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ATTENUATION

THE ATTENUATION OF OPTICAL POWER

IN A SILICA FIBER IS CAUSED BY THESE

THREE EFFECTS :
INTRINSIC ABS,

— MATERIAL ABSORPTION.
EXTRINSIC &
~ RAYLEIGH SCATTERING
- BENDING
THE ATTENVATION CAUSES AN EXPONENTIAL
DECAY OF THE OPTICAL POWER ALOHG THE FIBER:
P(z)= B exp (-d'z)

P(z)= OPT. POWER AT A DISTANCE 2 FROM IHPUT
P = OPT POWER AT FIBER INPUT
o = ATTENUATION COEFFICIENT ( 1/Km)

THE ATTENUATION 1S USUALLY EXPRESSED IN dB:
~dz/410dB
P(Z)'; Po -40 /

?,08?(2) = dz/iOdB + 908“)[30 [dB opt)



WHERE:

ol = = Qogw P?) (a8 fiem)

IS THE ATTENUATION COEFFICIENT N dB Jkm

d = dscmr. + d ABS + daeuo,



~INTRINSIC.  ABSORPTION:

IT 1S CAUSED BY THE INTERACTION  WITH
ONE OR MORE OF THE MAJOR COMPONENTS OF
THE GLASS.

_U'LTRAVIOLET ARS. : 1T 1S DUE 7O THE STIMULATION
OF ELECTRON TRANSITIONS WITHIN THE GLASS,
THE TAIL OF THIS PEAXK MAY EXTEND INTO

THE WINDOW AT SHORTEST WAVELENGTHS.

INFRARED AND FAR INFRARED ABS.: IT Is DUE TO
THE INTERACTIONS OF PHOTONS WITH MOLECULAR
VIBRRATIONS WITHIN THE GLASS . THESE G&GIVE
ARSORPTION PEAXKS WHICH AGAIN EXTEND INTO
THE WIHDOW REGION. ABROVE 4.5/urm THE TAIL OF
THOSE LARGELY fAR IMFRARED ABSORPTION
PEAKS TEND TO CAUSE HOST OF THE GLASS LOSSES.

CEXTRINSIC ABSORPTION:
——_N_
IT |S CAUSED BY IMPURITIES WITHIN THE GLASS

-FROM THE TRANSITION HMETALLIC ELEMENT IMPURITIES
INTO THE GLASS . TRANSITIOH ELEHMHENT CONTA=
MINATIONS HMAY BE REDUCED WITH THE VAPOR
PHASE DEPOSITIOH TECHNIQUE L



TO THE WATER  (AS THE

AESORPTION DUE

OH 1DNS) DISSOLVED (M THE GLASS. THESE
OH GROUPS ARE ROUMDED [INTO THE GLASS
STRUCTURE AND HAVE FUH DAME NTAL Vi=z

2.3 AMD 4.2./Mn._

THE FUHDAHEHNTAL VIBRATIONS GIVE RISE T0
OVERTONES APPEARING AT 4.38; 065 ;0
FURTHERMORE COMBINATIONS BETWEEN THE
VIBRATION OCCOUR

BRRATIONS AT

OVERTOMES AHD £;0:

AT 42451035 0.5

LINEAR SCATTERING (RAJLEIGH SCATT.)
INTRINSIC LOSS ME-

IT 1S THE DOMINANT
N THE LOW ARSORPTION WINDOW.
T 1S DUE FROM INHOHMOGENEITIES ARISING

FROM DENSITY AND COMPOSITIONAL VARIA-
INTO THE GLASS. THESE INHOMOGE HE|-
THEMSELVES AS REFRACTIVE

CHAMISH

TIONS

TIES HAHIFEST

INDEX FLUCTUATIONS. TUE C(OMPOSITIONAL
VARIATIONS MAY RE REDUCED RUT THE |NDEX

FLUCTUATIONS CANNOT BE AVOIDEP



THE RAYLEIGH SCATTERING CTOE FFICIENT:
y)

N —F
5 7\4
1T 1S STROMNMGBLY REDUCED RBY OPERATING AT

THE LOMGEST WAVELEMNGTHS.

