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1., Introduction

Optical fibre transmission for the time being is mainly used in the
telecommunication network. Optical fibres are wused in trunk-line
interconnections for high speed digital communication over long dis-
tances.

During recent years optical fibres have completuly taken over the
rate of coaxial cables, which previously had been used in trunk net-
works. This is mainly due to the superior transmission qualities of
the optical fibre, which are:

* Low attenuation {=> larger distance butween regenerators)

* Large bandwidth (=> higher transmission capacity)

The larger distance between regenerators increases the reliabilits

(MTHF} and therefore also the availability of the system.

Calculations show also that transmission in optical fibres is the
most economical solution when we speak of transmission of digital
signals with bit rates of 8 Mbit/s or more in the trunk network. The
lowest bit rate at which optical transmission is economical is de-
creasing during these years as a result of explosive progress within
this field.

Optical fibres have a number of advantages which are important in the
establishing and running of large cable installations. The optical
fibres are dielectrical which means that thev are unable to conduct o
current, This fact allows for the construction of completely metal-
free cables, which can be used in locations where it is known that

lightning in conventional cables is a problem.

In situations where special EMP-protection (Electromagnetic Pulse
from nuclear explosions) is demanded, metal-free optical cables arc
ideal.

e
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Furthermore, optical fibres have a very little cross-secticnal area

which makes it possible to manufacture much lighter cables compared . - -

to those previously used. PCM order Data rate Niov, Telephi.
Mbit/s channel:,
2. Signal sources in telccommunication systems —_—— -
1. 2.048 30
First it should be mentioned that this text deals with truansmission .
of digital signhals only. 2. B.448 120
In the telecommunication network, signals from several sources are 3. 34,368 480

transmitted., Telephone traffic still makes up by far the largest - —

part, but new services such as data networks, alarm networks and q, 139,264 1920

transmission of TV and radioc are expected to increase their part con-

siderably during the next years. 5. 4 x 139.2.4 7680

A telephone channel has a bandwidth from 300 Hz to 3400 Hz. According

tu European standards this signal is sampled every 125 us and is di-

gitized with 8 bit resolution. This results in a digital signal with Table 1. Multiplex hierarchy, Eurc; -an standard,
a data rate of 64 Kbit/s. ‘

Whoen transmitting over longer distances, a number of telephone chan-
nls which are geing in the same direction are multiplexed. In Tables System Data ra' - No. Teloih,

1 and 2 the multiplex hicrarchies are shown according European and Mbit/= channe |

North American standards respectively. Both systems are r.commended

by CCITT (Comit# Consulurive Internationale Teleqgraphique et Tele- T ~ 1 1.554 24

pheonique) . -— - -—
T - 2 6.3 96

in recent years the Europ-an and the North American systems have be-

qun to approach each othe:, mainly because systems with bit rates of T - 3 44.7 672

119,264 Mbit/s and 564.992 Mbit/s have been installed in the U.S.,

corresponding to the 4th und 5th order in the European systuem. In the T - 4 274.0 4032

U.5. these signals are made by multiplexing three and twelve channels

respectively, each at 44.7 Mbit/s. This corresponds to the T-3 level
in the North American sy:stem.

Table 2. Multiplex hicrarchy, Nort' American stand.rd.
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3. Optical Telvcommunica: ron systems

The optical transmission .ystems to be used in the telecommunication
network are in several a:cas different form other optical transmis-

sion systems. Here are scue examples:

* Extremely high reliability required,
MTBEF (Mean Tim: Between Failure) 10-20¢ ycars per unit.

* Demand for max mum range, especially in

undersea systeus.

* Demand for con.tant supervision and possibility

of prompt failure location.

The very strict demand ror reliability was an important problem in
the first laser based :ystems. The MTTF (Mean Time to Failure) of
the lasers was only 1,000 hours which made these components unfit
for telecommunication systems. However, the lifetime of the lasers
has improved greatly and now most manufacturers state a MTTF cf ap-
proximately 1,000,000 hours (approx. 100 years) at an ambient tem-
perature of 50YC. This mcans that the laser is no longer the domin-
ant factor for the MTB: of the systems, although it is still the
component with the highe.it failure rate,

The maximum range of .. fibre optical transmission system which
transmits over guartz qlass fibres is reached by transmitting at a
wavelength of about 1.5% um. At this wavelength the filre has the
lowest attenuation, about 0.2 to 0.4 dB/km. Nevertheless a wave-
length of approx. 850 unm was used in the first optical telecom-
munication systems and here the loss in the filre is very much
larger, namely 2.5 to 3.5 dB/km. This is due to the fact that
reliable semi-cunductor lascrs only were available at B850 nm at that

time,

Semi-conductor lasers with a longer wavelength, namcly 1300 nm, were

NKT - ELEKTRONIK

Optical Telecommunication Systems
Page 6 of 23

not commercially available until & few years later. At this wave-
length the fibre has a fairly low attenuation of 0.5 to 1.0 dB/km
and the bandwidth of the fibre has reached its maximum, Long dis-
tance transmission systems which are being installed in the next few
years will mainly operate at 1300 nm on single mode fibres. Typical
values for attenuation as a function of wavelength for high-quality
fibres for use in the telecommunication network are shown in Figures
1 and 2.

b MCVD MM tele fibre for 0.85 um
e}
so f
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Fig. 1. Attenuation as a function of wavelength for NKT multimode

fibres.
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3.0
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Fig. 2. Attenuation as a function of wavelength for NKT single mode

fibres.

Optical communication systems operating at a wavelength of 1.55 um
for use in normal telecommunication are now being developed. Special
lasers are needed for these systems since even a single mode fibre
has a limited bandwidth at 1.55 um due to the fibres' chromutic dis-
persion. This makes it necessary to reduce the spectral width for
1.55 um lascrs, if they are to be used in high-speed systems with

maximum distance between generators.

