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FIRER BANDWIDTH
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THE FIBER BANDWIDTH IS DETERMINED AS
THE -3 dB (OPTICAL) POINT OF THE AM._
PLITUDE /FREQUENCY FUNCTION , CORRE SPON
DING TO 50% SIGNAL ¢
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FIBRER BRBEHAVES LIKEA GAUSSIAN LOW- PASS

FILTER ¢ ASSUMING A GAUSSIAN PULSE AT THE

INPUT OF A FIBER , THE OUTPUT WILL ALSO BE



GAUSSIAN . THE FIBER DISPERSION ATy s :

2

Aty = /w:z - W4

TO CONVERT DISPERSION At To BANDWIDTH fa:
0.44

gsz"_—

Aty

FOR OTHER THAN GAUSSIAN SYSTYEMS THE FOURIER
TRANSFORM SHOULD BE USED TO CONVERT FROM
TIME DOMAIN TO FREQUENCY DOMAIN.

FIBER BANDWIDTH CAUSES BROADENING ( DISPER
SION) OF THE TRANSMITTED OPTICAL SIGNAL AND
LIMITS THE INFORMATION CARRYING CAPACITY
OF THE FIgER.
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INTERSYHBOL IWTERFERENCE

THE OPTICAL PULSES BECOME INDISTINGUISHABLE
AT THE END OF THE FIBER s THIS EFFECY 1Is

KNOWN AS INTERSYMBOL INTERFERENCE,



FIRER TBANDWIDYH AND THE RELATED TOTAL Obi_
SPERSION (PULSE BROADENING) ARE CHARACTE RI_

ZED ®Y TWO EFFECYS @

- MULTIMOME DISPERSION

- CHROMATIC DISPERSION

IN SINGLE HOBE FTIARERS ONLY CHRONMATIC DISPERSION

1S PRESENT

MULTIHMODE DISPERSION

MOLTIMODE DISPERSION IS PULSE BROADENING DUE
TO OPTICAL POHWER RUNNING VIA DIFFERENT WAVE
GQUIDE OR MODES .

THIS SROADENING cAN RE AYTRIGUTED To THE DIE
FERENCE IN PATH LENGTHS BETWEEN THE FUNDQ
MEN TAL ZERO - ANGLE TVIODE ANDB THE HIGHESY
ORDER HODE S .

NOW WE SUPPOSE TO HAVE A WOLTIHODE STEP-/MDEX

FIQER WITH ATTENUVATION E&uAL ZERO :
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TN STE® - IDNDHEX FIRERS ALL TODES TRAYEL [T THE SAVE.

SPEED . IN GRADED - INDEX WAERS THE REVRACTIVE INDEX
PROFVILE 1S OPTIHIZED I8 SucH A WRY THAT THE FoUDA
HMENTRL ZERO - AVGLE TobhE TRAVELL S10WeY THAN THE
HIGHEST ORDER YODES.,

A DaANDWVIDTH O©OF 20 MHzKm 13 TY®ical ¥OR STEF-

INDEX FIRERS, WHICE GRADED- INDEX FIRERS Qawdh

WD TH s NORVALLY HIGHER THAM 400 THz- Km .



CHROMATIC

DI SPERSWON

THE SPREDL

OF AN OPTICAL PULSE TRAVELLING IN R FIAER

CHANGES AS ITS WRVE LENGTH cHANGES .

TWO PHEWNDHENA COVNTRIAUTE ADBDDMTIVELY TO CHROMATIC

DMSPERSION

4) MATERIAL

L d
L]

DISPERSION

IT IS DUE TO WAVE LENGTH DEPENDANWCE OF THE.

F1ER

REVRACTIVE INDEX n AND THE nszo_

<IATED DIFFERENCES IV SPEED OF LIGHT.
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INPUT OuTPUT

PRATICAL LIGHT SDURCES RARE NOT MOWOCHROWMATIC
AND DIFFERENT ConfoNENTS WITHIMN THE SPEBC
TRUHM TRAYEL AT OBDIFFERENT SPEEDS.,

ZERO - DISPERSION CcOoRRESPONDES To THE TURNING
PoINYT ©¥ THE n - CURVE ('V 42 80 nm) . BY
QODING Ge©Oz2 THE ZERD - DISPERSIoN PoINT

SHIFTS Yo LONGER WAVELENG THS.