FIBER BEND LOSS
OPT FIBERS SUFFER RADIATION LOSSES AT

BEMDS OR CURVES OM THEIR PATHS

CLADDING ¢

THE PART OF THE MODE IN THE CLADDING OUTSIDE
THE DASHED ARROWED LIMNE MAY BE REQUIRED
TO TRAVEL FASTER THAN THE VELOCITY OF
THE LIGHT N ORDER TO MAINTAIN A PLAME
WAVE FRONT. SINCE IT CAHNOT DO THIS THE

ENERGY IH THIS PART OF MODE IS RADIATED.



BENDING LOSSES MAY BE ‘REDUCED:

- DESIGHING FIRERS WITH LARGE REFR. INDEY
DIFFERENCIES

- OPERATING AT SHORTEST WAVELENGTH
POSSIRLE.

FIMALLY 1T S [MPORTANT THAT MICROSCOPK
BENDS (MICROBENDS) WITH RADII OF CuUR-
VATURE APPROXIMATING TO THE FIRER

RADIUS ARE NOT PRODUCED IN THE FIRER

CABLING PROCESS BECAUSE THEY CAN CAUSE
SIGNVFICANT L0oSS INCREASES.



ATTENUATION (dB/Km)

03 Q.5 ! 45 2 3

WAVELENGTH (/m)

e ULTRAVIOLET ARSORPTION
——-- INFRARED "

_ RAYLEIGH  SCATTERING

A RSORPTION SPECTRUM OF OH
_ TOTAL INTRINSIC ATTERUATION

- ATTENUATION MEASURED ON A TYPICAL
SINGLE WODE FIRER.
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THREE METHODS ARE COMHONLY USED T0
PERFORM ATTEHUATIOH HEASUREMENTS :

- CUT-RACK ME THOD
- IHSERTIOH-LOSS W

~ BACKSCATTERING

-CUT-B3ACK MMETHOD:

THE CUT-RBACK METHOD IS THE MOST ACCURATE
AHD 1T 1S THE REFEREMCE METHOD,

AFTER MEASURING THE POWER AT THE FAR
END THE FIBER IS CUT NEAR THE IHPUT END
WITHOUT CHANGING THE LAUNCHIHG CONDITION
(THE CUT 1S HORMALLY PERFORMED AFTER TwD

OR THREE METERS OF FIRER).

THE ATTENUATION CAN BE MEASURED AT
A SINGLE WAVELENGTH OR AT SEVERAL
WAVELENGTHS (OBTAINING THE SPECTRAL
ATTENUATION OF A FIBER).



THE OHLY PROBLEM OF THIS METHOD
& ITS DESTRUCTIVE HATURE.

CUT- BACK METHODR

z B
L Lar )
TRANSHITTER|_ 4, ' '°-X \| RECEIVER.
s
(
A (dB) = 40 908 —

"

L

L= LENGIH OF FIBER UHDER TEST.

(NSERTION-LOSS HETHOR

THE CUT-BACK METHOD HAS THE MAIOR
DRAWBACK OF BEING A DESTRUCTIVE METHOD.
IT 1S USEFUL IN THE LABORATORY OR IN THE

FIBERS OR CABLES FACTORY BUT IT 1S NOT
APPLIABLE [N THE FIELD.

THE INSERTION-LOSS METHOD PERMITS TO
MEASURE THE FIBER ATTENUATION THROUGH
A SINGLE READING OF THE OPTICAL FPOWER

AT THE FAR END OF THE FIBER AFTER



DETERMINATION OF THE HEAR END  POWER
LEVEL .

