Compliant

Select options below to narrow results

Filter by Max Data Rate

<8G (59)
10G (58)
16G-32G (19)
40G-56G (22)
=100G (28)

Filter by Protocol

Ethernet (163)

Fibre Channel (114)
InfiniBand (14)

PCle (3)

SONET/SDH (52)

OTN OTU3 or OTU4 (11)
FTTx (PON/BIDi) (7)
CPRI (65)

Filter by Form Factor

CFP/CFP2/CFP4/CFP8 (14)
QSFP+/QSFP28 (32)

CXP (4)

Coherent (1)

SFP+/SFP28 (62)

SFP (41)

XFP (16)
e




Form Factor: OSFP28

Finisar's FTLC1152RGPL QSFP28 transceiver modules are designed for use in 100
Gigabit Ethernet links on up to 2 km of single mode fiber. They are compliant with the
QSFP28 MSA, CWDM4 MSA, and relevant portions of IEEE P802.3bm. Digital
diagnostics functions are available via the 12C interface, as specified by the QSFP28
MSA. The optical transceiver is compliant per the RoHS Directive 2011/65/EU. See
Finisar Application Note AN-2038 for more details.

SUBMIT PRODUCT INQUIRY

Key Features

Applications

Specifications

Distance: 2km

Data Rate (max): 103.1 Gb/s
Protocol: 100G Ethernet Compliant
Low End Case Temperature (°C): 0

High End Case Temperature (°C): 70

Diagnostics: Digital

Transmitter: 4x CWDM DFB Laser
Receiver.

Voltage Supply: 33

Connector: LC

Wavelength: 1310nm Band

Optical Engines

Communication Components
Sensing Components

Wavelength Mgmt/ROADMs/Amps
RF-over-Fiber

Optical Instrumentation

Product Search

Search by Part # or Name

Additional Information

™t -
| Transceivers, Transponders, and
Active Optical Cables Product Guide

' Flextune Product Brief
\4) Datacom/Telecom Network Diagram
4 Pluggable Optics for the Data Center

4 Fiber Optics for Military Applications
Solutions Guide

4 Fiber Optics for Industrial
Applications Solutions Guide

| CPRI Reference Guide
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Form Factor: SFP+

Finisar's FTLX1871D3BxL optical transceivers are Enhanced Small Form Factor
Pluggable SFP+ transceivers designed for use in 10-Gigabit multi-rate links up to
80km of G.652 single mode fiber. They are compliant with SFF-8431, SFF-8432 and
support 10G Ethernet ZR and 10G Fibre Channel.

Digital diagnostics functions are available via a 2-wire serial interface, as specified in
SFF-8472. Finisar's FTLX1871D3BNL transceivers are RoHS compliant as per
Directive 2011/65/EU and Finisar Application Note AN-2038.

BUY Now 2/
Key Features Distance: 80 km
Applicatiuns Data Rate (max): 11.3 Gb/s
D load 8x Fibre Channel Compliant, 10x Fibre
Lobamils Channel Compliant, 10 Gigabit Ethernet
: : Protocol: Compliant, Wireless CPRI Compliant

Specifications

Low End Case Temperature (°C): -5

High End Case Temperature (°C): 85

Diagnostics: Digital

Transmitter. EML

Receiver.

Voltage Supply: 33

Connector: LC

Wavelength: 1550nm

Optical Engines

Communication Components
Sensing Components

Wavelength Mgmt/ROADMs/Amps
RF-over-Fiber

Optical Instrumentation

Product Search

Search by Part # or Name

Additional Information

I b -
| Transceivers, Transponders, and
Active Optical Cables Product Guide

4] Flextune Product Brief
.4 Datacom/Telecom Network Diagram
4 Pluggable Optics for the Data Center

E Fiber Optics for Military Applications
Solutions Guide

4 Fiber Optics for Industrial
Applications Solutions Guide

E CPRI Reference Guide

| — [ —
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Technical Documents

Beyond 100 Gb/s | 40 Gb/s & 100 Gb/s Technology | Optics - General | Optical Amplifiers | Optical Instrumentation
Tunable Laser Technology | Vertical Cavity Surface Emitting Laser (VCSEL) | WSS, ROADMs and Optical Switching | Optical

Switching and Monitoring

Beyond 100 Gb/s

52 Gbps PAM4 receiver sensitivity study for 400GBase-LR8 system using directly modulated laser (OSA, 2016)

104 Gbps PAM4 Transmission over OM3 and OM4 Fibers using 850 and 880 nm VCSELs (0SA, 2016)

Four 45 Gbps PAM4 VCSEL based transmission through 300 m wideband OM4 fiber over SWDM4 wavelength grid (OSA, 2016)
E 180Gbps PAM4 VCSEL Transmission over 300m Wideband OM4 Fibre (OFC 2016)

400Gb/s Single Carrier Transmission With Integrated Coherent Optics (0SA, 2016)

DAC-free Ultra-Low-Power Dual-Polarization 64-QAM Transmission with InP 1Q Segmented MZM Module (0SA, 2016)
400Gb/s Single Carrier Transmission With Integrated Coherent Optics (0SA, 2016)

Indium Phosphide Based 1Q-Modulators for Coherent Pluggable Optical Transceivers (IEEE, 2015)

Fiber Optics Packaging (OSA, 2015)

Taking Optics to the Chip: From Board-mounted Optical Assemblies to Chip-level Optical Interconnects (0SA, 2014)

A low insertion loss and low V1T InP 1Q modulator for advanced modulation formats (IEEE, 2014)

E 100G/400G SMF O/E Roadmap (Ethernet Workshop 2014)

4] 400Gb/s 2km and 10km duplex SMF NRZ PMD Nominal Specifications (Plenary Session 2014)

E 400Gb/s 2km and 10km duplex SMF PAM-4 PMD Nominal Specifications 2014

E 400Gb/s 500m PMD Alternatives (IEEE 802.3 Interim Meeting 2014)

'4 400Gb/s SMF PMD Technical Feasibility (Ethernet Study Group 2014)

E 400G and 4x100G SMF PMD (Alternatives Study 2014)

PIC-to-PIC experiment at 130Gb/s based on a monolithic transmitter using switching of prefixed optical phases and a
monolithic coherent receiver (IEEE, 2014)

» Integrated Polarization Beam Splitter for 100/400 GE Polarization Multiplexed Coherent Optical Communications (IEEE, 2014)

» Taking optics to the chip: From board-mounted optical assemblies to chip-level optical interconnects (IEEE, 2014)
https://www finisar.com/sites/default/files/resources/400gbs_2km_and_10km_duplex_smf_nrz_pmd_neminal_specifications_plenary_session_2014.pdf grrgy {2[]] 3]
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Technology

Technical Documents

Videos

Industry Resources

Educational Besources

Product Search

Search by Part # or Name

Follow Finisar
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Subscribe to Email Alerts
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Finisar Wins Lightwave Award for 10G
Tunable BiDi SFP+ Transceiver with
T2DOC™ Technology
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Theory of Operation

A junction photodiode is an intrinsic device that behaves similarly to an ordinary signal diede, but it generates a photocurrent when light is absorbed in the depleted region of the junction semiconductor. A photodiode
is a fast, highly linear device that exhibits high quantum efficiency based upon the application and may be used in a variety of different applications.

It is necessary to be able to correctly determine the level of the output current to expect and the responsivity based upon the incident light. Depicted in Figure 1 is a junction photodiode model with basic discrete
compenents to help visualize the main characteristics and gain a better understanding of the operation of Thorlabs' photodiodes.

loyr = Ipark *+ Ipp

Series Loyt External
Resistance —
¥ -—" Ny
Photodetector | lpp Iy . Load
— . 1 Junction Shunt :
W — @ ./ Diode (1) —T—Capacitance * Resistance -y
4'_ — -
. ' - s

Figure 1: Photodiode Model

Photodiode Terminology

X -
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ﬁ Products Home / Photodetectors / Photodiodes & Photoconductors / Calibrated Photodiodes
Calibrated Photodiodes
» Si, Ge, and InGaAs Photodiodes Available
1.00

» NIST Traceable
» Photodiodes Shipped with Calibration Curves

Responsivity (A/W)
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0.50 4
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---------------
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FEATURES
APPLICATIONS
FUMNCTIOMAL BLOCE

ANALOG
GENERAL DESCRIPTION DEVICES 11_3 ths Optlcal ReBeWEI'

REVISIOM HISTORY

SPECIFICATIONS
ABSOLUTE MAXIMUM AD N301 0'1 I

RATINGS
St e FEATURES FUNCTIONAL BLOCK DIAGRAM
PIN CONFIGURATIOMN AND
FU NCTIIC, P~JJDESCRIF:'TICI NS Integrated 51Ge PIN photodlode, transimpedance amplifier vee vee
TVPICAL PERFORMANCE (TIA), and limiting amplifier (LA} l ADN3010-11
CHARACTERISTICS Power monitor output: 1.0 A/W at O band wavelengths 500 2 500
THEORY OF OPERATION 50 pm diameter germanium photodiode - ‘:g 23:*
APPLICATIONS Input sensitivity \
INFORMATION Poma=-16.5dBm &
A Pave=-17.3 dBm (ER=6 dB) L1 L
¥ i, : PRBS31 at10.52 Gbps, BER=10""%, A=1270 nm, 1290 nm,
POWER MONITOR. (PM)
OUTPUT APPLICATIONS 1300 nm, 1310nm, and 1330 nm <l__ 8
POWER MONITOR Antlireflectlve coating (ARC) optimized to 1310 nm COWER Lon
OUTPUT ESTIMATION Single 3.3V supply MONITOR
¥ OUTLINE DIMENSIONS Power disslpation: 102 mW L -
- il
e Differentlal output swing: 460 mV p-p GRD g
ASSEMBLY On-chlp power monltor function
RECOMMENDATIONS Die size: 0.835 mm x 0.675 mm Figure 1.
ORD WG GUID

Optical module recelvers up to 11.3 Gbps

Short range 10 Gb SONET, FC, Ethernet, CPRI, OBSAI, and LTE
optical recelvers

Capable to be In ROSA, BOSA, or MCM packages

GENERAL DESCRIPTION
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DIAGRAM

GENERAL DESCRIPTION
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SPECIFICATICMNS

ABSOLUTE MAXIMUM . 0.835 - 0.270
RATINGS +E'$:*
ESD CAUTION )
PIN CONFIGURATION AND [a] [3] (2] [4]
FUNCTION DESCRIPTIONS
TYPICAL PERFORMAMNCE @ [ 0.675
CHARACTERISTICS
THEORY OF OPERATION
= [E E (2]
APPLICATIONS .
INFORMATION et s SIDEVIEW :
z
BONDING :
POWER MONITOR (PM) Figure 11. 11-Pad Bare Die [CHIF]
OUTPUT APPLICATIONS (C-11-1)
Dimensions shown in millimeters
POWER MONITOR
QUTPUT ESTIMATION .08
410 200
¥ OUTLINE DIMENSIONS 200 195 oar
3.90 ==
DIE SPECIFICATIONS AND [+ A 135 ~j[~o28
ASSEMBLY i1 023
RECOMMENDATIONS } \T/_. i 185
8.30
ORDERING GUIDE 2.00 155 -
7.90 - Sy 1
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ﬂ ‘_‘ | | - 0.37
0.95 — =~ 410 A 032
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Photodiode Circuit Design Next Steps
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OnpeAeAeHme: MPOCTPAHCTBEHO HEXOMOTEHHUM NMPO3PAYHM CTPYKTYPH 34
HAMPABAABAHE HAO CBETAMHA

HO-KOHerTHM TELMUNHU. TTAAHAPHM BBAHOBOAM, KOHAAHWM BbAHOBOAM,
OMNTMYHM BAAKHQ

ABTOP: A-p Proamrep lMNMawiota (Dr. Rudiger Paschottq)



https://www.rp-photonics.com/paschotta.html

ONTUYHUAT BBAHOBOA € MPOCTPAHCTBEHO HEXOMOTEHHA CTPYKTYPA 3a
HAMPOBASBAHE HO CBETAMHA, T.€.30 OTPAHMYOBAHE HA MPOCTPAHCTBEHATA
OOAQCT, B KOSTO CBETAMHATA MOXE AQ CE PA3NPOCTPAHSBA.

OBUKHOBEHO BbAHOBOADBT CbABPXA OOAACT C MOBULLIEH KOEOULIMEHT HA
NpeYynBaHe B CPABHEHME C OKOAHATA CPEeAQ (HapedyeHa 0O6BMBKA).

Bb3MOXHM Cca 06a4Ye M HAMBTCTBMS, HAMPUMEP YPE3 M3MOA3BAHE HA
OTPAXKEHMS, HAMP. HO METAAHM MHTEPdDEMCH.

HAKOM BBAHOBOAM CbLLLO BKAIOYBAT MAA3MOHMYHM €doeKTU
(https://en.wikipedia.org/wiki/Plasmonic_metamaterial).



ONTUYHUAT BLAHOBOA € MPOCTPAHCTBEHO HEXOMOTEHHA CTPYKTYPA 3a
HAMPOBASBAHE HO CBETAMHA, T.€.30 OTPAHMYOBAHE HA MPOCTPAHCTBEHATA
ODOAQCT, B KOSTO CBETAMHATA MOXE AQ CE PA3NPOCTPAHABA.

OOUKHOBEHO BbLAHOBOABT CbABPXA ODAACT C MNOBULLEH KOEJOULIMEHT HA
NpeYynBaHe B CPABHEHME C OKOAHATA CPeAd (HapedyeHa 06BMBKA).

Bb3MOXHM CO 0BAYE M HAMBTCTBUA, HAMPUMEP YPE3 U3MNOA3ZBAHE HA
TPAXKEHMS, HAMP. HO METAAHM MHTEPJOEMCH.

HAKOM BBAHOBOAM CbLLLO BKAIOYBAT MAQ3ZMOHUYHU edOEKTU
(https.//en.wikipedia.org/wiki/Plasmonic_metamaterial

https://www.nature.com/articles/s41524-019-0184-1

hitps://nanocomposix.com/pages/the-science-of-plasmonics#target).



https://en.wikipedia.org/wiki/Plasmonic_metamaterial
https://www.nature.com/articles/s41524-019-0184-1
https://nanocomposix.com/pages/the-science-of-plasmonics#target

=  ABQ PA3AMYHU BUAC BBAHOBOAM. [TAOHOAPHMUTE BBAHOBOAM BOAST CBETAMHATA
CAOMO BbB BEPTUKAAHA MOCOKA, AOKATO KOHOAHUTE BbAHOBOAM BOAST B ABE
M3IMEPEHMS.

planar waveguide channel waveguide




[loBE4ETO BLAHOBOAM MOKA3BAT ABYM3IMEPHO HACO4YBAHE, KATO MO TO3M HAYNH
OMAHMYABAT YABAXKABAHETO HA HAMPABAABAHATA CBETAMHA B ABE M3IMEPEHNA U
MO3BOAABAT PA3MNPOCTPAHEHMETO MO CbLLLECTBO CAMO B EAHO M3MEPEHME.

[ToMmep € BBAHOBOABT HO KOHAAQ, NMOKA3AH HA doumrypa 1.

HAM-BAXKHUST TUM ABYM3MEPEH BBAHOBOA € OMNTUYHOTO BAOKHO.

CblLLLECTBYBAT M EAHOMEPHU BBAHOBOAM, YECTO HAPUYAHM MAAHAPHM BBAHOBOAM.



[TPOU3BOACTBO HO CBETOBOAM

MMO MHOTO PA3ANHHUN TEXHMKM 3C M3pCI6OTBC1He HA AMEAEKTPUNHHM BbAHOBOAMU.

Hakou npmmepm Ca:

[TAOGHOPHMTE BBAHOBOAM MOTAT AC ObAQAT MPOM3BEAEHMU BbPXY PA3AMYHU KOUCTAAHMU U
CTbKAEHU MATEPUAAM C EMUTAKCUI MAM C METOAM 30 MOAMPAHE.

BbAHOBOABT MOXE AQ ObAE HAMPABEH B TOPHATA YACT HA YCTPOMCTBOTO (KAKTO €
OKQ3AHO B AYBATA CTPAHA HA domryparta), HO MOXeE AQ ObAE NMOCTABEH U MEXAY APYIMA
TBbOAM CAOEBE.

KOHOAHUTE BbAHOBOAM BbPXY MOAYMPOBOAHMKOBU, KPUCTAAHU M CTBKAEHWM MATEPUAAM
MOTAT AQ ObAQAT HOMNPABEHM C AUTOTPADCKM METOAM B KOMBUHALMS C, HAMNPUMEP,
ENUTAKCKI, MOHOODOMEH MAM TEPMMYHA MHADY3MS.

Bb3MOXHO € AQ CE HAMNPABU «3APOBEH) BLAHOBOA YPE3 HAPACTBAHE HAO AOMbAHUTEAEH
CAOM OTFOPE HA BbLAHOBOAQ. TOBO MOXE AQ AOBEAE AO MO-HMCKM 3Aryom oT
PA3MNPOCTPAHEHUNE M MO-CMMETPUYEH MPOTOUA HO PEXMMA.



OMNTUYHUTE BAOKHA MOTAT AC OBbACT NMPOM3BEAEHM YPE3 UITETAIHE OT 3ArOTOBKA, KOSTO
NPEACTABASBA FOASMA CTbKAEHA MPBbYKA C BIPAAEH MPOJOMA HA MOKA3ATEAS HO
npeYvyrBaHe.

BAGKHOTO OTHOBO MOTAT AQ ObACT M3TETAEHM BbB BLAHOBOAM C AOMBAHUTEAHU HOMOAEHM
PA3MEPU, MOXE AQ CE AOCTUIHE AO EKCTPEMOAEH PE3YATAT HO HOHOBOACGKHA.

BbAHOBOAMTE MOTQAT AQ CE «M3MMUCBATY B MPO3PAYHA CPEAA (HANPUMEPD CTbKAQ UAM
KOMCTAAM) C DOKYCHUMPAHU 1 MMIYACHU AQ3EPHM AbYM, M3MOA3BAMKM AQ3EPHO
HAYLMPAHO PA3PYLLABAHE U CBbP3AHM GBAEHMS.

B CTbKAOTO 30CErHATUAT OOEM YECTO MOKA3BA AOHIKbAE YBEAMYEH MOKA3ATEA HA
NPEYYNBAHE, KOMTO MOXE AMPEKTHO AQ CE M3MOA3BA 30 HAMPOBAIBAHE HO CBETAMHA.

B KPUCTAAUTE MHAEKCHT HO MPEYYNBAHE MOXE AC ObAE HOMOAEH; CAEA TOBA TPSIOBA AQ
Ce TPETUPA HAKAKBA OBAACT OKOAO XXEACQHATA 30HA HO BbLAHOBOA.



KOMMPOMUCUTE MEXAY PAAMYHUTE TEXHMKM HA MPOOMU3IBOACTBO MOTAT AC ObAAT CAOXKHM.

Te MOraT AQ BKAKOYBAT ACMNEKTM KATO PA3XOAM, TbBKABOCT U Bb3MPOM3IBOAMMOCT HA
MNPOU3BOACTBOTO, 3Arydum OT PA3NPOCTPAHEHME, Bb3MOXKXHM CTPAHMYHM €JOEKTU BbPXY
MOTEPUAAQ (HAMPUMEP YPE3 HATPIBAHE MAM DE3PAZAMYHM MATEPUAAM), ONTUMAAEH
A3MEP HA PEXMMA U CUMETPMS 30 CBbP3BAHE KbM APYITM BBAHOBOAM U AP.




Moaun

AbYEBATA OMTMKA YECTO CE M3MOA3BA 3A ONMUCAHME HA PA3MNPOCTPAHEHNETO HA
MHXXEKTUPOHATA CBETAMHOA.

TOKOBQ onMcaHue obaye CTaBA HEBAAMAHO, KOTATO Bb3HMKHAT CMYLLABALLM €JOEKTU, U
TOBO € 0COOEHO BOAMAHO 30 MHOTO MOAKM PA3MEPU HA BBAHOBOAHMUTE AMHUM.

B ¥O31 CAYy4OM C€ M3MCKBA BBAHOBO OMMUCAHME HA CBETAMHATA - OOMKHOBEHO Bb3 OCHOBA
A YPOBHEHUITA HO MAKCYEA, 4ECTO OMNPOCTEHM C MPUBAMIUTEAHM MPEANOAOXKEHMS.

OBOUKHOBEHO CE PA3rAEXAA PA3NPEAEAEHMETO HA MOAETO 30 AGAEHA OMNTUYHA YECTOTA M
NOASPM3ALMS B PABHMHA, NEPNEHAMKYAIPHA HO MOCOKATA HO PA3MPOCTOAHEHME.

OT 0COBEH MHTEPEC CA TE3M PA3MNPEAEAEHUS, KOUTO HE CE MPOMEHST MO BPEME HA
PA3MNPOCTPAHEHNETO, OCBEH OBLLLA dOA30BA MPOMAHA.




TOKMBQO PA3NPEAEAEHMS HO MOAETO CA CBbP3AHM C TAKA HAOPEYEHMTE BbAHOBOAHM
PEXMMM.

Kato npumep, Purypa 2 NoKa3BA YNPABAIBOAHUTE PEXMMM HO MHOTOMOAOBOTO BACKHO.

Bcekn pexmm Mma TaKA HOpEeYeHATA KOHCTAHTA HA PA3MNPOCTPAHEHME, YUATO

BLODPAXKAEMA YOCT KOAMHECTBEHO OMNPEAEAT dDA30BOTO 300ABIHE HO EAMHMLLO
Q3CTOHME HA PA3NPOCTPAHEHME.

BAQKHOTO CbLLLO MM TOAIM OPOU HEYMPABAIEMM PEXMMMU (PEXMMM HO OOBMBKATA),
KOUTO HE CA OIMPAHMYEHN AO OKOAHOCTTA HA CbPLIEBMHATA HA BAOKHOTO.
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Purypa 2: NpodomAn HO AMNAUTYAQTA HA
EAEKTPMYECKOTO MOAE 30 BCMYKM HAMPABAIBAHM MOAM
B OMTUYHO BACQKHO.

ABQOTA LBATA NMOKA3BAT PA3ANHHM 3HAUM HA CTOMHOCTH
HA EAEKTPUNHECKOTO MNMOAE.

PeXXmMbT OT HOM-HUCKUA peA (| =1, m =0, HapeveH
LPO1 pexxmm) mma NnpocomA HQ UHTEH3UTET, MOAODEH
HQ TO3M HO TAYCOB AbM.

KATO USAO CBETAMHATA, BbBBEAEHA B MHOTOMOAOBO
BAOKHO, LLLE Bb30OYAM CYNePnoO3mLMa OT PA3AMYHM
MOAM.



BCAKO MbPBOHAYAAHO PA3MPEAEAEHME HA MOAETO, KOETO MOXE AQ CE TEHEPMPA B
HAOYAAOTO HO BLAHOBOAQ, MOXE AQ ObAE PA3AOXKEHO HA AMHEMHA KOMBOUHALMS OT
PA3MNPEAEAEHMITA HA MOAETO HA PEXMMMTE HA HAMPABAIBAHMA BBAHOBOA, MAKOC HIKAKBA
QOYHKLMA, KOATO HE MOXE AQ BbAE U3PA3ZEHA KATO TAOKABA KOMOMHALLMA.

[TOCAEAHQATA YOCT CbOTBETCTBA HAO CBETAMHA, KOITO HE MOXE ACQ ObAE HAMPABAABAHA.

30BUCUMOCT OT BUACG HO BLAHOBOAQ, HEHAMPOBAIBAHATA CBETAMHA MOXE AQ CE
PA3MNPOCTPAHM B OOBMBKATA MAM AC CE OTPA3M.

Pa3npoCTpaHEHMETO HA HAMPABASBAHATA YOCT CE M3YUCAIBA AECHO, KOTO CE M3MOA3BA
AMHEMHA KOMOUHALMA OT BBAHOBOAHUTE PEXMMM C AOKOAHM KOEDULMEHTU, U3HUCAEHM OT
KOHCTOHTUTE HA PA3MNPOCTOAHEHME HAO PEXMMMTE.



BLAHOBOA C MOAKO HAMPEYHO NPOCTPAHCTBEHO CEYEHME U [ MAM MOAKQ PA3AMKA B
MNOKA3ATEASN HA MPEYYMBAHE (MAAKO YUCAEHA ANEPTYPA) MOXE AQ ObAE B CbCTOSIHME AQ
HACO4YBA CAMO EAMH HAMPEYEH PEXMM (30 AOAEHA OMTUYHA YECTOTA U MOAIPU3ALUS) U
0e3 pexmmm OT MNO-BUCOK PEA.

Hapuia ce eAHOMOAOB BLAHOBOA (— €AHOMOAOBM BAOKHAQ).

TOraBa pA3NpPEAEAEHMETO HA MOAETO CAEA OMNPEAEAEHO PA3CTOAHME HA
PA3NPOCTPAHEHUNE BUHATU MPOUMAMYA HA PA3MNPEAEAEHUNETO HA MOAETO C MOCTOIHEH
EXMM, HE3ABMCUMMO OT MbPBOHAYAAHOTO PA3MNPEAEAEHME HA NMOAETO, MPU YCAOBME, YE
HEYMPABAABAHUTE PEXMMM CA 3AryoeHu (Hanpmumep B 0OBMBKATA).

MHOrOMOAOBUTE BbAHOBOAM CQ TE3M, KOUTO MOAABPXKAT HIKOAKO MAM AOPU MHOTO
HAMPABASBAHM PEXMMM (MOHAKOTA MHOTO XMASAM).



[TAQ3MOHMYHM BBAHOBOAM 30 HOHO OMTHMKA

30 PA3AUYHU MPUAOXKEHMS, HAOMPUMEP B KOHTEKCTA HO DOTOHHMUTE MHTETPOAHU CXEMMU, €
OT FOAIM UHTEPEC CUMAHO AC CE AOKAAM3INPA CBETAMHATC BbB BBLAHOBOAMTE AO PA3MEPU
AQAEY MOA OMNTUYHATA ABAXMHA HA BbAHATA.

TYK ANEAEKTPNHHUTE BBAHOBOAM MOKA3BAT CEPUNO3HN OITPAHMNYEHMA.

Hanpurmep, BbNpekm Y& HAOHO BAOKHATA MOTAT AQ MMAT AMAMETHP ACAEY MOA ABAXMHATC
HQ BBAHOTA, PA3NPEAEAEHMETO HO EAEKTPUYECKOTO MOAE HO CBETAMHATA, HOMPOBASBAHO B
AHOMETPOBM BAOKHA, CE NPOCTUPA ACAEY OTBbA AMEAEKTOMHYHATA CTPYKTYPA.

CAEAOBATEAHO CE€ UM3CAEABAT HOBM BbAHOBOAHM TEXHOAOTUM, BA3MPAHM HO APYTH
JdoM3MYECKM HAMPABASBALLIM MEXAHM3IMM.



O0OeLLaBALLO € OOAAQCTTA HA HAOHOMAQ3MOHUMKATA, KbAETO CE U3MOA3BAT METAAHMU
CTPYKTYPU OT HOHOMETPOBM MALLLAOU, BIDAAEHM B AMEAEKTPUYHU MOATEPUAAN.

[10 TO3M HAYMH € Bb3MOXHO AC CE€ MOAYHAT MHOTO MO-AOKAAMIMPAHM PA3MNPEAEAEHMS HO
MOAETO, OTKOAKOTO € Bb3MOXXHO CAMO C AMEAEKTPUYHM CTRYKTYPM.

Bbrpeku ToBA 3aryoumte oT pasnpoCTRAHEHME OBUKHOBEHO CO MHOTO BUCOKM.

AOFABAHUTEAHM MPEAM3BUKATEACTBA CO €JDEKTMBHO CBbP3BAHE HA CBETAMHATA B TAKMBA
PYKTYPU U PECAMIMNPAHE HA PA3AMYHM MACUBHM U OKTUBHM JOOTOHHM KOMIMOHEHTU KATO
CUAHM 30BOM, CbEAMHUTEAU, OUATPM, YCUABATEAM U AETEKTOPM.




[ToUMAOXKEHUS

[TOMAOXKEHMATA HO BBAHOBOAMTE CA MHOTOOPOMHM. HAKOM MPpMMEPUH Ca:

OnmMYyHUTE BAOKHA MO3BOAIBAT MPeAABAHETO HA CBETAMHA HA TOAEMU PA3CTOAHNA, HATIP.
30 KOMYHMKALUKMKM C OMNTHUHHM BAAKHA.

Ha dOOTOHHM MHTEMPAAHK CXEMM, KOKTO CE M3MOA3BA HAMP. B CUAMLMEBATA OOTOHMKA
BbAHOBOAMTE HOCOYBAT CBETAMHATA MEXAY PAZANYHM OMNTUYHM KOMIOHEHTM.

Aelle CMAMUMEBNTE BbAHOBOAM HA LLI/ICprBl/I MPEOoUECOPHM HATTIOBE N TNOAMMEPHUNTE
AHOBOAWM B MAQTKHUTE MOTAT AA CE N3MOA3BAT 34 6bp3O ONnTM4HO MpeAaBdHE HAO AQHHU
MEXAY KOMIMOHEHTHUTE HA KOMITIOTPUTE.

HAaKOM BbBAHOBOAM CE€ M3MOA3BAT 30 MOAABPXAHE HA BUCOKM OMTUYHU UMHTEH3UTETU HA
3HAYUTEAHU ABAXKMHKM, HOMP. B HEAUMHEUHU YCTPOUCTBA KATO YABOMTEAM HA YECTOTA U
KOMOUHALIMOHHM AQ3EPM.

AKTUBHU (YCUABALLIM) BBAHOBOAM CE M3MOA3BAT BbB BBAHOBOAHM AC3EPU U YCUABATEAM,
Ba>KHM NpUMeEPU CA BAOKHECTU AC3EPU U YCUABATEAM HO BAOKHQA.