This principle is illustrated in Figures 3 and 4. If the laser in
Figure 4 b) is used in a system with a distance between regonerators
of 30 km, the total dispersion will be approx. 5 nm x 30 km x 15
ps/km/nm = 2250 ps. This means that with a bit rate of 565 Mbit/s,

there will be a rather significant inter-symbel interference.

NI & ecexrronix
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The laser spectral width can be reduced by several technigues, some

of which are as follows:

1) Stabilization with an external cavity.
2) Stabilization with using a‘grating on the laser crystal.
3) Stabilization with the help of a signal coupled from an

unmodulated luser with a narrow spectrum.

4) External modulation of a laser having a narrow spectrum
and operating continuously. The external modulator can be

made f an electro-cptic material, eg. LiNbO3

The most promising method for the time being is 2}, where a grating
is placed on the laser crystal itself. If the grating is placed be-
low or above the laser's active area, the laser is called a Distri-
buted Feedback (DB} latcr, but if the grating is instead outside of
the cavity, the luser :.
tor (DBR).

referred to as a Distributed Bragg Reflec-

N KT j ELEKTRONIK
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4. Optical transmission systems

An optical telecommunication system is composed of two ptimary compon-

Page 10 of 23

ents: line terminals and regenerators as depicted in Figure 5.

Line
terminal

Regenerator

-t—r

r'ﬂ-ff—.—

Regenerator

Line
termingl

Fig. 5. Simple telecommunication system.

Some examples of typical maximum distance between regenerators are

shown in Table 3.

MAXIMUM REGENERATOR SPACING
PCM |Data Rate 850 nm 1300 nm 1300 km 1550 nm
Order| Mbit/s |multi mode ! multi mode single mode single mode
Fabry-Perot | Fabry-Perot| Fabry-Perot Distributed
laser laser laser Feedback laser
3. 34 20 km 30 km 60 km 150 km
4. 140 12 km 20 km 50 km 120 km
5. 565 40 km 9¢ km
Table 3. Typical values for maximum regenerator distance for

various fibre types as a function of the data rate. The

values apply for normal terrestrial systems,

P 9

kY

ry

oy



_ Exterrct dota interfote

N KT ﬁ ELEKTRONIK

Optical Telecommunication Systems

Page 11 of 23

Block diagrams for a line terminal and a regenerator are shown in

Figures 6 and 7.
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5. System calculations

System calculations aim to clarify how far certalu transmitter/

receiver equipment can send a cortain signal!, or to define what is

required of the equipment and the optical f.bre in order toe be able

to transmit a certain signal over a certain distance,
LOS5S BUDGET

A system calculation can be presented as a simple linear eguation

when only the loss budget is concerned:
P, - P

>d L, 4+ n Ls + M (all values in dB)

8 R £
*
where PS = transmitter's cutput powcr measured in point §

immediately after the first connector

PR = receiver's sensitivity at a bit error r.tio
of lll)_10 measured in point R* Lmmediate !y before
the last connector

Lf = loss in the fiber per unit leng!h dB/km

d = distance between transm:!ter anl receivor,
(fibre length)

Ls = average loss per splice

= total number of splices

= the desired system margin.,
For definitions of the points § and R ploase refer to Ficoure 8.

The equation shows that the total loss in the system plus the :oys-
tem's margin (the eguation's right side) must not exceed the differ-
and

ence between the power that the transmitter can send, the power

that the receiver can detact.
As shown in the equation, the finre
The

cable length is normally approx.

the losses are proportional to
a/2z km + 1,

and where thoere is «one

total number of splices n = where the

2 Kkm,

length d.

spiice
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in every end in order teo fit the station cables. (Station cables are
single-fibre cakbles that connect the buried cables to line terminals

and regenerators at the stations).

The loss budget is illustrated in the figure below,

Point S Point R
d
|~ s
Output | L. Log bensiti-
power |t S e ff—H ity
Pg Pp
Optical Transmitter
E]:] Opticul connector, loss LC < 1 1]
> Fusiou splice, loss Lg < 0,15 ae

— ° Fibre, loas (1300 nm) L ¢ 0.5 dB/kwm

—& 3 Sectioun length (typical) d 2 km,

Fig. 8. Simple optical l.nk illustrating the power budget.

In the following, the incoming dimensions in the loss calculation will
be briefly discussed, .ad approximate values tor these dimensions
will be given.

P., optical output powe: :

[+
Y

The maximum allowable cutput power in the fiber from the semi-con-
ductor lasers on the ma-ket today is ca. 0.5 mW (-3 dBm) using RZ-
modulation (return to z.-ro}, or 1.0 nW (0 dBm) using NRZ-modulation

{non return to zero}.

NKT }ﬁﬁ ELEKTRONIK
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P_, sensitivity of the optical receiver:

"

The receiver's sensitivity is the smallest optical power measured on
the optical connector at the receiver input that can be received
with a given error ratio {usually BER = 10_10, BEK - Bit Error

Ratio).

The sensitivity of an optical receiver depends on the data rate.
Typical values for the sensitivity of high quality optical receivers
are shown in Table 4.

Data Rate B850 nm 1300 nm and
Mbit/s (Si-APD}) 1550 nm
33 ~56 dBm ~45 dBm (InGaAs-PIN)
140 -49 dBm =40 dBm (InGaAs-PIN)
565 ) ~35 4Bm (Ge-APD)

Table 4. Typical values for sensitivity of optical receivers as a

function of data rate and wavelength.

