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POTENTIAL OF COHERENT SYSTEMS

fonger
regenerator
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Also applications in Inter-satellite communications,
Sensors snd Fibre measurements (O0TDR)

ADVANTAGES OF CORERENT TRANSHISSION
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DIRECT DETECTION SYSTEM

singte mode or multi mode
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COHERENT DETECTION SYSTEM
iapsb—l

laser |ae|modulster {
singlemeds

Hnewldth o amplitude fidbre
<bitrate « phase detector
= frequency combl ner sulpat

m pelarisation
frequency control centrel

(hatsrodyne) local sscillater
phase control laser
(homodyne)

« Signel photocurrent Is preportional to -
signal Tleld X local oscillator fleld.

® Noise dominated by shet nolss produced by streng
Tocal osetllator

taput ai;:q:!:.m or multimode
Hnewidth
» S00GHz phetocurrent propertionsl to
typicelly ® recelved optical power
{ntensity modulation Noiss determined by detector (n
® by direct modulation u the cese of APD or by following
of injection current

electronic amplifiers in case of
P.1.N diode,

COHERENT DETECTION SYSTEM
hpnlv-—l

Teser j=—=|modulater |a——
singlemede
linewidth o amplitude | T1bF®
<hitrate ® phase detecter
a frequency combiner ‘Do_ﬂ!ut
I
D pelarisation
frequency control contrsl
(heterodyne) Tocal sscillater
phass control laser
(homodyme)

o Slgnal phetocurrant is proportionsl to :~
signal fleld X local escillator fleld.

® Noise dominated by shot noiss produced by streng
Tocal oscillator



DIGITAL GPTICAL FODULATION
ARPLITEIDE SOIFT REVID CABKD

amplitude modulation -
E’= E.CosW,.t (1+m(t))

for binary digital ; m{t)=0, 1
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lower upper
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0 OC,L_
me — oplical spectrum

Envelope
* HALF POWER WASTED IN CARRIER
» NMEAN POWER = 1/2 PEAK POWER

PHASE SXIFT 2EVING PSR
E, = E,Cos(W.t «4 (1))
[ ]
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o Fa =By arrier

suppressed

CONSTANT ENVELOPE
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CARRIER SUPPRESSED
(a1l energy in sidedbands)
* 3dB better sensitivity

» Immunity to some
non-linear effects
1.e SBS.

optical spectrum
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* ASK SENSITIVITY FOR WIDE DEVIATION (f'—fznbll rate)|

DIGITAL OPTICAL FHODULATION
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lower
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» Immunity to some
non-linear effects
1.e SOS.
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POLARISATION REQUIREHENTS

EFFECT OF POLARISATION MISALIGNHENT
ON RECEIVER SENSITIVITY
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DEALING WITH POLARISATION CHANGES

i 1 ]

holding fibre| f[controllersj [diversity modulation

i
Polarisation Active Polarisation {Po}arisation
receiver

POLARISATICON REQUIRENMENTS

EFFECT OF POLARISATION MISALIGNMENT
ON RECEIVER SENSITIVITY
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DEALING WITH POLARISATION CHANGES

Active contro]
« photoelastic (fibre squeezers) z:;il?l?hgs lett.

. i ithi ] t
bulk electrooptic (L'tmﬂri% bate) Elllz::?ro:fllett.
« integrated optic (Lithium Alferness

Niobate) IEEE.JUQE
« magnetooptic (Faraday effect  gkoshi
in Silica fibre) 100C83

DEVELOPING TECHNIQUES WITH ENDLESS CONTROL RANEE
IS NOW AN INPORTANT TOPIC

| ] | |
Polarisation Active Polarisation Polarisation
holding fibre| [controliers| ldiversity modulation
receiver
Active contro|

« photoelastic (fibre squeezers) f;;ﬁ;’hgs lett.

= bulk electrooptic (Lithinm Suematsu
Niobate) Electron.lett.
» integrated optic (Lithium Alferness

Niobate) IEEE.JQE
« magnetooptic (Faraday effect Okoshi
in Silica fibre) 100C83

DEVELOPING TECHNIQUES WITH ENDLESS CONTROL RANEE
15 NOW AN INPORTANT TOPIC




SPECTRUM OF FABRY-PEROT
SEMICONDUCTOR LASER

' mode apacting .ZLI.
optica) 16K _> 6—
power
optical Trequency
& = S00GHz N
Y 7

SINGLEMODE SPECTRAL LINEWIDTH

Linewidth of a single mode

Af = -—2-—-. .

- P,

Sp=Spontaneous
power

P, = output power Cavitylength =L

(200-300um typical)
Af = 1OMHZ-100MH2

INCREASING LENGTH SHOULD REDUCE SINGLEMODE
LINEWIDTH ...BUT...REDUCED MODE SPACING INCREASES
THE NUMBER OF MODES WITHIN MATERIAL GAIN SPECTRA

FOR RELJABLE SINGLEMODE OPERATION NOW REQUIRE A

DISPERSIVE ELEMENT IN CAVITY OR COMPOUND CAVITIES.

c.f: DFB, DBR, Externsl Grating Cavities, C3 .

SPECTRUM OF FABRY-PEROT
SEMICONDUCTOR LASER

' mode 3paci ng --25|:-
opticel ¢ 16k —9 e‘
powsr
optical fraguency
Z » S00GHz N
Y I

SINGLEHODE SPECTRAL LINEWIDTH

Linewidth of a single mode

ar e K S
o -y o
Sp=Spontaneous
power
P, = output power Cavity length = L
{200-300pum typicel)

Af = 10MHz-100MKH2

INCREASING LENGTH SHOULD REDUCE SINGLEMODE
LINEWIDTH ___BUT...REDUCED MODE SPACING INCREASES

THE NUHBER OF MHODES WITHIN MATERIAL GAIN SPECTRA

FOR RELIABLE SINGLEMODE CPERATION NOW REQUIRE A
DISPERSIVE ELEMENT IN CAVITY OR COMPOUND CAVITIES.

c.f: DFB, DBR, External Grating Cavities, C3 .