BbAHOBOA MOXE AQ CE M3MOA3BA 30 OTCTPAHIBAHE HO HAMPEYHU PEXMMM OT MO-BUCOK
PEA, KAOTO MO TO3M HOYUH AEMCTBA KOTO MOYMUCTBALLL PEXMM.

B HAKOM CAYHAOUM CE€ MN3IMOA3BA B3OMMOAEMNCTBME HA HAMPABAABAHATA CBETAMHA C
MATEPUMAA, HATP. B ONnpeAeA€eH BbAHOBOAHW CEH3OPN.

BAHOBOAM CbLLLO MOTAT AQ CE M3MOA3BAT 30 PA3AEAIHE M KOMOUMHUPOHE HAO CBETAMHHM
ABYM, HAMP. B UHTETPUPAHM ONTUYHU MHTEPJDEPOMETPM.




ONTUYHO AbYEHME B ATMOCDEPHUI KOHAA
HO KOMYHMKOLMOHHAO ONTOEAEKTPOHHA
CUCTEMC




https://www.sciencedirect.com/science/article/abs/pii/S0030399216315006

Optics and Laser Technology 97 (2017) 161-171

Contents lists available at ScienceDirect = Optics & Laser
Technology

_ .

Optics and Laser Technology

journal homepage: www.elsevier.com/locate/optlastec

Review

A review on channel models in free space optical communication @cmm
systems

K. Anbarasi, C. Hemanth*, R.G. Sangeetha

School of Electronics Engineering, VIT University, Chennai, India


https://www.sciencedirect.com/science/article/abs/pii/S0030399216315006

Free Space Optical communication (FSO) e 6e3>XMYHA KOMYHUKALMOHHA TEXHOAOT A,
KOSATO M3MOA3BA CBETAMHA 30 NPEAABAHE HA AOHHUTE B CBOOOAHO NPOCTPAHCTBO.

FSO MMA NPEAMMCTBA KOTO HEAULLEH3UPOH CMEKTbP M MO-BUCOKA YECTOTHA AEHTA.

FSO cuctemamnte mMaT HEAOCTATbLM M MPEAMIBMKATEACTBA MPU PA3AMYHMU MOAEAM
KAHQAM.

30 CMEKYABAHE HO edoekTUTE HA TYPOYAEHTHOCTTA BbB FSO Ce M3MOA3BAT PA3HOODPA3HM
TEXHUKMN.

BbB FSO se 0OCHXAAT PA3ZAMYHM TEXHMKM HO MOAYAQLLMS, M3MOA3BAHM B PA3AMYHM KOHOAM.
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Channel Classification based on turbulence strength

Weak Moderate Strong
Log-Normal LL_}E'HUWHI Gamma-Gamma
distnbution distribution distnbution
Gamma-Gamma Negative Exponential S
eI E - CAPOT K -distribution
distnbution distribution

. Gamma-Gamma L
I-K distmbution S, I-K distnbution
distribution




I1G distribution

Double-Weibull
distribution

Exponentiated

Weilbull distribution

Double-Weilbull

distnnbution

Exponentiated

Weibull distribution

Double Generahzed
distnbution

Exponentiated

Weibull distribution

\

Double Generalized
distribution

Double Generalized
distnbution




JIazepHO JrbYeHHE, 00YCJIOBEHO OT EKBU(PA3HO U
rayCoBO aMIIMTYAHO Bb30yeHa KpbroBa
ariepTypa — rayCoB JIa3€p€eH CHOII
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BbBeneHue

* lMpe3 nocneaHUTe HAKONKO AECETUNETUA N3MNON3BAHETO HA S1a3E€PHU
JIbYM NPUAO0OU LWNPOKO Pa3npoCTPaHEHMUE.

* Beue roeopuxme 3a npmnaoKeHneTo Ha 1asepHn N3TO4HHULUN BbB
B/1IaKHECTAaTa ONTUKA.

* Jlasepu ce N3N0A3BAT KAKTO B HayKaTa, Taka U B MeAULMUHCKUTE
TEXHO/IOTUMU, A CbLLO M 338 KOMYHUKaLUMK Npe3 cBOO6OAHOTO
MNPOCTPaHCTBO.

* Lenecbobpa3Ho Aa NpOy4YnMM CBOMCTBATA Ha IA3EPHUTE /TbUM C
HAKOW AeTannun.

* Beye roBopuxme 3a AB/IEHUETO KOXEPEHTHOCT U CNOMeHaxme, 4ye { 3 J
CBET/IMHHATA eHepPrmAa € orpaHN4YeHa B o6pa3yBaH TECEH /TbM.




KoMmeHTap Ha HAOJIFOJeHUSITA OT
JIAOOpATOPHUTE YIIPAXKHEHUS

* BbnpeKkn ye BuUKAaMe, Ye NbYbT € KOIMMUPaAH, HUE CbLO
HabatogaBaxme, Ye NbYBT Ce PasLInpPABA, AOKATO Ce
pa3npocTpaHABa.

* e n3nonssame 0OCTa Z KAaTO NOCOKa Ha Pa3npoCTpaHEHUNE HA
Na3epHUA /1bM, OCTaBANKU X U Y OCUTE 3a ONMnUCaHne Ha
Hanpe4vYyHoToO CbCTOAHUE.

* [nockKa BbJ/IHA, Pa3nNpPOCTPaHABaALLLA Ce NO NOCOoKaTa zZ ce
npeacTaBs OT BbAHOBATa PYHKLMSA

U(z,y,z,t) = Ag'lhz =)




https://www.colgate.edu/media/5371/download
72 CTpaHUIU

(GGaussian Beams

Enrique J. Galvez
Department of Physics and Astronomy
Colgate University

Copyright 2014




U(z,y, 2,t) = Ae!"* 70

Amnauntygata A e NOCToAHHA. ToBa ypaBHeHMe He MoXe Aa
onuue Na3epeH Nby Tb KAaTO amnanTyaaTa e be3kpanHo
pasWwmnpeHa B HANPeYHUTE NOCOKM.

Mo-noaxoaawa amnanTtyaa 6m 6muna Tasm, KOATO HamansaBa 3a
TOYKU, OTAQ/IeYEHM OT OCTa Z.

Mo*e aa nsnonssame
[aycoBaTa GyHKUMUA:

A= A(z,y) = e @H)/w*




Pa3LWwmMpABaHETO CHOMa MOMKe [a ce OTYMUTa OT NEeTHOTO, KOeTo ce
yBe/1M4YaBa CbC Z, BbMNPEKMU Ye ToYHATa 3aBUCMMOCT TeNbPBaA Le ce
onpeaens.

AKO NbYBbT Ce paslinpsaBa Torasa Bb/IHOBUAT My GpOHT TpsabBa Aa
nma cpepuyHa popma.

ToBa e TaKa, 3all0ToO Bb/IHaTa BMHArM ce pa3npocTpaHsBa B
NMOCOKa, NepneHAnKyNspHa Ha Bb/IHOUS GPOHT.

BbiHOBMA PPOHT ce onpeaensa Kato NOBbPXHOCTTA, KOATO
CbAbPKa BCUYKU TOYKM C eHa M cblla da3a.




* Cdepuunus GpoHT He ce onucea gobpe ¢ pikz

* 3aToBa ce n3non3Bsa

*Ako T <€ z wn Yy < Z ,TOTOPHUAT U3pPa3 MOXKe Aa
ce anpoKcMmmnpa

x? 4y v? 4 12
T = z :2 I ]_E,.?_‘, 1—|— 2;2




* MI3non3Bamnku rIOPHUTE aNpPOKCUMaAUNUN MOKEM Aa 3allniem

LI’(I._ Y, z) ~ E—(Eﬂz—l—yz}fwgE-ﬁ{kz—ut}ﬁz‘k(xi-@?]ﬁz

* MNbpBUAT TEPMUH CbADbPHKA rayCOBUA €/IEMEHT, BTOPUAT
MHOXUTEN onpeaensa egHONOCOYHOTO Bb/IHOBO
PA3NPOCTPaHEHUE, @ TPETUAT MHOXUTEN OTYUTA KPMBMHATA Ha
dpoHTa.




PelrlieHHe Ha BbJIHOBOTO YPAaBHEHHE
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Helmholtz equation:

VU + KU = (




“R  KoHcTaHTa (Peneii)

: wp i
Sip(z) _ o p(2)

w(z)




2, 2 g2, 2
wy I + T ik(z"+y") .
U(zr,y,2,t)=A ( ) w7 eilkz—wt) o ToRE) — omie(2)
wl =




Pa3mepy Ha NeETHOTO BbB QYHKIYA OT
Pa3CTOSAHUETO (HOPMHPAHHU)
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https://www.edmundoptics.eu/knowledge-
center/application-notes/lasers/gaussian-beam-propagation/

Intensity Intensity Intensity

LA A

Radial Position Radial Position Radial Position



https://www.edmundoptics.eu/knowledge-center/application-notes/lasers/gaussian-beam-propagation/

JIpyry Bp'b3KU C BAPUAHTU Ha 00sICHEHUS Ha
['aycoB J1azepeH CHOII

* https://www.newport.com/n/gaussian-beam-optics

* Anthony E. Siegman Lasers (Revised)

This is both a textbook and general reference on the subject of
laser theory and basic laser principles. The book gives a detailed
accurate treatment of laser physics which does not require a
background in quantum mechanics. Categories:Physics,
Year:1986

1310 cTpaHnuymn



https://www.newport.com/n/gaussian-beam-optics
https://b-ok.cc/g/Anthony E. Siegman
https://b-ok.cc/Physics-cat264

Free Space Optics
OnTUYHU 0€3KMYHU KOMYHHUKALIMOHHU CUCTEMHU
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ELECTRICAL CHARACTERISTICS

Light source

Laser diode power
Detector

Dynamic range
Bandwidth

BER

System latency

Laser Diode

4 x 25 mW

APD Photodiode
>30 dB

1.25 Gbps
<102

< 50 ns

DATA IN / OUT
Gigapico Ethernet

MM fiber SX interface at 850 nm with
SC connectors (SM LX optional)

PHYSICAL CHARACTERISTICS

Head Housing

Weight

Dimensions (with cover and
Alignment Unit, mm)

Aluminium & Stainless steel
24 kg
560 x 362 x 338

ENVIRONMENT

\.

Operating temperature -25t0+ 601
Storage temperature -40to + 80
Humidity 95% non cor
Protection rating IP65 for Hea

Unit, IP20 fo

Power required 230 WVAC, 5C
VDC option:
Power to head 2x12VDC, -

OPTICAL CHARACTERISTICS

Wavelength 785 nm
Beam divergence 0.5-15 mra
Receiver acceptance angle 8.5 mrad




i\ ONTOEAEKTPOHMKA U
OlNTHHN KOMYHUMKALNN



BAOKHECTO-OMTUYHUN KOMYHMKALMOHHMU
CMCTEMMU, BUAOBE YMABTHABAHE HO
HOAUTE, MOAYAQLUMOHHM OOPMATH,
OAOKOBA CTPYKTYPA HO CBETOBOAHA M HO
ONTUYHA OE3KMYHA KOMYHUKALMOHHM
CUCTEMM, KOXEPEHTHM OMTUYHM CUCTEMM.
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Go gle fiber optic communication systems coherent “ HHH Q

KH nrn Mpernea Ha u3Bagkara

COOBUNTE CE C NEYATHATA KHUMA

HAMa HanuyHa enekTpoHHa KHura

Elsevier.com

HamepeTe B bubnuorteka
Bcuukn KHUronpogasum »

» Moata 6ubnuoteka
» MosaTa ucropua

Kuurn B Google Play

Introduction to Fiber-Optic Communications

[No6aeaHe B MOsiTa GUBNMoTeKa Hanuwere peueHsus O W

>

m

Rongqing Hui
Elsevier, 15.09.2019 r. - 512 cTpaHuuu

0 PeueHsunn

Introduction to Fiber-Optic Communications provides students with the most
up-to-date, comprehensive coverage of modern optical fiber communications
and applications, striking a fine balance between theory and practice that
avoids excessive mathematics and derivations. Unlike other textbooks

Owe »

TwpceHe Mexay Kopuuure

Buayanusauyua »

KakBo ka3BaT xopaTta - Hanuiiete pelLieH3us

He Hamepuxme peueHauu Ha obudanHuTe mecTa.

N3bpaHu cTpaHuum

Introduction to Fiber-Optic
Communications
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GO gle fiber optic communication systems 4 th “

Fiber-Optic Communication Systems

Govind P. Agrawal
John Wiley & Sons, 23.02.2012 r. - 626 cTpaHuuum

m

HAMa HanWyHa eneKkTpoHHAa KHKUra

Wiley.com - + 4
FIBER-OPTIC
COMMUNICATION SYSTEMS | 2 PeueHsun
Hamepete B brbnmnoTteka P eranen

This book provides a comprehensive account of fiber-optic communication
systems. The 3rd edition of this book is used worldwide as a textbook in
many universities. This 4th edition incorporates recent advances that have

occurred, in particular two new chapters. One deals with the advanced
Ouwe »

Beuuky kHUronponasum »

» Moata bubnuoteka

+ MoATa nctopua

TepceHe Mexgy KopuuuTe
Kuuru 8 Google Play

Buayanusauna »

KakBo kasBaT xopara - HanuuieTe pelieHaus

He Hamepuxme peleH3uu Ha oDUJYaiHUTE MecTa.

CpoaHu KHUMM




BbB BCAKA KOMYHUKALMOHHO CMCTEMA MHQOOPMALMATA,
KOATO TPAOBA AQ CE NPEAAAE, ODMKHOBEHO € AOCTBLIMHA
KOTO EAEKTPUYECKM CUTHAA, KOMTO MOXE AQ MPUEME
QOHOAOIOBA MAU LMD OBA CDOPMA.

B dHOAOTOBMA CAY4OM, CUTHAA (HAMP. EAEKTPMYECKM TOK)
APMPA HEMPEKBCHATO BbB BPEMETO.

[1O3HATM NPUMEPIU BKAKOYBAT AYAMO U BUAEO CUTHAAM,
Bb3HMKBALLIM KOTATO MMUKPODOHBT NPeobpa3yBA FAQC
MAM BUAEOKAMEPATA Npeobpa3yBa M300PAXKEHMNETO B
EAEKTPUYECKO CUTHAA.




LMo OBUAT CUTHAA MPMEMA CAMO HAKOAKO AMCKPETHM
CTOMHOCTM.

B ABOMYHATA MNPEACTABIHE HA LLMAOPOB CUTHAOA CO
Bb3MO>XXHM CAMO ABE CTOMHOCTU. HOU-MPOCTUAT CAYHOM
HO O ABOMYEH LMADPOB CUTHAA € TO3M, MPM KOUTO
?KeKpreCKMﬂT TOK € BKAKOYEH MAM MU3KAIOYEH.

Te3n ABE Bb3MOXHOCTM ce Hapm4iar "omt 1" 1 "omt 0",
Bcekm OUT MPOABAXKABA 30 OMNPEAEAEH MNEPUOA OT
BPEME.

M3BECTEH NPUMEP 3A LMADPOBM CUTHAOAK CO
KOMMIOTbOHUTE AQHHMU.




30 AQ C€ U3MOA3BA MbAHOLLEHHO KAMAUMTETA HO
CMCTEMATA, € HEODXOAMMO AQ CE MPEAOBAT MHOTO
KOHOAM EAHOBPEMEHHO HYPE3 MYATUMNAEKCUPAHE.

ToBO MOXE AQ Ce MOCTUITHE Ype3 PA3ZAEATHE HA BPEMETO
MYATUIAEKCHMPAHE (TDM) MAM YHECTOTHO PA3AEAIHE
FDM).

TDM 11 FDM morat Aa 6bAQT BHEAPEHM KAKTO B
EAEKTPMYECKATA, TOKA M B ONTUYHATA OOAQCT; OMNTUYHM

FDM 4yecto ce Hapmia WDM.

KoHuenuuara 3a TDM e M3NOA3BAHA 30 QOOPMUPAHE HA
LLMAOPOBM MEPAPXMM.




[1bOBATA CTHMKA B MPOEKTUPAHETO HA ONTHUYHA
KOMYHUKALMOHHA CMCTEMA € AQ CE PELLIM KAK
EAEKTPUMYECKUAT CUTHAA LLLE Ce Mpeobpa3yBA B OMNTMYEH
OUTOB MOTOK.

OOMKHOBEHO M3XOABT HO OMTHUYEH M3TOYHMK KOATO

OAYMPOBOAHMKOB AQ3EPD CE MOAYAMPA YPE3 MPUACTAHE
HO EAEKTPUYECKOTO CUTHOA AU AMPEKTHO KbM OMTUYHMS
M3TOYHMK, MAM KbM BbHLLEH MOAYAQTOP.



BbB doopMATA RZ BCEKM ONTUYEH MMIYAC,
NPEACTABAIBALLL OUT 1, € MO-KPATbK OT OUTOBUA CAOT U
AMIAUTYAQTA MY C€E BPbBLLLLA KbM HYAQ, MPEAUN AQ U3TEYE
MPOOABAXUTEAHOCTTA HO OUTQ.

BbB coopmMata NRZ, ONTUYHUAT MMIMYAC OCTAOBA BKAKOYEH

Pe3 ODUTOBMA CAOT M AMMAUTYAQTA MY HE CMAAQ AO HYAQ
MEXAY ABA MAM MOBEYE MOCAEAOBATEAHM | OUTA. B
PE3YATAT HA TOBA LLUMPOYMHATA HAO MMIMYACA BAPMPA B
30BMCMMOCT OT TOBA BbPXY OUTOBMI MOAEA, AOKATO TOM
OCTOBQ CbLLUMAT B CAYHOd HO RZ QOpMAT.




hitps://www.google.com/searcheg=rz+vs+nrz&client=firefox-

b-d&source=lnms&tbm=isch&sa=X&ved=2ahUKEw]JiPPZ-

unsAhVLIosKHIY/DLUQ AUoAXoECBQQAw&biw=1280&binh=9
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hitps://www.google.com/searcheg=fiber+optic+system+blo
ck+diagram&tbm=isch&ved=2ahUKEwiINuorg-

unsAhUJ4aQKHfR_
CegQIABAA&OQ

P=CgNpbWcQAZz
LEDEIMBOgQIABB

CAAQHNATULIDF
gAQGaAQINA3MId2I6LWITZBABAQ&sclient=i

YWLMXLJIGYAQC

BGOQ2-

=fiber+optic+system+block+diagram&gs._|Ic
GCAAQCBAeOglIIADoFCAAQsQM6CAQAE
DOgQIABAeOgQIABATOgQlIABAIEB4QEZOG

ekATgWOSMNOABWAHOBgAGRAOGBIh6SAQ

Mmgé&ei= C|61X42NConCI<WXO SHoBg&bin=912&biw=1280&clie

nt=firefox-b-d
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ystem+block+diagram&tibm=isch&ved=2ahUKEw|D2r_R--
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cCegQIABAA&oOg=free+space+optict+system+block+dio
gram&gs_lcp=CgNpbWcQAzoI CAAQCBAHEB5QxdICWL

oAMDg6QJOAHAAeACAADMBIAGHCpPIBAZEUOZgBAKA
BAAoBC2d3cyl3aXotaWInwAEB&sclient=imgé&ei=4yéjX4
PdAojskgXt4avwBQ&bih=912&biw=1280&client=firefox-b-
d




AobBpe U3BECTHO €, Y& ONTMYHOTO MOAE CE CbCTOM OT

AMMNAHMTYAQ, HECTOTA, OA3A N CbCTOAHMETO HA MNMOAAPUH3IAUNA
(SOP).

TeopeTM4IHO BCUYKM T€ U TEXHUTE KOMOMHALLMKM MOTAT AC
ObAAT KOAMPAHM, 30 AQ HOCIT MHADOPMALLMSA B ONTUHHA
KOMYHMKALMOHHO CUCTEMOQ.

Thb KATO CDOTOTOKBLT HO JOOTOAMOA B OMTMYEH MNMPOUEMHMK €
NPOMNOPLMOHAAEH KbM MHTEH3UBHOCTTA HA MOAYYEHMS
ONTUYEH CUTHOA, MOAYAQLIMA HO MHTEH3UTETA U AMPEKTHO
oTkpmBaHe (IMDD) ocurypssa HOM-MPOCTUI MEXAHU3bM 30
ONTMYHA KOMYHUKALMS, NMPU KOUTO CE€ HOCK MHADOPMALLUS
CAMO OT MHTEH3MBHOCTTA HA OMTUYHMI HOCUTEA.




MYATUNAEKCUPAHETO MO AbAXMHATA HA BbAHATA (WDM)
M3MOA3BA OMTUMYHO HOCELLM C PA3AMYHM YECTOTH, O
MHTEH3MBHOCTTA HA BCIKA OMTUYHA HOCELLLO HOCU
HE3ABMCUMA MHADOPMALMA KOHAA, TOKA Y€ A MOTAT AO
ObAQAT PA3MO3HATU OTAEAHO B MPOUEMHMKA CAEA OMTUYHO

OUATPUPAHE MPE3 AEMYATUMAEKCOP C AEAEHUE HO
ABAXKMHOATA HO BbAHATA.

BB WDM cuctema, BbNpeKM Ye Ce M3MNOA3BA ONTUMYHAO

4ECTOTA, T8 € 30 MYATUMAEKCUMPOHE BMECTO KOAMPAHE
HO AQHHM.



KOXepeHTHMUTE ONTUYHU KOMYHUKALLMOHHWM CUCTEMM CO
NPOEKTUPAHMU AC MPABSIT MbAHOLLEHHO M3MOA3BAHE HO
MHAOOPMALMOHHMS KAMAUMTET, OCUTYPEH OT CAOXKHOTO
OMTHUYHO MOAE.

Bb3MOXKHOCTTA 30 KOAMPAHE HAO MHOQOOPMALLMA BbPXY
OMMAUTYAQTA, HECTOTATA M OA3ATA HA ONTUYHMS
HOCUTEA B MPOEAOABATEAT M CNOCOOHOCTTA 30 OTKPMBAHE
HO CAOXXHOTO OMNTUYHO MOAE HA CUTHOAQ CO
HEODOXOAMMM 30 UITPAXKAAHETO HA KOXEPEHTHA OMTMYHA
CUCTEMQ.




AMMIOAUTYAQATA M QOA3ATA HA ONTUMYHATA HOCELLLA C€e
MOAYAUPAT EAHOBPEMEHHO.

[Nlo-edoeKTMBEH HAOYMH 30 KOAMPAHE MHADOPMALLMGTO
bPXY CAOXHOTO OMNTMYHO MOAE € AQ CE M3MOA3BAT
BbHLLIHM EAEKTPOOMTUYHU MOAYAQTOPM.




I KOXEPEHTHOTO AETEKTUMPAHE OOUKHOBEHO M3MOA3BA OMTUYEH
AOKAAEH oCcUMAQTOP (LO), KOMTO MPEAOCTABA OTMNPABHA TOYKA
(reference) 30 oNTMYHATA YECTOTA M A A3A.

CMecCBAHETO mexXay LO 1 NoAy4eHMd ONTHUYEH CUTHOA MNP
JOOTOAMOAQ MO3BOAIBA OMNPEAEAIHE HO AMMAUTYAHATA U
QOA30BATA MHAOOPMALMA, HOCEHA OT NMOAYYEHMA OMNTHUYEH
CUTHAA.

OCBEH TOBQ, TbM KATO ONTUYHATA MOLLLHOCT HA LO e mHoro
MNO<CUAHQA OT MOAYYEHMSI ONTMYEH CUTHOA, TON €JOEKTUBHO
CMABO CAQDMS OMNTMYEH CUTHOA B NMpOoLEeCcda HO CMECBAHE U
OCUTYPABA 3HAYUTEAHO MOAODPEHME YYBCTBMTEAHOCT HO
OTKPMBAOHE B CPOBHEHMNE C AMPEKTHO OTKPUMBAHE.

B KOXEPEHTHMA NPOLLEC HO AETEKTUPAHE YPE3 CMECBAHE C
LO, ONTUYHUAT CMEKTBP HAO CUTHOAQ Ce MpeobpasyBa
AMHEMHO HOAOAY U B EAEKTPUYECKTBO, TOKAO Y€
eAEKTPMYECKATa OBPAabOTKATA HO CUMTHOAQ MOXE AQ CE
M3MOA3BA 30 KOMMEHCUPAHE HA BAUAHMS MPU MPEAABAHETO
KATO XPOMATUYHA AUCMEPCUA HO ONTUYHOTO BAOKHO.




I TEXHMKATA HAO KOXEPEHTHO OTKPMBAHE € M3CAEABAHAO
LLIPoKO npe3 80-Te roAMHU HO MUHOAMS BEK, MOEAMMHO
30 LLeAUTE HA NOAODPIBAHE HA YYBCTBMTEAHOCTTA HA
NPUMEMHMKA B OMNTUYHUTE KOMYHMKALIMOHHU CUCTEMM.

BbBEXAOQHETO HAO YCUABATEAM C BAOKHQ, AETUPAOH C
epoun (EDFA) B HO4aAoTO HaO 90-Te, HONPABU

E€PEHTHOTO OTKPMBAHE MO-MOAKO MPMBAEKATEAHO,
AQBHO Mo ABe npumimHu: (1) EDFA ocurypsgsa AOCTATbYHO
OMNTMYHO YCUABOHE BE3 M3MCKBAHETO HAO CKbIM AQ3EPEH
LO € HMCBK JOA30B LLUYM B MpMeMHUKa U (2) EDFA e
HE3ABUCUM OT MOAIPUIALMATA, M1 MMA LLUMPOKA HECTOTHO

AEHTA 30 YCUABAHE, 30 AQ MOAABPXKA MHOTOKAHOAHMU
WDM ontTmYHUM CUCTEMM.




[pe3 NMOCAEAHUTE TOAMHU TEXHOAOTUYHMAT HAMPEABK
AOBEAE AO MOSBATA HO AQ3EPHU AMOAM C PETYAUPYEMO
ABAXMHA HO BBAHATA, TACHO CMEKTPAAHA LLUMPUHA, HUCKA
LLEHA, MOABK PA3MEP M AOCTATBYHA HOAEXKAHOCT,
NOAXOASLLM 30 HO TEAEKOMYHUKALMM.

MN3CAEABAHMATA M PA3PADOTKMTE HO KOXEPEHTHM
CMCTEMU OTHOBO CA OKTYOAHM.

LLeATO € AQ C€e YBEAMYAT 3HAYUMTEAHO CKOPOCTA HA
NPOEAQBAHE, NbBKOBOCTA HO MYATUIAEKCHMPAOHE U AQ €
Bb3MOXXHO KOMMEHCAUMA HAO PA3ANYHM HOPYLLEHMA MNP
NPeAdBAHETO.




KOXEpPEHTHOTO AETEKTUPAHE MPOM3IXOXKAQ OT
DOAMOKOMYHUKALMUTE, KbAETO AOKOAHWUS FEHEPATOP Ce
CMECBA C MOAYYEHMUA CUTHOA.

DE3YATAT HA TOBA, MOAY4YEHMI RF CUTHOA MOXE AQ ObAE
NPEMECTBAH MO YECTOTA N AEMOAYAMPAH.




Mixer

m(t) cos|(w  —w,, )1
» Low-pass >

l.ocal oscillator
cos(@, 1)

m(1)

—"

m(t) cos(@st) % cos(an.et) = { cos (@5 + @oe )t] + cos [ @g — e )]}




KOXEpPEHTHOTO AETEKTMPAHE B OMNTUYHM CUCTEMM € CbC
CXOAEH OCHOBEH MPUHLMI.

HYeCcToTATa € C MHOIO NOPSAbLM MO-BUCOKA OT
DAAMOYECTOTUTE; MIMCKBAHOTO OT KOMMOHEHTUTE U
KOHAPUTYPALUMUTE HO BEPUNMTE € AOCTA PA3AMYHO.

B ONTMYEH KOXEPEHTEH MPUEMHMK, CMECBAHETO MEXKAY
NOAYYEHMSA OMTUYEH CUTHOA M ONTHUYHKA LO Cce M3BbPLLIBA BbB
DOTOAMNOA.

XOAALLIMAT OMTMYEH CUTHAA M oNTYHKAT LO ce KO/\/\6I/IHI/IpOT B
ONMNTMYEHCBEAMHUTEA.

OMNTUYHUAT CbEAMHUTEA MOXE AQ DbAE HAMPABEH OT
MNOAYMPO3PAYHO OTAEAOAAO MAM OT BAOKHECTO HOCOYEH
CbEAMHUTEA.

PC - polarization controller, 3a cbraAaQCcyBaHe




Es
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CMECBAHETO MEXAY CUTHAOAA 1 LO BbB JDOTOAMOAC
Npeobpa3yBA MOAYAUPAHMSI OMNTUYEH CUTHOA B JOOTOTOK.

E(t)=A(t)exp|—jlat+a(t)))

Ero(t)=Apoexp |—jloot+@10))

[ToeAdBATEAHATA COYHKLIMS 30 2X2 ONTUYEH CbEAMHUTEA

E, :[‘/l—f* m] Es
E.| L ive Vi—el|E

€ - power-coupling coefficient




KOMMO3UTHUAT ONTUYEH CUTHAA HA M3XOAQ HA
CbEAMHUTEAA €

Ei(t) = V1 —€eE,(t) +j\/eEL(1)




I [Ton DOTOAMOAQ QOOTOTOKBLT € MPONOPUMOHAAEH HO
KBAAPATA HAO KOMITO3IHUTHOTO OlNTHNHHO TTOAE, T.€.

g

—

i(f) = R|E, (¢)

— _EH{{[ — EL”A.E{I'LHE + E‘|A}_(}|E +2 \/E‘(l — E]EH(F] : E;_mwm (@t +ﬂ:;p{r]|}}

R /responsivity Ha dpoToanoaa, wepasnukata Mexay Yecrorarta Ha curHana n LO, mexxguHHa
yecTtoTta (IF), Ag(t) dasoa pasnuka. [lpeHebpersame KOMNOHEHTA CbC CyMa Ha YEeCTOTUTE;
nnTpupa ce



Caea npmbamxkeHms (LO HAIMA LLYM MPOMEHSLL
MHTEH3MBHOCTTA; MOLLLHOCTTA HO LO € MHOTO NMO-roASIMal)

i(1)=2M\/e(1 —e)cosO\/P(t) - Procos (wypt+ Agp(t))

cos# results from the dot product u['A.E(r) : A.Lg
https://en.wikipedia.org/wiki/Dot_product



[Ton MAEAAHO CbIAQCYBAHE

i(t) =N JP_,.{I] -Procos(wpt+ Agp)

PABHEHMETO MOKA3BA, Y€ KOXEPEHTHOTO
AETEKTUPAHE M3MECTBA CMNEKTbPA HA ONTUYHUS
CUTHOA OT ONTUYHATA HOCELLLA YeCToTA WS A0 IF




I OTHOLLEHMETO CUTHAA / LLUYM (SNR) caeA ooToOAETEKTUPAHE €
BAXKHO MAPKA 30 KAYECTBOTO HA CUIHAAQ B OMTHUYEH
NPUEMHMK, KOETO OMNPEAEAT EJOEKTMBHOCTTA HO CUCTEMATA.