L ., loss in the input connector

C1

The connector on the system's transmitter side can cause loss of
about 1 dB. The reason for this loss is partly the simple Fresnel-
reflection at the transition glass-air-glass in the connector, and
partly the geometric imperfection of the two fibers that stould be
joined. According to the latest CCITT recommendaticns {Red book,
Geneva 1984), the loss LCi should be included in the sp«cificd output
power, in the way that the output power from the lascr pigtail is
reduced by Lci to give PS.

R

o

ry

EL
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ch, loss 1in the output connector

The connector on the system's receiver side can cause a loss of U to
1.0 dB dependant of the coupling conditions (direct coupling to de-
tector, ccupling to multimode fibre, coupling to single mode fibre).
According to CCITT the receiver sensitivity shouldé be spocified in
point R, Therefore the loss Lco is included in P_ and does not appear

R
in the loss budget.

L_, loss per splice

The splice loss, that is, the loss from the joint between two fibars,
.can be very low (less than 0.1 dB) if the two fibers to be spliced
have completely the same geometric and optical characteristics. The
fibers are usually joined by melting the two ends togethar (fusion
aspliece}. Typical value: for the splice loss are 0.2 dB for multimode
fiber and 0.1 dB for single mode fiber.

In certain instances another splicing technique is used where the two
{fiber ends are glued together. The average splice loss with this

technique is reported to be less than 0,05 4B,

M, the desired system margin

The system margin is muasured as the difference between the output
power that is present in the receiver at the time of inutallation,
and the sensitivity that the receiver has at this time. The minimum
size of this margin 1s decided by the expectations the system
designer has about changes in the individual system paramcters in the
course of the system's lifetime, typically 15 years,

if some form for feedback is not used to maintain a stable condition.
Feedback such as this is normully used in laser-bascd systems, and
the laser's output power can therefore be assumed to be constant in

the laser's lifetime within +1.0 dB, There is usually calculated a 3

T TIS"X .. cLextronik
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dB margin of change in the output poor for systems based on 1L.ED,

because the output power is not stabil: ced in these systems.,

These wvariations are dependent on the able construction and the fi-
ber's coating. A typical value would be + 0.02 dB/km Jepending on the
climate. The variation of the connector loss may be n.glected in the
temperature range where the connector is usually used {+10% to
+50%%) ,

The splice_loss can rise significantly in the course of the calle's
lifetime where repair of damag.d cabl:s is concernsd. As a tunda-
mental design rule it can be assumed th t a cable is s.vered one ! ime
per kilometer in the course of its lifctime. In this «ase the s} lice

loss will approximately double, for ex . mple from 3 dli to 6 dB. How-
ever, this so~called repair margin vari.s very much fr.m one location

to another.

erature variations. The largest tcmpera‘ure variation is seen in re-
ceivers based on Ge-APD. The sensitivi y typically decreases by 0.1

dB/°c for these receivers.

A_total system margin between 6 and 10 B must be secn as reasonable
when the above-named factors are taken ‘nto consideralion. In corpar-
ison, in satellite communication system: wherc there has been a great
deal of experience and the toletance of the component: is less, the

system margin is approximately 1 dB.
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DISPERSIONS BUDCET

Dispersion is a measure of the broadening of an optical piulse propa-
gating in the {iber (equivalent to the fiber bandwidth). Dispersion
can be measured by sending a very short impulse {in principle an in-
finite, short pulse) in a fiber of a certain length. At the end of
the fiber, the broadening of the impulse is measured, giving the dis-

puersion.

Dispersion for a spliced link of multi mode fiber does not depend
linearly on th¢ dispersion eof the individual lengths. Measurement
results show th:t the dispersicon for a link with a length 1 = i ]i
_can be calculated in the following way:

z Tl 2
AX
+ [ Dk i liJ

chromatic dispersion

1.5
D° = i {D.1.) __l_
1 ii’ 0.75

vave guide dispersion

where D is the dJdispersion for the link and D, is the dispersion for
the individual length li measured with a light scurce with a very
small spevtral width.

Di usually lies between 0.5 and 1.0 ns/km for 850 nm fiber, while it
is less for 1300 nm fiber. The cxponent 0.75 is empirically found and

varies typically from 0.5 =~ 0.8.

A% is the RM5 - spectr.l width of the light sourcce (lascr or LED)
which is used in the Lransmission system and Dc is the chromatic

dispersion of the fibre.

The dispersion ior a link of single mode fibres is calculated accor-

ding to the more simple cequation:

NI "X eLexrronik
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As a simple rule of thumb it can be stated that a dispersion below
30% of the.bit length of the transmitted signal will result in a dis-
persicn pe;alty of approximately 1 dB due to so-called mode partition
noise {see Appendix)., A more detailed analysis is necessary if you

want to transmit in fibres with a higher dispersion.

6. Principles for optical transmitter and receiver

The basic elements of an optical transmission system are an optical
transmitter, an optical fibre and an optical receiver. A simple op-

tical transmission system is illustrated below.

OPTICAL FIBRE

ELECTRICAL ELECTRICAL
SIGNAL GPTICAL SIGNAL
] -+ Y RECEIVER

OPTICAL
SIGNAL

Fig. 9. Simple optical transmission system.

In the optical transmitter, the electrical input signal is used to
modulate a light source. The light is coupled from the light source
intoc the optical fibre where an the usual attenuation ranges from
0.25 to 3 dB/km dependent on wavelength. In the case of a digital
system, the other end of the fibre is led to the optical receiver
where the optical signals are converted to electrical signals,
amplified and resampled.

Optical Transmitter

The optical transmitter consists of a light source which can be modu-
lated. The most common modulation form is a simple on/uff modulation
where the light source is turned on or off, depending on which of the
two binary symbols, 0 and 1, are transmitted.