HATERIAL DISPERSLN

oF RQVARTZ

DISPERSON (Ps/nm-l‘n)

L s

0.8 4 42 dL 46

WAYE LENGTH (;m.)

2) WAVE GUIDE DISPERSION

IT cAv BE NEGLECTED N TULTITMODE FIAERS .

IN SIVGLETOBE FIRERS THE TODE DOSSH Y TRAVEL
ONLY IN THE <CORE ROUT W THE cLADBING Teo
THEREWORE THE TINE DELAY VERSIS WAVELENGTH
DEPENDS BY THE TYPE PROWVLE AND THE CO_
RE- cLRADDING GAP ©F THE REFRACTIVE /woEX.,
WORKING O THE PROFILE IS PoSSIBLE DESIGN

SIVGLETOLE: TFIQERS ©F THREE TYPES @

- CONVERNTIONAL ( Ao ~ 4300 m'n)
- SHIFTED (Ao~ 2550 0m)

- BroAsBANE  (Aod V4300 wm  Ao2 4550 am)
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BANDWIDTH MEASUREMENT

ON MULTIMODE FIRERS

TWO MMETHODS ARE USED YO EVALUATE THE BRND=

WiIDTH OF MULTIMODE OfTICAL FIBRERS

-~ FREQUENCY 2OMAIN ( DiRECT)

- TIME DOMAIN ( nmIRECT)

THE SEcoND 1S AN INDIRECY METHOD RBECAUSE IS
NECESSARY USE A FOURIER TRANSFORTATION (uswu:
LY VIA ®EY.) To OBTAIN THE FREBVENCY CHARAC
TERISTIC .

WITH THE FIRST TECHNIQUE THE LASER IS SINV,_
SOIDALLY HODULATED AT DIFFERENT FREQUENCIES
USING A TUNED OSCILLATOR ©: R SPECTRUM ANALY,
ZER s UVSED T© OBTARIN THE ¥REKUEBANCY CHA
RACTERISTIC .

WITH THE TIHE 50“Alu.l TECHNIQUE NARROW ©OPTICARL
PULSES ARE LAUNCHED INTO THE FRER ®RoH A
LASER ; THE PULSES TRAVEL DOWN THE JLENGTH
OF FARER AND ARE SBROADENEDN ., THE OUTPUT
PULSES ARE RECEIVED ®Y A SPEED PHOT‘ODETE-C;
ToR ((APD) AUD ARE DISPLAYEA O8N A FAST saf

PLANG O SctLétoscoPE .



THE CSELT MEASURING SET CAN BE (USED BOTH
IN THE FRERVENCY DOWAIN THAN /N THE 7/IHE bo
HAIN § IT HAS BEEN DEVELPEPL sSPECQ RLLy ¥OR  FIEL
POINT - TO - POINT MERSURENENTS .

THE INSTRUNHENT USEFUL RANGE 1S ARouT 3IOJdB R
2S5 d68 RESPECTIVELY YTOR THE FIRST AND THE SE
cOND  WiNDow , oN A 400 MHz BANDWIOTH LINE,

THE CSELT TEARASJURING SEYT IS CONSTITUTED BY @

TRANSMITTER ; AS OPTICAL SOURCES TwD COHMERC!IAL
C.W. LASER DIODES (WIRST AND SBcowD
OPTICAL WinDowW ) ARE USED . A PROPER
CIRCLIT STABILIZES THE LASER TEHP.E
RATURE To =20°c (fo.4°c) AND PRO
VIDES THE LASER D.c. PoLARIZATION
SYRRENT. FOR THE TINE DOMAIN HEA
SUREMENTS R PULSE GENERATOR fRp
VIDES THE ¥ELECTRICAL PULSES FOR
THE (ASERS . AN INPUT PORT AuUOWS
THE LASER To AE DRIVEN 8Y SINUsOl
DAL SIGNAL FOR FRESUENCY DOVAIN
FMEASURENENTS . TO REBALIZE A &O0A
MERSURE REPRODVCIAILITY THE LASER
PlaTAIL IS CONNECTEDN BY A sPrawerg
\fE.® SPLICE TO A TWHE -~ MINER THAT