LO MMa oNTUYHA MOLLIHOCT MHOTO MO-BMCOKQA OT MOAYYEHMS
OMNTUYEH CUTHAA, LO-MHAYLMPAHUAT LUYM € OOMKHOBEHO
AOMMHMPALLMSAT LLIYM B KOXEPEHTHUS NMPOUMEMHMUK.

TOBA € KOPEHHO PA3AUYHO OT AMPEKTHOTO AETEKTUPAHE,
KbAETO TOMNAMHHMUAT LUYM HA MPUEMHUKA MMA HOU-TOAIMO
3AeEMCTBME B SNR, TbM KOTO ONTUYHATA MOLLLHOCT HO CUTHAAQ
OOUKHOBEHO € HUCKA.

Pa30upa ce, onNTUYHUTE YCUABATEAM ChLLO MOTAT AQ CE
M3MOA3BAT B KOXEPEHTHU CUCTEMMU. B TOKMBA CUCTEMM
HOTPYMAHMAT ONTUYEH LLUYM MOXE ACQ CE MPEBBPHE B
OrPAHUYABALLL JOAKTOP HA MPOM3BOAMTEAHOCTTA HA
CUCTEMATA.




BPF RF

, detection P.(9)
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()
SNR = - >
(i) + (i3
, RIP.(t)-P
.  AkTB,
(i) =4~

(is) =2qFR[P(t) /2 + Pro|B.

B, 1s the signal electric bandwidth

4 electron charge.
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(is) =2qFR[P(t) /2 + Pro|B.

B, 1s the signal electric bandwidth

4 electron charge.
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OnMNTMYHO BAAKHO, CBETOBOA, ONTMYEH KAODEA,

MPOOM3BOACTBO.

[TOACHMBHM eAeMEHTH 30 CBETOBOAHM AMHUM —

CbEAMHEHMA, CMECUTEAU, PAZKAOHUTEAMN,
PU3IMU U AE€LLUN, AMCOPAKLUMOHHU PELLIETKM,

COUATOU, M3OAATOPMU, KAKOHOBE,

MOAYAQTOPU, MOBTOPUTEAM.
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Optical Fiber Theory

for
Communication Networks

third edition

Stefan Gistvik

https://www.bredbandskokboken.se/ref/qistvik-1.pdf
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a lMpe3 1980-1e roanHmn Corning Glass Works 8 CALLL
YCMa yCNELHO AQ MPOM3BEAE CTbKAEHO BAOKHO,
KOETO MMQA 3aTnXBAHE NoaA 16 dB / km.

ad MNpoObunBbT B KOPHUMHI € HOYOAOTO HO CBETOBHUTE,
MHTEH3MBHM M3CAEAOBATEACKM YCUAUA, KOUTO B
KPOMHA CMETKA LLLE AOBEAAT AO MU3MOA3BAHUTE AHEC
BAOKHQ; BAOKHO C HOM-HMCKO 3ATMUXBAHE DAM30 AO
TEOPETMYHO Bb3MOXHATA rpaHMLUa o1 0,15 dB / km
(Mpu npom3BoACTBO OKOAO 0,18-0,21 dB / km )




3 MpPOoU3BOACTBO HO CUAMLIMEBO CTbKAO YPE3 OTAATAHE

d OnTMYHUTE BBAHOBOAM 3Q NPEHOC HA MHJOOPMALMS Ce
CbCTOST TAQBHO OT YATPQAQYMCT CHMAULMEB AMOKCUA, (SIO2).

d CupueBMHATA HAO BLAHOBOAQ, MPE3 KOATO Ce NpeAdBa
BETAMHAQ, CE€ CbCTOM OT CUAMLMEB AMOKCHA, OBDMKHOBEHO
AETMPAH C MOAKU KOAMYECTBA TEPMAHUM 30 YBEAMHABOHE
HO KOEMUUMEHTA HA MPEYYNBAHE NMAM C CDAYOP, AKO
MOOU3BOAMTEAIT MCKA AQ HOMOAM KOEQDUUMEHTA HO
npe4vyrnsaHe HO OOBMBKATA.




J He camo HMCKOTO MOTrAbLLIOHE HA CBETAMHA OT CUAULIMEBMS
ANOKCUA TO NPABM HOM-MOAXOAALLMAT MATEPUAA 30 M3MOA3BAHE
MOU MPOUN3BOACTBOTO HA YATPAYMUCTO, YATPAMPO3PAYHO CTBKAO.

d Apyr doaKTOp € CbLLLO TOAKOBO BOXKEH: MHAYCTPMAAHUAT
NpoLuecC, U3MOA3BAH 3A MPOU3IBOACTBOTO HA YATPAYUCT
CUAMNUMEB AMOKCUA, AETUPAH MAU HEAETUPAH, € OTHOCUTEAHO
MPOCT.

d Ton ce NOAYYOBA YPE3 OTAATAHE HA MU3KAIOHYUTEAHO YUCT,
XOMOTEHM3NPAH CUAMUMEB AMOKCHA OT SICI4 BbB G0a3ATA HO
ngpure.

CTECTBEHUAT CUAULIMEB AMOKCHUA, HOMNPUMMED KBAPLLOB

KBAPLLOB MMHEPAAEH MACHK, HE MOXE AQ CE MU3MOA3BA

AMPEKTHO 3A MPOU3BOACTBOTO HO BAOKHA. KBAPLLOBMAT M

KBAPLLOB MMHEPAAEH MNACHK CbABPXKAT HEMPUEMAMBU

KOAMYECTBA METAAOKCUAMN, KOUTO TPIOBA AQ ObAAT

TCTOOHEHM.
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dioxide
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Ultrapure silicon
dioxide for use in fiber
manufacture and
integrated circuits




TeqyHmdar cmamnumes tetpaxaopma (SiCl4) ce nnapssa.
CUANLIMEBUAT TETPAXAOPUA EMPOU3IBEAEHM OT ECTECTBEH
CUAMLMEB AMOKCUA HYPE3 PEAYKLIMA C BBIAEPOA U CAEA
TOBA PEAKLMI C XAOP.

PPOAKLMOHHATA AECTUAALMSA TAPAHTUPA, Y€ CUAULIMEBMUAT
TETPAXAOPUA LLLE ObAE YATPOAYUCT.

ETAAM MOA OPMATA HO METAAHM XAOPUAM, HAMP.
KEAE3ZEH XAOPUA, OCTABAT KATO OTMNAABYHM MPOAYKTH.
CUANLMEBUAT TETPAXAOPUA MMA U APYTM ODOAQCTU HA
NOUAOXKEHUE, HAMPUMEP BMPOM3BOACTBOTO HO CBPBXYMCT
CHMAMLIMM KOTO OCHOBQ 3Q MPOM3BOACTBOTO




MOHAKOIaA 1 QOOCCO

CAEABALLMAT eTAM OT MPOM3BOACTBOTO HA CTbKAO 30
BAOKHQO € Bb3CTAHOBABAHETO HAO CUMAMLIMEB AMOKCHA OT
CUAUNLIMEB TETPAXAOPMA.

CUAUNLMEBUAT TETPAXAOPUA MOXKE AQ ObAE AETUPAH YPE3
AODQOBIHE HAO XAOPUAM MPpeANMHO repmanmm (GeCl4), HO

NAOMDBK MAUM B KMUC
okoAO 1300 ° C.

oop (POCII).

X/\Opl/I.A.l/ITe MAU CMECUHTE OT XAOPUAN CE OKMCAABAT B TA30B

AOPOA 03 B TEPMMYHA PEAKLIMS NPU



Peakunmte npU4MHIABAT MHOIO COMHM YOCTULIMNPAX OT
CUAULIMEB AMOKCUA, KOMUTO AQ KOHAEH3MPA OT NApUTe U AQ
NOKPME NOAXOAALLLMA CYOCTPAT.

M3AMLLIHOTA BOAQ (OT rQ30BMA MAGMBK) B CUANLLIMEBMS
CHA €JOEKTMBHO CE OTCTPAHABA OT XAOPHMS T3, T
KATO BOAATA U XAOPBT PEATMPAT 1M OOPA3YBAT COAHA
MCEAMHAQ.

[ToEMAOXBOHETO HA BOAATA (AEXMAPATALIMG) AOMPUHACS
3HAYUTEAHO 30 MPEACBAHETO HO CBETAMHA MPE3
NOAYYEHOTO CTbKAEHO BAOKHO.



MOANTPULIMPAHO OTAQTAHE HA XMmmyeckn napm (MCVD)

TO3M METOA MO3BOAABA MPOMIHA HA PEAMLA MAPAMETPMH,
HANPUMED, MHOTOMOAOB MAM EAHOMOAOB PEXMM,

MHUAT AMAMETBO HAO BAOKHOTO, YUCAEHA ANepTypa

A) U KOEOUMUMEHT HA MPEeYynBAHE, MNPOMMA HAO
KOEQOULIMEHT HA NPEYYNBAHE.

Te3n NTAPAMETPU Ce MPOMEHAT YPEe3 MNPOMIHA HA MOTOKA
OT NAPU HA CUAULMEB AMOKCUAM AETUPALLIM BELLLECTBQ,
BCUMYKM KOHTPOAUPAHM OT KOMMIOTPM.




Flow control and gas Ultrapure tube of silicon-
blender dioxide Si0,

~
| 3
02 cl
. 9] -
BCl; SiF,
T Skg etc. H

S1Cl, POCI; GeCl, 2 000-3 000°C

Traversing oxygen-
hydrogen burner




CAea NMPOUNKAIOYBAHE HO OTAAQIAHETO NABA CAECABALLUMAT
BA>KEH €Tdrl OT NMPOM3BOACTBOTO HA 3AroOTOBKATA.

TONAMHATAO C€ YBEAMYOBA (KMCAOPOA-BOAOPLOAHA rA30BA
FOREAKA UAM MUKPOBBAHK) AO 1500-2000 °©




T e

g

Traversing oxygen-
hydrogen burner

2 000-3 000°C

L




Pa3a 1, BKAIOYBA OTAArAOHE HAO CUMAMLMEB AMOKCUA HA MPAX
CbC MAM DE3 AETMPALLM BELLLECTBA.

CTATA 3QTOTOBKA EMIIPAAEHUN, CAOM CAEA CAOM.

Orato MMA AOCTATBYHO KOAMYECTBO CTbKAO U 30 ABETE:
CbPLLEBMHA 1 OOBMBKA, MPOLLECHT CE CnNMpPA.



(Gases for

Burner

deposition of the y 7
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Pa3a 2, NpoLec HO CMHTEPOBAHE

[lopecTtara dopMa ce 3arpgasa MbPBO B ATMOCAEPA HA
XAOPEH a3, KOMTO OTCTPAHIBA BOAATA M CAEA TOBA C€E
DSBA AOMBAHMTEAHO AO Temnepatypa 1600-2 000 ° C,
eMNEeEPATYPA NPU KOITO YOACTULMTE COXAM ATAOMEPUPAT
B TBbOAQO CTbKAEHA MPbYKA OE3 MeXypYeTa




Pa3a 2, NpoLec HO CMHTEPOBAHE

[lopecTtara dopMa ce 3arpgasa MbPBO B ATMOCAEPA HA
XAOPEH a3, KOMTO OTCTPAHIBA BOAATA M CAEA TOBA C€E
DSBA AOMBAHMTEAHO AO Temnepatypa 1600-2 000 ° C,
eMNEeEPATYPA NPU KOITO YOACTULMTE COXAM ATAOMEPUPAT
B TBbOAQO CTbKAEHA MPbYKA OE3 MeXypYeTa
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Pa3a 3, MITETAIHE HA BAAKHA.

3ArotoBKATA, C MAUN BE3 KYXMI CU LLEHTBLP, CE
arpgsa A0 1800-2300 ° C, npu KOETO BAAKHOTO
MOXE AQ CE U3TETAU OT




30 AQ 0600LLMM, NpouecbT OVD BKAIOYBA NET
OCHOBHW CTbMKM:

* [1PEYMCTBAHE HO MATEPUAAM

 [DAHCNOPT HA PEATUPALLM BELLLECTBA AO
OMAMHHATA 30HAO

e XUMMYHN PEAKLIMM M ODPA3YBAHE HA YACTULIM
e OTAQraHE HA YOCTMLM BbPXY CYOCTPAT
(CTOPTOBA MPBYKA MAU BEHE OTAOXKEHA3ATOTOBKA)
e AEXMAPATAUMA U CUHTEPOBAHE.
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https://www.youtube.com/watch?v=6CqT4DuAVxs
https://www.youtube.com/watch?v=YBwpKH9gpb8
https://www.youtube.com/watch?v=4pzTZ2YoFTY
https://www.youtube.com/watch?v=7tsF3mSpqX8
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Oxygen-hydrogen burner
2 000-3 000°C
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Vapor-Phase
Axial Deposition (VAD)



Computer-controlled diameter check,
control of the primary coating
thickness, and registration.

Receiving drum 100-500 km fiber
per preform

L
o]

Fumace 2100-2300°C

Diameter measurement,

Preform
feed

laser 1000 times/s

Application of
primary coating

[\

10-30 m

UV-curing of
the acrylate

Capstan for speed
control and fiber
diameter control




Core

s

<9+ 1 pm

Cladding

“ B
N

125+ 1 pm

_ Softacrylate

"

hard acrylate |

[

245 £ 10 pm

; about 200 pm




I LISAQTA ABAXMHQO HO BAOKHATA € UM3AOXEHA HA M3MUTBAHE HA OrbH, 3a AC
CE OTKPMUAT BCAKAKBM MYKHATUHU MAM APYTU LLLETM.

AOLLIOTO HOBMBAHE HO MAKAPATA C BAOKHO MOXE AQ Cb3AOAE KOHTYPM,
KOUTO AQ HAMPAOBAT BAOKHOTO CbC CAQDOM MECTA.

BO>XXHO € AQ CE€ KOHTPOAMPA NPOLLECA B NELLTA.

B NpOTMBEH CAYHOM TOBA CHLLLO MOXE AQ Cb3AOAE CAQDUM MECTA.
BAOQKHOTO € M3AOXKEHO HA OMPEAEAEHO HAMPEXEHME 3A KPATLK MEPMUOA.
TO31 NEPUMOA TPAOBA AQ BbAE AOCTATBYHO AbABI, HO HE MPEKAAEHO, 30 AQ
ce n3berHe HEHY>XHO OTCAODBAHE HA BAOKHOTO.

CAEX MIMUTATEAHMA TECT BAOKHOTO CE MPEXBLPAS B M3MEPBATEAHA 30HA 30
CMMCUA U XAPAKTEPMIMPAHE HO TEOMETPUATA.
O7 eAHQ 3QrOTOBKA OOUMKHOBEHO Ce€ NMOoAy4aBAT 600 KM BAQKHAQ.

AEA OKOHYATEAHOTO XAPAKTEPLUIMPAHE BAAKHOTO CE€ HABMBA HO MAOKJAPM.

€C MAKCUMMOAHATA CTAOHAQPTHAO ABAXKMHA € 50 KM, HOM-BEYE MOPAAM
ONQQHMYEHMS 30 U3MEPBAHE.



Tube of polyamide (PA) or
polybutyleneterephthalate

The outer diameter of the __

loose tube buffer varies
between 1.5t0 8 mm and

the wall thickness from
0.3to 1 mm.
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[TacuBHY €1€MEHTH 3a CBETOBOJIHU JIMHUH — ChCAUHEHUS,
CMECUTENIHN, PA3KJIOHUTEIN, IPU3MH U JICIIIH,
A(PAKIUOHHN PEIIETKH, (DUITPU, H30JIATOPH, KIIFOYOBE,
MOJYJ1aTOPH, IIOBTOPUTEIIH.

{1 § O D 5
C Y JEWT Y o A M ERI C A

HANDROOK OF

D 2.

: DEVICES MEASUREMENTS PROPERTIES,‘
-+ SECOND EDITION » e

TELECOMMUNICATIONS

VOLUME

GRS I R ¥ b Ay e
+ 2 - .vn
. . SO
» e 2 { & '-‘ -

Edited by
Ivan Kaminow / Tingye Li




http://www.ecablemart.com/pdf/fot-splitter.pdf

http://www.ecablemart.com/pdf/plc-splitter.pdf

http://www.fiber-opftic-
components.com/polarization-dependent-isolator-
vs-polarization-independent-isolator.html



http://www.ecablemart.com/pdf/fbt-splitter.pdf
http://www.ecablemart.com/pdf/plc-splitter.pdf

ONTOEJTERTPOHUKA V1
ONnTHYRN KOMYHRWKAL W



AHann3 Ha Pa3NPOCTPaHEHNETO Ha
ONTUYHOTO NbBYEHME B CBETOBOA C
MEeTOAMNTE Ha TeOMEeTPUYHATa OMNTUKA.
PaAMaNHO-CTbNa AHN U PaaAnaIHO-
"DaANEHTHM ONTUYHM BNAKHA.




* https://www.fiberoptics4sale.com/blogs/wave-optics/step-index-
optical-fibers

e https://www.rp-photonics.com/geometrical optics.html

* https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd
=&ved=2ahUKEwj|b3eHPt vsAhVmx4sKHomTDN8QF]AOegQICRAC&url
=https%3A%2F%2Fspie.org%2FDocuments%2FPublications%2F00%25

ZOSNTEPH%ZSZOModuIe%252003.pdf&usg=AOvVaw0bZWdJ1ANJW6fIb-
vywNw

e https://books.google.bg/books?id=yGQ4n1-
|r2c|e<QC&dq optlcaI+f|bers+geometr|caI+opt|cs&hl-bg&source gbs nav
INKS § 2z noe o

G Fiber-Optic Communication 5. X F —— e WE— — -
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KHur Nperneg Ha n3Bagkata [OoBaBsHe B MOATA GMBNMoTEKa HanuweTe peLeH3ns Q -

[

Fiber-Optic Communication Systems

Govind P. Agrawal

Hama Hanwy TP
" N John Wiley & Sons, 23.02.2012 r. - 626 cTpaHaumM
Wiley.com
2 PeueHann
; MEK:GT o D%:JZO 4 This book provides a comprehensive account of fiber-optic communication systems.

The 3rd edition of this book is used warldwide as a textbook in many universities. This
4th edition incorporates recent advances that have occurred, in particular two new
chapters. One deals with the advanced modulation formats (such as DPSK, QPSK,
Owwe »



https://www.fiberoptics4sale.com/blogs/wave-optics/step-index-optical-fibers
https://www.rp-photonics.com/geometrical_optics.html
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjb3eHPt_vsAhVmx4sKHbmTDN8QFjAOegQICRAC&url=https://spie.org/Documents/Publications/00%20STEP%20Module%2003.pdf&usg=AOvVaw0bZRTdJ1ANJW6flb-ywNwH
https://books.google.bg/books?id=yGQ4n1-r2eQC&dq=optical+fibers+geometrical+optics&hl=bg&source=gbs_navlinks_s

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/10452/104521S/0Online-course-
Geometrical-Optics-for-undergraduate-students/10.1117/12.2266491.full?SSO=1

https://onlinecourses.nptel.ac.in/noc20 ph07/preview

https://www.photonics.com/Articles/Fiber Optics Understanding the Basics/a25151

https://www.cambridge.org/core/books/practical-guide-to-experimental-geometrical-optics/basic-laws-
of-geometrical-optics-experimental-verification/2CEQOC2DBF43E3AC9EE6D1F6B04879000

https://sites.google.com/site/lekciipoook/



https://www.spiedigitallibrary.org/conference-proceedings-of-spie/10452/104521S/Online-course-Geometrical-Optics-for-undergraduate-students/10.1117/12.2266491.full?SSO=1
https://onlinecourses.nptel.ac.in/noc20_ph07/preview
https://www.photonics.com/Articles/Fiber_Optics_Understanding_the_Basics/a25151
https://www.cambridge.org/core/books/practical-guide-to-experimental-geometrical-optics/basic-laws-of-geometrical-optics-experimental-verification/2CE0C2DBF43E3AC9EE6D1F6B04879000
https://sites.google.com/site/lekciipoook/
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[Toa ceeToBoOJ IIe pazdHpaMe CTPYKTYpa, ChCTOAINA C& OT ABE YaCTH:
- ONTHYHO BIAKHO H

- 3allTHTHO IIOKPHTHE.

OT cBOA CTPaHa OINTHYHOTO BIAKHO C€ ChCTOH OT:
- IHIHHIPHYHA CBPIEBHHA — C PAIHYC ¢, H OT

- KOakCHalIHa 0OBHBKAa — C BBHIIIEH paanyc b.

ONTHYHHTE BlIaKHa C€ H3TOTBAT OT BEHCOKO-IIPO3pPa"1HH JHEICKTPHITH

® (CTBbKI4d H

¢ T[IOIHMEDPH.

CBCTOBOO

3AIIHTHO
IIOKPHTHE

CbpPLCBHHA ONTHYHO BIAKHO

00OBHBKA



3alIHTHOTO NOKPHTHE C€ ChCTOH OT HAKOIKO CIIOA:
BHTPEIISH CI0H — THhHBK JaKoB (PHIM OT:

® EIOKCHIHA CMOJIA

® CHIHKOH

® [IeIYJI03€H alleTaT

® YpeTaH:

BBEHIIIHH CJIOCBEC OT.

® T[IOIHETHICH
e HaHIOH

¢ CHIHKOHOEa I'VMa.



Haxkonko cBeToBOJa, OOE€IHHEHH B €JHO KOHCTPYKTHBHO LA10. oOpa3yBat
onTHYeH Kabeld. B Hero xKaTo mpaBH/IO BIH3aT H:
- CHJIOBH apMHpAIH €IeMEHTH
- JeMmdQHpaIIH cI0€Be 3a HaMaliBaHe (00HpaHe) Ha MeXaHHYHHTE TPelTeHHA

- 0010 BBHIIHO MNOKPHTHC.



3. KnacedHKaUHA Ha ONTHYHHTE KaOelTH.

Kracunduramma
CIIOpEe:

NpedHAIHAYCHHE —

HAYHH Ha
moJIaraHe —

OnTHYHHE Kaoean

/

34 BEHITHO ITOJIaraHe

|

N

34 BERTPEIIHO ITOVIaraHe

/

N

JOITBEJIHHTCTIHA IAITHTA —

OKATSHH IOI3eMHE IIOIBEOIHH pasIpeIeTH- CTAHITHOHHHK
KAaoeIH KaDeIH KAa0eIH TeIHH KA. Ka0eId
/ —\—\__\__\___\_-\_L + /!

/

B CTAHIAPTHH
1IacTMACOBH
TPEOH

B CIICITHATIHH
JAITHTHH

IPBOH




1. ME‘IG.IH 34 H3CICIBEAHS Ha PasilIpOoCTPAHCHHCTO Ha OIITHYHOTO JBYUCHHS IIO

CBCTOEBOIIA.

B cBeTOBOIHOTO pasnpocTpaHeHHe Ha ONTHIHOTO TRUSHHE C& MPOABABA CHIHO
HEerOBaTa BEBIHOBA, eIeKTPOMAarHHTHA M[PHPOJA. JaToBa CTPOrOTO TEOPETHTHO
H3ICIeIBaHSe Ha TOBA pPasmpocCTpaHeHHs TPADEA Ja Cf HIEBRPINH BRI OCHOBA Ha
VpaBHEHHATA Ha eleKTpoIHHAMHEaTa (vpaBHeHHATa Ha Makceed). T.e. ¢ MeTOIHTE
HA BRIHOBaTa ONTHEKA. CBOTESTHHAT aHATH3I & CICESH IJOPH IPH HaH-TIPOCTHTE

CEETOBOIHH CIPVETVPH.



Buecto CTPOTHA BLIHOE aHAIHI MOECT Jd CC HIMNOJISEA I'COMETPHYECH aAHAIHI,

KOHTO mperTara gH3HYeCKa HarTISIHOCT H MaTeMaTHIeCcKa IpOoCTOTA.
2. ObzacT Ha IpaBOMEPHOCT Ha METOIHTE Ha reoMeTPHIHATA ONTHEA.

Kora wmomxe Ja CC H3IIOJJI3Ba ICOMCTPHYHHAT aHAIH3I 3a H3CICIBAHC Ha

PA3IpOCTPAaHCHHETO Ha OIITHTHOTO JBhYNCHHCE. ,I[ﬂ CH ITPHITIOMHHM TJEAa CIVEAA.

a) Hwmame oDerTr ¢ pasumep [, kofito oompaeame ¢ OJl-e ¢ IpTsaHHA Ha

ERIHATA A.



Lao
! :
> i
[ I

» reoMeTpHIHa |, BBIHOBA
1
ontuka (GO) | onrHEa

“ >
|
|

Duz. J.'l'-g;_l]}?{.i'.‘-:i'j'.'n'_ﬁ' Hd ONMUSHONO TeYeHIle.
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» reoMeIpHaIHa , BRIHOEA
1
ontura (GO) | onTHEa

I
1

Dz, J.'fg&'ﬁl?ﬂ.‘-:i'i'.'n'_ﬁ' Hd ORMUYHOMO JdbYeHle.

OomacTTa Ha BATHOIHOCT HAa METOIHTE Ha IeoMeTpHuUHata onrtHra ((GQ) ce

OIIPEACTIE OT VCIIOBHETO

e
[ B ]

28 Loy, Lgg =

> |



b) Aro HMame rayvcoE Ja3epeH CHOI ¢ HAaYaAdIeH PagHyC Pp. TO 30HATA Ha

cAHKATA., B KOATO ca BATHIHH 3akoHHTe Ha GO, e

i1
M
i1
8
I
i1
L
I~
8
I

)
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-
_-.-..\
i3
o
l
L]
8
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Dz, PII_?T!‘DGEJ‘JEJ‘HHEH?!E Hd cdyvooe 1d3eper CHOT.



[Ipu ontuuHOTO BIakHO [ = a. 3a Ia H3MOT3BaMe MeTOIHTE Ha FeoMeTpHYHATA
ONTHEKA 3a H3CIeJBAHE HA PasMpOCTPAaHEeHHETO Ha ONTHYHOTO ThUSHHE M0 BIAKHOTO,
OT rOPeH3I0ASHOTO C7IedBa, 9e TPA0Ba Ja € H3MBIHeHo Z < L., . KaTo

n

Loo a al |

=— =
a A :"'-NLJ'GG

T.



Axo A << a, crensa 9e Lgg >> a. CregopaTelHo KOMIKOTO MOBEYe HAMAIABA A

HIIH HapacCcTBa d. TOJIROB4 IIOBCTIC O pPa3lllHPpABa IIPOCTPAHCTBCHATA 00JIacT Ha

npagoMepHocT Ha GO, CaegopaTenno HanpedHHAT pasMep Ha chpUeBHHATa Ha OB-
HO Tpg0Ba MHOTOKpaTHO Ja mpepHmaea A. (IIpH MHOTOMOIOBHTE ONTHYHH BIAKHA

TOBA VCIOBHE C& VIOBISTBOPABA: HanmpuuMep mpH A= 1.3 um 1 a = 62.5 um).



ﬂﬂEﬂ?Eﬂ CS, 1< I[IPH aHAIH3a Ha Pas3lIpoCTPaHCHHETO Ha OIITHMHOTO JBTICHHT B

ONTHYHHTE BIakHAa H IPH HITBIHCHHE Ha YCIOBHETO
a=(2+ 3\

€ BBE3IMOAHO JOCTATEYHO TOTHO KAWCITECHO OIMPCIC/IAHC Ha ABJICHHATA C METOIHTS

Ha I'COMCTPH'YHATA OIITHEA.



3. IlpeacTapaHe Ha ONTHYHH BBIHH.

B ICOMETPHYHHA AHATHI Ha OIITHYAHHIC JJBYUCHHA CECTIHHHHIC BBEIHH CC

MIPEJCTAEBAT € OIITHYHH JIBTH, HACOYMCHH ITO HOPMAIHIC KBM BEIHOBHIC {IIIFCPHT'DBE‘:

- PAEHHHH — IIPH IINTOCEATd4 BEBJIHA

- cdepH — opH chepHIHATA BBIHA.



B egmopogHH cpeiH kKoedHIHEHTHT Ha NOpedVIIBAHE Ha CpeIaTra # He &
$VHEITHA Ha NPOCTPAHCTESCHHTE KOOPIHHATH H ONTHIHHTE TBYH C& PasNpOCTPAHABAT

[IPaBOIHHEHHO.

MI0CKA EBIHA cihepHYIHA BBJIHA
: - BRIHOEH (ppOHTORE beprrna BB

\ i !
3
I/ I'l. IL'- |

- \ \

|
|

|

|

|

; - M = const , ; ' .
| |
|

|

|

|

|

j ]
i f /

OIITHYHH IBTH i !

— " — — e —



4. 3axoHH Ha reoMeTpHIHaTa onTHEa (GO).