THE FIBER 16 GEMERALLY CONNECTED AT THE
TRAMSMITTER AND THE RECEIVER BY MEANS
OF CONHECTORS._ |

THE MEASUREMENT 1S CARRIED OUT IN A
SIHILAR, MANHER TO THE CUT-RBACK HMNETHOP
BUT ITS ACCURACY IS DEPENDENT ON THE
COUPLING RETWEEHN THE TRAHNSHMITTER AND
THE FIRER, AND 1S GEHERALLY SOMEWHAT
UNCERTAINS

THE COUPLING IH THE RECEIVER 1S ALsO

CRITICAL BUT LESS THAW IN THE TRANSMITIER

'F A LARGE AREA DETECTOR 18 USED.
INSER TIOH -LOSS METHOP

SHORT PIECE
/7/ CF FIBER, (AS REFERENCE)

4 \

+ FIBER NG

\

OPT. COHHECTORS

TRAHbH‘TTERJ RECEWER

Py
A(dm): 40 tog =



SPECTRAL ATTENUATION
MEASURING SET-UP
~CUT- RACK METHOD -

- A LARGE SPECTRUM SOURCE IS USED
TO PERFORM SPECTRAL MEASUREMENTS
(A TUNGSTEN MALOGEN LAMP).

-A MONOCHROMATOR PERMITS THE SELECTOM
OF A (WiTH A DEFINED SPECTRAL RESO.
LUTION AN (B = 40 mm).

A MONOCHROMATOR IS A WAVELENGIH -
TUMABLE OPTICAL FILTER , BASED ON

A DIFFRACTION GRATING .. THE GRATING
SEPARES DIFFERENT N SPATIALLY. AN
APERTURE SELECTS WHICH WAVELENGTHS
ARE PASSED THROUGH THE DETECTOR,.
TUNING 1S PERFORMED BY ROTATING THE
GRATING. THE SPECTRAL RESOLVUTION
AN IS DEFINED RY THE APERTURE SIZE.

-THE OPT. POWER AT THE RECEIWING END IS
DETECTED BY USING A Ge OR ImGafs PIN
PHOTODE TECTOR, .



WHITE LIGHT | OPTICAL SPECTRUH

SOURCE ANALYZER,

> A
= MULT |HODE Soa
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COUPLING SYSTEMS

TRNAENY

COMPUTER

TRANSMITTING UNIT:

WHITE LIGRT SOURCE. AH HALOGEM LAMP 1S VSED
A LENS SYSTEM PERHMITS TO OBRTAIH A FOCULSED
LIGHT OMN THE QUTPOT OPTICAL CONNECTOR.
THE OUTPUT OPT. LEVEL OW A S.H. FIRER s
ABOUT -63 dBm [Smm (500 pW).

RECEIVING UNIT:

AN OPT SPECTRUM AHALYZER (WiTH HIGH SENSI:
TIVITY) CONTROLLED BY A COMPUTER IS USED.
"MIN. LEVEL : ~75dBm /Smm ; RANGE OF \ :06+1%S.



N 20TH THE TRANSMITTIHNG AND 1N THE
RECEIVING END SHORT PIECES OF MULTIMODE
STEP- INDEX FIRERS (50/425}@ ARE USED FOR
COUPLING THE SINGLE -MODE FIRBER 1IN MEASURE
TO THE HMEASURING SET-up. THE COUPLING
SYSTEM s BASED OH A HMECHANICAL jOHﬂT_

THE SPECTRAL ATTEHNUATION OF A SMH FIBRER
CONSISTS INH

= A MEASURE OF THE OPT POWER LEVELS
VARYING N ON THE SPECTRUM ANALYZER
AT THE OOUTPUT OF THE FIBER . THE VARIOS
POWER LEVELS ARE ACQUIRED BY THE
COMPUTER.

> THE FIBER |S THEN CUT-BACK HEAR THE
IHPUT END  AHD WAINTAING THE SAHE
LAUNCHING. QONDITIONS, ANOTHER SET OF
MEASUREMENTS (AT THE SAME X) IS TAKEN.

e THE FIRER ATTENVATION IS CALCULATED AS
THE LEVEL DIFFERENCE (IN dB IF THE LEVELS
ARE HEASURED 1N dBm ) AT VARIOUS A



INSERTION-LOSS SET-UP

THE INSERTION- LOSS SET-UP IS HORMALLY
USED FOR FIELD MEASUREMENTS ON LONHG
OPTICAL LINKS , GENERALLY AT A WELL DEFI:
NED WAVELENGTH (THE WAVELENGTH OF THE
TRANSMISSION SYSTEM  FOR SM FIRERS 4.3

AND 4.5S um ).