ERAFPLE OF A 16DIt/e SYSTEN EXPERIFIENT EXAMRPLE OF A 180It/e SYSTEN EXPERIFENT
1P USiNe DPsSK 1P UsSiNe Bpsk

150km 150km
conventional conventionsl
oo s1nglemode fibre Txternal singlemods Mibre
cavity laser cavity laser inLiNbO 5
{grating 1.84B loss two detector (grating 1.84B loss twa detector
: t
tuned ) B.Sv drive balanced 3.5GHz delay demodulater tuned ) | 8:5v drive balanced 3.5GHz delay demodulator
SkHz linewldth receiver B.W 5kHz linewidth receiver B.W

manus] | manual |
polarisation polarisatian .
ontrot ontro!

o/p tunable o/p
putomatic] 'x::;'"" utomalic
requenc ';' v requenc
ontrol wser ontral
see Linke at-al, ID0C/ECOCSS. sae Linke et-al, 100C/ECOCSS.
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PHASE TUNABLE DFD LASER PHASE TUNABLE DFD LASER
140Mbit/s 1 40Mbit/e ‘
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konventions) brs PinFet iconventional fibre
hese { 1 o edth hase tunebl
phase tunable =1GHz phase tunsble
DFB Taser et DFB aser
#20MHz line | ~20MHz line
2GHz/mé tuning 7 ), 2GHz/ma tuning _
magneto-eptic magneto-~optic T
130lators I . ;:;::;l:.e o/p Isolators 2‘:::1:? o/p
Yamazaki sutomatic] Yamazaki
et-nl frequency, et-al 1

DFE laser] DF B Taser]
iooc/ecoc [T toocsecor o
30MHz _ 30MHz
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HIGH BATA RATE CONERENT TRANSHISSION
THE PROBLEF

Direct detection receivers require a receiver dbandwidth
of between 50X-100X of the clock rate byt heterodyne
receivers may require bandwidths of 200X-500% of the
clock rate.

DIRECT DETECTION& HETERODYNE
HOMODYNE I

lever
sideband

upper
sideband

baseband
amplitude

 receiver spectrum (H2) recetver spectrum (Hz)

fold sver
SOLUTIONS
HETERQDYNE PHASE HOMODYNE
(L.F 2 bitrate) DIVERSITY (1F=0)

(i.F < bitrote)

I
spectral |

pilot ll:ostns carrier
effictent
modulation 3-phase || 1&0 ;:;:rler loop

|
HIGH DATA RATE COHERENT TRANSMISSION
THE PROBLER

Direct detection recelvers require a receiver bandwidth
of between 50%X-100X of the clock rate byt heterodyne
receivers moay require bandwidths of 200%-500% of the
clock rate.
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fold ever
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(1.F < bitrate)

(HSK, 4PSK
etc.)

I N

:':te::ctir:;t pliot Costas| [carrier
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HORGDYNE DETECTION

Homodyne detection gives 348 better receiver sensitivity
then helerodyne detection and requires less than /20t
the receiver bandwidth BUT would normally require a
Phase locked l1oop.

OPTICAL PHASE LOCKED LOOP RECEIVER
phase detector

date
input signal (balanced receiver) out
N *
VCD &
local /1
0sC. N loop filter

/frouncg contrel

by intracavity
Aéh—a Lithfum Niebate
medulater

Externs) cavity laser

HOMODYINE DETECTION: THE PROBLENS
PILOT CARRIER PHASED LOCK LOOP RECEIYER

« Laser linewidth 0.05% to 0.1% of the data rate
EXTERNAL CAVITY LASERS

s Local osciliator must have fast electrooptic tuning
for wide PLL bandwidth

INTRA-CAVITY MODULATORS
* d.c coupling in receiver leads to drift problems with
sub-nanoWatt pilot carriers.
SELF BALANCING RECEIVER

* Rayleigh backscatter from reflected local oscillator
adds noise to low level pilot carrier
SPECIAL TECHNIQUES REQUIRED
(See Malyon et-al Eloctron. Lett, 421,1986.)

i
HCHOBYNE BDETECTION

Homodyne detection gives 3dB better receiver sensitivity
then heterodyne detection and requires less then 1/2o0f
the receiver bandwidth BUT would normatly require o
Phase locked loop.

OPTICAL PHASE LOCKED LOOP RECEIVER

phase detector

data
input signal (balanced recetver) out

— ~0—]
Lo PDTEHO-

vCo &
local D 1

N loop filter

/freuucg centrel

by intracavity
/.‘vd....a Lithiam Niebate
modulator

Externst cavity laser

HOHODYNE DETECTION: THE PRODLENS
PILOT CARRIER PHASED L OCK L OOP RECEIYER

» Laser linewidth 0.05% to 0.1%X of the dota rate
EXTERNAL CAVITY LASERS

¢ Lacal oscillator must have fast electrooptic tuning
for wide PLL bandwidth

INTRA-CAVITY MODULATORS
= d.c coupling in recelver leads to drift problems with
sub-nanoWatt pflot carriers.
SELF BALANCING RECEIVER

* Rayleigh backscatter from reflected local osclliator
adds nolse to low Tevel pilot carrier
SPECIAL TECHNIQUES REQUIRED
(See Malyon et-al Etectron. Lett, 421,1986. )