[Ipu npevunasadHeTo Ha OJl-e mpe: Oee cpedH © pazTHIHH ONTHYHH
ITBTHOCTH (¢ pasTHYHH KoedHIIHEHTH HA NpedyvIIBaHe) Ha TPAHHTHATA MOBBPXHOCT

BaAaTl JBa IIPpOCTH I'COMTTPHYHH 2aR0HH HA CHE‘:II*I}"'::

- BI'BIEBT Hd OTPAACHHC EI]I| € PABCH Ha BI'BEJIA HaA IIaJaHS E‘l

- ®IBIBT Ha OpeavIBaHe O, & cEBp3aH ¢ O Upes TPHMOHOMETPHYIHH QVHEITHH

HC Eﬂecbm_IHEHTHIe HAa [IpedvIIBAHE Ha JBeTe CpeaH
'5'1' = E'l

ni.s1n B, = my.51n B4



cpena)
1, = const

T 0 npedvnen T1BI
(eTHOpOIHA 91\_

M1 = const
(eqHOpPOIHA
cpela)

Imagant JIbY

OTpa3eH TbY



Axo 0 pacTe, cregopaTeTHo H B2 mre pacte (mpH My = const, #; = const). Ako
M1 = Ha

(D'_l' OIITHYCCKH IIO-IINIBETHA Cp&la ONTHYHHAT JbY IIPCMHHABA E OIITHYUECEKH IIO0-

HeITBTHA Cpeda), CIeIEa He

E|'1"::E|":I
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|
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'D"IEBI*I,II]—IEI' €, I€ I ChINECTEVEA KPHTHYHA CTOHHOCT Elll: Hd BI'BJIA Ha IIaTdaHE,

33 KOATO
B:=08,,=mw2. T1Te. smbB,=1.
CaegoBaTeIHO

M -

sinf,, =— .
",

[IpeaymeHHAT B4 c&  IIB3TAa 10 Pa3leIHaTa MOBBPXHOCT.



[Ipm B; = 0. OTCBCTEA HNPeYVIIEH TBY H Cf HAOTHOIABA ABISHHETO NHIHO
EBRTPEIIHO OTpazenHs . Jo & B OCHOBATA Ha aHATHIA Ha CESTOBOJHOTO
pazmpocTpaderne ¢ MeTogHTe Ha GO, Oceern ToBa mpHesmame, 9e 1y = const H H, =

const. 3a Ja HMaMe IPaBQOIHHSHHO pazOpocTpaHeHHE.



3. HedasHpade Ha IpaHHYTHATA IOBBPXHOCT.

Muoro CRINCCTECHO 34 aHAIH34 Ha CECTOBOIHOTO Pa3MMpoCTpaHCHHS €, WIC Ha

Pa3ISTHATA MOBBPXHOCT OTPA3SHHAT T NPSTRPIABA CROKOODpa3IHO Jedazupane AQ

CHPAMO MAJAITHA, KOSTO 3aBHCH oT A, Oy, 11 H nx.

ﬁ'{p — ﬁ'{p{ Fly. Ha, :'i"= Ell:}




Ja Da HaMepHM OpoMAHATa Ha QaszaTa Ha Jp9eHHeTo oT T.A 10 1T.B He ¢
IOCTATETHO Ja 3HASM CaMo TeOMeTPHUIHOTO pa3CTOAHHE, HIMHHATA OT Ib4Ya, a H AQ.

Topa ce H3IMOT3IBA NPH HIBOJA HA XApaKTepPHCTHIHOTO VPABHEHHE 33 PATHATHO-

CTBITATHOTO OIITHYHO BTIAERHO.

Ap=Ap (ny.n. A, B)

Dazara ce IIPpOMCHA
ﬂ'iq}.q__ﬂ =kl+ .'ﬁ.q} [?’I], Ma, ;I'., El} — En[.l-ll.-'l;il.} + ﬂi{p1_
I=AO0O+0B=L+1].



CHEIIHOCT HA CBETOBOJHOTO PASITPOCTPAHEHITE. BEBEAJTAHE HA

JBYEHHETO HA OITTHYHIIA HM3TOYHHK B CBETOBOTA




1. 'DTII]GETE‘H MOTJETI Had OIITHYHO BIARKHO.

IxUeHHETO HA ONTHYHHA HITOYHHE C¢ BBECAIA B CESTOBOIA IPes HelIHHA MY
cpes. Ja aHATH3IAa HH € JOCTaThYeH ONpocTeH MoIeT Ha onTHuHOo BrakHo (OB). To
(BIAKHOTO) C& CBCTOH OT:
- UHIHHIPHYHA CBPLSBHHA — C HALTRAHA OC Z, ¢ PAIHVC 4, ¢ KOoe(HIIHSHT Ha
NPedIVIIBAHE H)

- EKOAKCHATHA OOBHBEA — BBHINHO HeOTPaHHYUEHA, T.€. C pagHve b — oo ¢
KOehHITHEHT Ha MPedyVIBaAHE M1 < M)

- Cpega mpeg 9eTHHEA cpes Ha OB-HO ¢ KoeHIHEHT Ha OpedvIIBAHE Hy < Hp <
My .-



Korato M1 = cConsi, T.¢. HS 3aBHCH OT pagHaIHaTa EKOOPIHHATA » Ha
NHTHHIPHYHATA KOOPIHHATHA CHCTCMaA, OIITHYHHIC BI4dAKHA CC HapHYAT paJHATIHO

CTBITATHH.

I3

Dz, Onpocmen Moden Ha ONMIYHO ETaKHO.



2. Buaoge Tp9H Ha CEPLEBHHATA.

JIE9UHTe OT H3TOYMHHKA, KOHTO HABITH3AT B CRPOCEHHATA HA OB-Ho IMp<3 AC/IHHA

my cpes (z =0). ce npeodpasveaT B IBa BHIA THYIH:

-  MCPHIOIHAHHH — IIPCCHYAITH OCTaA 2 JIBTH

-  HE-MIPHIHAHHH — HEIIPCCHYAIITH OCTa = JIBTH.

Duz.: a) MepudlaHH Ty, &) He-nepudliaHeRH i TeYll.



3. HanpaenaeaHH MOIH Ha CBPLEBEHHATA.

.TI'E-T-IHIE_", MEPHIHAHHH H HE-MCPHIOHAHHH, RKOHTO IIPCTBPIIMEAT IIBJIHO

EBRTPEIIHO OTPAACHHS HAa pa3deTIHATA NOEBPXHOCT CBPUSBHHA-OOBHEEA (33 KOHTO
B, >0,). ce pasnpocTpaHdBaT B CBpUcBHHaTAa Ha OB-mo mo sHrsarooopaszEn
TpackTopHH. ONTHYHHTe BBIHH, MNOPeICTABAHH ¢ Te3H JBYH, C€ OTpa3sdeat

MHOTOKPATHO OT DHTITHHIPHYHATA I'PaHH'YHA MNOEBPEHOCT F = 4ad H, HacTIarBaHEH Ce

CaMH BBEPXV ce0e CH, 00pa3VBEaT HaOpaBIiBaHH MOIH Ha CBPLUSEHHATA, HIH KAKTO C&

HAPHYIAT Ol COOCTBEHH BRIHOBH dopyH Ha OB-HO.



4 YcaoeHe AadcCH JB J4 YVHI4aCTEdA B HAaIIPABJIAEAHA MOT4 Ha ChPLCEHHATA.

Kakea e Bp3MO&HOCTTA (VCIOBHETO) 3a MPOHIBOISH B, MAJall DOJ BIET O
EBRPXY 9eTHHA cpes Ha OB-Ho, 1a viacTea B 00pa3vBaHETO HAa HANpaBIABAHA MOIA Ha

CBPLIEBHHATA

OgepHIHO Cce HIHCKEBA

E'E' = Elﬂnnr. -
3d 14 € HIITEIHEHO

B =By



Ha onpegensy O max -

Ja wenuud cpe3 Ha OB z=0 cpmmo Bas# 3akoHBT Ha CHeTIHYVC.

n,smB, =n,smb .

Toea paEeHCTEO BAEH H 38 BIBI B pay . CISI0OBATETIHO

2 2

sin O =

Omax
M 0



bren Bpms: & MApKaA 3a eEKTHEHOCTTA HAa BB30VAIaAHe Ha cBeToBoga. Cano
Te3H TBYUH Ha ONTHIHHA HITOUHHE, 33 KOHTO & HIOBIHeHO O < Op puy . TEPIAT OBIHO
ERTPEIIHD OTPAACHH: B ChpueBHHaTa Ha OB-mo @ moratr 1a ooOpaszvear

HAIIPABTABAHH MOIH.



3. BeanomsocT B g = W2

Moxe ma ce NpOBSpH BBIMOKHOCTTA BCHYIEH TBYH, MATAINH BBRPXY HUETHHA
cpez Ha OB-Ho, Da obpa3zvEaT HaANMpPaBIABAHH MOTH, T.2. O p = 2. Axo npuemenm
Mg = Hy. OT VCIOBHETO Oy, = W2 ¢ HINOZ3BaHE Ha TOPHOTO PABSHCTEO C8 JOCTHTA
a0

", —

L-.2

M-

KOETO BOIH IO =——=smb,, . Te B, =45



6. YcIoEHe 3a HaMATABAHS Ha JHCIISPCHATA HAa KOJOBHTe HMITYICH (KH).

Ot H3paza 3a Bgpe: C8 BHAIA, Ue BBEIOVAIAHSTO € No-20eKTHBHO MPH IO-

CHIHO pasTHIABAINH C& CTOHHOCTH Ha M H H: . KoIKoTO O max © MO-TOTAM, TOIKOBA

IO-TOJIAM OPOH IBYH I BIH3IAT B CEETOBOJA H INE 00PAa3VEAT HAIPABIABAHH MOIH.

Ha nmpaktHEa, obaue, ce HaTara »; = Ma (M > m2), 3amoTo roIaMaTa pasTHEA
MEAIV My H M, BOIH JI0 JIPYVTH HekeTIaHH ehekTH — 0 VBeIHIaBAHES Ha JHCIEPCHATA

Hda KOJOBHIC HMITVIICH.



Ia momomuEM

n, —H
1 2
A= <<] — OTHOCHTETIHa Pa3THEA Me&EIV KOoeQHIHSHTHTS Ha

My

IIPETIVIIBAHS Ha CEPIOCBHHATA H Ha ODBHEKATA.

THOHIHE cTOHHOCTH Ca

A e (0.001: 0.01).



7. Uncaena anepTvpa Ha ONTHYHOTO BIAKHO.
33 ONSHEA Ha eo(DeKTHBHOCTTA Ha

B nparktHEaTa BMecTO BIBIT Ogmax

EE Iﬁ}".-EIHHETD Ce H3IMOTI3BA

: N 3
A=nysmB,, . =+/n —n; -"THCIeHa anepTypa Ha UB-Ho.

THnHIHHT: H CTORHOCTH CA B HHTCPEBEAIA

A e (0.05:0.25).

Taka zagageHaTa 9HCISHa amepIvpa ce OTHACA CAMO 33 MEPHIHAHHHTE TBYH.
PI¥P F



3a OTHHTAHE H HA He-MePHIHAHHHTE JTBHH Ce H3IN0I3Ba
A, — neficTBHTeIHA THCIeHA anepTypa Ha OB-Ho.

Ta e ToakoBa mo-TromAMa OT .ﬂ, EKOQOIROTO € IMIO-MATKA PaslIHEATa MEEIY A H Ha.

M3

1.0 - - -
1.4 1.5 1.6 1.7 1.8

Pz Iasucunocm .‘I.’E..'-':'{'lf':'l'l' HuChHerume anepmypu i FCDEE‘Q&-‘?!E;’?!EHJ’F.’HJHE HO npeksyvnedHe
HO OMTNUWNHOMO ETOKHO,

l_pad;rmma'rﬂ JABHCHMOCT MOARC Ja ¢ H3IIOI3Ba EKaTo HOMOTPalMa 34

l'Il.'PI*I'I.'.-J.'.[H?HIE.'.[HD PEIIABAHE Ha pPa3THYTHH 3ala"TH.



2. Moau Ha 0DBHBKATA. HITHUBAHH MOIH, 3ATHXBAITH MOIH.
Kakeo cTaBa ¢ TRIHTE OT H3ITOMHHEA, 3a KOHTO Oy > Oy mex (B < 01)7

- Moan Ha oOBHEKaTa — 3a Tax 0, < 0;. . Te ce npeuvneaT Ha IpaHHIHATA
NOBBPXHOCT 7 = @ H NPeMHHAEAT B OOBHBEATA, HO IPEeTBPIAEAT IBIHO

BETPEINHO OTPAACHHE HA IPAHHYHATA NOBBPXHOCT » = b u ocTagat B OB 1

Tadka CbC CJIICIBAITH IMMPCYYVIIEAHHA H OTPAAECHHA.



- HM371puBaHH (H3THYAIIH) MOIH — IPEUVIIBAT C€ HA TPAHHYHATA IIOBBPXHOCT
- = b n Hamyckar OB-HO. IpeMHHABAKH B 3alllHTHOTO MOKPHTHE. KBIAETO
3aTHXBAT OBP30. 3alIHTHOTO IOKPHTHE € CHIHO TOTTBINANIO. 3a Ja Ce
OTCTPAHH B3aHMHOTO BIHIHHE MEXKIY OTASTHHTE CBETOBOIH B OITHUHHI

Kadeo.



3atuxeamm MoaH Ha OB-HO (B CBPIIEBHHATA H B OOBHBKATa) — JIBUHTE HA
H3TBEUBAHHTE MOIH YACTHYHO OCTABaT B CHPLEBHHATA. ClIed OTPaKeHHA Ha
TPaHHYHATa MOBBEPXHOCT » = @. H B ONTHYHOTO BIAKHO, CJIE€1 OTPAKEHHA HA
TpaHHYHATa IIOBBPXHOCT » = b U TMpeuynBaHHA Ha r = a. Clen
MHOTOOPOHHH OTPAKEHHA H IMIPESUVIIBAHHA CEHEPrudra HM HaMalIiBa

("3aTHXBa ) IOpaIH H3TbUBAHHATA B 3alIHTHOTO IMOKPHTHE.



9. bpoii Ha HallpaBIABaHHTE MOIH.

Bepxy uenHHA cpe3 Ha OB-HO nagat TRYH IO Pa3IHYHH BITIH Oy H OIIpeIeIarT
PA3THYHH 3HUr3aroo0pa3HH  TPaeKTOPHH. T.€. pPa3THUYHH MOIH. JIBUHTE Ca
HETIPEKBCHATO M Oe3KpaiilHO MHOKECTBO B PAMKHTE HA O . H CISIOBATETHO OH

TpA0BaT0 1a o0pa3yBaT Oe3KpaliHO MHOMKECTBO OT HallpaBIgBaHH MOIH Ha

CBPIHCEHHATA. HO TOBA HC © Tdk4d.

BLH]}EE]I HABTH34HCTO HA ﬁE'EEpﬂﬁHD MHOTO JIBYH. f‘}pGHI Ha MOIHIC C

OI'PpaHHYCH. KPacH. CamMo eIHa I{pﬁﬁHEl H4ACT OT JIBHYHIC Ha H3TOHUHHEA C THCKPCTHO

pa3mpeacIeHH CTOHHOCTH 110 6, . PecIl. 1o 0 . 00pa3yBar HapaBIIBaHH MOIH.



' IITIOCKA
ﬂ BLIHA
IIOCKA -
\ AQ (1 1m0, A By)
.BBIIHA :
'|.". I",I B 1 :

~ CHH(A3HOCT

CHH(pA3HOCT

Duie.: Kvat 13goda Ha XdaparkmepucimidHono VpAdeHerIle Hd !fi!.?!!HﬂpHWHGIHG

paouaino-cmviairo OB-Ho.



JIFUH HABIH3AT HE CaMo [IPC3 HNCHTEPA Ha HUCTIHHA CPC3 Ha OB-HO. Taka 4e

BCAKA4 MOJ4 CC [pr}-IIIpﬂ OT MHOI'O JTBYH. KaTo ce OTUEeTAaT:
-  TCOMCTPHYHHIC ITETHIIA Ha PA3IHUHHTC JTBYH H

- [I)HEI’BT. HC IIPH O0TPaACHHCTO Hd I'PAHHYHATA ITOBBPXHOCT 7 = 4 CC

noIyuaBa (pa3oBa pazaHka A.

TO B TOYURATA Ha IIPCCHYUAHC PAa3THUHHTC JTBYH MOIAT da IIPHCTHIHAT C @H.’EDBH

pa3inHKa 24T U e ce CYyMHpAaT. Ho H ¢ (2k+ 1)mu mie ce racAt (A=0. 1. 2. ...).



ToBa e H oOCHOBaTa Ha H3BOJA HA XApPaKTCPHCTHUYHOTO YpPaBHEHHE HA
IMITTHHIPHYHOTO PagHamTHO-CTRIIATHO OB-HO ¢ MeToauTe Ha (GO-Ka B paMKHTE HA

MEPHIHAHHATE THYH H IIPH b — oo,
BposAT Ha HalpaBIABAaHUTE MOJIH 3aBHCH OT A H OT 4.
- C HaMaTABaHETO Ha A TO3H OpOH pacTe:

- € VBEIHYABAHETO HA @ TO3H OPOIl CHIIO PacTe.



[ITe BEBBEIEM ﬁE“}pﬂ'i}-IEpHHIH yecToTa F. ¢ IIOMOINTA HAa KOATO MOXKE

H]JHﬁ]]I'EHIE‘JHD 4 CC OIIPCIC/In ﬁpDHT Ha HallPaBITABAHHTC MOIH Hd CBEPLUCEHHATA

2‘1"[{? {2 9 2‘:’[:’:

F=——/n; —n; =——A — HOPMHpaHa 4eCTOTa.
A A
Toraea
E?
N = —— — OpoIl Ha HanpaBMBaHHTE MOJH Ha ChpLIeBHHATAa Ha OB-HO.
2

IIpu N =1 — €THOMOI0BO OIITHYHO BIIAKHO.

lIpu N > 1 — MHOTOMOJ0BO OIITHYHO BTAKHO.



ONTOEJTERTPOHUKA V1
ONnTHYRN KOMYHRWKAL W



Bb/1HOB aHa/IM3 Ha CBETOBOAHOTO
pa3npocTpaHeHue, BMaoBse 1 6pon Ha
MoaunTe




* BbaHOBaTa ONTMKA € K/IOHBT Ha ONTMKaTa, KOUTO M3y4aBa
uHTepdepeHuua, andpakuma, nonapmusauua 1 4pyru aBaeHus, 3a
KOUTO NbYEBOTO NPUBINKEHNE HA TEOMETPMYHATA ONTUKA HE €
BaNNAHO.
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* 32 Bb/IHOBO YpaBHEHWE BeYye CMe roBopuan B
TemaTa laycoB nasepeH cHon.

* OCHOBHAaTa pas/IMKa e, Ye Beye MMame He
6e3KpalHO NPOCTPAHCTBO, @ BAAKHOTO C
onpeaesieHa reomeTpums.

« lpyra pa3nunKa e, Yye cpesaTa ce pasamMyasa oT
BaKYyM.



[lpnomHAMe ypaBHeHUATA Ha MaKcyen

V.-D
V-B

—

VxH

V x E

™ N~ O ey

electric field strength
magnetic field strength
dielectric displacement
magnetic induction
current density

charge density

(V/m)
(A/m)
(As/m?)
(Vs/m?=T)
(A/m?)
(As/m?)



XapaKTepUCTUKUTE Ha MaTepmnana ce otTpasasar oT

—_—

P polarization
M magnetization
o  conductivity



[Lo€o = 1/¢?

o ~ 377 Q2

107 Am

En =
7 4re? Vs
As
~ 885x 10712
. Vm’
B 4 Vs
MO = 107 Am
Vs
~ 1.26 x 1076,
Am

"

dmre )\~
Lo/ €0 = (W) = Zé"

E
H

¢ = 2.99792458 x 10°m/s

— 7o MMMNeAaHC Ha BaKyyma



* 33 Aa MOXeM Aa AOCTUTHEM A0 MPaKTUYECKM

pe3ynTaTtM n3non3Bame caegHmnTe NnpubanKeHuma:

* 1. Hama cBoboaHM 3apAaam B cpenata

* 2. HAma TOKoBe B cpeaaTa

* 3. CpepaTta He e MarHMUTHa

* 4. [MonapnsaumnATa HaCTbNBa MOMEHTA/IHO

* 5. [lonapunsnpaHeTo Ha maTepunana e ycnopegHo
Ha NoneTo

* 6. [MapaKcmanHo npmbanxKeHue

=1 NI
|

|
S o



YpaBHeHMATa Ha MaKcyen ce peayumpar Ao

V.-D=0.

V-B=0.
B, oD
VxB= 11—
X Hﬂar,
?xq:—a—ﬂ.

10



https://mathworld.wolfram.com/Curl.html

https://en.wikipedia.org/wiki/Curl (mathematics)

https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%82%D0%BE%D1%80 (%D0%B4%D0%B8%D1%84%D1%84%D0¢

V(V-E)— V2 = —%(v x B)

11


https://en.wikipedia.org/wiki/Curl_(mathematics)
https://en.wikipedia.org/wiki/Curl_(mathematics)
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%82%D0%BE%D1%80_(%D0%B4%D0%B8%D1%84%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BE%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80)

Mpasum npeobpasyBaHmA

V(V-E)—V2E =

12



Cturame A0 Bb/IHOBO YpaBHEHNE

1 9% . 3% -

_V(V-E)+V*E = — ,
( ) + V°E {?EBIEEJFHGE}:‘EP

AHaNoOrnM4yHo YPpaBHEHNE MOKEM Oa NOJIY4HUM U 3a MalfTHUTHOTO MoJe.



I'Ipe,u,CTaBm\/\e BPBb3KaTd MexXay NoaApmn3aumnAata U noneTo

P=e (xi-uj;’_l_k,tzngz_'_I{J}EB_I__”)

MpMNOMHAME NOo-pPaHO BbBEAEHUTE NPUEMAHUA:

4. lNMonAapusaymaTta HaCTbNBa MOMEHTA/IHO
5. MNonapusnpaHeTo Ha maTepmasia e ycnopeaHo Ha MnoseTo
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* JINHEEH U HeNnHeeH cay4yan 3a P

(pa3rnexaa ce n Npu HeJIMHENHUTE ABIEHUA)

P = E{;I{]}E. P = ¢ {;{,{” —I_.;'f{j]EE}E

16



* JInHeeH cnyyau

17



e JInHeeH cnyyau

T,
2o
P
V'H= ——H

18



* HennHeeH cnyyau

P = ¢, {I{” _I_I{E}EE}E

(3)
€ = Elinear (l + A Ez)

€linear

(3) (3)
n=ngy|1+ 2L Emnﬂ(ux—zE?)
€linear 2ny

19



* HennHeeH cnyyau

n = ng + n»l

KomeHmapu 3a 81ugHUemo Ha UHMeH3usHocmma (UMa CMUCbHs1 KO HU
UHmMepecysa ¢pazama)

10° W
_ —20 2 /W _ ~7
nl =3 x 107 m“/W =10 2 = 3x 107",




PasaenAaHe Ha KoopAMHaATUTE

* [EOMETPUATA Ha BNAKHOTO € UUAMHABP C Hanpe4vyHo
KPbroBO CEYEHME U TONAMA Ab/IKUHA 7

* [1o Ta3n NpUYMHa ce N3No/s3Ba UUANHAPUYHA
KOOpAMHaTHa cMcTeMa  r, ¢,

e PasnpocTpaHeHnetoeno 2z (B MNONOXUTENHA
NOCOKa )

* Cneagat npeobpasyBaHuA :

R 1 0 d 1 02 0>
ViE= rar( GFE) r2 dg? 072

E = Eﬂ .f""u"rZ T

N=N(r,¢) Z= Z(7) = o= T =T(t) =



il 2=

1 o d P 1 o? p 92 . _”282 o
ror (ra’Eo.;'\ZT) T 2 aqf}EEO-A‘ ZT + BEEEOJ"\ 2T = 2 GIEE:)J'\.ZT

[NndepeHUMpaHETO e PasNNYHO CNPSMO
NONOXKEHUTE BE/IMYMHMN.

22



1 o d | 0

2
ZT (lEN + a—N)

rdr dr?

27L&
Ao

—BNZT

n?
——*NZT

c2

23



N(r,¢) = R(r) ®(¢)

r oo rt o2 1 92

- o Y ) P 2 E__kEE

R X TR T o P '

L2 1, 3 o
_Ewrb ﬁ(rw?{—}—rgﬂ—}—rz(k —ﬁ)ﬁ)

24



MpeacraBame aMnAUTYAHOTO pasnpenesneHme

KaTo QYHKUMA

2

87’52(1)—'—.’”‘_@:0

a._

r —’R +r—R + (k*r* — mE)’R = 0.

d

dr2 ar

2
constant by m~

25



* PewweHna, moau

0’ 2
E(b + m {D — U
® = ¢ cos(me + ¢o) co and ¢ constants
) & J 22 2
PR+ r—R+ &2 —m?)R = 0.
dr ar

V' 4+ x4+ K —=mP)y=0

Bessel’s differential equation

http://mathworld.wolfram.com/BesselDifferentialEquation.html

peweHne y = cJ,(kx) + c;Nykx)  k?x? =0

}:‘ — {:3 IJH{H‘I) + E::].Km (K..I) EZ-IE < {}

26


http://mathworld.wolfram.com/BesselDifferentialEquation.html

* 33 Aa Hamepum c1-c4 Tpabea na dUKcMpame
reomeTpuaTa Ha B/IaKHOTO

ng: r=<a (inside the core),

n = . .
nv: > a (inthe cladding).

V:k[jﬂNA

2n \/ R
= —da/Ng — Ny
.-1.1] K M

27
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Nu
= C
MK
m {“
r/
a) cos(
s(m
¢
+
o
} .
T r
=
a
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ONTOEJTERTPOHUKA V1
ONnTHYRN KOMYHRWKAL W



EAHOMOO0BM ONTUYHU BA1aKHA, PU3NYECKM
MPUYNHU U BUAOBE ANCNEPCUA Ha KOJOBUTE

MMI]

BJIAKHOTO, BNV

VICU MPU

CROPOCTTa Hd
AOAb/IHKNHATA Ha CBETOBOAHWA KaHA/l

0a3MNPOCTPaHEHNETO UM MO
AHME Ha ANCNepcraATa BbPXY

1peaaBaHe Ha MHPOPMaALUMATA U



* CBET/IMHHUAT CMUrHaA, pa3npocTpaHABaH B ONTUYHO B/IaKHO, € 0OEKT Ha
Pa3/IMYHM HAUYMHU, MO KOUTO MOMKe [a Ce U3KPUBMN.

* MHOro OT TAX Ce 0OCHOBaBaT Ha Pa3/IMYHMU CKOPOCTM Ha Pa3NpPOCTPaHeHme
33 Pa3/INYHMU YaCcTU Ha CUrHana.

* Cnep TakoBa U3KPUBABAHE CbLUECTBYBA PUCK CUTHANBT NPUCTUraLL, A0
NPUEeMHMKa Aa e B TaKaBa U3KpUBEHA GOpMa, Ye MOXKe Aa € HEBb3MOXKHO
npaBuUNAHO Aelmndpupane.



* Beye cpeltHaxme eanH TaKbB MexXaHU3bM: MOJOBa AUCNEPCUA B
MHOTroMoZl0BM BIaKHa.

i [
== e - ==
TESENA T -

IR //J]J]%IHHH

Transmit side Receive side




* Cera we pa3rnegame TakmBa U3KpmMBABaHUA B €AHOMOO0BUTE B/1IaKHA.

* B LeHTbpa Ha 0bsACHEHMETO e haKTbT, Ye NoKasaTeNAaT Ha npevyynsBaHe Ha
B/IaKHOTO CTbKJIOTO, TOYHO KaTo TOBAa Ha BCEKM APYr maTtepuan, 3aBUCcK OT
AbX¥UHATA Ha BbaHaTa (Man YyecToTaTa).

* HWKOM CBETIMHEH CUITHAN HMKOra He € HaUCTUHA MOHOXPOMATHUYEH, NO-
CKOpPO CbAbprHKa KOMIMOHEHTHU OT onpeaeneH CnekTpaaeH nHTepsai.

* Pa3finyHMUTE YECTOTHM KOMMOHEHTU Ce Pa3npPOoOCTPaHABAT C Pa3/IMYHA
CKOpPOCT.
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* 3aBUCMMOCTTA Ha AbJI}KMHA Ha BbJ/IHAaTa OT NOKA3aTena Ha npe4vynBaHe e
NPUYMHA 33 TPU Pa3ANYHN A0OABKM KbM U3KPUBABAHETO OT TN 3abaBaHe.

* Te ce HapM4aT KONIEKTUBHO XpPOMaTUYHa AUCHepCUs.



* I\/IaTepmanHa ANCNEeEPCUA. To3u NMPUHOC NPOUNU3TNYHA OANPEKTHO OT 3aBUCUMOCTTA
Ha Ab/IXKNHATA HA BbJ/IHATA OT KOE(I)I/ILI,I/IeHTa Ha npeyynsaHe.

* [lucnepcuaTa Ha maTtepmana He e cneumdmnyHa 3a BAaKHaTa.

* Ton e HE3aBUCUM OT reomeTpmAaTta n 3aBnUCN eanMHCTBEHO OT Ab/IXKNUHATA HA
Bb/IHATA.

* BbaHOBOAHA Ancnepcusa. B KOHKpeTHaTa reomeTpusa Ha ONTUYHUTE BIAKHA MMA
MmoanduKauma Ha AmdepeHUNanHOTO BPpEME Ha Pa3NpPOCTPaHEeHUe.

* MOLLIHOCTTa Ha CMIHasNa e pasnpeaeneHa Mexay 84poTo U 06BUBKaTa;
CbOTHOLIEHNETO Ha pa3faensaHe 3aBUCK OT Ab/XKMHATA HA Bb/HATA.