PERYORNS AN OVERLFILED LAUNCH. 44
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RECEIVER TT 1s HOUSED [N A PLVG-IN CHASSIS
FoR A CoMMERCRL OScIlLiOsScoPE  TAIM
¥RAHE ., AFTER THE Two OPTICAL NPT
(wesT AN stmuu‘wcunow) A iR TURE
CONTINUOSLY VARIABLE OPTICAL ARTTENAR
TOoR _Hns INSERTED. A siLICON AED
1S USED AS PHOTODETECTOR YoR THE
FIRST WINDMOW AWND A @Galnfs PIN
1S USED ¥FoR THE SEcond WINDOW. TWO
AMPLITIERS YOLWLOW THE PHOTODETEC
TORS AND THE OUTPUT sSIGNAL cav BE
DERIVED FROM AWy OF TwO DIFFERENT
POINTS., YOR FRE RUENCY dOoHAIN MEAQ
SUREHENTS THE ¥FIRST OJUTPRUT av BE
ot RECTLY CcONNECTED ‘T_O SPECTRUIT -wg
LYZER. QAN ELECTRICAL ciRcuiT PRoNDES
A SQUARE- WAVE ( LOCKED oN THE RE,
CEIVES PULSE TRAIN ) USES LIKE TRIG

GER SlaMAL v TITTE DONAIN rIE.AsueE.

MENTS .

43
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COMMERCIAL INSTRY
MENTS VoR TINE Mo

MAIN MEASJREMENTS

AN OSCILLOSCOPE 1S ESUVIPPED WITH
A SANMPLING HEAD TO DISPLAY THE

VARROW PpULSES . TO ACQUIRE ¥ON

THE OSCILLOSCOPE THE DY SPLAYED

PULSE R PAIR OF DJ/A <oONVERTERS
1S USED. A cCOMPUTER 1S VSEL T
CONTROL THE ACRBUIRE PROCESS AbD
To PERYYRM™ THE TFOURIER TRANS

ToRMA TION,

45
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MEASUREMENT TECHNIQUE

- TO ACQUIRE THE OUTPUT PULSE
- YO ACGVIRE THE INPUT  PULSE

- TO PROCESS THE INPUT AND THE
OUTPUT PULSES TO OBTAIN THE

FIRER BAND WIDTH

43



SPECTRUN OF THE
CPTPUT PULSE

47 o
| oud
PuLSE
ost wp o}
o , : ns -20 A 2 GHz
o 2 & 6 a pr-) 0.04 0.4 4 do
SPEcTRUN oF THE
INPUT PULSE
dr 0
INPUT
|
ﬁ PULSE i Ld
0.5%%
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THE -3dB TREQUENCY POINT OF THE MEASURED AM

PLITUDE /FREQUENCY CHARACTERISTIC 18 THE TOTAL

BANDWIDTH OoF THE ¥IBER (NMULTIMODE + CHROMATIC
BAND WIDTH ),

THE HMOULTIMODE ANDWADTH
AUl THE

IS THE CcONRMERCIAL DATA
F\XED BAVDWIDTH PARAHETER ¥oR YuLTiNosE
FIRERS .

THE CHROMATIC RANDWATH 12 A FRER VARARLE PARA

HETER WHICH DEPENDS RBY THE 3SouvRCE SPECTRAL YD

TH USEDN buRuG THRE HEASURERENT AUd BY THE FeER

CHROTTATIC DI SPERSION cOEFEICIEMNT &

THIS SECOND PARAMETER can BE EVARALURTEA wiTH A

A CcHROTIATIC DIsPERSWON HEASURENENT .



CHROMRATIC DISPERSION

MEASUREMENT

FOR SINGLE-MODE FIBRERS THE <cHROMATIC DI,
SPERSION HMEASURENENT IS THE owNLY BANDWIDTH
MEARASUREVENT RE&SUIRES.

FOR  MuLYI - vode FIBERS IT IS NECESSARY YO
CEYAIN THE MULTIMODE 3BIANDWIBTH ¥FROM THE YO
TRi. DISPERRION THEASURED.

PULSE - BROADENING EFFECTS ¥TPR CHROMATIC msPee‘
SION ARE ToO SHALL SR TRADITIONAL PULSE RE

SPONSE HEASUREHENT TECHNI &VE .