-

e
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The light source is either a semi-conductor laser or an LED {(Light
Emitting Diode) with a wavelength around 850 nm, 1300 nm or 1550 nm.

These wavelengths are outside of the visible range.

A semi-conductor laser can be meodulated with digital signals with a
data rate up to approximately 3 Gbit/s (3 x 109 bit/sec). An LED is
somewhat slower, having a maximum data rate of about 5CC Mbit/s, but
higher modulation speed may be realized using sophisticated LED

structures and driving circuits.

It is easier to couple the light from a semi-conductor laser inte an
cptical fibre than from an LED. When coupling from a laser, the typi-
cal loss is 2 - 5 4B, while when coupling from an LED the loss is
around 15 dB, depending on the fibre type.

A third factor that makes the laser a suitable light source in tcle-
communication systems is its small spectral width. The spectral width
for a laser is typically between 0.1 and 5 nm, while that of an LED
is usually around 100 nm., A large spectral width leads to a widening
of the pulse, caused by the chromatic dispersion, which means that
light with different wavelengths propagates with differing velocities
in the fiber. A typical value for chromatic dispersion is 80 psec/nm/
km at 850 nm, 2 psec/nm/km at 1300 nm and 17 psec/nm/km at 1550 nm.

However, an LED is less expensive than a laser, and it also has a

longer lifetime.

The characteristics of a laser dicode at two different temperatures

are shown below.
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Pout/mw

4

3 t=207C te50°C

PR 3

1

0 + + = [ /mA
0 50 100 150

Fig. 10. Characteristics of a laser at two different temperatures.

The laser diode has a light-current characteristic that resemb:les the
current voltage characteristic for a typical diode. The threshold
current is depondent on temperature in such a way that a higher tem-—
perature results in a higher threshold current. The laser's threshold

current alsc increases as the laser ages.

The laser's characteristics make it well-suited for use in digital
systems, while it is less ideal for analog modulaticn. This is be-

cause the light-current characteristic is not completely linear,

Figure 11 shows a block diagram for an optical transmitter in a dig-
ital system. The data signal is converted first from the normal NRZ-
format {non~return-to-zero) to the RZ-format (return-to-zero), wherc
the duration of a high data impulse is cut in half. The signal that
results is used te modulate the laser. The current through the laser
is made up of a DC~contribution, the so-called bias, and an AC-con-
tribution, controlled by the modulating signal. The current amplitude
for the modulated signal is held constant for practical reasons, and
changes in the optical output power are brought about by varying the

bias current. The optical output power is monitored, and the feedback
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DATA
— QUTPUT
LASER ol POWER
K
Loc DRIVER MONTOR
BIAS
CONTROL

Fig. 11. Block diagram for an optical transmitter.

assures that a constant signal energy is held in each optical pulse
independent of temperature, bit stream, and the laser's age.

Optical receiver

The optical receiver consists of a light-sensitive diode that is able
to convert the received optical signal into an electric current. An
Avalanche Photo Diode [(APD) or a PIN-diode is usually used, Silicon
diodes are almost always used at wavelengths below 1000 nm, while at
longer wavelengths germanium or more exotic materials, for example

indium-gallium-arsenide (InGahAs), are used.

A photo diode is equivalent to a current generator with a current
proportional to the received light intensity. An avalanche diode can
generate a higher current than a PIN-diode with the same light inten-

sity, since the avalanche diode has an internal amplification of typ-
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ically 10 - 100 times. However, an avalanche diode has a higher
noise level than a PIN-diode, because the avalanche amplification is

not censtant from one light impulse to another.

After the conversion from light to current, the signal is amplified
and the clock information is derived using a phase-locked loop or a
surface accoustic wave (SAW) filter. The clock signal is used when
re-sampling the amplified signal. If the signal/ nolse ratio at the
input to the optical receiver is large enough, there will be an un-=

disturbed copy of the sent signal at the output of the receiver.

A block diagram for an optical receiver is shown below.

SAMPLIRG

El D Qp—e——
ey
Vref e

{LOCK
RECOVERY

Fig. 12. Block diagram for an optical receiver.
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7. Conclusion

Transmission via optical fiber is accepted as the most economical

transmission method today in the digital trunk network.

A large number of systems are in operation around the world, and the
growing pains are almost over. The systems today demonstrate a reli-
ability that lives up to the traditional systems based on coaxial
cables.

This means that telecommunication companies have a transmission me-
dium available with such a large transmission capacity that they can
easily cover any need for many years to come. Only the future will
show which services the telecommunication companies will offer their
customers via the coming digital trunk network, based on optical
fibers, but one thing is completely sure: It will not be the net-

work's transmission capacity that sets the limits.

January 1, 1987
PV/26de
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Aprpendix

LASER NOISE

The purpose with this Appendix is to gi

duction to laser noise. The desuripti

without a special physical explanation

Laser noise can be characterized as b

the transmitted light inte¢nsity and spe

An ideal laser has a complotely :»table
which ts in directly proportional to t

Intensity noise

However, in practice you may find int.
frem 100 to 150 dB/Hz below thc sign.

characterized by the gquantity RIN (Rc:

can be measured by a modulation of th:
wave signal. This optical signal is

spectrum analyzer. The spectrum will o

of the modulation frequernces and of
The ratio between the signal power and

RIN.

The noise has a wide spectrum and is t
speed systems. This noise source is o

565 Mhit/s and above,

RIN depends on the temperature, on |
reach the laser aguein, for exomple |

hiasing conditions,
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RIN is indepcident ol the chromatic dispersion of the fibre and 1s
recognized as dan ampl 1tude noise present in the eye diagram of the

optical receiver.