* KoepuumeHTUTe Ha npeyvynsaHe Ha A4POTO U Ha 0OBUBKATa ca Pas3INYHMN,

* [lpodunnHa ancnepcma. Paznnkata mexay KebumumeHTa Ha NpeyynBaHe Ha
A4POTO M 0OBMBKATA CbLLUO 3aBUCU OT AbJIKMHATA HA BbJIHATA. YecTo ce
npeHebpersa.



e lpyra npM4nHa 3a AUCNEPCUOHHUN U3KPUBSABAHMA B € 4HOMOAOBUTE B/IaKHA
e CBbp3aHa CbC CbCTOAHMETO Ha NONAPMU3aLMA Ha CBETIMHATA.

* Bcekun pexkxum moxke Aa 6bae pasnokeH Ha ABe B3aMMHO OPTOTrOHa/IHM
YyacTu.

* NapeanHoOTO B/IaKHO nMma nepdeKkTHa UnMAnHApuyYHa ¢opma; ToraBa u aBeTe
NONIAPU3ALUMNOHHMN CbCTOAHMA (MONAPU3ALMOHHU PEKMMN) CE
PA3MNPOCTPAHABAT C UAEHTUYHU CKOPOCTMH.

* Obaye B peasiHNA CBAT CTbKJOTO BMHArM MMa NOHE HAKOU HeAOoCTaTbLU;
TOBa nNpeAnosiara Maako no-pasnnyeH KoeduUMeHT Ha NpeYvynBaHe 3a
iBeTe CbCTOAHMA.

* O6MKHOBEHO TOBA € ePEeKT C ManbK NPUHOC B 0OWUTE U3KPUBABAHMA.



* 33 A3 ce XxapaKTepusnpa aucnepcmarta, obMKHOBEHO ce onpeaensa
pa3mepbT Ha edpeKTa Ha eAnHMLLA PA3CTOSTHUE.

D= Eﬁr ps/km
dt
1 d
D=-°"
L dA

D=D,+D,+D ,
* G ps/ (nm km)



SiO, np = 1.456

Sellmeier’s equation
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Dy =

A d*n

c d\?




Dy,
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> 50 km Single-mode step index
<10 km Multimode graded index
<1 km Multimode step index

%==¢=>=¢x=>=>—~

&

.
Transmission: Reception:
Well-defined pulses but not absolutely Fulse broadening caused by the laser’s spectral width

monochromatic. and the difference between the refractive indices of
Typical spectal width < 0.8 nm the red and blue ends of the light pulse.
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Slower
mode

VAN
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delay time
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KomeHTapu 1 gmnckycma
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BuoBe 3aryou B ONTUYHUTE BJIAKHA.
HenviHerHY epeKTU NIPU pa3NpoOCTPaHEHUE Ha

OIITUYHOTO JIBYE€EHHWE B'bB BJIAKHOTO.
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* Mpu cbBcem 0b6LLKM YyCAOBUA, NPOMEHUTE B cpeaHaTa ONTUYHa MoLLHOoCT P Ha 6uTos
MOTOK Pa3npoCTpaHsaBall, Ce B ONTUYHO BNAAKHO Ce NpeAcTaBAT OT 3aKOHa

dP/d7 = —aP.

Fout = Fin EKP(_HL:]
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[lornbulaHeTo B MaTepUnasa MOoXe a 6'b,£|,e pa3geneHo Ha ABe KaTeropun.

BbTPELLHW 3arybu - abcopbupaHe oT CMANLUEB ANOKCUA
BbHLUHW 3aryom - NPMYMHEHU OT NPUMECU B CUINLMEBUA ANOKCUA

eN1eKTPOHHU N BUBPALMOHHWN pe30HaHCK CbC CneundUIYHmn MONEKYIN
3a MoneKynu Ha cunmumes anokema, (Si02), eneKTPoHHU pe30oHaHCK Ce NoABABAT B
ynTpaBuonetoBaTta obnact (A <0,4 um), AOKaTO BUOPALMOHHUTE PE30HAHCKU Ce NOoABABAT B

nHppayepseHata obnact (A> 7 um).

Mopaan amopdHaTa Npupoaa Ha PasToNeHUsa CUAULMEB AMOKCUA, TE3N Pe30HaHCUTEe ca Noj,
dopmaTa Ha abcopbupalm NeHTU, YMUTO Nepudepun ce NPoCcTUpaT BbB BUAMMaTa obnacr.




1IE_

Conventional Fiber

Dispersion
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BbHLWHaTa abcopbuma e pesyntaTt OT HAIMYMETO HA NPUMECH.

Mpumecun ot metanu Kato Fe, Cu, Co, Ni, Mn n Cr abcopbupat cMaHO B Anana3oHa Ha AbAXKMHATA HA BbAHATa0.6—
1.6um.

CymaTta um TpsibBa ga 6bae HamaneHa ao nog 1 yact Ha muamapa, 3a Aa ce nonyyum 3arybanuso nog 1 dB / km.
TaKbB CUTMLIMEB ANOKCUA, C BUCOKA YNCTOTA MOXKe Aa 6bae noslyyeH Ypes n3non3BaHe Ha CbBPEMEHHU TEXHUKMW.
OCHOBHMAT U3TOYHUK HA BbHLIHA abcopbumsa B HaN-CbBPEMEHHUTE CUTMLMEBM BNAKHA € Ha/InuMe Ha BOAHW Napu.
BnbpaunoHeH pe3oHaHc Ha OH MoHa Bb3HKUKBA 61130 A0 2,73 um.

HeroBute XapMOHUYHU U KOMBUHNPAHM TOHOBE CbC CUAKLMEB ANOKCUA, Npom3BexaaT abcopbuma npm 1.39-, 1.24-u1
0,95 um AbAKMHM Ha BbHATA.

[lopy KOHUEHTPauma oT 1 4acT Ha MUIMOH MOXKe Aa NPUYMHKM 3aryba ot okono 50 dB / km npwu 1,39 um.

KoHueHTpauuaTta Ha OH MoHu e HamaneHa Ao nog 10-8 B cbBpeMeHHUTE BNaKHa, 3a Aa ce NoHMXKaT 1,39 um nuK nog,

1 dB. [ : J

TakMBa B/lakHa MoraT Aa ce u3non3BaT 3a npegasaHe Ha WDM curHanm npes uenuna 1.30-g0 1,65 pum obxBaTt Ha
AbNXKMHATA HA BbAHATA.




PeneeBoTo pa3celiBaHe € OCHOBEH MeXaHM3bM Ha 3arybu, NnpomsTnyall, oT IOKa/IHO MUKPOCKOMUYHM
KonebaHMA B NNBbTHOCTTA.

MOI’IEKVI’IVITe Ha cuanumnes agNOKCUA ce ABNHKAT NPOU3BOJ/THO B PaA3TONEHO CbCTOAHNE N 3aMPDB3BAT HA
MACTO NO BpeMe Ha Npons3BoacTtBOTO Ha BJ/1IaKHaA.

KonebaHuATa Ha NAbTHOCTTA BOAOAT A0 CﬂyHaVIHM KonebaHusa Ha UHOEKCHT Ha npeyvyyrnBaHe B CKa/ia, No-
MaJlKa OT ONTUYHATA Ab/1IXKUHA HA Bb/IHATA A.

ap = C/A%,




NaeanHOTO e4HOMOAOBO B/1IAKHO C HepdDEKTHa UMANHAOPWUYHA reoMmeTpuAa Boan ONTUYHUA PEXUM 6e3 n3TnyaHe Ha
eHeprmnAa B obBMBKaTa.

Ha npaKTuMKa HecbBbPLUEHCTBATa (HanpUMep C/y4aliHK Bapuauum Ha paauyca Ha CbpLEeBMHATA) MOXKe Aa AoBeje A0
AONBAHUTENTHU 3aryou.

®dusunyeckmnaT npouec 3aj Te3n 3arybum e Mie pasceliBaHe, Bb3HMKBALLO NOpaAM HEXOMOTeHHOCT Mo CKana, No-Ab/ra ot
ONTMYHA Ab/IXKMHA Ha Bb/HATA.

O6MKHOBEHO ce BHMMaBa paJAnyCcbT Ha CbpLeBMHaTa Aa He Bapupa 3HAa4YMUTENHO MO Ab/IKMHATa Ha BNAKHOTO Mo Bpeme
Ha Npon3BoACTBOTO. TakMBa BapmaLlMmn moraT ga ce 3anasaT nof 1%, a nonydyeHata 3aryba ot pasceliBaHe 0O6MKHOBEHO €
noa 0,03 dB / km.

OrbBaHUATa Ha BNAKHOTO NPeACcTaBAsBaT APYr U3TOYHUK Ha 3aryba Ha pasceiBaHe.
MpuyunHaTa MmorKe Aa ce pasbepe c NOMOLLTA Ha ibYeBaTa ONTUKA.

exp(—R/R.),

mamr meTm—mTAr TR W OWTA T WETETA

R. = a/(n} —n3) R.=0.210 04 um

microbending losses - komeHTapu




* PasnpepneneHun eHeprnimHn 3arybu
> JIokannsunpaHu eHeprumHm 3arybm
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NONLINEAR EFFECTS IN OPTICAL FIBERS: ORIGIN,
MANAGEMENT AND APPLICATIONS

S. P. Singh T and N. Singh

Department of Electronics and Communication

University of Allahabad




Abstract—The nonlinear effects 1n optical fiber occur either due to
intensity dependence of refractive index of the medium or due to
inelastic-scattering phenomenon. This paper describes various types
of nonlinear effects based on first effect such as self-phase modulation,
cross-phase modulation and four-wave mixing. Their thresholds,
managements and applications are also discussed; and comparative

study of these effects 1s presented.

HennHenHuTe epeKTn B ONTUYHUTE BNAKHA CE NOABABAT MM NOPaAM 3aBUCMMOCTTA Ha
WHTEH3UTETA Ha NOKa3aTens Ha NpedynBaHe Ha cpedaTa, am nopagmn peHomeHa Ha
He/NlaCTUYHO pa3CcenBaHe.

Tasu cTaTMA onNucBa PasIMYHN BUAOBE HeNUHeMHU edbekTn, basnpaHmn Ha NbpBUA
edeKT, KaTo camo-moaynauma Ha ¢asaTta, KpbcTocaHa dpa3oBa MoayaLUUa N YETUPU
Bb/IHOBO CMecCBaHe.

O6C'b)K,D,aT ce U TEXHUTE Nnparose, yrnpasiaeHne m npnaoKeHna; n e npeacraBeHo
CPaBHUTE/THO N3CNeQBAHE HA TE3U Ed)EKTM




Linear

Output
Nonlinear

Input

Figure 1. Linear and nonlinear interactions.




TepMMHI/ITe JIMHENHU U HEJ'IMHEIZHM, B ONTNUKATA CbOTBETHO O3HAYaBaAT
He3aBnUCcMmm M1 3aBUCMMMN OT UHTEH3MBHOCTTA ABJIEHUA.

HennHenHn epektn B ONTUYHUTE BNAKHA ce noABABaT nopaau (1) npomaHa B
KoedpunumMeHTa Ha NpeyynBaHe Ha cpeaaTta OT ONTUYHA MHTEH3UBHOCT U (2)
deHoOMeH Ha enacTUYHO pa3cemnBaHe.

3aBMCMMOCTTA Ha MOLLHOCTTA OT KoedpUuMeHTa Ha NpevynBaHe e N3BeCTHa KaTo
edeKTa Ha Kep

B 3aBMCMMOCT OT TUNa CUrHan, HEAMHEMHOCTTa Ha Kep ce npoABABa B TPU
Pa3INYHK edeKTa, KaTo camo-moaynaumns Ha dasHa moaynauma (SPM),
mexkaydasHa moaynaumsa (CPM) n Yetnpum-sbaHoso cmecsaHe (FWM).




CTMMmynupaHu edpeKTn KaTo CTUMY/IMPAHO pa3cenBaHe Ha bpuntoeH (SBS) 1
cTumynmnpaHo PamaHoBo pa3cenBaHe (SRS).

MHTEH3UTETDbT Ha pa3cesHaTa CBET/IMHA HapacTBa eKCMNOHEHLMaNHO, ako
BXOAsAL,AaTa MOLHOCT HaABULLW onpeaeneHa nparosa CTOMHOCT.

Pasnukata mexxay SBS n SRS e B ToBa, ye :

GOHOHM (aKYCTUYHM) Ca KOXEPEHTHM U NOPAXKAAT MAaKPOCKOMMYHA aKyCTUYHA
BbJ/IHa BbB B/IAKHOTO

dOHOHMUTE (ONTUYHU) Ca HEKOXEPEHTHU U HE Ce reHepupa MaKpPOCKOMNYHA
Bb/IHA.




The terms linear and nonlinear (Figure 1), in optics, mean intensity-
independent and intensity-dependent phenomena respectively. Nonlin-
ear effects in optical fibers (Table 1) occur due to (1) change in the
refractive index of the medium with optical intensity and, (2) inelastic-
scattering phenomenon. The power dependence of the refractive index
1s responsible for the Kerr-effect. Depending upon the tyvpe of in-
put signal, the Kerr-nonlinearity manifests itself in three different ef-
fects such as Self-Phase Modulation (SPM), Cross-Phase Modulation
(CPM) and Four-Wave Mixing (FWM). At high power level, the inelas-
tic scattering phenomenon can induce stimulated effects such as Stim-
ulated Brillouin-Scattering (SBS) and Stimulated Raman-Scattering
(SRS). The intensity of scattered light grows exponentially if the inci-
dent power exceeds a certain threshold value. The difference between
Brillomin and Raman scattering is that the Brillouin generated phonons
(acoustic) are coherent and give rise to a macroscopic acoustic wave
in the fiber, while in Raman scattering the phonons (optical) are inco-
herent and no macroscopic wave 1s generated.




Nonlinear Effects in Optical Fibers
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Except for SPM and CPM., all nonlinear effects provide gains to
some channel at the expense of depleting power from other channels.
SPM and CPM affect only the phase of signals and can cause spectral
broadening. which leads to increased dispersion. Due to several recent
events, the nonhnear effects mn optical fibers are an area of academic

research [1-4, 15, 17-20].




(1) Use of single mode fiber (SMF) with small cross section of light-
carrving area has led to increased power mtensity mside the fiber.

(i1) Use of in-line optical amplifiers has resulted in a substantial
increase 1n the absolute value of the power carried by a fiber.

(i11) The deployment of multiwavelength systems together with optical
amplifier.

(iv) The deployment of high-bit-rate (>10Gbits/s per channel)
systems.




For intense electromagnetic fields, any dielectric medinm behaves like
a nonlinear medium. Fundamentally, origin of nonlinearity lies in
anharmonic motion of bound electrons under the influence of an
applied field. Due to this anharmonic motion the total polarization
P induced by electric dipoles 1s not linear but satisfies more general
relation as

P =coxWE + eoxPE? + eoxPE? + - - (1)

where £g is the permittivity of vacuum and y(*) (k=1,2,...) is kth
order susceptibility.




The dominant contribution to P 1s provided by hinear susceptibil-
ity v(1). The second order susceptibility x(2) is responsible for second-
harmonic generation and sum-frequency generation. A medium, which
lacks mversion symmetry at the molecular level, has non-zero second
order susceptibility. However for a symmetric molecule, like silica, xm)
vanishes. Therefore optical fibers do not exhibit second order nonlin-
ear refractive effects. It 1s worth to mention here that, the electric-
quadrupole and magnetic-dipole moments can generate weak second
order nonlimear effects. Defects and color centers inside the fiber core
can also contribute to second harmonic generation under certain con-
ditions. Obviously the third order susceptibility x () is responsible for
lowest-order nonlinear effects in fibers [5].




For 1sotropic medium, like optical fiber, polarization vector P will
always be m direction of electric field vector E. So one may use scalar
notations mstead of vector notations. For an electric field,

E = Ejcos(wt — kz) (2)
the polarization P becomes
P = Eﬁx(l)E[] cos(wt — kz) + E[}X(Q}Eg cc:sg[wt — kz)
—I—ng(S)E{;‘ cosg(wt —kz)+--- (3)

Using some trigonometric relations, equation (3) can be written as

P = %EDX{Q]EDQ + ng(lj + %X(B}EEEU cos(wt — kz)

‘|‘%EDX(2)E§ cos 2(wt — kz) + %EDX(S}ES cos J(wt —kz) 4+ ---(4)




3 +(3)
P = Eﬂxilj + — X
2 CEQT

I Eg cos(wt — kz) (8)

1
I = EchmE&

where ¢ 1s velocity of light and n; 1s linear refractive index




3. SELF-PHASE MODULATION (SPM)

The higher intensity portions of an optical pulse encounter a higher
refractive index of the fiber compared with the lower intensity portions
while 1t travels through the fiber. In fact time varying signal imntensity
produces a time varying refractive index in a medium that has an
intensity-dependant refractive index. The leading edge will experience
a positive refractive index gradient (dn/dt) and trailing edge a negative
refractive index gradient (—dn/dt). This temporally varying index
change results in a temporally varying phase change, as shown in
Figure 5. The optical phase changes with time in exactly the same
way as the optical signal [7]. Since, this nonlinear phase modulation

https://bg.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B7%D0%BE%D0%B2
%D0%B0_%D1%81%D0%B0%D0%BC%D0%BE%D0%BC%D0%BE%D0%B4%D
1%83%D0%BB%D0%B0%D1%86%D0%B8%D1%8F
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Figure 5. Phenomenologieal descrniption of spectral broademng of

pulse due to SPM.




4. CROSS PHASE MODULATION (CPM)

SPM is the major nonlinear limitation in a single channel system. The
intensity dependence of refractive index leads to another nonlinear
phenomenon known as cross-phase modulation (CPM). When two
or more optical pulses propagate simultaneously, the cross-phase
modulation is always accompanied by SPM and occurs because the
nonlinear refractive index seen by an optical beam depends not only
on the intensity of that beam but also on the intensity of the other
copropagating beams [13]. In fact CPM converts power fluctuations
in a particular wavelength channel to phase fluctuations in other
copropagating channels. The result of CPM may be asymmetric
spectral broadening and distortion of the pulse shape.




5. FOUR-WAVE MIXING (FWNM)

The origin of FWM process lies in the nonlinear response of bound
electrons of a material to an applied optical field. In fact, the
polarization induced in the medium contains not only linear terms but
also the nonlinear terms. The magnitude of these terms is governed
by the nonlinear susceptibilities of different orders. The FWNM process

originates from third order nonlinear susceptibility [x'ig?']. If three
optical fields with carrier frequencies wq.wo and ws, copropagate inside
the fiber simultaneously, {xm}'] generates a fourth field with frequency
wy4. Which is related to other frequencies by a relation, wy = wy wstws.

In quantum-mechanical context, FWM occurs when photons from
one or more waves are annihilated and new photons are created at
different frequencies such that net energy and momentum are conserved
during the interaction.

SPM and CPM are significant mainly for high bit rate systems,
but the FWM effect is independent of the bit rate and is critically
dependant on the channel spacing and fiber dispersion. Decreasing
the channel spacing increases the four-wave mixing effect and so does
decreasing the dispersion.




qur = wP + C.U‘q — Wy W’ith p., q ié T (36)

(2wye0z) s w32 )

Frequency (w)

Figure 9. Showing mixing of two waves.
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Table 2. Comparison of nonlinear refractive effects.

MNonlinear —

signals

Phenomenon _
o SPM CPM FWM

Characteristics ¥

1. Bit-rate Dependent Dependent Independent

2. Origin Nonlinear Nonlinear Nonlinear
susceptibility susceptibility susceptibility

}‘: (3} :{. 3) }:[EF

3. Effects of %’ Phase shift due to | Phase shift is alone New waves are

pulse itself only | due to copropagating | generated

decreasing the spacing

4. Shape of Symmetrical May be a symmetrical | __
broadening

5. Energy transfer | No No No
between medium

and optical pulse

6. Channel spacing | No effect Increases on Increases on

decreasing the
spacing
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* PamaHOBO pa3cenBaHe nnn epekTt Ha PamaH e HeenacTMYHO pa3cemBaHe Ha GOTOH OT
MOJIEKY/TN, KOUTO Ca Bb3OyaeHU 40 NO-BUCOKU BUOPALMOHHU AN POTALLMOHHUN EHEPTrUMHU
HMBa. ToM € OTKPUT OT UHAUNCKUTE PpU3nUM BeHKaTa PamaH n CpuHuBaca KpuiHaH (KonTto e
y4yeHUK Ha PamaH) B TeyHocTn[1] n He3aBucmmo ot Mpuropuin lanacbepr u JleoHuna,
MaHaenwam B kpuctanu[2]. EpekTsT € npeackasaH teopetnyHo oT Agond Cmenan npe3
1923 .

* KoraTo ¢poToHUTE ce pa3ceiBaT OT AaAeH aTOM UAM MOJIEKYNa, MOBEYETO ce pascerBaT
eNnacTu4yHo (pasceriBaHe Ha Peneit), Taka ye pasceaHntTe GOTOHM MMAT €[iHa U Cblla eHeprua
(yecToTa M AbAXKUHA Ha Bb/IHATA) KaTo nagalmuTte GoToHU. EAHA MHOro Masika yacTt oT
pascesHuTe $poToHU (NpmnbansuTenHo 1 Ha 10 MMAKOHA) ce pa3cenBaT HEENACTUYHO Ypes
Bb30Oy)KAaHe, KaTo MMAT Pa3/IMYHN YeCcToTa U eHeprua, 0OBMKHOBEHO NMO-HUCKKU OT Te3M Ha
nagawmuTte ¢oToHU. B ras, pascemBaHETO MOXKe Aa Bb3HUKHE NP NPOMSIHA Ha eHeprusaTa Ha
MOJIEKYNA Ype3 NpPeMMHaBaHETO KbM Apyro (06MKHOBEHO MO-BUCOKO) EHEPTUMHO HUBO.
XMMUUUTE ce 3aHMMaBaT IMaBHO C TO3U ,npexoaeH” epekT Ha PamaH.




SBS

* Brillouin scattering is an effect caused by the x3) nonlinearity of a medium,
specifically by that part of the nonlinearity which is related to acoustic phonons [1].
An incident photon can be converted into a scattered photon of slightly lower
energy, usually propagating in the backward direction, and a phonon. The coupling of
optical fields and acoustic waves occurs via electrostriction. The effect can occur
spontaneously even at low optical powers, then reflecting the thermally generated
phonon field. For higher optical powers, there can be a stimulated effect, where the
optical fields substantially contribute to the phonon population. Above a certain
threshold power of a light beam in a medium, stimulated Brillouin scattering can
reflect most of the power of an incident beam. This process involves a strong
nonlinear optical gain for the back-reflected wave: an originally weak
counterpropagating wave at the suitable optical frequency can be strongly amplified.
Here, the two counter-propagating waves generate a traveling refractive index
grating; the higher the reflected power, the stronger the index grating and the higher [ - ]
the effective reflectivity.



https://www.rp-photonics.com/nonlinearities.html
https://www.rp-photonics.com/photons.html
https://www.rp-photonics.com/optical_power.html
https://www.rp-photonics.com/gain.html
https://www.rp-photonics.com/optical_frequency.html
https://www.rp-photonics.com/refractive_index.html

EneprueH 6aJiaHC Ha BJIAKHECTO-ONITUYHMU
KOMYHUKALIMOHHU CUCTEMH, QAKTOPH,
BJIUSIEL BbPXY J'b/JoKMHATA Ha
pereHepaTOPHUS YYACTBK.

ONTUYHU YCUJIBATEJIM, KOHLIEMLIHS],
[PUJIOXKEHUS, TTIOJIYIIPOBOJHHUKOBH, pAMaHOBH U

JIETUPAHU C epOMH ONITUYHM YCUJIBATEJIM.
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MpeauwHnTe nekunm ce poKycrpaxa BbpxXy TPUTE OCHOBHU KOMIMOHEHTA Ha ONTUYHA
KOMYHWKaUMOHHA CUCTEMA - ONTUYHM BNAKHA, ONTUYHM NpeaaBaTenm n ONTUYHU NMPUEMHULN.

Cera we pasrnexgame BbNPOCUTE, CBbP3aHMU C An3aiiHa Ha cucTemaTta 1 Npoun3BoAUTENHOCTTA.

LLle 06cbanMm HacoKUTe 3a NPOEKTUPaHEe, KaTo B3emeMm npeasua epekTute Ha 3arybuTte BbB BNaKkHa
N amucnepcuaTa.

dunsnyeckure MEXaHU3IMU, KOMEHTAPMW.

KomnoTbpHO NnognomaraH An3anH.




CUCTEMHM apXUTEKTYpPU

ONTUYHUTE KOMYHUKALMOHHWN CUCTEMM MOraT Aa 6baaT KnacudbuumpaHu B TPU LLUMPOKM
KaTeropuu:

- BPDB3KM OT TOYKA A0 TOYKA

- pa3snpeaennTesiHu MPEeXHn

- IOKaNHN MpPEeXu




Bp'b3KVITe OT TOYKa A0 TOYKa NpeacraBnAaBaTt Ha N- POCTUAT BUO CUCTEMMN.

TaxHaTa pona e ga TpaHcnopTMpaTt nHbopmauma, nog dopmaTa Ha UMPPOB NOTOK, OT €4HO
MACTO A0 APYro Bb3MOXHO Han-TOYHO.

[IbNXKMHATa Ha Bpb3KaTa MOXKe Aa Bapupa OT NO-MaIKko OT KUJIOMeTbP (KbCKu pa3cToAaHMsA) A0
XUNAAN KUNOMETPU (AbArn Pa3cToAHMA), B 3aBUCUMOCT OT KOHKPETHOTO NPUIOXKEHUE.

Hanpumep, onTUYHKU BPb3KM CE€ M3MON3BAT 3a CBbP3BaHE HAa KOMMIOTPU U TEPMUHANIN B PaMKUTE
Ha eiHa U Cblla Crpaga uan mexxay ABe crpaau ¢ OoTHOCUTENHO KPATKOo NpeAaBaHepasCcToaHme
(<10 Km). HUckuTe 3arybu u WiMpoKaTa YeCcTOTHA JIeHTa Ha ONTUYHMUTE BAIaKHa He ca
OTNBbPBOCTENEHHO 3HaYeHMe 3a TaKMBa BPBb3KM 33 AlaHHW; BAaKHaTa Ce M3M0A3BaT [/1aBHO
3apaan Apyrute cMNpeanmMCcTBa, KaTO MMYHUTET CPELLY e/IEKTPOMArHUTHU CMYLLLEHUA.

3a pas/ainKa oT TAX, N0ABOAHU CUCTEMU CE N3MO0/I3BAT 38 BUCOKOCKOPOCTHO NpesaBaHe npes
KOHTUHEHTU C AbJ/I}KUHA OT HAKOMIKO XMNAaM Knnometpa. HUCKu 3arybu v ronama ontuyHa
YecTOTHa JIeHTa Ha BAIaKHaTa ca BaXKHU GaKTOPU NPU NPOEKTUPAHETO Ha TPAHCOKEaHCKUTe
CUCTEeMM OT rNeaHa ToYKa3a HamansaBaHe Ha o6l mMTe onepaTUBHU Pasxoau.




Korato ab/mKnHata Ha Bpb3KaTa HaaBMLWM onpeaesieHa CTOMHOCT, B Anana3oHa 20—-100 km B
3aBMCMMOCT OT paboTHaTa Ab/IXKMHA Ha BbAIHATA, CTaBa HEOOXOAMMO Aa ce KOMNeHcmpar 3aryburte
BbB B/1aKHATa, Tb KaTO B MPOTUBEH C/Iy4al CUrHaN®uT bu cTaHan TBbpAae cnab, 3a Aa 6bae npuer
HaaeXaHo.

Transmitter Hegenerator Regeneralor Receiver

Tx _L Rx Tx _L Rx Tx O Rx

(ax)

Transmitter Amplifiar Amplifier Receiver

Tx Amp O % O Rx
/’




OnNTUYHUTE YyCMABaTENM peluaBaT Npobaema cbe 3arybute, Ho A06aBAT LWYM U B/IOWABAT
Bb34ENCTBMETO Ha AMCNEPCUATA U HEIMHENHOCTTA, Tbi KaTo AerpagaumnaTta Ha CUrHana e ¢
HaTpynBaHe B NPOAb/I}KEHNE Ha MHOXECTBO €Tanu Ha YCUBAHE.

BCBbLWHOCT cMCTEeMUTE 4ecTo Ca orpaHmn4yeHun ot Ancnepcmna, oCBEH akO HE Ce KOMIMEeHCUMpPa.
OI'ITOE!'IEI-(TpOHHI/ITe NOBTOPUTENIN HE CTPAAATOT TO3U r|p06neN\, TbM KaTo Te pereHepupart

OpUrMHaIHUA 6MTOB NOTOK M MO TO3M HAYMH edDEKTMBHO KOMMNEHCNPAT aBTOMATUYHHO BCUYKUA
U3TOYHULUUN HaA B/Z1IOWLaBaHE HA CUTHA/1a.




Pa3cToaHMeTO L mexkay pereHepaTopuTe Uam onTUYHUTE YCUIBATENIM € OCHOBEH NapamMeTbp 33
NPOeKTUpaHe.

Pa3scTosiHMeTO L 3aBMCK OT CKOPOCTTa Ha NpeaaBaHe B nopaau ancnepcmnaTta BbB BIaKHaTa.

[Mpon3BeaeHMETO Ha CKOPOCTTa Ha NpedaBaHe U pa3cToAaHneTo, BL, 0BMKHOBEHO ce M3N0a3Ba
KaTo MApPKa 33 epeKTMBHOCTTA HAa CMCTEMATA 33 BPb3KM OT TOYKA A0 TOYKA.

BL 3aBMCK OT paboTHaTa AbAXKMHA HA Bb/IHATa, Tb1 KATO KAaKTO 3arybute Ha B/IakHa, TaKka U
ANCMepcUATa Ha BIaKHATaA ca 3aBUCMMM OT AbXKMHATA HA BbJIHATA.