A LED. OR A LASER DIODE (L.B) SOURCE IS
NORMALLY USED IN THE TRANSHITTING UNIT.

~WITHAL.E.D. QOQURCE THE OFT. POWER COUPLED
NTO A S.M. FIBER 1S ABOUT -20+-30dBm
(4340 uw). TS SOURCE HAS A CONTINUOUS
SPECTRUH WITH A FulL WIDTH ,HALF MAXIMUM
(FW HH) OF S0 =70mm (AT 4.3}117\) AND 400mm
(AT 4.SS jum).

~WITH A LD SOURCE THE POWER, TIPICALLY
COUPLED MNTO A SH. FIRER 1S ABOUT OdBmu
(AwW) , THE SPECTRAL WIDTH IS OF 3+ Smm

(AT 1.3 AND A.SS/UM\).

AH OPTICAL"POWER-METER 1% HORMALLY USED
AS A RECEIVER. THIS DEVICE HEASURES AN
ABSOLUTE OPT POWER OVER A SPECIFIED SPECTRAL
RANGE (e.g. 0.9 —‘.'4..4/4m)_



IT CONSISTS OF AN OPTICAL HEAD (A
SUITABLE PHOTODETECTOR) AND A HETER
WITH HIGH SENSITWITY (uP TO -80+-100dBm)

LED SOURCE
13 um POWER METER

VAR /AL I AL LA

REFERENCE

FIBER VUNDER
TEST

TRANSMITTER : LE.D SOURCE ()\=*1.3/um A= COmm)
POWER LEVEL IMTO SH FIBER ~-23¢Bam,

RECEIWER  POWER HETER WI!TH OPTICAL
HEAD (COOLEP Ge PIMN. DIODE).
WAVELENGTH RANGE: 0.9:-2(.4/um,
HEASUREHMENT RANGE: +3+-30dBm,



UPiILAL TIME DOMAIN REFLECTOHE.
TRy (O.T.DR). .

AN ATTENUATION HMEASUREMENT TECHHIQUE
WHICH FINDS WIDE APPLICATION |N BOTH THE
LABORATORY AND |N THE FIELD /% THE USE
OF OPTICAL DOHAIN REFLECTOMETRY ALSO
CALLED BACKSCATTERING. IT PROVIDES MEA.
SUREMEHT ON AN OPTICAL LINK DOWH TS
ENTIRE  LENGTH GIVING INFORMATION ON THE
LENGTH DEPENDENCE ON THE LINK LOSS. TN
THIS SENSE T IS SUPERIOR TO THE OPTICAL
ATTENUATION HEASUREMENT WHICH ONLY
TEND TO PROVIDE AN AVERAGE L0SS ON
THE WHOLE LENGTH OF THE FIBER. WHEN THE
ATTENUATION ON THE LINK VARIES WITH LENGTH -

THE AVERAGED L0OSS INFORMATION 1S INADEQUA-
TE. OTD.R. ALSO PERMITS TO MEASURE

THE LOSS OF SPILLE AHD CONHECTOR AS WELL

1



"AS THE LOCATION OF ANY FAULTS ON
THE LINK_

THE HMETHOD 18 BASXED OM THE MEA-=
SUREMEHT  AND  AMALYSIS OF THE FRA.
CTION OF LIGTH WHICH 15 REFLECTED
BACK WITHIN THE HMN.A. OF THE FIRER DPUE
TO ’RAYLEIGH SCATTERING. THE RAYLEIGH
SCATTERING 185 DUE TO THE DENSIT ¥
FLUCTUATIONS INTO THE GLASS AHND T 18
ALMOST IN ALL THE DIRECTIONS.