A
Sl
N\
¢ 4000 |
N
¥
~ doo}
g
a 4o} AA=2 am
2 4 nm
3 41 F 20nm
0.4 . 'llo . ) 400 nm

I
L]
44 42 43 44 4s 46 )\ (/.lm)
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SEVERAL ALTERNATIVE HEASUREHENT TECHMAVES cAV BE
USED TO CHARACTERIZE THE CHRONATIC DISPERSION
A CSELYT HMEASJURING SET HAsS BEEN DEVELWPED UING
YHE PHASE -~ SHIFT TECHNIQUE .

THE UYWEASUVREMENT (1S PERFORHMENL BY SINUSOIDALLY
HODULATING THE Se6uRcE (LED) AND HEASIRING PHA,
SE DELAY BEYWEEA THE VARIOVUS WAVELENGTHS WHI

s %] QARE SELECcTED BRY COMNOHRIOIMATOR .

A2
Ad

THE PROPAGATION DELAY BETWEEN THE WAVELENGTHS ANV

SQE Q& TAINED USING ¢

@ (X
Zwﬁ)—

VHERE g IS THE L(LED MHMODULATING WTREQUENCY .

T N)=

THE ¥wRST DERVATIVE ©F 72 (A) RESPECT YO WAVE.

LeEN@TH 1S THE CHROMATIC DISPERSI\ON

21



BEFORE comtPuTING THE DERIVATWE A ¥iT oF 7THE

DE LAY EXPERIMENTAL DOINTS 1S DoNE VUSING A

SELLTHEIER ¥ulCcTIiON ¢
C(A)= AN « B+ )2

¥of HULTUODE FIBERS AUD CoWVENTIONAL SIVGLE.

YORE WRERS ok A PARARDLIC FUNCTION
F(N = A +BN+cH

Yok SWIFTES SW&LE TODE ¥FRERS .

THE OUSEFUL QMGE OF THE CS3SELT INSTRUNRENT I8

ABOVT 30 4B IT caAv TMEASURE o0PTICAL LINKS TILL

To FS Km (0 THE SECOND wWdow Aud 20 Ky (N

THE THIRD wiN DO ,

THE CSELT TNMEASURING SET 1S conNsTITUTED BRBY !

TRANSTUTTER : AS OPTIcAL SOURCES Two carﬂ'tE/Raz
cifl. InGaRs P EDGE-ENETTING LEDs
(SEcouDd awd THIRD LuDoWw) ARE UIED;
THEY ARE NMOJUTED I¥ A dulL Ia J._l.
NE PACKAGE wiTH A mmﬁwe.t.
THERMTO B LECTRIC <cOoOLER . A PROPER
CIBRCUIT STRBILIZTES THE LED TEHP§
RATURE (*0.S°c *eon o% 7o 40>

To OBTAIN A STARLE PHASE bv
=

22



[TransmiTTER =
| LED 1300nm |
i
0 APD 60 MHz ORIVER|—» i ”‘lldl...ﬁo...%
F[}i = Pl
sve seasses - H
& —D_— —~ ' H
P DRIVER |- i ........4;;,,._ i
. L)
: | ELECTRI s
i o PoT LED 4550nm | ©
S U M M M i
,:...---.... SERVICE TEST ’..'oovo‘“i
g'-. .'3 o::‘:’c:l_ FIBER ..;c. .‘;
i [REeswER . T T T T T T T T oo o
b ) 1Y
I SR S B
1| LASER APD o
"%--45:--\-- $ —] — $... MONO CHROMA TOR (.ﬂ)
]

| 3 |

: DRIVER MOTORS DRWER |

I

e s TR

ELECTRIC
NETWORK
ANALYZER | ] teereeres < oPTical
1l U
DESK COHPUTER

(#) ©NLY FoR  Mowe cHROMATOR cAct@RATION

ScHE HATIC DlaarAT™ OF THE CHROTATIC

SET e

DIs PER SOON
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ReECEILVER

RING THE NEASUO-EHEuT; ANOTH ER
iR cul?T PROIVIDES TO DRIYE THE soug
CES.

THE TRANSTWTTER <cAw RKRECE(VE THE S
NUSOIDAL WoDULATING SiaNAL (€0 THz)
BoTH ViA AN ELECTRIC (NPUYT (uxsoef.
TORY WEASURENENTS) THAN VIR AN of
TicAL INPUT C?-quL.b PoINT TO PoiwT
TEASUREWEWNTS ) . 10 THIS SEcowNDd A
SE A GERMAWIUN AP PHROTODETEC
ToR , AW AN PLIFIER AwnDdD Aw ELECTRIC
FILTER ARE USED T OB TAIN THE.