[MbpBUTE TPU NOKONEHUA CUCTEMU CbOTBETCTBAT HA TPU Pa3/IMYHN PAabOTHU ABAXKUHU Ha
Bb/IHaTa - 0K0n0 0.85, 1.3 1 1.55 um.

BL npoayKTbT € 61un ~1 (Gb / s) -km 3a cuctemuTe oT NbpBO NOKO/IeHMe, paboTeLln 61130 Ao
0.85 um,

~1 (Tb / s) -km 3a cuctemu ot TpeTo nokosneHue, pabotewm 64130 Ao 1,55 um

N MmoXe aa Haasuwasa 100 (Tb / s) -km 3a cuctemute ot 4eTBBPTO NOKONEHMEe.5.1.2




MHOro NpMNOXKeHNA Ha ONTUYHUTE KOMYHUKALMOHHU CUCTEMM U3UCKBAT MHPOPMaLMATA
[la ce pa3npocTpaHABa 1 cpep rpyna aboHaTw.

MprmepuTe BKAOYBAT SIOKAJIHO Pa3npocTpaHeHue Ha TenedpOoHHM YCYr1 U U3NbUYBaHE
Ha MHOXEeCTBO BMAEO KaHanu npes KabenHa Tenesmsus.

3HAYUTENIHMN YCUINA CA HACOYEHU KbM T.Hap. NaCMBHU onNTUYHU mpexXn (PON).

Pa3cToAHUATA Ha NpefaBaHe ca CpaBHUTENHO MasKK (L <50 KMm), HO CKOpOCTTa MOXe A3
[OCTUrHe Ao Hakonko 10 Gb/s.




Josep Prat
Editor

Passive

Next-Generation Optical Networks

FTTH Passive
Optical Networks

Researclitowards unlimi
bandwidth access

\a Springer

https://books.google.bg/books?id=gRI0OUXpjQ90C&dg=passive+optical+networ
ks+next+generation&hl=bg&source=gbs navlinks s

https://books.google.bg/books?id=DSO5CVBUhKEC&dqg=passive+optical+networ
ks&hl=bg&source=gbs navlinks s



https://books.google.bg/books?id=gR9OUXpjQ90C&dq=passive+optical+networks+next+generation&hl=bg&source=gbs_navlinks_s
https://books.google.bg/books?id=DSO5CVBuhKEC&dq=passive+optical+networks&hl=bg&source=gbs_navlinks_s

B HayanoTo Wwe pasrnegame KpaTKa UCTOPUA HA naenTa 3a
3amMecTBaHe A0 KpalHuA noTpebuten Ha meaHUTe TUHUN C
ONTUYHMW.

PaHHMUTE onnTK 3a peannsnpaHeTo Ha epekTmeHU Ffiber To The
Home (FTTH) apxutekTypu ca 3anoyHanu npe3 90-Te roamHu oT
paboTHaTa rpyna FSAN (www.fsanweb.org), popmupaHa ot
ronemm TeNeKoMyHUKaLMOHHM OnepaTopu 1 NPOouU3BOAUTENN
Ha obopyaBaHe.

[Mlo-KbCcHO cneumnanucTmute ot International Telecommunications
Union (ITU) npoabnrkaBaTt paboTata n cTaHAapTM3MPaT ABe
nokonenma PON. ITU-T G.983 cTtaHaapTbT e 6a3upaH Ha ATM u
€ U3BecCTeH CbC CbKpaweHmneto APON.

Cobc ctaHgapTa ITU-T G.984 ce onpenena pA3Ko ysesiM4aBaHe Ha
ePEeKTUBHOCTTA, KaTO ce MN03BONABA M3MNOA3BAHETO Ha No-
ro1eMm naasawm No Ab/IKMHA NAKETU U CKopocTu ao 2.4Gbps
KbM KpanHua notpedbuten (downstream) n 1.2Gbps oT KpaHusa
notpebuten (upstream). ITU-T G.984 e n3BecTeH u cbC
cbKpauweHneto GPON.



http://www.fsanweb.org/
http://bg.wikipedia.org/w/index.php?title=International_Telecommunications_Union&action=edit&redlink=1

FTTH no cBoATa CbLWHOCT NpeAacTaBasaBa NbPBOTO OCHOBHO
Hagrpa*kaaHe Ha MmpeXaTa 3a A0CTbN el KNeTbYHUTE MpPeXM.

MegHuUTe MmpeXxu 3a 40CTbN MAaCOBO Ce 3aMeCTBaT OT ONTUYHMW.

Haln-BaXKHMAT KaTa/IM3aToOp 3a TE3N MPOMEHU Ca HAaPaACTBALLMUAT
6pon n 06xBaT HA MeAHUTE MPEXKN, HECNOCOOHM Aa nocpeLLHaT
noTpebHoCTUTE 33 roNAM KanauuTeT Ha YaCTHU N BU3HEC K/IMEHTW.

Yenyrute rnepaHe Ha BUAEOKAMMNOBE U C/yLlIaHe Ha My3uKa B
peasiHO Bpeme, crnogensiHe Ha OrPOMHM KOMYeCcTBa JaHHU C Hal-
Pa3/INYHO Pa3/INYHO CbabpPKaHMe, |IP Tenesmsuna Beye ca Hewlo
ecTecTBeHO.

MmeHHO B TakaBa cuTyauma dYpes FTTH moXKe aa ce npeanoXKu Ha
KpaHUTE KIMEHTU MHOTO NO-BMCOKa NPONyCKaTe/IHa CNocobHOCT U
HageXAHOCT, CbOTBETHO U Bb3MOHOCT 33 NO-CKbMU NaKETHU
YCNYIrn B CPAaBHEHUE C Aocera n3rnon3saHute texHonorum DSL m
UTP-LAN.




[pu Te3un pascobKaeHnA Bb3HMKBA BbNPOCHT:

* KakBa BCbLHOCT YeCTOTHA JIeHTa/CKOPOCT € Heobxoamma Ha
KpanHua notpeburten?

* OTroBOP®BT € CBbP3aH C HAZIMYHUTE YCAYTU U C XKeNaHUATa 33
TAXHOTO M3MNOA3BaHe OT CTPaHa Ha K/INeHTa.

* AKo npuemem, ye aboHaTbT e cBbp3aH cbc 100Mpbs Kbm cBoS
AOCTaBYUK M e 3anaaTun HeobxoaMmmTe Takcu 3a rneaaHe Ha DVD
dunmm, 1o eanH punm (4.7GB) 6m TpAbBano Aa ce 3anmncBa 3a no-
MasiKo oT 10 MMH. Ha IOKaNTHMA XapAaUCK.

* MNopapobHOTO pasrnexkagaHe Ha YCAYrnTe He € TeMa Ha Kypca no
ONTOENEKTPOHNKA N ONTUYHN KOMYHWKaLMK U 3aTOBa TYK, cnep,
KaTo Ja/loXMe MOTUBALMATA, LLle ce OrpaHUYMM C OCHOBHUTE
bu3nyeckn npuHUMnuM Ha pabota Ha PON cuctemuTe.
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|

|
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KpaeH xknueHrt
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I'Ipe,u,CTaBeHaTa CXeMa e o6u.|,a U e Bb3MOXKHA, HO HE €
3d4bNXKUTE/THO Aa € ACHO OT/INYUMa B pea/iHaTa CNTYyaLUA.

OnopHaTa ONTUYHA MPEXKA e U3rpageHa TUNMUYHO OT BPb3KK OT
TMna "oT To4YKa Ao To4ka" (P2P). Mpun Hes ce npaBaT ronemu
NHBECTULMU N CE TbPCU roNnAMa HaaeKAHOCT U CKOPOCT.

PascToAaHMATa mexXay oTAe/IHUTE LLeHTpoBe moraTt Aa AocTuraTt go
HEKONKOCTOTUH KnnomeTpa. ToBa ca OOMKHOBEHO BPbH3KU MeEKAY
ronemm rpagose.

PernoHasHaTa onTUYHaA MpeXKa CbLLOo e n3rpageHa oCHOBHO OT
BPb3KK TUN P2P. ToBa ca 0OMKHOBEHO BPBH3KM MEXKAY KBapPTa/IN U
611M3KO PaA3NoNOXKEHN MANKK rpagoBe. TyK Cbllo LeHaTa Ha eaHa
JINHUA Ce pa3npeaensa mexay MHOro aboHaTm 1 He e TO/IKOBaA
KPUTUYHA.

PON ce n3nonsesa TMNMYHO B YacTTa Mperka 3a 40CTbn.




k ldown? 7\'lt.lj,t:'
. Aoy A
ldown lup ONUl
Optical Line Y ITacupen )
Terminal Ndown> '~ Nup WDM .
(OLT) B = pa3KIOHUTEN .

ONUx

A

Ndown? * ~ Nup

Metro mpexa

WDM-PON

[o Bcekn ot aboHaTute (ONU - Optical Networ Unit) ce otnensT
CaMO HeobxoaAMMmnTe My Ab/IKMHU HA BbAHATA 33 NPUEMaHe U
npeaasaHe. B ToBa ce CbCTON U OCHOBHOTO NPEAMMCTBO Ha TO3M
TWUMN - B IMNCATA Ha NpocaylwBaHe mexay aboHatuTte. HeypnobcTtBaTa
Ca CBbp3aHu ¢ no-coXeH WDM pasknoHUTen u 3Ha4nTesIHO
YCNOXHABAHEe HAa ONTMYHATA YacCT Ha MlaBHATa 4YacCT Ha CUCTEMATA
(Optical Line Terminal).
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Metro mpexa

* TDM-PON

* MpuemaHeTo 1 npenasaHeTo oT OLT ctaBa camo ¢ eaUH U3TOYHUK U
eauH npuemHuK. Koeto OoT CBOA CTpaHa e 3HAYMUTe/IHO ONPOCTABaHe
Ha ONTUYHATA CUCTEMA B CPAaBHEHME C NPeanLLIHNA CyYan.




Hpyro npeaHMCTBO € MO-TIPOCTHAT IIaCHBEH Pa3KIOHHUTEI — TOH
TpsAOBa Ja MOBTapsd HAa BCEKH OT H3XOJUTEe JIbUCHHeTO IIONajamo Ha
Bxojaa. Tyk ceimo ce uznon3sa WDM ynnbsTHeHHe, HO B paHHHA MY
CTaIHil - ¢ JBe IB/KHHH HAa BBIIHATA - €lHa 3a IIPHeMaHe H eJHa 3a
IpegaBaHe. BB3MOXKHO e ga ce go0aBH omle eJHa IB/KHHA Ha
BBJIHATA 3a IIpeJaBaHe caMo egHomocouHo 3a TV. OOHKHOBeHO ce
H3IIOM3BAT A g, =1490nm . A, =1310mm 1 Apy =1550nm.




MpepaBaHeTo B nocoka OLT kbm ONU (downlink) ce n3sbplusa Ha
NaKeTn, KaTo MHPopPMaUMATa eAHOBPEMEHHO AOCTUMa A0 BCUYKUTE
notpebutenmn.

CvoTtBeTHUTE ONU mmat 3aga4vaTta Aa otTaensaT HeobxoammmTe
6/10Kk0Be OT NaKeTa 3a CbOTBETHUA NoTpebuTten. ToBa e eAUHUAT OT
HeJOoCTAaTbUUTE HA CUCTEMATA.

MIMa Bb3MOXKHOCT Ype3 HepernaMmeHTUpaHu AencTBmuA aa ce
npocaywsa downlink TpapuKwbT.

[NpyruaT HEJOCTAaTbK € CBbP3aH C NpoleaypaTa 3a NpeaaBaHe B
nocoka ONU kbm OLT (uplink). Mpwn ToBa npenasaHe TpabBa Aa ce
N3BBbPLLUBA CUHXPOHM3ALMA BbB BPEMETO, TaKa Ye Aa He Ce NoJyuu
elJHOBpeMeHHO cpaboTBaHe Ha noseye oT egnH ONU.

[Mopaan Bb3MOXKHOCTTA 33 Pa3/IMYHU Ob/IKUHU HA BNAKHATa A0
NAaCUBHMUSA PA3KNOHUTEN, PECNEKTUBHO Pa3/IMYHU 3aKbCHEHUA B
CUCTEMaTa, Ce U3BbPLUBA Npoueaypa 3a onpeaensiHe Ha Te3u
3aKbcHeHuA (timing reference).




IITe mpoabKHM. KaTo pasrielamMe TPHTe ocHOBHH Oioka Ha TDM-PON (B
IIpeJHHTE JABE TeMH Ce CIIPAXME MoAp0oOHO Ha ONTHUHHTE BIIAKHA).

ITacHBHHAT pa3KI0oHHTEN (passive power splitter) oOHKHOBEHO ce IPOH3BEXKIA
10 IIaHapHa TexXHodorud (planar lightwave circuit). B maeamHHa caydai IpH HETO
TpsAOBa Ja ce IoIy4JaBa 3aTHXBAHE:

B =10lg N,

splitter

KbAeTO N € OpoAT Ha pas3KIoHeHHATAa. Ha mpakTHKa 0OHMKHOBEHO 3aTHXBAHETO € I10-
romaMo (~184B 3a N=32 BMecTo 15d4B. ako m3momsBame ¢opmynaara). GPON
TEOPETHUHO MOKE Ja aapecHpa 10 128 ONU Ha e1HO H CBIINO BIAKHO.




B Hai-00mu mHHHH cTpyKTypaTta Ha OLT MoXe Ja ce OIHIIe ChC ClIeIHaTa
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| Min |
| Service Medium [ e i
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OLT ocurypsiBa unrepderica mexay PON u Mpexure Ha JOCTaBUUIIUTE
Ha yCIYTH.

ToBa TUITMYHO BKJIFOYBA.

« Service Adaptation - aganTupaHe 1Mo MOAXOAAI] HAYWH - KOHBEPTHpPaHEe Ha
KOJIOBE, OTpaHWYaBaHE Ha CKOPOCTH, TAKCyBaHE;

« Cross Connect - pasnpenensHe Ha aJaNTUPAHUTE JaHHU MEXIY
(bU3uUeCKUTE U3XOAH,

 Medium Access Control - ocurypsBa ynpaBICHHETO Ha ONTHYHHS
MU3TOYHUK U ONTHUYHHS MPUEMHUK KbM BCSIKO €HO BJIAKHO.




i Service _.._g_..,

i Ay _ / Adaptation | KBM

| ; T| Medium Service ) | KkpaifHo
OLT | 5 R | Control \\ . | yerpoiictBO

 Tdown Service | WTH Mpeka

| Adaptation

broxoea cxevia ONU.




[MpoeKTupaHeTo Ha ONTUYHU KOMYHUKAUMOHHU CUCTEMU U3UCKBA ACHO pa36mpaHe Ha
orpaHN4eHmnATa, HaJ10XKeHU OT 3aI'Y6VITe, ANCNEePCUNATa U HEe/JIMHEeMHOCTTA Ha BNAKHOTO.

Tbi KaTo CBOMCTBATA 3aBMCAT OT Ab/I’KMHATA HA Bb/IHAaTa, M360PDBT HAa paboTHA AbAXKMHA Ha
BbJ/IHaTa € OCHOBEH npobaem c An3anHa.

BroaKeTbT 3a MOLWHOCT Ce Hapu4ya oule broarKeT 3a Bpb3KaTta, eHeprmeH brogsker (...), a
61o4KeTbT 33 HapacTBaHE Ha BPeMeTO NMOHAKOora ce Hapu4ya btoaKeT Ha YecToTHaTa JIeHTa.
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C U3K/IOYEHME Ha HAKOM BPb3KM HA KbCW Pa3CTOAHUA, 3arybmute BbB BNaKHATa UrpasT
Ba*KHa PO/1A B CUCTEMHUSA AN3ANH.

MaKCcMManHOTO pa3CcToAHME Ha NpeaaBaHe e orpaHuUYeHo.

OnTn4yHMA Npegasaten TpAbBa Aa U31buM onpeaeneHa cpeaHa MOLWHOCT, KOATO Aa bbae
npueTta oT NPUEMHUK, KOUTO U3UCKBA onpeaeneHa MMHUMA/IHA CpeaHa MOLLLHOCT Npu
CKOPOCT Ha npeaaBaHe B.

10 P
L= —1log (F_)

rec




dB, dBm

* https://en.wikipedia.org/wiki/Decibel

P1
B[dB] = 10lg



https://en.wikipedia.org/wiki/Decibel

dB, dBm

* https://en.wikipedia.org/wiki/Decibel

PRrRX[dBm]=10lg PRX[mW]



https://en.wikipedia.org/wiki/Decibel

dB, dBm

* https://en.wikipedia.org/wiki/Decibel

PTX[mW]

P1x[dBm]=10lg PTX[mW]



https://en.wikipedia.org/wiki/Decibel

* PTX[dBm]-PRX[dBm]=?1?1?1?




. PTX[d Bm]-PRX[d Bm]:POwerBUdget[dB]

* PowerBudget, LossBudget, Budget, Loss ....




Ja ce H3bepe moIxoadina TOMOMOTHA H Ja ce mpoekTHpa PON cHcTeMa 3a 32-
Ma mnoTpefHTenH, paszmoaokeHH Ha llxkm or OLT. IIpH OpOoeKTHpaHeTO 14 Ce

H3MOM3BaT  ClIeJHHIe  JaHHH: brisig = 0.4dBfkm, beisso = 0.3dBjkm .

B ector = 0.5dB . Bsﬁﬁm =0.1dB, B, splitter = 18dE., PowerBudga =28dB.
B, = 3dB .
Perrenue:

I1300pBT HA MOIXOAAIIA TOMOJIOTHA CE OIpelend OT KOHKPETHHTE YCIOBHA H
OT ILTAHOBETE 3a ObIEIIO paspacTBaHe HAa MPeKaTa. ¥ CI0BHO MOXKEM Ja BB3IPHEMEM
TOIIOJIOTHA, OITH3KA 10 Ta3H Ha Qur.4.6. Pa3OHpa ce. 0T HKOHOMHYECKH CROOpaKeHH
e JoOpe pascTogHHETO z, Ja OBIe MO-TONAMO OT z,. z, HE € 3a0b/LKHTENHO Ja Oble

EIHO H CBIIO J0 BCHYKH ONU. TyK 3a [pocToTa (IPecMATAHETO 34 PAIHYHH
Pa3CTOAHHA € PYTHHHA padoTa) e mpHeMeM, e BcHUIKH ONU ca paBHO OTIaledeHH
0T MMACHEHHA Pa3KIOHHTEN.

ONTI

T F\ .
\ ONUy




* PowerBudget, LossBudget, Budget, Loss ....
* http://www.thefoa.org/tech/lossbudg.htm

* https://www.cisco.com/c/en/us/support/docs/r
outers/12000-series-routers/12221-21.html

* https://www.extron.com/product/fibercalculator
.aspx?s=tosb

* http://www.ecmag.com/quiz/view/49

* http://www.ciscopress.com/articles/article.asp?
p=170740&seqNum=12



http://www.thefoa.org/tech/lossbudg.htm
https://www.cisco.com/c/en/us/support/docs/routers/12000-series-routers/12221-21.html
https://www.extron.com/product/fibercalculator.aspx?s=tosb
http://www.ecmag.com/quiz/view/49
http://www.ciscopress.com/articles/article.asp?p=170740&seqNum=12

Power Budget
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Ol'paHM‘-IEHMFI oT AuncnepcuA
Ol'paHM‘-IEHMFI OT HE/IMHENHMU U3KPpNBABAHUA

[lncnepcus cpelly HeNMHEMHU U3KPUBABAHUA

KomeHTapu n nperoBop Ha NpeauLllHUTeE NeKLnm




PeanHu cuctemu

https://www.kst-bg.com/products/sfp-1-25g-1smf-1550-40km-sc-pc.html

https://www.kst-bg.com/products/medija-konvertor-10-100-1000mbps-k-m-sfp-port.html

KOMeHTapu



https://www.kst-bg.com/products/medija-konvertor-10-100-1000mbps-k-m-sfp-port.html
https://www.kst-bg.com/products/medija-konvertor-10-100-1000mbps-k-m-sfp-port.html

PeanHu cuctemu

https://www.cisco.com/c/en/us/support/optical-networking/ons-15454-series-multiservice-
transport-platforms/series.html

https://www.cisco.com/c/en/us/products/collateral/optical-networking/network-convergence-
system-2000-series/datasheet-c78-733699.html

https://www.cisco.com/c/en/us/products/collateral/optical-networking/ons-15454-series-
multiservice-transport-platforms/data sheet c78-658542.html

KOMEHTapun



https://www.cisco.com/c/en/us/support/optical-networking/ons-15454-series-multiservice-transport-platforms/series.html
https://www.cisco.com/c/en/us/products/collateral/optical-networking/network-convergence-system-2000-series/datasheet-c78-733699.html
https://www.cisco.com/c/en/us/products/collateral/optical-networking/ons-15454-series-multiservice-transport-platforms/data_sheet_c78-658542.html

PeanHu cuctemu

https://www.kst-bg.com/products/iscom5508-ac-d-gepon-optichen-lineen-terminal.html

https://www.kst-bg.com/products/iscom-ht803-krajno-u-vo-za-gepon.html

KOMeHTapu



https://www.kst-bg.com/products/iscom5508-ac-d-gepon-optichen-lineen-terminal.html
https://www.kst-bg.com/products/iscom-ht803-krajno-u-vo-za-gepon.html

KomnioTbpHO NpoeKTupaHe
[Mpumep ¢ HanNYeH nnueHs B 1ab.1257

https://optiwave.com/



https://optiwave.com/

OnNTUYHU ycuneateaun

[NoBeyeTo ONTUYHK yCcungatesaam yCuneat CBeT/inHa 4pe3 CTUMY/TIUPAHO U3/TbYBAHE,
CbWHNAT MEXAHN3DM, KOWTO ce n3nona3ea ot a3epuTe.

BCbLHOCT ONTUYHUAT YyeunBaTen e nasep 6e3 obpaTHa Bpb3Ka.

OcHoBHaTa ngea e peann3npaHe Ha ONTUYHO YCU/IBAHE KaTO YCUBATENAT CE€ HANMOMIBa
(OI'ITW-IHO UIn EI'IeKTpW-IeCKI/I), 34d Aa ce NoCTUurHe nHBepCHa HACeNeHocCT.




BcuuKKM ycunsatenu BnoluaBaT oTHoweHueTo curHan / wym (SNR) Ha yecuneHus curHan,
3aLL,0TO MMa CMOHTAHHO U3/TbYBaAHE, KOeTo A06aBsA LYM KbM CUIHas1a No Bpeme Ha
HEeroBoTO YCU/1BaHe.

BnowasaHeTo Ha SNR ce onpeaena KonnmyecTtBeHo Ypes napameTtsp Fn, HapeyveH ynucno
Ha LWYMa Ha ycuasaTenAa no aHasorma ¢ eIeKTPOHHUTE yCuasaTenu.

 (SNR)i,

F, = |
"7 (SNR) oy




In-line amplifiers

Tx Rx

(a)

Power amplifier
TI — . Rx
Fiber
(b)
Preamplifier

Tx A Rx
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https://books.google.bg/books?id=170LDWAAQBAJ&dqg=introduction+to+fiber+optic+thui&hl=bg&sour
ce=gbs navlinks s

Daiin  Pepaktupane Wsrnen Wectopua  Otmetkn  WHctpymedtn  Domouy

& Introduction to Fiber-Optic Cor X

[ &) ad @ © & https://books.google.bg/books?id [E]  a0% oo @ P | Q Tupcene 1\ O & € 4 & © v M e @l@ =

GO gle introduction to fiber optic hui n i Q T

I{HMFH MNpernen Ha waeagkara [Nofaesxe B woATa GuBnuoTexa Hanuwere peusHauA O

»

COOBMWIATE CE C NEYATHATA KHUFA Introduction to Fibe r-Optic Communications

Rongging Hui
Academic Press, 12.06.2019 1. - 659 cTpaHium

HAMa HaNWYHa eNeKTPOHHA KHITa

m

Elseviercom

0 PeugHaun
HamepeTte B GuEnnoTeka

BCUYKW KHUTONPOGEELM =

Introduction to Fiber-Cptic Communications provides students with the most up-to-date, comprehensive coverage of modern optical fiber communications
and applications, striking a fine balance between theory and practice that avoids excessive mathematics and derivations. Unlike other textbooks currently
available, this book covers all of the important recent technologies and developments inthe field, including electro-optic modulators, coherent optical

systemns, and silicon integrated photonic circuits. Filled with practical, relevant worked examples and exercise problems, the book presents complete
Owe =

+ MoATa GuanuoTeka

m

v MoATa uctopua

TepoeHe weXOY KopHUWTE
KHuri B Google Play

Buayanuaauma »

Kakeo ka3gaT xopaTa - HanuweTe peLeHaunn

He HamepuxMe peueHann Ha oBuyaiiHuTe MecTa.

W3BpaHu cTpaHuymn

Introduction to Fiber Optic
Commuricatons

PN "



https://books.google.bg/books?id=I7OLDwAAQBAJ&dq=introduction+to+fiber+optic+hui&hl=bg&source=gbs_navlinks_s

NoNYNPOBOAHUKOBU ONTUYHW YCUNBATE/TN (SOA)
MopobHM ca Ha NoNynNpoBOAHUKOB N1a3ep, paboTely noa npara.

MN3ncKBa onTMYHa cpea 3a YCU/IBAHE M ONTUYEH BbIHOBOZ,, HO HE M3MCKBA ONTUYEH
pesoHaTop.

SOA morke na 6bae HanpaBeH OT nNa3epeH aunoa ¢ aHTupednekcHo (AR) nokputue;
ONTUYHUAT CUTHAN NPEMUHABA Npe3 ycuaBallaTa cpefa camo BeAHBXK 1 cneaoBaTeNIHO CbLo
€ U3BECTEeH KaTo ONTUYEH ycuaBaTen ¢ bsarawa BbaHa.

Mopagn 6n1n3kaTta npunmka mexay SOA n nasepeH gnop, aHanusbwT Ha SOA moxe aa e
nogobeH.




ONTUYHM yCUNBATENN C NEeTUpPaHu ¢ epbuin onTUYHM BRakHa (EDFA)

EDFA e eaHO OT Hal-nonynapHUTE ONTUYHM YCTPOMUCTBA B CbBPEMEHHUTE ONTUYHMU
KOMYHMKALUMOHHM CUCTEMMN.

EDFA ocurypasat mHoro npeammctsea npen SOA no oTHoWeHue Ha BUCOKO yCuIBaHe, BUCOKA
ONTUYHA MOLHOCT, HUCbKO KPbCTOCAHO B3aUMOAENCTBME MEKAY KAaHANNUTE U IECHO ONTUYHO
CBbP3BaHe OT U KbM BN1AKHa.

OcHoBHaTa CTPYKTypa Ha EDFA ce cbcTom oT nermpaHu ¢ epbuit BnakHa (EDF), na3ep ¢
HanomnBaHe, onTu4yeH nsonatop u WDM (myntunnekcupaHe no Ab/IKMHATA Ha Bb/IHATA)
cbeaAuHuTen.

Input
- Qutput
WDM @ — E

EDF
Isolator

Pump laser
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(A) Ground state (B) Ground state




PAMAHOBU YCUNTUTENN (RAMAN)

MexaHn3ma Ha CTUMY/IMPaAHO pamaHoBO pa3cenBaHe (SRS) B oNTMYHO BNAKHO, Ce MPUYMHABA OT
B3aMMOAENCTBNETO MeXKay POTOHUTE HA ONTUYHUSA CUTHAN U EHEPTUUHUTE CbCTOAHMS Ha MOJIEKY/IUTE Ha

CUANLUMEBUA ANOKCUA,

B npoueca Ha pascenBaHe GOTOHBT M3Pa3XoABa YacT OT eHepruaTa cu, 3a Aa Bb36yamM monekyna ot no-
HWUCKa KbM NO-BUCOKO BUOBPALIMOHHO MU POTALMOHHO CbCTOAHNE, U3BECTHO KaTo ONTUYEH POHOH.

AKO MmaTepuanHaTa CTPYKTYpa MMa NpaBMIHA KPUCTa/IHA peLleTKa, HMBaTa Ha BMbpaumMoHHa nnm
POTALMOHHA EHEPruUA HA MOJIEKY/IUTE Ca cneunMdUYHM; B TaKbB C1yd4an CNEKTbPBLT Ha pa3ceAaHUTe POTOHMU
npe3 SRS npoueca 6mu 6N OTHOCUTENHO TECEH.

3a amopdHU MaTepUanmn, KaTo CTbKNO, CNEKTbPbT Ha SRS e AocTa WKWPOK, Tbil KAaTO HMBATA Ha
e/IeKTPOHHAaTa eHeprusa He ca MHOTo A06pe peryimpaHu.

CnekTpanHaTa popma Ha SRS ocurypasa mexaHU3bmM 33 ONTUYHO YCU/IBAHE, MPU KOMTO MOLLEH /1a3epeH
JbY Ce M3MO0N3Ba KaTo MOMIMA 33 YCU/IBaHE Ha ONTUYHU CUTHAIN NPU YeCTOTU OKoNno 7THzno-HUCKa oT

Ta3UW Ha nomnmarta.

T KaTo NpouectT SRS e epeKTUBEH KAaKTO 32 NOCOKM Hanpes, Taka 1 Ha3aj B ONTUYHO BlakHO Raman
YCUNBATENAT MOXKe Aa 6bae ABYNOCOYEH.




Input Output
g WDM O WDM[——"
(‘ fiber 1
Forward Backward
pump pump
(A)
Input Dutput
g WDM @ WDM——"
(- Transmission fiber \
Forward Backward
pump pump
(B)
Input @ et f(jﬁrf Output
g INF g i
Transmission fiber
({:) Localized amplifier

(A) Alocalized Raman amplifier with both forward and backward pumps, (B) a distributed Raman amplifier using
transmission fiber as the gain medium, and (C) a model separates a distributed Raman amplifier into a
transmission fiber span and a localized amplifier.