Spectral noise

The spectral noise i . usually described as a noise which consists

of three cont:ibution: :
a) Mode jumps: s dden jumps in centre wavelength of up to 5 nm.
T: :ge jumps can be induced by temperature and

o rrent variations or by variation in reflection.

L) Mode partition
noise: M aning that the spectrum from the laser diode
n t is completely stable. Both during modulation
a .i continuous operation the optical power may be
r distributed between the different longitudal
modes.
cl Chirps: M ining a rather small (0.1 to 0.2 nm) displace-
m at of every longitudal mode. Chirp only occurs
d.ring modulation.

spectral noise leads '0© phase noise in the eye diagram of the optical
receiver. Common for all the spectral noise contributions is that
they will only affect the transmission if the chromatic dispersion of
the fibre exceeds a -ertain amount, corresponding to the fact that
the phase noise in he received signal is comparable to the bit

length of the transmi ted signal.

Mode jumps are espec ally serious in 850 nm systems where the chro-
mitic dispersion is bout 80 ps/nm/km. There is no theory for the
occurrence of these out examples of mode jumps induced by external

reflections hive been reported.
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Mode partition noise is the limiting factor in many hiyli speed

systems operating at 565 Mbit/s and above when Fabry Perot lusers at

1300 nm are used. The theory of mode partition noise is described in ‘.

K. Ogawa; Transact., IEEE-QE, vol, 8 (1982), p. B49-855.

Chirp is the limiting factor in long distance higyl speed systems
based on DFB-lasers.

T
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Course no.: D1 Coursa no.: ™

Tive: 148 Moits SMOLS, Syssem Overview -1 - OH TRANSPARENCY Tite: 140 Mblus SMOLS, System Cvarview 2 - OH TRANSPARENCY

Subject: optical Specifications Lesson: 3.2 Subject: optical Specifications Lesson: 3.2

Optical Specifications Lesson Qutline Optical Interface, 300 nm

Connector:
Single mode opticr connector, DOA-
AAN type 5PA.
Optical fibre:
* Optical Specifications In acc. win CCITT  c. G.B52.
’ Bit rate:
167117 Mbit/s £ 1 pm
Lina code:
5B/68
Data format:
NRZ

* Safety Power Laser typa:
: Fabry-Perot

* Output Power

Optical wavglength:
1310 £10 nm

- .
Extincion Ratlo Spectral half width:
. < 4 nm

Opiical output power:
. -5 to -2 dBm meas- ed at point S acc.
* Recelver Sensitivity ta GCITT Aec. G.9¢ ?
Extinction ratio:
= 1:10

Safety power:

*
Dynamic Range < -9 dBm {point S5)

Recaeiver dynamic range:
-20 to -37 dBm

* §endlﬂeceive Ratlo Recaivar sensitivity:
Bit Error Ratio (BER) < 10°'°, provided
mean optical input ower > -37 dBm,
measured at point F ce. to CCITT Rec.
(G3.956 and provide« extinction rano for
TX 2 1:10.

Send/Aaceive ratia:

18 ¢ S/R £ 31 aB 1 cluding mariyn for
dispersion penaity.
(Max. disparsion : ‘00 ps/nm).

Instructo:'s and Tralnee’s MANURIS Issus 1.0 PU /80,073 Instructor's and Traines’s Manuals lasue 1.0 PU [ 90.07.31
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Course no.: D1
Tite: 140 Mbiys SMOLS, Systsm Overviaw -3 - OH TRANSPARENCY
Subject: optical Specifications Lesson: 3.2
t oW
Laser Specification:
Output power (CW): min. 1.2 mW
Output power at threshold: max. 0.05 mW

Drive current above threshold: max. 35 mA at 1.0 mW
Output power variation due to
Case temperature variation
(=20 °C to +65 °C): +/- 0.5 dB

Uging a 40 mp Laser Dri e rcujt:

Qutput power: min. 1.15 mW
(at 40 mA above thr :shold)
(Note: a threshold ,ower of
max. 0.05 mW is nct fncludad)

Average output power: min. 0.58 mW
(50% Duty-cycle, = min, - 2.4 dBm
Py < 0.05 mW,
and 40 mA drive current)

Pojnt S calculationy (1:0 Mbit/s TX)

Laser Pigtail Output -2.6 dBm +/~ 0.20 dB
Connector Loss -0.7dB +0.3 / -0.5 dB
Output Power (Point 3) at install. -3.3 dBm +0.5 / -0.7 dB
Change with Temperature +/- 0.50 dB
Cutput Power (Point 3) over temp. ~3.3 dBm +1.0 / -1.2 dB
Ageing (laser slope) +0.3 / -0.5 dB
Output Power ({Point S) end-of-life -3.3 dBm +1.3 / -1.7 dB
=> -2 to -5 dBm
Wainuctor's and Trainee's Manusis Isus 1.0 PU / 50.07.31
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Course no: D1 *
Tite: WO Mbit/s SMOLS, System Overview  —4 — OH TRANSPARENCY
Subject Optical Specifications Lesson 3.2

Safety Power 140 DS iz

Transmitted data

Ty

10 mw
05 mW
0
|
Ppeck—ped( = 10 mW¥ pavr. =05 mw
~ — 3 dBm .
[ ]
Sofety sequence Note time scaie ! %
~1wm M
10 MW
007 mwW L. .
0 !
P peck~peok = 10 MW P =007 mW (0.13/187) :
~ — 115 dBm
AlS data sequence (Note: The Optical signal !
is inverted cormpared El

to the Electrical signai)

P poak—peak = 10 mW P = 0.1 mW (2/8)
~ —95 dim

Instructor's and Trainee's Monuats Issue 10 PU / 90.07.31
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Course no: D1
Tithe: 140 Moit/s SMOLS, Syatem Overview -5—