SINUSOIDAL WMODULATING Si1G NRL

A COMPACT HONO CHRONMATOR MHAS BEEMN
DEVEILOPESL BY CSELT vSING A ﬂt@*ﬁ
LY DISPERSIVE ZnSe PRISH AVD TwWO
STEPPING MO TORS . THE FIRST ONE SE
LECTS THE SEVERAL WAVELEUV&GTHS
USING A TLULTITWDHE FIRER 3 THE SECND
ONE TURNS A CIRcULAR OPTICAL ATTE
NMVATOR To 0B TAIn (FOoR EVERY WAVE
LENGTH) THE SANE ©PTICAL LEVEL don
THE PHOTO DETECTOR RBoTH DIRIUVG

THE ¥ RER THAN THE SysTteEiH

24



DISPERSIVE
PRISH

SINGLE-TDE
™ 8ER

NPUT

cPhicaL
ATTENVATOR

HULTI-HobE
IAER

OUTPUOT

MONO CHROMATOR

PHASE YHEASUVREWMEANT . THE TONO CHRO
HATOR RESOLVUTION 1S AROVT Snm IN
THE SEcCOND XU Dow AUD Snpm IN THE
THIRD WHINDOX « AT THE ©UuTPUT OF THE
HMONO CRROTMATOR THERE RARE A InGafs
RPD PHOTODETECTOR AND A TRANSIH

PEDANCE AMPLISER.

"IN THE RECEITER THERE 18 ALSO A LA

SER (Ac = 4234 nm ) USED To SEND THE

SiL 861 DAL MOOLIATIVG SianAL (€oTHe)
To THE TRANSWITTER USING A SERV
ck& opTicaL Liwk ( DURING FELD PamT
To PoiNT HEASUREMEMNTS )e THIS UR

CE (UAR%W SPECTRAL WIOTH) IS VSED

25



COMTHERCIAL.

INSTRURENTS

TO OBTAIN THE WMONOCHROMATOR cA:.ust
TION Too. THIS PRELITINARY r-1E¢‘\Suias8
HMENT RAVOIDS 10 TMAXE WAVE LEN&TH Hl.
STAKES TR THE TENPERAWRE bEPBN':
DANCE O©OF THE PRISH REFRACTIVE N
DEX . IN ¥FACT A TIXED POSITION oF THE
STE PPING TIOTOR , ERVIPPED wiTH THE nuL
TINODE FI BER , DETECTS DIFFERENT w§
VELEN&THS WHEN THE TEHPERATIRE

CRAVEZES .

A NETWORK ANALYZER s USER TO GENERR
TE THE SIVUSOIDAL SIGNAL AND To HEAR
SVRE THE PHASE ¥FoR EVERY WAVE LEAN,
GTH . A COMPUTER IS USED T Cow TRoL
THE WEASURENENT PROCESS AND UO"ES
FOoRM THE cCcHROTIATIC O1SPERSION oM

PUTIWNS .

26



MEASUREMENT TECH WM cg_oE

MOWVOCHROMA TOR CRALIRRATION

TO ACQUIRE THE FIBER PHASE DELAY

TO ACKRUIRE THE SYSTET PHASE DELAY

TO PROCESS THE PHASE DELAYS TO ORTAIN

THE TISER CHROMATIC DISPERSLON






Instrument for field bandwidth measurements

on optical fibres

S. Bianco, A. Bollero, G. Galliano, M. Tithi ()

An instrument for time-domain bandwidth measurements both in the first and in the se-
cond window is described. The transmitter uses two CW diode lasers driven by selectable-
width pulses at SMHz. In the receiver a PLL circuir 1o trigger the oscilloscope is employed.
The range in field point-to-point measurements is about 30dB and 25dB respectively for
the first and the second window, on a 100MHZ bandwidth line.

1. Introduction

A new versatile instrument for bandwidth measurements
both in the first and in the second window on multimode
optical fibres has been developed at CSELT. The instru-
ment, specifically intended for field point-to-point
measurements, operates in the time domain but it is possi-
ble to use it also in the frequency domain.