THE BACKSCATTERING HMETHOD HAS THE
ADVANTAGES OF BEING HNON DESTRUCT|VE
AHRD OF REQUIRING ACCESS TO ONE END
OF THE OPTICAL LIMNK QWLY.
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Vg

P(z) - P(0) e{pdz

Ol = ATTENUATION COEFFICIENT

Re ()= KP@E) = K Po) &d*

K= OPTICAL POWER FRACTION BACKSCATTERED
IT DEPEHDS ON:
- RAYLEIGH SCATTERING COEFFICIEMT

- GEOMETRICAL FIBER CHARACTERISTICS
(FOR SINGLE MODE FIBERS (STEP-INDEX TYPE)

. Kl )\?.
IS
q ({n| WO)?-

WHERE Wo IS THE MODE SPDT RADIUS)




~TNPUT OPTICAL PULSE WIDTH
THE VALUE OF K 15 ARO UT 40°5 FOR F SINGLE HMODE
-0.Z -Qolz
er (2)= K Pl )eXP exp = K'Rp)exp

BACKSCATTERED POWER 1S GUIDED BACK-

WARDS TIiLL TO THE FIiBER INPUT EHD
WITH A L0ss © " AND A DELAY t-
”%
WHERE ’0‘8 1S THE VELOCITY INTO THE FIRER
\)’8 al E‘ (jm refrac}i\/e rmdex OF H'nc. Core)
M
Vg
D -.%{—-—t
Ier( ) K P(o) exp
'\
0«
g.
::"O:_ \
: 1 T *L ~»
0 0.5 4
LENGTH (Km)
-9d=

Pb\(r = K P(O) exfp



MEASUREMENT APPARATUS

Optical dicectional
Pulsed i chu?}alelrfec o

Fiber under “+egt

laser // >
I
diode % / | | 7

h J
Siamal conditio m‘rncé

,A‘PD Pho'o
:de\'ecl'or ! and du‘s\o\a\/ anit

42

Transimbedance
am}als‘ er

Source: -pulsed laser diode - peak bower 4+10mw
-pbulse width depends on the measurakle
range ('for \n:%\-. resolufion mstrument From

3 to 40ms ) for IOng destance insteument

4+ 4)5)-
Photodetector: Ge or InGafs APD Pholodetector
ngma\' c0ndn'+'.on.-m8: an aver'age Pro cessor 1S
included To obltaim a

EeHe.f‘ sfsmal~\'o- norse rato



REFLECTIOMS

RT AND Ro ARE THE REFLECTIONS AT THE
INPUT AHD THE OUTPUT FIRER END.
RT IS FOR A GDOD BREAK ~ 4% oF P(0)
FROM AN EXPERIMENTAL POINT OF viEW A
MAIN PROBLEM 1S TO PREVENT THF REFLE CTIOH
FROM THE FIBER INPUT END FROM FALLING OHTO
THE DETECTOR.

Rt 0.04 - r{g\ Poxr = 4(55 P(o)

RT =~ 4000 Porx

12

i

THE BACKSCATTERED POWER LEVEL 13 364dB

BELOW THE 4% REFLECTION POWER ; |F THE
, &



SENSITIVITY OF THE DETECTOR- AMPLIFIER
COMBIHATION 1S SUCH TO REVEAL THE WEAK
USEFUL SIGHAL COMPLETE SATURATION 1S
CAUSED RY THE REFLECTElﬁ PULSE} RESULTING

IN SEVERE DISTORSION OF THE E£XP SIGHAL.

m

TO DIVIDE THE SCATTERED POWER AHD THE
4% REFLECTION POWER 1S POSSIELE TO USE

FOR MULTYMODE FIRERS A POLARIZING DIRECTIO:
NAL COULPLER.

POLARIZING
REAM SPLITTER

/ /]
LASER ; FIBER
DIODE ~HH- ,’/\ Hi (
| AN \
\ APD

THE 4% REFLECTION POWER HAS IHE SAME
FOLARIZATION THAN THE L.D. POWER |, INSTEAD
THE SCATTERED POWER IS NOT POLARIZED.