OH TRANSPARENCY

Subject Optical Specifications Lesson

3.2

Extinction ratio

I) Drive Current
v 2o 13 40 500 ()
i

th
P- _/:'Ppock
1 Ppt.llste
P"‘\m i uw-;

tirme

Extincion Ratio = Py /P

K Pgy =06 m¥aond Py,<< D05 miW

then
Poyr.= Q5 x (Pw*+ Pin )} (for o SOX duty—cycle)
Ppeok =2 % Poyr, = Pth

=2 x 06 MW ~ 005 m¥W
=156 m¥

¥

txtinction Rotic: 005 mw/ 1.5 miv = 1: 23

MReceiv-rMuymmWPw -PM—P",'
= 115 mN — D05 i
= 110 W, which corrmopords to 0.4 0B Peroly {roiotive to 12 W}

[Cor_140 DS: >

If the ['xtinction Ratio is g 1: 10O
then the Receiver Sensitivity

i5 redued by kess than 1 dB
g Lett
i

I B B cxrronix

Course no.: D1
Tile: 140 Mbit/s SMOLS, Systermn Overview - 6 -

OH TRANSPARENCY

Instruclor's and Trainee's Manuck issue 10

)/ 90.07.31

Subject: optical Specifications Lesson: 3.2
Receiver Sen- tivity
Point R calculationi (140 Mbit/s 1300 m RX)
Sensitivity (Point R) at install. =< -38.5 dBm +0.5 dB
Change with Temperature +/- 0.5 dB

Sensitivity (Point R) over temp.
Ageing

: -38.5 dBm +1.0 / -0.0 dB
+/- 0.5 dB

Sensitivity (Point R) end-of-life

=>

< ~-38.5 dBm +1.5 / -0.5 dB

< «37.0 dBm

instructor's and Trainee's Manuals lasus 1.0

PU { 90.07.31
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Y Course no.: DY
1(2:::* e 140 ML/ SMOLS, System Overview  —7— OH TRANSFARENCY Title: 140 Mbivs SMOLS, Systern Overview -8 - OH TRANSPARENCY
Sl.b.#-t Optical Specilications Lesson 32 Subject: optical Specifications Lesson: 3.2

Dynamic Range Send/Receive (S/R) Ratio

Output Power (Worst Case min.) Point S: - 5 dBm (min.)
Recelver Sensitivity at BER = 10"

(Worst Case) Point R: - 37 dBm (max.)
Dispersion Penalty: 1 dB
(when the total dispersion
Mox. Input is less than 300 ps/nm)
Seriivity MAXIMUM Allowable Attenuation: 31 dB

Output Power (Worst Case Max.) Point S: - 2 dBm (max.)

— -10
At an Input Power level above At on Input Power level below Receiver ove;\lf‘\)lggstatcgfe'} I;OI‘:'I? R: - 20 dBm (min )
the Sensitivity, the Receiver the Maximum Input, the Receiver ° -
detects and regenerates the wisjnal detects and regenerates the signal P
with less thon 0 ~°Bit Errors - with less than 0~"Bit Errors MINIMUM Allowable Attenuation: 18 dB
— The Sensitivity is — Tha madrmum input level is
maimum — 37 dBm ot Bi 2 = D minimum — 20 ddm ot BER = 10°°

The Lynomic Range is given as the
Inpu. Power levels where the Receiver
dete.:ts ond regenrates the signal
with less thon 00 Bit rrors

~ Tre: Dynomic Range is
minimum 7 B gt BER = D °
{irom — 20 dBm to — 37 dBm)

Irstructor's and Trainee's Moncals Issue 10 PU / 90.07.31 Instructor's and Trainee's Manuals tssue 1.0 PU / 90.07.31
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Course no.: A2
Titke: Fiore Optical Comenunication —-1- OH TRANSPARENCY
Subject Optical Systems - 1I Lesson 24

Optical Systems II Lesson Outline

* Line Coding
*  Alarm system

*  Supervisory systems

Instructor's ond Trainee's Monudls Issue 10 PU / 900733

T BT Ml coewrmonix

OH TRANSPARENCY

Course no: A2
Tite: Finre Optical Communication -2

SUb‘.mt Optical Systems - i

Lesson 2.4

Line Codvng

/7N
[m ]

1. Re—organization of data

nB/mB (n bit into m bit cod: )

—7?—>ROM —,mf—a»

Scrambler

—955‘%? g

Instructor's ond Troinee's Manudks Issue 10 PU [/ 900/
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Course no.: A2 Cowrse no.:  AZ

Tie: Fibre Optioal Cormmunication ~y- OH TRANSPARENCY Tite: Fibre Optical Communication ~4- OH TRANSPARENCY

Subject Optical Systems — II Lesson 24 Subject Optical Systems - 1 Lesson 24

2. Additional Capacity in Line Code Laiwne Codes

Typical Dataformates:

n m=n+ X
A1+ ? * NRZ Non—Return to Zero
x,|\ * RZ  Return to Zero
* CM[  Codec Mark Inversion (140 M)
* HDB3 High Density Bipolar 3 (2,8,34 M)
o moStAYX+P * AM[  Alternate Mark Inversion (565 M)

(((( * 4B3T 4 Binary to 3 Ternary (140 M)

SAXP

Typical Line Codes:

S = Synchronization
) * SB/6B Balanced (Germany, Philips)
A = Auxillary Channel

(Supervisory informtion,
f ngineering Order Wire)

P = Parity of data bits

x

78/8B Balanced (UK: BT, STC)

*

12B/1P/1C  Balanced (Fronce)