[pnmepn

https://www.cisco.com/c/en/us/products/collateral/optical-networking/ons-15454-
series-multiservice-transport-platforms/data sheet c¢78-658542.html

https://www.cisco.com/c/en/us/products/collateral/optical-networking/ons-15454-
series-multiservice-provisioning-platforms/data sheet c¢78-500925.html



https://www.cisco.com/c/en/us/products/collateral/optical-networking/ons-15454-series-multiservice-transport-platforms/data_sheet_c78-658542.html
https://www.cisco.com/c/en/us/products/collateral/optical-networking/ons-15454-series-multiservice-provisioning-platforms/data_sheet_c78-500925.html

CTaHaapTH 3a TeCTOBU U3MepBaHUA B CKC
3a U3MEPBaHEe HA OCHOBHUTE PU3NYECKU ITapaMeTpU
Ha eJleMeHTHaTa 6a3a.

ArnapaTypa 3a U3MepBaHe.

MeTo/ i1, TEXHUKH U CXEMU Ha PU3UIECKU
M3MepBaHUS.




0630p

* https://books.google.bg/books?id=4Ga2ioaf48cC&pg=PA307&dqg=0optical+power+meter&hl=
bg&sa=X&ved=2ahUKEwjppZ6v5IfuAhUol4sKHZRiCgwQ6AEWA30ECAQQAgHv=0nepage&qg=0
ptical%20power%20meter&f=false

* https://books.google.bg/books?id=QYsvdMp2UP4C&pg=PA375&dqg=0optical+power+meter&h
|I=bg&sa=X&ved=2ahUKEwjppZ6v5IfuAhUol4sKHZRiCawQ6AEWBXoECAYQAg#v=0nepage&q=
optical%20power%20meter&f=false

* https://books.google.bg/books?id=cF9G43yglccC&pg=PA201&dg=0optical+power+meter&hl=
bg&sa=X&ved=2ahUKEwjppZ6v5IfuAhUol4sKHZRiCgwQ6AEwWB30ECAkQAgHv=0nepage&g=0
ptical%20power%20meter&f=false

* https://books.google.bg/books?id=C5L8V2IXjewC&pg=PA182&dqg=optical+fiber+installation&
hl=bg&sa=X&ved=2ahUKEwjn2JCT5YfuAhViIMMKHUrmBfQ4FBDrATAAegQIABAB#v=0nepage
&qg=optical%20fiber%20installation&f=false

[ 2]



https://books.google.bg/books?id=4Ga2ioaf48cC&pg=PA307&dq=optical+power+meter&hl=bg&sa=X&ved=2ahUKEwjppZ6v5IfuAhUol4sKHZRiCqwQ6AEwA3oECAQQAg#v=onepage&q=optical%20power%20meter&f=false
https://books.google.bg/books?id=QYsvdMp2UP4C&pg=PA375&dq=optical+power+meter&hl=bg&sa=X&ved=2ahUKEwjppZ6v5IfuAhUol4sKHZRiCqwQ6AEwBXoECAYQAg#v=onepage&q=optical%20power%20meter&f=false
https://books.google.bg/books?id=cF9G43ygLccC&pg=PA201&dq=optical+power+meter&hl=bg&sa=X&ved=2ahUKEwjppZ6v5IfuAhUol4sKHZRiCqwQ6AEwB3oECAkQAg#v=onepage&q=optical%20power%20meter&f=false
https://books.google.bg/books?id=C5L8V2lXj6wC&pg=PA182&dq=optical+fiber+installation&hl=bg&sa=X&ved=2ahUKEwjn2JCT5YfuAhVilMMKHUrmBfQ4FBDrATAAegQIABAB#v=onepage&q=optical%20fiber%20installation&f=false

0630p

* https://www.viavisolutions.com/en-us/literature/quick-start-guide-fiber-inspection-
cleaning-and-testing-manuals-user-guides-en.pdf

* https://www.corning.com/catalog/coc/documents/application-engineering-
notes/AEN135.pdf

* https://www.samm.com/userfiles/product files shared/TestMeasurement/OTDR/re
ference-guide-to-fiber-optic-testing.pdf



https://www.viavisolutions.com/en-us/literature/quick-start-guide-fiber-inspection-cleaning-and-testing-manuals-user-guides-en.pdf
https://www.corning.com/catalog/coc/documents/application-engineering-notes/AEN135.pdf
https://www.samm.com/userfiles/product_files_shared/TestMeasurement/OTDR/reference-guide-to-fiber-optic-testing.pdf

CtaHapTu

* CblLLecTBYBaT MHOIO MeXAYyHAapPOAHW U HALMOHANHW CTaHAAPTU 33 XapaKTePUCTUKM Ha
ONTUYHMA Kaben n metToam 3a U3MepBaHe.

* Hakou ca n3bpoeHn no-40ny, HO CMUCHKBT HE e u34yepnaTesieH.

* M3paHnATa nognexkat Ha NPOMAHa.

* [1Be OCHOBHM rpynu pabotat no mexkayHapoaHute ctaHaaptu: [ECn ITU.

* https://www.iec.ch/dyn/www/f?p=103:7:0::::FSP ORG ID,FSP LANG 1D:1279,25
* https://www.itu.int/dms_pub/itu-t/opb/hdb/T-HDB-OUT.10-2009-1-PDF-E.pdf

* https://webcache.googleusercontent.com/search?qg=cache:iN2sgXHJ rgJ:https://www.
bds-
bg.org/bg/standard/%3Fnatstandard document id%3D70520+&cd=1&hl=bg&ct=clnk&
gl=bg&client=firefox-b-d



https://www.iec.ch/dyn/www/f?p=103:7:0::::FSP_ORG_ID,FSP_LANG_ID:1279,25
https://www.itu.int/dms_pub/itu-t/opb/hdb/T-HDB-OUT.10-2009-1-PDF-E.pdf
https://webcache.googleusercontent.com/search?q=cache:iN2sqXHJ_rgJ:https://www.bds-bg.org/bg/standard/?natstandard_document_id=70520+&cd=1&hl=bg&ct=clnk&gl=bg&client=firefox-b-d

CtaHapTu

* |EC 61300-3-35: Fibre Optic Connector End Face Visual Inspection

* ee |[EC60793-1 and -2: Optical Fibers (includes several parts)

« ee [EC60794-1, -2, and -3: Optical Fiber Cables

* e G.651: Characteristics of 50/125 um Multimode Graded-index

* Optical Fiber

* ee (3.652: Characteristics of Single-mode Optical Fiber and Cable

* ee (3.653: Characteristics of Single-mode Dispersion Shifted Optical
* Fiber and Cable

* ee (3.654: Characteristics of Cut-off Shifted Single-mode Optical

* Fiber and Cable

* ee (3.655: Characteristics of Non-zero Dispersion Shifted Single-mode
* Optical Fiber and Cable

* ee (3.656: Characteristics of Non-zero Dispersion Shifted Fiber for

* Wideband Transport

* ee 3.657: Characteristics of a Bending Loss Insensitive Single-mode
* Fiber for Access Networks




CtaHapTu

* Test and Measurement

* Generic Test

* ee |[EC 61350: Power Meter Calibration

* ee |[EC61746: OTDR Calibration

* oo 3.650.1: Definition and Test Methods for Linear, Deterministic

* Attributes of Single-mode Fiber and Cable

» ee (3.650.2: Definition and Test Methods for Statistical and Non-linear
* Attributes of Single-mode Fiber and Cable




CTaHﬂapTH
PMD Test Standards

* o0 G5.650.2: Definition and Test Methods for Statistical and Nonlinear
* Attributes of Single-mode Fiber and Cable
* ee |[EC 60793 1-48: Optical Fibers—Part 1-48: Measurement
* Methods and Test Procedures—Polarization Mode Dispersion
» e |[EC/TS 61941: Technical Specifications for Polarization Mode
* Dispersion Measurement Techniques for Single-mode Optical Fiber
- oo |EC 61280-3/TIA/TR-1029: Calculation of Polarization
* oo T|A 455 FOTP-124A: Polarization Mode Dispersion Measurement for
* Single-mode Optical Fiber and Cable Assemblies by Interferometry
* e TIA 455 FOTP-113: Polarization Mode Dispersion Measurement
* of Single-mode Optical Fiber by the Fixed Analyzer Method
* e TIA 455 FOTP-122A: Polarization Mode Dispersion Measurement
+ for Single-mode Optical Fiber by the Stokes Parameter Method
- oo TIATSB-107: Guidelines for the Statistical Specification of
* Polarization Mode Dispersion on Optical Fiber Cables
» oo TIA 455-196: Guidelines for Polarization Mode Measurements in
* Single-mode Fiber Optic Components and Devices
- ee GR-2947-CORE: Generic Requirements for Portable Polarization
* Mode Dispersion (PMD) Test Sets
» oo |EC 61280-4-4: Polarization Mode Dispersion Measurement for
* Installed Links
* ee T|A 445 FOTP-243: Polarization Mode Dispersion Measurement
* for Installed Single-mode Optical Fibers by Wavelength-scanning
* QOTDR and State of Polarization Analysis




CtaHapTu

* CD Test Standards

* oo (3.650.1: Definition and Test Methods for Linear, Deterministic

* Attributes of Single-mode Fiber and Cable

* oo |[EC 60793 1-42: Optical Fibers—Part 1-42: Measurement Methods
* and Test Procedures—Chromatic Dispersion

» ee |[EC 61744: Calibration of Fiber Optic Chromatic Dispersion Test Sets
« oo TIA/EIA FOTP-175-B: Chromatic Dispersion Measurement of

* Single-mode Optical Fibers

» oo GR-761-CORE: Generic Criteria for Chromatic Dispersion Test Sets
» ee GR-2854-CORE: Generic Requirements for Fiber Optic

* Dispersion Compensators




CtaHapTu

* When analyzing a fiber optic cable over its product lifetime,

» performing a series of measurements will ensure its integrity.
» ee Mechanical tests

* ee Geometrical tests

» ee (Optical tests

* ee Transmission tests




Transmission Tests
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NMapameTtpu 3a UsmepBaHe

* 3a Aa ce KBaI'IVICI)MLI,Mpa NU3MOZ13BaHETO HA ONTUYHO BJZ1IaKHO UJTN CUCTEMA OT ONTUYHWUN BJ/1IaKHA 34
NPaBUIHO NpeagaBaHe Ce U3BbpPLBAT TE3U HAKOJIKO KTHOHOBU U3IMEPBAHUA.

* ee 33ryOKM B ONTMYHA BPb3Ka OT Kpan A0 Kpawn

* ee 33TKUXBaHE HAa eAMHMLA OAb/IKUHA

* ee [[pMHOC B 3aTUXBAHETO Ha 3aBapKu, cbeanHuTenn n bykcm (cbbutms)

* ee [1b/I}KMHA HAa BIAKHOTO UM Pa3CTOAHME A0 CbbuTne

* oo JIUHEMHOCT Ha 3arybuTe Ha BNaKHA 3a eAMHMLA OAbXKUHA (MpeKbCBaHUA Ha 3aTUXBAHETO)
+ ee OTparxkeHunsa (Reflectance or optical return loss - ORL)

* ee XpomaTn4Ha aucnepcus (CD)

* ee [lonApmsaumMoHHO moaoBa aucnepcus (PMD)

> ee [Ipodpunn Ha 3aTuxBaHe (AP)

* Npyrn n3amepBaHMsA, KaTo YECTOTHA JIeHTa, CbLLO MoraT Aa 6bAaT U3BBPLLEHM.
* HAKoM M3mepBaHUA U3UCKBAT AOCTHbN A0 ABaTa Kpaa Ha BNAKHOTO.
* Opyrn n3nckeaT A0CTbMN Camo A0 eAnHUA Kpau.

* TexHWKK 3a u3amepBaHe, KOUTO U3UCKBAT A0CTbM CaMO [0 eAUHUSA Kpal ca 0cOb6eHO NHTepecHM 33
NosIeBU NPUNOIKEHUA, T KaTo T€3U U3MEPBAHMA HaMaNABaT NPEKAPaAHOTO BPeMe B MbTyBaHe OT
eAMHNA Kpal Ha ONTUYHATa KabesiHa cuctema Kbm Apyrus. [ 11 ]

* [MoneBOTO TECTBAHE HAa ONTUYHU Kabenun N3ncKBa TeCTBaHeE Ha TPU HUBA: UHCTaNaUUA,NOOAPBHKKa U
Bb3CTaHOBABAHE.
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Front-panel
connector
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o

To test fiber

Coupler

/ Dead-ended
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Figure 3.1. Principal optical components in a standard OTDR.
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Figure 3.2. A typical OTDR waveform. The two spikes near the beginning
of the waveform are from the reflective connectors at the instrument’s
front panel and from a jumper used to connect the instrument to the
OTDR. The two dips in the waveform result from nonreflective fusion
splices. The large reflection at the end of the waveform is caused by a
reflection from the unterminated end of the fiber. The “grass™ after the
end of the fiber results from the OTDR’s system noise. [Credit: The Light
Brigade.]




Front-panel
1310-nm connector
laser \
WDM -
/D: To test fiber

1550-nm
laser

Optical
receiver

Figure 3.4. Principal optical components in a dual-wavelength, single-
mode OTDR. Some OTDRs use WDMs that allow testing at 1310, 1550,
and 1625 nm.
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Figure 3.5. Principal optical components in a dual-wavelength, multimode
OTDR. Notice that this instrument, unlike its single-mode counterpart,
has two optical receivers and two WDMSs (in some instruments, some of
the multiplexing operations are done with couplers instead of WDMs).




Front-panel
connector

To test
fiber

200 meters of
internal fiber

Optical Switch

receiver

Figure 3.6. Principal optical components in an advanced OTDR with
dual-wavelength capability, optical switch, and internal fiber for
measuring the front-panel connector loss. The switch is connected from a
to b when launching the laser pulse into the test fiber. It is connected from
a to ¢ when receiving the scattered and reflected light. It is connected
(for only a few tens of nanoseconds) from a to b when blocking bright
reflections that might saturate the APD receiver or amplifier.




Dynamic range

* Obwa naes
* KomeHTapu
* 3arybu, wymose, SNR, npoab/IKUTENHOCT HA UMMNYACK U Ap.




MM u SM OTDR

PasnnMyHmM AbAXKUHM HA Bb/IHATA

PasnnyHu OTpaXXeHUA B KOHEKTOPUTE

Pa3snnyHu BnakKkHa

Pas3/IM4HU TUNNYHN MOLLHOCTHU




Echoes and ghosts

What Are Link Echoes And Link Ghosts?
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Figure 3.9. How echoes can multiply in a system with reflective events.
Echoes occur whenever light returns to the OTDR after reflecting more
than once. The number of echoes grows exponentially. Fortunately, in
most systems the echoes become far too attenuated to see after being
reflected more than three times. In this figure the primary pulse and
reflections are shown with a heavy line, and the echoes are shown with a

lighter line. This figure shows only a small number of the infinite number
of possible echoes.




Connectors

Echoes

Figure 3.10. Two connectors spaced 200 meters apart. Light reflecting
off these connectors results in a pair of echoes 200 meters after the last
connector and spaced 200 meters apart. Observe that there is no loss
associated with the echoes. The pair of connectors and the front panel
each had -20 dB return loss. In this waveform, the pulse width is 20
meters, the fiber is single-mode, and the wavelength is 1310 nm.




BapuaHTH 3a nog00psiBaHe Ha
OTUHAMUYHMA JYana30H

LHSE‘I' P
_I _-__
/— To test fiber

1 Front-panel

2 connector
Coupler

3

Receiver
= EDFA

Figure 3.12. Possible locations for an EDFA in a standard OTDR.
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Timing A/D Proc. Display

Figure 3.13. Layout of a coherent OTDR. Theoretically, coherent OTDRs
have more dynamic range than standard OTDRs. In practice, however,
they have some problems with polarization fading that have the same
impact on measurements as reduced dynamic range. They also tend to
be more expensive because of the extra optical components they require,
such as the two extra couplers and the external modulator.




* N3amepBaHUA Ha NOKaIN3MPaAHU N pasnpeaeneHn 3arybu




I | | | | |
Rayleigh backscatter | Cleaved
F‘mnt-panel fiber end
reflection
=
5
=
=0 _
e
=
Connector
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| | | |
0 2 4 6 a8

Distance (km)

Figure 5.1. Comparison of the OTDR traces for reflective and nonreflective
events. The fusion splice is nonreflective, so the OTDR trace across
the fusion splices exhibits only a drop in the strength of the Rayleigh
backscatter signal. Both connectors (the one at the front panel and the one
immediately after the fusion splice) exhibit reflection, as demonstrated
by the spike on the OTDR’s waveform. The cleaved fiber end is more
reflective than the connectors, so the height of its reflection is greater.

CpasHeHue Ha OTDR cneauTe 3a
OTpaXaTe/IHN U HeOTPaXKaTe/IHU
cboUuTKA.

3aBapKUTe Ca HeoTpaXKaTes/IHU, TaKa
ye OTDR noka3sa camo cnaj B
CMNaTa Ha CUrHana ot obpaTHoO
pa3censaHe Rayleigh.

N nBata KOHeKTopa (To3n Ha
npeaHMA NaHen 1 To3un
HenocpeacTBEHO cies 3aBapKaTa)
MOKA3BaT OTPAXKEHME, KAKTO e
MOKA3aHO OT CKOKa Ha rpadukKaTa
Ha OTDR. OTpA3aHUAT Kpal Ha
B/IAKHOTO e No-0Tpa3Asaly, OT
cbeaAuHUTenuTe.

[ 2]
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Figure 3.14. Schematic drawing of a correlation OTDR.
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_ | N3mepBaHe Ha 3arybaTta u
Location MEeCTONO/IOXKEeHMEeTo Ha Cbbutue bes
OTpaKeHwue.

MecTononoxxeHneTo Ha cbbuTneTo e ce
onpeaena nbpsoTo I'IO-6'bp30 CnagaHe
OT HOPMa/THNA HAaK/1I0OH Ha BJIaKHOTO.

Attenuation

3arybata oT cbbutneTo ce onpenens oT
BEPTUKANHOTO pa3aenaHe Ha ABa
Kypcopa npeau u cnen cbbutmeto.

Distance

Figure 5.2. Measuring the loss and location of a nonreflective event. The
event’s location is the leading edge where the Rayleigh backscatter first
starts to fall off faster than the normal fiber slope. The event’s loss is
determined by the vertical separation of two cursors (at the center of the
event) when the cursors are fitted to the Rayleigh backscatter before and
after the event.




['pelku

Distance-measurement errors caused by waveform noise

KomeHTapwu




*  Waveform interpretation and algorithms

*  Waveform noise

* Improperly designed smoothing filter

* Sample spacing

* (Cabling structure factors

*  Wrong setting for the index-of-refraction

*  Wavelength differences between different OTDRs

* Time-base errors

Rl /7




Sampled data points

i1 OTDR waveform Linear progression

of data before event

Linear progression
of data after event

Figure 6.1. Various parts of the OTDR waveform around a nonreflective
event. Note how the sampled data points contain noise. The linear
regressions minimize the impact of the noise, but random errors still
occur when estimating the event’s loss.




CbOUTUS C OTpaKeHUE

Measuring reflective events

Component Typical reflectivity (dB)

Cleave or flat polish, unconnected

Multimode connectors

Flat polish

Single-mode connectors

Premise (flat polish) -26
Physical contact (PC) —40
Superphysical contact (SPC) —45

Ultraphysical contact (UPC) —50 to —55

Angle polished —60

Macro-/microbend Nonreflective

Fusion splice Nonreflective

Table 7.1. Reflectivities of some typical fiber-optic components.




Convex polish

Physical-contact connector

Cladding

_/

Jd

NS
/_

Core

Angled connector

Reflected light ™~

Figure 7.6. Physical-contact and angled connectors. Physical-contact
connectors are designed to minimize the amount of reflection by bringing
the fiber cores into intimate contact by means of a convex polish on the
ferrules. Ideally, this method works very well. In practice, however, there
is always some residual reflection because dimensional tolerances such
as concentricity result in a very tiny gap. Angled connectors are designed
to minimize the amount of reflected light that is coupled back into the
fiber's core. The angle deflects the reflection outside the core’s numerical
aperture and into the cladding, where the light is harmlessly dissipated
and lost.




Cleaved fiber end —

Bend Standard connector ~

PC connector —— g,

Fusion splice

Angled PC connector

Figure 7.8. OTDR trace of some typical reflective components on single-
mode fiber. The OTDR pulse width was 50 meters. Notice that the
reflectivity of the angled PC connector is nearly as low as the bend and
the fusion splice. With a 100-meter pulse, the reflection from the angled
connector is almost indistinguishable in the OTDR trace.




Backscatter

Attenuation
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Cursor Backscatter
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Distance

Figure 7.11. Locating the position of a reflective event in an OTDR’s
waveform. First, locate the position of sample point x1, which is the last
sample point not on the event’s rising edge. To this, add one-half of the
sample spacing. This is the reflective event’s position.




Pa3ryiexxiaHe Ha yKa3aHUA Ha

YCTPOMNCTBA
VIAVI

Important Factors
for Choosing an

Optical Time Domain
Reflectometer (OTDR)




ONMSI

Optical
Network Monitoring
System




Continuous monitoring enables threat identification within minutes of
incursion, minimizing reaction time

Sensitive optics ensure that even the smallest loss changes are detected
Scalability permits flexible deployment expansion as threat risks evolve

Geospatial mapping software enables more accurate and faster threat
response

Remote location monitoring reveals threats that are difficult to reach by
physical inspection




vnloads = Software

TraceView Software v5.0

TraceView is software that allows users to view OTDR trace files on their PCs. It exhibits a subset of the functionality found
in Anritsu's NetWorks/OTDR software.

m

File Details

File Name: TraceViewS5_0.zip

File Size: 66.7 MB

File Type: Drivers Software Downloads
Version: 5.0

Release Date: 2/26/2014

DOWNLOAD

Products Buy Support

Technologies Request a Quote Repair and Calibration
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https://www.viavisolutions.com/en-us/products/otu-8000-optical-test-unit

https://www.packetlight.com/products/infrastructure-products/fiber-
monitoring?gclid=CiOKCQiA3NX BRDQARISALA3fIL5xmeiG9JByoBb8ruALUJiXffdOMj-
ITaD9yGwx6Q13-u-3fH SC8aAiyOEALW wcB

https://www.exfo.com/en/products/fg-750-client-api/

https://tmi.yokogawa.com/library/documents-downloads/software/yokogawa-otdr-
remote-controller/

https://www.exfo.com/en/products/ngmsfiber/



https://www.packetlight.com/products/infrastructure-products/fiber-monitoring?gclid=Cj0KCQiA3NX_BRDQARIsALA3fIL5xmeiG9JByoBb8ruALUJiXffdOMj-ITaD9yGwx6Q13-u-3fH_SC8aAiy0EALw_wcB
https://www.packetlight.com/products/infrastructure-products/fiber-monitoring?gclid=Cj0KCQiA3NX_BRDQARIsALA3fIL5xmeiG9JByoBb8ruALUJiXffdOMj-ITaD9yGwx6Q13-u-3fH_SC8aAiy0EALw_wcB
https://www.exfo.com/en/products/fg-750-client-api/
https://tmi.yokogawa.com/library/documents-downloads/software/yokogawa-otdr-remote-controller/
https://www.exfo.com/en/products/nqmsfiber/

N3TouyHUIIM Ha HeEKoxepeHTHO OJI.
OnTu4yHa paJMOMETPUs U 00J1aCT Ha
¢dU3UYHaATa ¥ IIPaBOMEPHOCT. EHEprurHu
BeJIMYMHU U 3aBUCUMOCTH MEXY TSX,
JJaMOepTOBH U3/J'bYBATEH, 3aKOHHU Ha
OIITUYHaTa paguomMeTpud. 31puBaHe OT
peaJiHU TeJia.
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https://books.google.bg/books?id=M-

re504PdK4C&pg=PA3&dqg=radiometry&hl=bg&sa=X&ved=2ahUKEwij5pl 83pnuAhVk-

SoKHUwmMApPYQ6AEWAHOECAIQAgH#Hv=0nepage&g=radiometry&f=false

https://books.google.bg/books?id=w-

imBgAAQBAJ&pg=PAl1&dqg=radiometry&hl=bg&sa=X&ved=2ahUKEwj5pl 83pnuAhVk-

SoKHUwmMApPYQ6AEWBNoECAAQAgHv=0nepage&g=radiometry&f=false

https://books.google.bg/books?id=SRQN9Inwo9RoC&pg=PA1&dg=radiometry&hl=bg&sa=X&
ved=2ahUKEwi5pl 83pnuAhVk-
SoOKHUwWMApPYQ6AEWCHOECAMQAgHv=onepage&g=radiometry&f=false

https://books.google.bg/books?id=tKnPDQAAQBAJ&printsec=frontcover&dag=Application+of
+Infrared+Thermography+in+Sports+Science&hl=bg&sa=X&ved=2ahUKEwj9n9uB45nuAhXm-
SoKHd11DMUQG6AEWAHOECAYQAgHv=0onepage&g=Application%200f%20Infrared%20Thermo
graphy%20in%20Sports%20Science&f=false



https://books.google.bg/books?id=M-re5o4PdK4C&pg=PA3&dq=radiometry&hl=bg&sa=X&ved=2ahUKEwj5pI_83pnuAhVk-SoKHUwmApYQ6AEwAHoECAIQAg#v=onepage&q=radiometry&f=false
https://books.google.bg/books?id=w-jmBgAAQBAJ&pg=PA1&dq=radiometry&hl=bg&sa=X&ved=2ahUKEwj5pI_83pnuAhVk-SoKHUwmApYQ6AEwBnoECAAQAg#v=onepage&q=radiometry&f=false
https://books.google.bg/books?id=SRQN9nwo9RoC&pg=PA1&dq=radiometry&hl=bg&sa=X&ved=2ahUKEwj5pI_83pnuAhVk-SoKHUwmApYQ6AEwCHoECAMQAg#v=onepage&q=radiometry&f=false
https://books.google.bg/books?id=tKnPDQAAQBAJ&printsec=frontcover&dq=Application+of+Infrared+Thermography+in+Sports+Science&hl=bg&sa=X&ved=2ahUKEwj9n9uB45nuAhXm-SoKHd11DMUQ6AEwAHoECAYQAg#v=onepage&q=Application%20of%20Infrared%20Thermography%20in%20Sports%20Science&f=false
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https://books.google.bg/books?id=PYSFDWAAQBAJ&pg=PA762&dg=Application+of+Infrared

+Thermography+in+Sports+Science&hl=bg&sa=X&ved=2ahUKEwj9n9uB45nuAhXm-

SoKHd11DMUQG6AEWANOECAEQAg#v=0onepage&q=Application%200f%20Infrared%20Thermo

eraphy%20in%20Sports%20Science&f=false

https://books.google.bg/books?id=vul8dalst-
kC&printsec=frontcover&dg=Application+of+Infrared+Thermography&hl=bg&sa=X&ved=2ah
UKEwj 1 W545nuAhXlliskHa3 CZMQ6AEwWBXoECAYQAg#v=onepage&qg=Application%200f%
20Infrared%20Thermography&f=false

https://books.google.bg/books?id=FzLOBQAAQBAJ&printsec=frontcover&dqg=Application+of
+Infrared+Thermography&hl=bg&sa=X&ved=2ahUKEwj 1 W545nuAhXlliskHa3 CZMQ6AEw
CHoECAKkQAg#v=0nepage&q=Application%200f%20Infrared%20Thermography&f=false

https://books.google.bg/books?id=6MHcBWAAQBAJ&pg=PA5&dg=Application+of+Infrared+T
hermography&hl=bg&sa=X&ved=2ahUKEwj 1 W545nuAhXllisKkHa3 CZMQ6AEwWCXoECAEQA
ghv=onepage&q=Application%200f%20Infrared%20Thermography&f=false



https://books.google.bg/books?id=PY5FDwAAQBAJ&pg=PA762&dq=Application+of+Infrared+Thermography+in+Sports+Science&hl=bg&sa=X&ved=2ahUKEwj9n9uB45nuAhXm-SoKHd11DMUQ6AEwAnoECAEQAg#v=onepage&q=Application%20of%20Infrared%20Thermography%20in%20Sports%20Science&f=false
https://books.google.bg/books?id=vuJ8dalst-kC&printsec=frontcover&dq=Application+of+Infrared+Thermography&hl=bg&sa=X&ved=2ahUKEwj_1_W545nuAhXllIsKHa3_CZMQ6AEwBXoECAYQAg#v=onepage&q=Application%20of%20Infrared%20Thermography&f=false
https://books.google.bg/books?id=FzLOBQAAQBAJ&printsec=frontcover&dq=Application+of+Infrared+Thermography&hl=bg&sa=X&ved=2ahUKEwj_1_W545nuAhXllIsKHa3_CZMQ6AEwCHoECAkQAg#v=onepage&q=Application%20of%20Infrared%20Thermography&f=false
https://books.google.bg/books?id=6MHcBwAAQBAJ&pg=PA5&dq=Application+of+Infrared+Thermography&hl=bg&sa=X&ved=2ahUKEwj_1_W545nuAhXllIsKHa3_CZMQ6AEwCXoECAEQAg#v=onepage&q=Application%20of%20Infrared%20Thermography&f=false
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https://books.google.bg/books?id=D07uDwWAAQBAJ&pg=PP9&dqg=thermography+covid19&hl=bg&sa=X&ve
d=2ahUKEwigs8az5ZnuAhXkkYsKHZgaAGwQ6AEWAXoECAQQAgHv=0onepage&qg=thermography%20covid19&f
=false

https://www.google.com/search?q=handheld+infrared+thermometers+in+COVID-
19+pandemic&client=firefox-b-
d&source=Inms&tbm=isch&sa=X&ved=2ahUKEwi36YDE5pnuAhWr3eAKHdDODiwQ AUo0AXoECAUQAw&biw
=1173&bih=828

https://www.sciencedirect.com/search?gs=handheld%20infrared%20thermometers%20in%20pandemic

https://www.google.com/search?g=pir+sensor+security&client=firefox-b-
d&hl=bg&source=Inms&tbm=isch&sa=X&ved=2ahUKEwjymJai55nuAhWEAGMBHdAGICGsQ AUoAXoECBEQA
w&biw=1173&bih=828



https://books.google.bg/books?id=D07uDwAAQBAJ&pg=PP9&dq=thermography+covid19&hl=bg&sa=X&ved=2ahUKEwigs8az5ZnuAhXkkYsKHZqaAGwQ6AEwAXoECAQQAg#v=onepage&q=thermography%20covid19&f=false
https://www.google.com/search?q=handheld+infrared+thermometers+in+COVID-19+pandemic&client=firefox-b-d&source=lnms&tbm=isch&sa=X&ved=2ahUKEwi36YDE5pnuAhWr3eAKHdD0DiwQ_AUoAXoECAUQAw&biw=1173&bih=828
https://www.sciencedirect.com/search?qs=handheld infrared thermometers in pandemic
https://www.google.com/search?q=pir+sensor+security&client=firefox-b-d&hl=bg&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjymJai55nuAhWEAGMBHdGlCGsQ_AUoAXoECBEQAw&biw=1173&bih=828
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https://books.google.bg/books?id=i3zKk0K1fAoC&pg=PA7-IA4&dq=radiometry&hl=bg&sa=X&ved=2ahUKEwj5pI_83pnuAhVk-SoKHUwmApYQ6wEwAXoECAkQAQ#v=onepage&q=radiometry&f=false

doTtoMeTpus

- KaHnpena (03HayeHue cd) e eanHULA 33 UI3MepBaHe MHTEH3UTETa Ha CBET/IMHATA.