CSELT experience on field bandwidth instruments
started some years ago with a first window only instru-
ment [1], manufactured in some units and used successful-
ly to characterize several experimental optical links. In this
first instrument a low cost pulsed diode laser, driven by
an avalanche transistor [2], was used, resulting in pulses
having remarkable peak power (about 50 mW into a 50
upm core) short duration (300-400 ps at 50% of the peak)
and repetition rate bounded to a few kilohertz by thermal
limits. At the receiving side a system composed by a
variable optical attenuator, an APD, a wideband amplifier
and a delay line (for triggering problems) was used. The
dynamic range was 40 dB simulating the fibre by an op-
tical attenuator and 30 dB for a 100 MHz bandwidth link.

In developing a new instrument suitable also for second
window fibres, the use of CW lasers instead of pulsed ones
has been decided. The formers offer, besides a wider
availability on the market and lower temperature control
requirements, the following advantages:

— no restriction in the pulsewidth and shape;

{*) P.i. Sergio Bianco, P.i. Adriano Bollero, Dr.
Giuseppe Galliano, Dr, Mario Titli, CSELT, Torine.

— no time jitter berween the driving and optical pulses;
— high repetition rate allowabile.

This permits to choose the pulsewidth more suitable for
the link under test and to avoid the delay line in the
receiver. On the other side the emitted powert is lower and
in the first window the cost can be remarkablv higher.

2. Transmitter unit

The transmitter block diagram is shown in Fig. I. As
optical sources two commercial CW laser diodes (\ = 850
nm and A = 1300 nm), each mounted in a dual in line
package with a miniature thermoelectric cooler, are used.
A proper circuit stabilizes the laser temperature to 20 °C
and provides the laser D. C. polarization current.

The pulse generator includes a quartz oscillator (f =
SMHz) followed by a pulse forming circuit and provides
2V electrical pulses on the 500 load. The optical pulse train
injected into the fibre is shown in Fig. 2; measurement
pulses (0.2 or 1 ns FWHM) are alternated to wide pulses
(20 ns FWHM) to obtain, in the receiving part, a proper
trigger signal. The oscillator and the forming circuit are
temperature controlled (T = 40 °C) to obtain very stable
pulses. A 100 mV/50{ output pulse allows the receiving
oscilloscope to be triggered from the transmitter in the case
of loop measurements.

Pulses of two different durations at the 50% of the peak
(FWHM) can be selected (Fig. 3): 0.2 ns for measuring
short and medium optical sections having high bandwidth
(e.g. cable factory length) and 1 ns for measuring long
links.

CSELT Technical reports - Vel. XIV - No.2- APRIL 1986 137
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Fig. ] - Schematic diagram of the transmitter unit.

G.20r int 20 ns
e ———

0.5~

RELATIVE AMPLITUDE

AA J\
L—200 Ny —pe—a— 200 m——]

TIME

Fig. 2 - The optical pulse train injected from the transmit-
ter unit into the fibre,

The measured spectral width for the first window source
is about 3 nm and 1.5 nm respectively for the 0.2 ns and
1 ns pulses; the 1300 nm source is somewhat wider than
the 850 nm one but at this wavelength the chromatic
dispersion is far less important.

The laser pigtail is connected, by a Springroove® splice
to a mode-mixer obtained with three short pieces of 50
pm core fibres (step-graded-step index, 1 meter each) splic-
ed together with Springroove® too. The mode-mixer ter-
minates on a W.E.-Sirti optical connector.

The peak power injected into a 50 pm core fibre is about
I mW. A 500 input port allows the laser to be driven by
a sinusoidal signal for frequency domain measurement.
The power source of the transmitter can be both external
(220V A.C. line) or internal (12V/3Ah battery, assuring
over four hours service).

3. Receiver unit

The receiver block diagram is shown in Fig. 4. The
receiver is housed in a plug-in chassis for a commercial
sampling oscilloscope mainframe.
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Fig. 3 - Shape of the two selectable test pulses (bandwidth
limitation from receiver photodetectors and
amplifier (OUT 1) is included).

The two optical inputs (850 nm and 1300 nm) are
through W .E.-Sirti optical connectors. A miniature con-
tinuously variable optical attenuator has been designed and
inserted between the inputs and the detectors. The use of
an internal attenuator was decided despite the small loss
{about 3 dB) introduced, as in the field use it is very han-
dy not to have to employ an external attenuator. A S{ APD
is used as photodetector for the first window and a GalnAs
PIN is used for the second window.