(for BER calculations) x 24B/P Unbatanced  (AT&T, TAT-8)
X = Extra Data Channel * 108/ Unbalanced  (Japan: NEC, Fuijitzu)
+ 5B/6B Unbalanced  (NKT)

Instructor's ond Trainee's Monuoks Issue 10 PU / 80.07.31 instructor's ond Trainee's Monuols Iague 1D PU / 9007.31
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Cowrse mo.. A2 Course no: A2
Title: Fibre Optical Communication ~5— OH TRANSPARENCY Tite: Fibre Optical Cammunication -6 - OH TRANSPARENCY
Subject Optical Systems - 1II Lesson =24 Subject: optical Systems - II Lesson: = 2.4
Line Code Parameters 58 / 68 Coding Map
Input State 1; D = =1 State 2; U = + 1
d d
word Codeword Codewor:l
N H N 0 101011 2 10100 -2
* Synchronization time ? T 2 PR 5
, — 2 110001 0 110001 0
Average / 99 percentile for BER = 10 3 101001 0 101001 0
4 011001 0 011010 0
5 010011 0 010011 4]
E d t t_ 6 101100 0 101100 0
* 7 111001 2 000110 -2
rror e eC Ion ronge 8 100119 0 100110 4]
] _ 9 010101 0 010101 0
Single errors / Saturation 10 010111 2 101000 -2
11 100111 2 011000 -2
12 110011 2 000111 0
13 011110 2 100001 -2
. . 14 101110 2 010001 -2
* Bandwidth reqUIrements 15 110100 0 110100 0
16 001011 0 001011 0
17 011101 2 100010 -2
CMI: 200 pct. 18 011011 2 100100 -2
19 111000 0 001100 -2
) 20 110110 2 001001 -2
55/65- 120 pct. 21 111010 2 000101 -2
22 101010 0 101010 0
. 23 011001 0 011001 0
163/185- 13 pct. 24 101101 2 010010 -2
. 25 001101 0 001101 0
*% 26 110010 0 110010 0
Extra COPOC|ty 27 010110 0 010110 0
: 28 100101 0 100101 0
5B/6B Balanced: No extra capocity 29 100011 0 100011 0
30 001110 0 001110 0
5B/6B Unbalanced: Aux. channels 31 110101 2 001610 -2
(Supgrwspry lnformd.('on’ EXAMPLE: S5B/6B CODING
Engineering Order Wire) s
2* = 33 A 6! /7 31 x 31 = 20
* Error Muttiplication Factor Simple Balance Impossiblc 111

instructor's ond Truinee's Monuals Issum 10 PU / 900731 Instructor's and Traines's Manuals lssue 1.0 U900
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Course no.: AZ Course no.: A2 N
Tius: Fibre Optical Communication -7 - OH TRANSPARENCY Tite: Fibre Optical Cammunication -8 - OH TRANSPARENCY
Subject: optical systems - II L.esson: 2.4 Subject: optical Systems - II Lesson: 2.4
A
6B / 8B Coding Map COMPARISON OF 3 BALANCED CODES
SEARCH FOR NEW ALIGNMENT IS INITIATED WHEN TWICE MORE THAN C
Input Codeword Lnput Codeword VIOLATIONS ARE FOUND IN A STRING OF CODE WORDS LESS OR EQUAL M
word word
0 10011001 32 01101100 Comparison of some Parameters of considered Block-codes L]
1 10010011 33 01011100 B
2 01100011 34 00111100
3 10100011 35 01111000
4 01100110 36 11100010
5 11000011 37 01110010 3B/MB 5B/6B 6B/8B
6 00011101 is 01001110 " .
7 10010101 39 11100100 Bit-rate increase 133 12 133
8 10100110 40 11010010 Number of alphabets 2 2 1
9 00101101 41 10001110
10 01001101 42 00111010 Number of coder states 2 2 1
11 01100101 43 00110011 . . N .
12 01011001 44 01011010 Number of tcrminal running disparity values 2 2 1
13 10100101 45 11010100 Number of running disparity values 5 7 7
14 11000101 46 10110100 pasty i
15 01000111 47 00100111 ) Max.oumber of coasecutive identical digits 4 5 & .
16 10011100 48 10110010 . i
17 01101001 49 10011010 Mean mark deasity 05 03 0.3 .
18 10101001 50 01101010 Perc.of tatpower betw.fT" =0 and 1.90 000 3.25 OO0 2.49 000 v
19 11001001 51 01010011 T = 003
20 01010110 52 00110110 o i
21 00111001 53 00110101 Error extension in decoding 15 237 15
22 01110001 54 10101100 . . 1
23 00011011 55 10101010 xﬁemaﬂ:mmt\gﬁeznmfga 1.7 10®° T 16 108" T 19 102 T
24 106010110 56 11000110
25 11010001 57 10111000 Average alignment recovery time 887 T C=15 555 T £=15 40T =8
%-6, 88231%%2 gg 21;32338 Max. alignment recovtime (99.9%) 2631 T M=510 495 T M=315 1566 T M=32
28 00101110 60 11001100
29 01001011 61 110119000
30 10001011 62 11001010
31 00010111 63 01010101 T is the digit time slot before the coding. For 140 MBils T = 7.18 psccand the may alignment recovery !
tme (999 %) is 3084 psce (4295 T). _
" dispari d of codeword. i
EXAMPLE: 6B/8B CODING parity at end ol codewar *

2* = 64 81 / 41 x 4t = 70

Simple Balance Possible 11!

instructor's and Tralnes's Manuals issus 1.0 PU / 90.07.31 nstrucior's and Tiaipes's Manuals msus 1.0 PU { 80.07.31