* Ta e egHa OT cegemTe OCHOBHU eAMHMUMN 33 U3MepBaHe OT cuctemata Sl v e paBHa
Ha UHTEH3UTEeTa Ha CBET/IMHATA B Aa4eHO HanpaB/aeHue OT M3TOYHUK Ha
MOHOXPOMATUYHO NbYeHUe ¢ yectoTa 540x10%2 xepLia, eHEPrUNHUAT UHTEH3UTET
Ha CBET/INHAaTa Ha KOMUTO B ToBa HanpasneHue e (1/683) W/sr.

' I/136paHaTa 4ecToTa CbOTBETCTBA Ha 3e/1eHndA UBAT. HoBelWKOTO OKO NnpuTexXaBa Haun-
ronama 4yBCTtBUTE/IHOCT B Ta3U obn1acT Ha cnekTbpa. AKO U3NDBUYBAHETO MMA Apyra
4eCTOTa, TO 3a AOCTUTAHE Ha CbllaTa CHUJ/1a HA CBET/IMHATA € HEO6XO,£I,VIMa Nno-ronama
MHTEH3UBHOCT Ha EHEPIUATA.



https://bg.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D0%BD%D0%B7%D0%B8%D1%82%D0%B5%D1%82_%D0%BD%D0%B0_%D1%81%D0%B2%D0%B5%D1%82%D0%BB%D0%B8%D0%BD%D0%B0%D1%82%D0%B0
https://bg.wikipedia.org/wiki/SI
https://bg.wikipedia.org/wiki/%D0%A5%D0%B5%D1%80%D1%86_(%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0)
https://bg.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BB%D0%B8%D0%BD%D0%B0
https://bg.wikipedia.org/wiki/%D0%92%D0%B0%D1%82
https://bg.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D1%80%D0%B0%D0%B4%D0%B8%D0%B0%D0%BD
https://bg.wikipedia.org/wiki/%D0%97%D0%B5%D0%BB%D0%B5%D0%BD
https://bg.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%B5%D0%BD_%D1%81%D0%BF%D0%B5%D0%BA%D1%82%D1%8A%D1%80

https://www.thorlabs.de/catalogPages/506.pdf

* 3a Aa ce NpeMnHaBa OT PagNOMETPUYHN BbB GOTOMETPUYHM BEIMYMHU CE U3MON3BA
KpWBa, CbOTBETCTBALLLA HA CNEKTPa/IHAaTa YyBCTBUTE/IHOCT HA YOBELLKOTO OKO
(Commission on Illlumination (CIE).

V(A) ~ 1 .0196—285.4(&—0.559)3
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[IprMepu 3a npeobpalyBaHe IIPU MOHOXPOMATUYHHU
JI'bYEHUS

* 5mW red ( A= 650nm) laser V(A) = 0.096
T.e. 0.096 x 0.005W x 683Im/W = 0.33Im

* 5mW green (A =532nm) laser V(A) = 0.828
T.e. 0.828 x 0.005W x 683Im/W = 2.83Im

* KomeHTapu




[IpeobpasyBaHe MpHU HEMOHOXPOMATHUYHMU
J'bYEeHU

A=830
®, =K, [®,(2)V(2)on

A =380

Photopic Spectral Luminous Efficiency Curve
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Km is a scaling factor equal to 683 lumens per watt



QUANTITY RADIOMETRIC PHOTOMETRIC
Power W Lumen (Im) = cd-sr
Power Per Unit Area Wim? Lux (k) = cd-st/m? = lm/m’
Power Per Unit Solid Angle Wsr Candela (cd)
Power Per Unit Area Per Unit Solid Angle Wim?sr cd/m? = lm/m?sr = nit




LITE(I

OPTOELECTRONICS

Data Sheet

1. Description

SMD LED
LTST-C170KSKT

SMD LED lamps from Lite-On are available in miniature sizes and special configurations for automated PC board assembly and
space-sensitive applications. These SMD LED lamps are suitable for use in a wide variety of electronic equipment, including
cordless and cellular phones, notebook computers, network systems, home appliances, and indoor signboard applications.

1.1 Features 1.2 Applications

s NMeet RoHS = [elecommunication, Office automation, home appliances,
= Ultra bright AlinGaP Chip LED industrial equipment

= Package in 8mm tape on 7" diameter reels. s Keypad/Keyboard Backlighting

s EIASTD package = Status indicator

s |.C. compatible = Micro-displays

= Compatible with automatic placement equipment = Signal and Symbol Luminary

s Compatible with infrared reflow solder process




3.3 Electrical / Optical Characteristics at Ta=25C

LTST-C170KSKT Test
Farameter Condition
Luminous Intensity AY 280 - 112.0 mecd = 20mA
Note 1
Viewing Angle 20112 130 deg MNote 2 (Fig.5)
Measurement
Peak Emission Wavelength AP 588.0 nm
@Peak (Fig.1)
IF = 20mA
Dominant Wavelength Ad 587.0 - 594 5 nm
Note 3
Spectr | Line Half-Width AM 15 nm
Forward Voltage VE 1.80 - 240 IF =20mA
Reverse Current IR - - 10 HA VR=9V

MNote 5




Notes:
1. Luminous intensity is measured with a light sensor and filter combination that approximates the

CIE eye-response curve.

2. 6 1/2 s the off-axis angle at which the luminous intensity is half the axial luminous intensity.
3. The dominant wavelength, A d is derived from the CIE chromaticity diagram and represents the

single wavelength which defines the color of the device.

4. Caution in ESD:

Static Electricity and surge damages the LED. It is recommend to use a wrist band or anti-electrostatic

glove when handling the LED. All devices, equipment and machinery must be properly grounded.

5. Reverse voltage (VR) condition is applied to IR test only. The device is not designed for reverse operation.




SHARP GL4800E000OF

G L4800E0000F Infrared Emitting Diode

B Features B Agency Approvals/Compliance

1. Side view emission type 1. Compliant with RoHS directive (2002/95/EC)

2. Plastic mold with resin lens 2. Content information about the six substances

3. Medium directivity angle (A8: £30° TYP.) specified in “Management Methods for Control of
Peak emission wavelength: 950 nm TYP. Pollution Caused by Electronic Information Prod-

4. Radiant flux ¢e: 0.7 mW MIN. ucts Regulation™ (popular name: China RoHS)

5. Lead free and RoHS directive component (Chinese: 63113 5.7 5L 35 Uud il 5 EE Fp i )

refer to page 7

M Applications

Optoelectronic switching
Office automation equipment
Audio visual equipment

Home appliances
Telecommunication equipment
Measuring equipment

Tooling machines

Computers

NGO AW =



M Electro-optical Characteristics

(Ta = 25°C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Forward voltage Ve Ir=20mA - 1.2 1.4 v
Peak forward voltage VEMm leg=05A - 3.0 4.0 V'
Reverse current = V=3V — — 10 HA
Radiant flux i Ir=20mA 0.7 1.6 3.0 mw
Peak emission wavelength Ap IF=5mA - a50 - nm
Half intensity wavelength Ad le=5mA — 45 — nm
Terminal capacitance C, Vg=0,1=1MHz — 70 — pF
Cut-off frequency fc - - 300 - kHz




PaguomeTrpuda




PaguomeTpus

https://www.rp-photonics.com/radiometry.html

https://en.wikipedia.org/wiki/Radiometry

http://www.pbr-book.org/3ed-2018/Color and Radiometry/Radiometry.html

http://wtlab.iis.u-tokyo.ac.jp/wataru/lecture/rsgis/rsnote/cpl/cpl-6.htm

https://books.google.bg/books?id=w-
imBgAAQBAJ&printsec=frontcover&hl=bgH#v=onepage& qg&f=false

https://books.google.bg/books?id=SRQN9nwo9RoC&dqg=radiometry&hl=bg&sou
rce=gbs navlinks s



https://en.wikipedia.org/wiki/Radiometry
https://www.rp-photonics.com/radiometry.html
http://www.pbr-book.org/3ed-2018/Color_and_Radiometry/Radiometry.html
http://wtlab.iis.u-tokyo.ac.jp/wataru/lecture/rsgis/rsnote/cp1/cp1-6.htm
https://books.google.bg/books?id=w-jmBgAAQBAJ&printsec=frontcover&hl=bg#v=onepage&q&f=false
https://books.google.bg/books?id=SRQN9nwo9RoC&dq=radiometry&hl=bg&source=gbs_navlinks_s

B HayanoTo Wwe pasrnegame naeata 3a KOMyHUKaLUMOHHN CUCTEMM B LLMPOK
cMmucba. Kakto n npu FSO cnctemunTe, Taka U TYK LLE MMaMe ONTUYEH MPUEMHUK,
HO 3a Pas3/InKa OT TAX e MMaMme u3caeaBaH 06eKT B poaATa Ha U3TOYHUK Ha

ONTUYHO SIbYEHUNE

OIITHYCH IsciIeIBan 00eKT

IIPHEMHIIK




Bb3MOXKHO e Aa ce cbbupa MHPopMaLma 3a pa3IMiHM NapameTpu Ha obeKTa.

TyK e pa3rnegame OCHOBHUTE UAeun 3a PagMOMETPUYHO U3MePBaHe Ha
TemnepaTypa.

MoTunBaumsa 3a NpeaAumMcTBaTa U HeAoCTaTbLUUTE Ha OE3KOHTAaKTHO M3MEpPBAHE
Ha TemnepaTypa n3obLuo.

OCHOBHO Te3n metToau ce npeanoynTat nopagn oTHOCHUTE/THO 6'bp3OTO
nposexgaHe Ha U3aMepBaHETO, JIUMCAaTa HAa BJIMAHUE BbPXY obeKTa Ha
AaT4NKa, Bb3MOXHOCTTA 3a U3aMepBaHE Ha ABUXKELLN Ce O6€KTM,
Bb3MOXHOCTTA 3a NU3MePBaAHE Ha 3arpetm 4o MHOITo BUCOKU TeMNeEPaTypun nan
XUMnyecCkn" aKtTMuBHU Cpeaun, 6e3 CEH30pPDBT A4 6'b,£|,e yBpexXgaH, Bb3MOXKHOCT 34
He3abenexnmm U3ImMmepBaHUA Ha HOoBELLUKa TeMMNepaTypa B aJlapMeHNTe
CUCTEMMU.




KaTo HegocTaTbLUM MOXKE Aa Ce U3THbKHAT NpobiemnTe, CBbP3aHuU C
pa3npocTpaHeHneTo B aTmocdepaTta, HETOYHOCTUTE OT HEMAEANHOCTTa Ha
0b6eKkTUTEe, NPOob61EMM C KOHAEH3ALMA NO ONTMKATa NPU BUCOKOTEMNEPATYPHMU
N3MepBaHuA, NPobaeMun Ha ONTUYHUTE CUCTEMM NPU paboTaTa MM B AaNeyHUA
MHdpavepBeH obxBar.




3a 1a MOXKeM a3 BbBegeM OCHOBHUTE UHMKEHEPHW NPUNOIKEHUA, MBPBO €
HeobxoAMMo Aa BbBeaeM HAKOM OCHOBHM BEIMYMHM OT anapaTta Ha ONTMYHAaTa
pagnomeTpus. Tbil KaTo No AePUHULMA ONTUYHATA PAANOMETPUA CE 3aHMMABA C

EHEePrumHN N3MepBaHUs, LLLe 3aNoYHEM CbC CMEKTPaIHA NIBTHOCT Ha ONTUYEH
NOTOK (MOLLHOCT):




CnekTpanHa NAbTHOCT Ha eHeprumHaTa ApKocCT

d°®
L?\.. —
dAdCQcosOdh

3a i@ BHecem HeobxoamMmaTa HM 3a NPaKTUYEeCKUTE U3MepPBaHUA ACHOTA, e
npeacTaBUM U YepTex




[lpyra BennymHa, KOATO LLe HM e Heobxoanma, e pagnaLMoOHHUAT eHEPrneH U3xXos,

M}\. (d(I) )211

- dAd.




AKo pasriezaMe B oOmIHs CiIydail €IHH BEIIECTBEH 00€M, MOXKEM Ja

BBBEIEM  CIEJHHTE  ONTHYHH  IoToIM:  d®,— TMagam IOTOK,
dtllgf)— pa3celiBaH IIOTOK, dtl)gf)— OTpa3eH MOTOK, dtl)gf)— IIpEMHUHAI

IOTOK, d® gf’)— IIOT'BJIHAT MOTOK.

do)’

)
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MMaitku mpeaBHI H3I0KEHUTE MO-TOPE IIOCTAHOBKH U AS()HHUITHH,
MOKEM J1a BBBEJIEM JIBE€ aOCTPaKIIHH:
- abcomoTHO 4YepHO Ts10 (AUT, Black Body) me Hapmyame Tsu10,

KOETO HMa H/IeaIHI M3IbYBaIlH 1 MOTIBINAIII CBOIICTBA - d(I)gf) —do, ;

- J1aMOEpPTOB M3IBYBATE]l MI€ HApHYaME TS0, MOPH  KOETO
CHEpPruiHarTa }-Ipﬁ:t::u:’rL;,L HE 3aBHCH OT BI'bja O, T.e. HIMa COOCTBEHa

H3JIbUBATC/IHA AHH30TPOIIHOCT.




3a cydan Ha nambepToB MU3bYBATEN MMA U3BEAEHA BPb3Ka MeXay
paguMaUuMOHHUA eHEepPrneH Us3Xoa U eHepruimHaTa spKocT




3a cny4ana Ha AYT nma nsBeaeHa Bpb3Ka MeXKAY PaanaLMOHHUA eHEPTUEH N3XOA,
Ob/I)KMHATA Ha Bb/IHATa U TemnepaTtypaTa (3akoH Ha MnaHK)

C

C
lexpl == |1
p(hT]

KBIeTo ¢, =3,74.10 " Wm” u ¢, =1,44.10~ Km ca KOHCTaHTHI

M*(1T)=

KomeHTapwu.

https://www.google.com/search?g=planck%27s+law+for+black+body+radiation&client=firefox-b-

d&source=Inms&tbm=isch&sa=X&ved=2ahUKEwi_tJ Pqg-
DpAhXBYMAKHVg0DooQ_AU0AXoECBAQAwW&biw=1366&bih=617




NHTerpupaHeTo oT Hyna A0 6e3KpanHOCT HKU AaBa

J.M”’(x,f)dx:gﬁ
0

c=56710°W/mK*

https://en.wikipedia.org/wiki/Stefan%E2%80%93Boltzmann law

https://www.optris.global/technical-article-temperature-measurement-metal

https://books.google.bg/books?id=b7UuZzf9iviIC& pg=SA32-PA89&Ipg=SA32-
PA89&dqg=stefan+boltzmann+law+white+paper+thermometer&source=bl&ots=wLYKVINH02&sig

=ACfU3U3dC8GbcabyCDehqZEmrLPvmJhbrg&hl=bg&sa=X&ved=2ahUKEwixn4i8rODpAhWTiVwK
HXIKAIgQ6AEWCX0ECAcQAQ#vV=0nepage&g=stefan%20boltzmann%20law%20white%20paper%?2

Othermometer&f=false



https://en.wikipedia.org/wiki/Stefan%E2%80%93Boltzmann_law
https://www.optris.global/technical-article-temperature-measurement-metal
https://books.google.bg/books?id=b7UuZzf9ivIC&pg=SA32-PA89&lpg=SA32-PA89&dq=stefan+boltzmann+law+white+paper+thermometer&source=bl&ots=wLYKVfNH02&sig=ACfU3U3dC8Gbca6yCDehqZEmrLPvmJhbrg&hl=bg&sa=X&ved=2ahUKEwixn4j8rODpAhWTiVwKHXIKAIgQ6AEwCXoECAcQAQ#v=onepage&q=stefan%20boltzmann%20law%20white%20paper%20thermometer&f=false

https://cn.omega.com/temperature/Z/pdf/z059-062.pdf

http://www.zytemp.com/products/files/TN907 SPIr%20UserManual 1906.pdf

https://www.omega.com/en-us/resources/infrared-thermometer



https://cn.omega.com/temperature/Z/pdf/z059-062.pdf
http://www.zytemp.com/products/files/TN907_SPIr UserManual_1906.pdf
https://www.omega.com/en-us/resources/infrared-thermometer

To3n u3pas HKU JaBa Hal-rpyba KoanMyecTBeHa NpeacTaBa, C KOATO BeYe e
Bb3MOXHO Aa NPaBMM NPAKTUYECKM U3MEPBAHUA Ha OTHOCUTENIHO MaJIKu
pa3CcTosHUA (KoraTo BAMAHMETO Ha aTmocdepaTta e npeHebpeXKMmo 1 KoraTo
cunTame, Ye LANOTO M31bUBaHE OT 06eKTa nonaja B NpuemHUKa). AKo npuemenm,
Yye UMame IMHENHO npeobpasyBaHe Ha ONTUYHMS NOTOK B HaNpeXeHue, To Ha
n3xo4a Ha ONTOENEeKTPOHHUA Npeobpa3yBaTen (AeTekTopa) we nmame
HanperKeHne, NPONopLMOHA/IHO Ha YeTBbpTaTa CTENEH Ha TeMmnepaTypaTa:

U, ~T*




3a Ja HamepuMm Bpb3Ka MeXay TemnepaTtypata U MakCMMyMa Ha Ab/IXKMHATA Ha
BbJ/IHaTa € HeobxoaAumo aa AndepeHunpame 1 Aa NPMPABHUM Ha HyNa (BUK
3aKoHa Ha lnaHkK).

YecTo n3non3eaHo peweHue e

2898
Ao, [um] x T[K]




Cnen kaTo M3SCHIUXME OCHOBHHUTE HJIEHU IIPHU HJICATHHUTE Tella, CEra
€ M3ACHUM UM Kak Jia IIOCTBHIIBAME B KOHKPETHH pEalHU CUTYaIlUM.
3armoyBaMe ¢ KOPUTHPAHETO Ha paJuallMOHHHS €HEprueH m3xod Ha AYT
IIOCPEJACTBOM BBBEK/IAHETO Ha KOS(PUITNEHT HA H3IbYBaHE s(?u,T ) ;

M(nT)=e(nT)M" (0,T)

KomeHTapu.




OLeHIBAaHETO Ha BINIHHETO Ha ElTMOC(i)GpaTa CC IIpaBH, KATO CC
H3I10JI3BAd YPABHCHHCTO HA IIPCHOCA HA JIBYIICTd CHCPI'HA B pagcefiﬂama,
IIOTIbIIAIIA I H3JIbYBAllld CPCa.

dL 5) . (a a o -
7;:—(&()”( N, +af )Lib+i_ﬂ4jﬂLhPAdQ ,,

KbJCTO Z € TCKYIIOTO PAa3CTOJAHHC MCIKIY o0eKkTa 1 ITPHCMHIKA, U,(S)H

o (@ ca XapaKTepHUCTHKH Ha pa3CcelBAaHETO M MOIIBIIAHETO Ha
arMocdepara, P, € HHIUKAaTpHcaTa Ha pa3ceilBaHe.




Hali-oOmo tpute chOupaeMu B JgCHATA 4acT MOraT Ja c€ XapaKTepu3upar,
KaKTO CIIE[BA. pa3ceilBaHe H IIOTIBINAHE OT aTrMocdepara, COOCTBEHO
M3IbUBaHE Ha arMocdepara, pa3ceilBaHe Ha APYTHd JHUCHHS B MOCOKA Ha
IpHEMHHKA. BEB BHJIa YpaBHEHHETO Ha IIPEHOCA HE MOXKE JHPEKTHO Ja Ce
I3II0JI13Ba 3a H3MEpPBaHEe Ha TeMIepaTypa. KakTo crioMmeHaxMe, HE00X0IuMa
HA € Bpb3Ka MEXKJYy ONTHYHHS IIOTOK BBB BXOJHATa ameprypa Ha
IpUEMHHKA W TeMIepaTrypara. TakaBa Bpb3Ka € H3BEJICHA KaTo ca
IM3II0JI3BaHH, ONpaBJaHH 3a TosIMa 4YacT OT PEalHHUTE CIydan
IIPHOJIIKCHIS

d,. =40 .1.¢, exp[— ((1(5) + (x(”))Z] U(T,; 0,0, )+

+4.Q 1, o (@) {1_exp[_(a(3)+(x(”))Z]} (T,: 2, 5)
o) 4 o @




KBICTO A4, € BXOJHaTa alepTypa Ha MpHEeMHHKa, () € BI'BJIbT Ha BIDKIAHE
Ha IIPUEMHHUKA, €, € KOS(PUIIMEHTHT Ha M3IbYBAHE HA M3CIEABAHNA OOEKT,
I, e TeMmeparypara Ha oOekTa, 7, € TeMIeparypara Ha aTMocdepara.
Oyaknugara U ce peduHupa, KaTo

U(T:h,0, )= %I M*0.T)dn.

3a IMpecMATAHETO HAa MHTErpaja ¢€ M3MO0JI3BAaT YHUCICHH METOIH HIIH
TaOyJIHpaHH CTOMHOCTH.




[lpumepHa 3aa4a4a

Jla ce mpecMeTHe ONTUYHUAT IIOTOK BBB BXOJHATa aleprypa Ha
paaoOMETPUYHIA MPHEeMHHK PN HAOII0IeHIE Mo IIpaB BIbI (HAIHp) Ha
MOpcKa MOBBPXHOCT (Sea Surface Temperature) or Oopma Ha IeTaTelleH
arrapart. J[a ce M3Io0I3BaT CIe/IHATE CTOIHOCTH 1 CXEMA:

T.=T,=293K . A, =8um. A, =12um, ¢, =095, o*) = 0,03km ™",
ol =04km™. Q =6.107sr, 4 =7.8510m*. 1, =1
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[lpmepun 3a ceH3opu
https://www.google.com/search?client=firefox-b-d&g=mIx+90640

MLX90640 32x24 IR array

Datasheet

1. Features and Benefits 2. Application Examples

Small size, low cost 32x24 pixels IR array
Easy to integrate

Industry standard four lead TO39 package
Factory calibrated

Noise Equivalent Temperature Difference
(NETD) 0.1K RMS @ 1Hz refresh rate

1’c compatible digital interface
Programmable refresh rate 0.5Hz...64Hz
3.3V supply voltage

Current consumption less than 23mA

2 FOV options — 55°x35" and 110°x75°

High precision non-contact temperature
measurements

Intrusion / Movement detection
Presence detection / Person localization

Temperature sensing element for
intelligent building air conditioning

Thermal Comfort sensor in automotive Air
Conditioning control system

Microwave ovens

Industrial temperature control of moving
parts

Visual IR thermometers
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ONTUYHU MYJITUIIZIEKCOPU U IEMYJITUILJIEKCOPH.
MHoOrokaHaJIHU BJIAKHECTO-ONTUYHH KOMYHUKALlMOHHU
CUCTEMH, TPy0O0 U II'BTHO B'bJIHOBO MY/JITHUILJIEKCUPAHE,
MaKCHMaJ/IHa UHPOpMallMOHHA NPONyCKaTeJHa CHOCOOHOCT
Ha ONITUYHUS KaHaJl.




0630p

https://books.google.bg/books?id=vpRsBgAAQBAJ&dg=multiplexer+fiber+optics&hl=bg&source=gbs navlinks s
https://books.google.bg/books?id=5BgSzW8QLlIoC&dg=multiplexer+wdm&hl=bg&source=ghs navlinks s
https://books.google.bg/books?id=PlgICQAAQBAJ&dg=multiplexer+dwdm&hl=bg&source=ghs navlinks s

https://www.fs.com/c/dwdm-mux-demux-178

https://www.al-enterprise.com/en/trends
https://documentation.nokia.com/html/365-372-325R10.0/index.htm|?i=365-372-325R10.0-establish-dwdm-
linear

https://www.ciena.com/insights/what-is/What-Is-WDM.html

https://www.juniper.net/documentation/en US/release-independent/tcx/topics/reference/general/fmd96-
wavelength-plan.html



https://books.google.bg/books?id=vpRsBgAAQBAJ&dq=multiplexer+fiber+optics&hl=bg&source=gbs_navlinks_s
https://books.google.bg/books?id=5BgSzW8QLloC&dq=multiplexer+wdm&hl=bg&source=gbs_navlinks_s
https://books.google.bg/books?id=PIglCQAAQBAJ&dq=multiplexer+dwdm&hl=bg&source=gbs_navlinks_s
https://www.fs.com/c/dwdm-mux-demux-178
https://www.al-enterprise.com/en/trends
https://documentation.nokia.com/html/365-372-325R10.0/index.html?i=365-372-325R10.0-establish-dwdm-linear
https://www.ciena.com/insights/what-is/What-Is-WDM.html
https://www.juniper.net/documentation/en_US/release-independent/tcx/topics/reference/general/fmd96-wavelength-plan.html

0630p

https://books.google.bg/books?id=y NBQAAQBAJ&pg=PA152&dg=multiplexer+fiber+optics&hl=bg&sa=X&ved=2
ahUKEwiV3tjOtKvuAhVKposKHc2UAPWQB6AEWAXOECAIQAgHv=0nepage&qg=multiplexer%20fiber%20optics&f=false

®ain Pegaktupane Wsrneg Wcropua OTtmetkn  Muctpymedtn  [lomouy ' n&g
& Fiber Optics: Principles and Pr= X -

“ d @ © & hitps//books.googlebg)/t Bl 120% e &) QT‘:[SCEHE LY O & € = @& © M = ﬁ'@ =)

@

For quick access, place your bookmarks here on the bookmarks toolbar, Manage bookmarks..,

GO gle multiplexer fiber optics

»

KHuru lNpernen Ha uaBagkata [lobaeane B moaTa bubnuoteka Hannwete peuensna a

CROBMWTE CE C NEYATHATA KHUTA Fiber Optics: Principles and Practices H
’ . Abdul Al-Azzawi
HAma Hanu4Ha enekTpoHHa KHUra Fiber Optics
CRC Press, 19.12.2017 . - 416 cTpaHiym
CRC Press ek =
Beouvdkm KHAronpogaeuy » 1 PELLGHSHFI
‘., ‘,\ Since the invention of the laser, our fascination with the photon has led to one of the most dynamic
8.y h &
&

and rapidly growing fields of technology. New advances in fiber optic devices, components, and
materials make it more important than ever to stay current. Comprising chapters drawn from the

» MosATa uctopus At Al-Azzawl author's highly anticipated book Photonics: Principles and Practices, Fiber Optics: Principles and
Oule »

» MoATta bubnuoTeka

Kuuru B Google Play

ThpceHe mexgy KopHUHMTe

Buayanuaauna »

— Karpn rasoaT vAanAaTAa Hammnara nalniausuaa |



https://books.google.bg/books?id=y__NBQAAQBAJ&pg=PA152&dq=multiplexer+fiber+optics&hl=bg&sa=X&ved=2ahUKEwiV3tj0tKvuAhVKposKHc2UAPwQ6AEwAXoECAIQAg#v=onepage&q=multiplexer%20fiber%20optics&f=false

BakeH acnekT Ha KOMYHWNKAUNOHHNTE CUCTEMUN C ONTUYHU BJ1IaKHA €, e CUTHA/INTE C
MHOTO Pa3/IyHUN ObNIHKUNHUN HA Bb/IHATA MOTraT Aa ce n3npawat eaHoBpeMeEHHO, be3
cMmyweHnA B CUrHana.

TexHONOrMATa, KOSTO KOMOUHUPA peanLa AbAXKUHU HA Bb/HATa B €4MH U CblL,
B/IaKHECT Kaben e U3BecTeH KaTo ynabTHEHME NO Ab/XKMHATA Ha BbsHaTa (WDM).

YcTponcTBaTa My/ITUNAEKCOP U AEMYATUNNEKCOP MoraT aa 6baaT nam nacuBHU, UK
aKTUBHMW.

[lacMBHUTE NPOEKTU C€ OCHOBABAT HA M3MOA3BAHETO Ha NPU3Ma, ANPPaKLMUOHHA
pelweTka nan punTop.

AKTUBHUTE AU3aNHN C€ KOMBUHUPAT NACUBHM YCTPOMCTBA C peryanpyemm Guntpum.
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W, _ Array of Waveguides
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Periodic filters, frequency slicers, and interleavers multiplexing
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2-Channel WDM device
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8-Channel WDM device



