THE BEAMSPLITTER SENDS OHLY THE MON-

POLARIZED POWER OM THE APD DETECTOR.
) 7



THE POLARIZING PRISHM 1S NOT USEFUL FOR
SINGLE MODE FIBER3 BRECAUSE THEY MAINTAIN
THE STATE OF POLARIZATION . IT 1S POSSIRLE
TO AVOID THE EFFECT OF REFLECTION BY
—-0OR USING AN Y COUPLER AND MASKING
ELECTRONICALLY THE RECEIVING PART (DETECTOR .
AND  AMPLIFIER)

~ USING AN ACULSTO-OPTICAL DEFLECTOR.

— - . o

USE OF Y COUPLER,

T 1S HECESSHR‘( TO MASK THE RECEIVING

MASKING

| —>

Y

Lo LENGTH (Hm)




USE OF THE A0 DEFLECTOR

THIS DEVICE WHICH DEFLECT A LIGHT
BEAH 1S BASED ON THE DIFFRACTION
OF LIGHT PRODUCED BY AN ACOUSTIC
WAVE TRAVELLING THROUGH A TRANSPARENT
MEDIUM.. THE ACOUSTIC WAVE PRODUCES A
PERIODIC VARIATION 1IN DENSITY (eg. MECHANICAL
STRAIN) ALONG |TS PATH WHICH GIVES RISE
TO CORRESPONDING CQAHGES \M REFRACTIVE
INDEX M THE HMEDIVM.

ANY LIGHT BEAM PASSING THROUGH THE
MEDIUM AND CROSSING THE PATH OF
THE ACOUSTIC WAVE |S DEFLECTED 8y
AN ANGLE 9O, WhERE Qs 15 THE ANGLE
BETWEEH THE LIGHT BEAM AND THE
ACOULSTIC BEAHM WAVEFRONT _

A TeOz CRYSTAL I$ G“EﬁE.RALLY USED IN
THIS DEVICE.



AN ELECTRIC SINUSOIDAL SIGNAL (fznoo HHe,

P=4:3w) 1S MECESSARY TO OBRTAIN  THE

ACOUSTIC WAVE N THE CRYSTAL.
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OPTICAL LINK MEASURED WITH
AN OT.DR,

Ty

CF A SFLICE  ASSUMING [DEMTCh..

HECHAMICAL SFLICE OR COMMECTOR)

D ¢ SPLICE LSS wiTH REFLECTION (e.q.

’ [
b

-~ -
SO e

148
>

RETWEEM Twe FIBERS  WITH DIFFER

44



SPLICE
HMWWH REFLECTION
SPLICE | |
L0sS

W1> W2

A2 MEGATIVE STEP

THE TRULE LOSS OF THE SPLICE IS THE

HEAN VALUE OF THOSE MEASURED FROM THE

TWO .EHDS OF THE LINKL
4. Ntth
2
(2



BACKSCATTERIHG HEASUREMEMTS

BACKSCATTERING
INSTRUMENT

—e |

= TWO SINGLE MOBE
\{\ ca© FIBERS ON A
. o ooo BOBBIN

s O 0w

5 //72@ 2222277772

A
FUSION
P -
- SPLICE

FIBER CORD fﬁ’
=3 ¢ ol
|7 V77
SPECIFICATIONS -
WAVELEHNGTH s 1.3/um
FIBER UHDER HEASUREMENT : S MF
PULSE WIDTH . 3,10 100ms

DYMAMIC  RANGE . 40dB



FIBER (D : THE ATTENVUATION IS HEASURED
BETWEEH THE MARKERS 4-2

FIBER (@ : THE ATTEHUATION 1S MEASURED
BETWEEN THE MARKERS 3-¢

SPLICE LOSS: THE MEASUREMENT |S PERFORMED
BETWEEN THE POINTS 2-3.

END R:

it)

“MEASUREMENT  FROM TH

? &
\if,
1
-\Of

FIBER (2) . THE ATTEHUATION 1S MEASURED
BETWEEM THE HARKERS 4-2

FIBER (1) : THE ATTEHVATION 1S  MEASURE D
BETWEEN THE MARKERS 3-4

THE MEASUREMENT (S PERFORMED

SPLICE 10Qss:
BETWEEN THE POINTS 2-3,