The second window PIN is connected to a first amplifier
having 20 dB gain foilowed by two amplifiers (used for
both the windows) having 20 dB each and bandwidth
respectively of 1.5 GHz and 0.8 GHz. The output signal
can be derived from any of two different points. The
limiting in the bandwidth of the second amplifier reduces
the noise of high loss fibres and gives no practical limita-
tion in the field use.

A critical point in time domain field measurement is the
trigger signal for the oscilloscope: for good results it must
be not only higher than the trigger level (about 10 mV)
but also noise free. In fact, it must be considered that the
noise on the acquired signal can be reduced by an averag-
ing process, while the trigger signal acts as it is and, if too
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Fig. 4 - Schematic diagram of the receiver unit.

noisy induces a time jitter on the observed signal, spoil-
ing the effect of the averaging.

To overcome the problem a circuit providing a § MHz
square-wave locked on the received pulse train has been
developed. This circuit includes a quartz bandpass filter,
two amplifiers and a Phase-Locked-Loop (PLL) based on
a quartz VCO. This circuit gives a good trigger signal on
optical links having a 5 MHz loss not greater than about
30 dB.

Toe help the operator two LED’s are provided on the
receiver front panel. A green one indicates the presence
. of a suitable 5 MHz signal at the input of PLL, while a
red one blows out when the PLL is get locked.

A desktop computer, to acquire from the oscilloscope
and to process the received pulses, compietes the time-
domain measurements assembly.

For frequency-domain measurement the first output can
be directly connected to a spectrum analyzer.

4. Operational limits

The useful range of the instrument is plotted in Fig. 5,
for the first and second window, with reference to band-
width and loss of the link under test; the three areas cor-
respond to the usable ranges for each combination of the
receiver outputs and the type of used pulse and gives a
guidance for the operator in choosing the proper pulse and
output; the area overlapping shows that the choice is not
a critical point.

As in determining the usable ranges some arbitrariety
exists, for the diagram in Fig. 5 reference was made to
the use of a good sampling oscilloscope with numerical
averaging function and the upper boundaries of the areas
were determined as those giving on the oscilloscope a signal
peak of at least 5mV and at least 50 times the r.m.s. noise,
as reduced by the averaging on 1000 pulses. This assures

on the processed signal an accuracy that is well sufficient
for this type of measurement.

The total operational range is quite extensive: for istance
a fibre having in the second window 0.9 dB/km loss and
1.8 GHz/km bandwidth can be measured for anv length
between 1 to 25 km; a fibre having in the first window
2.5 dB/km loss and 1 GHz/km bandwidth can be
measured from about | km to 12 km (in both cases a con-
catenation factor ¢ = 0.5-0.7 has been considered),

To acquire the reference signals transmirtter and receiver
are connected via a few meters fibre.

5. Data acquisition and analysis

A four parts software package has been developed to
acquire and process the data giving the frequency response
of the fibre;

— a first part for data acguisition and storage on
magnetic disk;

a second part performs the Fast Fourier Transform
(FFT) of the acquired signal, computes its ratio te the
reference spectrum, and displays the loss and group
delay behaviours of the fibre. Moreover the half peak
durations of the reference and received pulses and the
—1.5dB, —3 dB and —6 dB frequencies on the fibre
response are indicated;

a third part allows the plotting of all the computed
parameters;

a final part computes:

1) the Gaussian characteristic that best fits the fibre
characteristic (different optimization criteria can be
selected and alternatively a non-Gaussian fitting
curve can be used) [3];

2) the fibre response to a Gaussian pulse, and its
autocorrelation function.
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the Ist and in the 2nd window.

6. Conclusion

The described instrument (Fig. 6) overcomes a few
weaknesses of the previous pulsed laser time domain in-
struments, covering also the second window area and
allowing an easy oscilloscope triggering through the special
extraction circuit developed for the receiver.

The presence of ports suitable for sinusoidal signals in-
creases the flexibility of the instrument.

The system has been successfully used in several field
measurement where it gave no operational problems.
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Fig. 6 - Photograph of the bandwidth instrument: a)
transmitter; b) receiver.
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