N KT I ELEKTRONIK

Course mno.: A2
Titke: fibre Optical Communication —9- OH TRABBPAREW
SUb'Ft Optical Systems - 1} Lesson 2.4

NKT Line Codes

34 DS and 140 DS frameformat

5B/6B  (B8/18B)

| 5 aoto bits [5]5 dota bits [a]5 dato bits |P]

S = Synchronization bit

A = Auxillory Chonnel
{Supervisory ch,,
and EOW)

P = Parity of 15 data bits

565 ES frameformat

BB/ 188 (64B/728)

hs data bitsl'l l O|16dqtobits |u1lu2|16dum bits Lo l 1]15 dalo bits | AlF‘l
FO F1 F2 F3

FO—F3 = Synchronization Word

U1, U2 = Additional Data Channels
(each 8.8 Mbit/s)

A = Auxillary Channel
(Supervisory ch.,
and EOW)
= Parity of 64 dote bits

N KT E ELEKTRONIK

Cowrse o A2

Title: Fibre Opticat Commurication -10- OH TRANSPARENCY
Subject oOptical Systems - 1 Lesson 24
Scrambling

[rstructor's ond Troinee's Manuals Issue 10 PU / 80.07.31

* A Scrambler breaks up long
periods of equal bits which may
prevent correct syncronization

* A Scrombler secures equoal

probability for “"mark' and ''space”
independant (almost) of input signal

Example: Set/Reset Scrambler

Mockio 2 Moddo 2
X Adder v Y Ackder xl
[
[V uY [ ] n 5§
D 1 >
Z Y, eXeZ Z
PRAS — Gen. =Yy 017 PRBS ~ Gen
[ [ros - sen Problem: SYNC !
~X®Z® 2
= X
3

Example: Self —Synchronizing Scrambler

X > . i ,
-, I N 7SS IR Y I I A I AN
x!
4 | i)
Y =X &Y &Y
L 3 - [N
X =Y oY e )
. Error Multipl. !
13
Instrueter's ond Trainee's Manuoks lasmr 10 U/ 9007.31



Course whi A2

Titke: Fibre Cptical Cammunication -11-

NKT ' ELEKTRONIK

OH TRANSPARENCY

Sub,act Ojptical Systems - It

Lesson 24

Alarm Svystem

N KT h ELEKTRONIK

Word s A O A
BER >yt)ns ) B N L
BER >1* R O-@-0O
ot A BR
®)
o [ ]
b (O (A
£ Lamp panet:
Module: —_—/ d|gpﬁxya rack dlarms
E detection ~ electricol bmte?rfclnce for
example: Alorm combiner: Rack alorm module: cal dlarms
output codec) — cornman UNIT darms ~ commeon RACK alarm

— clossification of darms - re

contocts for LOCAL dlarms
— supervision channel

ermg of unit alarms

for protection switch systerns)
Alarm tranceiver function

Instructor's and Tronee's Monuols PU / 90.07.31

Courss no.: A2 .
Thie: Flbre Optical Communication - 12 - OH TRANSPARENCY b
Subject: optical Systems - II Lesson: 2.4
Remind / Acknowledge Function
Narmal
Condition
(na Alarms) I
Bress the Press the b
» - "OFF" Button .,~
OFF™ Button at tha Alarm "
at 1he Alarm Compiner
Combiner
Remind
(rsllow LED)
Press the
“CANCEL" Button
at the Rack Alarm
Module
|
A or B Alarm §
{Red or Yallow 1
1} ,l
Press tna
“CANCEL" Bulian
at the Rack Alarm
Module
A/B Alarm
*
Remind
Note:
The diagram
shows the 8-4-0377
Indication at tha :
Rack Top 4
1)
REMIND may aiso §
be present if e
activated in Unit i
{OFF=button )
at the Alarm Combiner) by
Instructor's and Tralnes's Manuals sue 1.0 PU f 90.07.31



N KT ﬂ ELEKTRONIK

ree no.. A2
o e Gptcal Communlostion - 13- OH TRANSPARENCY
Subject: oOptical Systems - II Lesson: 2.4

Centralized Supervisory System

140Mbit /s @

!ysl.m/
Helio, | am 5650 /s

RGD no. 624. Nol too
I have a "10-6"

y Oy LINE RECEIVER
J4Mbit/e

syslam

V%
# %/ et

o
l % Hello 565Mbit/s RGD
l no. 624
\
\
B-4-0642

T* TES I N eiewrronix

OH TRANSF ARENCY

Course no.: A2
Title: Fibre Cptionl Communication - 14 -

Instructor's mnd Trainae's Manuala lssue 10 PU / 80.07.31

Subject: optical Systems - II Lesson: 2.4

—

Decentrallzed Supervisory System with Flaut Location Unit
Hallo, | am 140MBil /s

Hallo, | am 565Mbit /s
NRGD no. B43. Nol tao
565Mbi /¢ good, | have a BER HIGH
lys!.m atarm
fEG. no. 532 | am
OK. | have no alarms E

Hallo, 140Mbit /s
AEG. no. 532.
How are you?.

140Mblh's
system

1400ADIL /8
sysiem

z

1. llo S65MbH
ro G643,
b ow mre you 7

s LTU

B-4.0641

instructor's and Trainee's Manuals insue 1.0 PU / 90.07.31



Course no.: AZ

NKT I ELEKTRONIK

Title: Fitre Optical Coruamunication -1 - TRNNEE,S HAND-OUT
Subject optic.l Systems - II Lesson 2.4
Dataformates
Mesiuge: [ O 1 0 EO %O 110
coer 1 1L UL
NRZ T 5 1
RZ L
Cu ] U
HOB. 5 —J L. ¥ U —
w L -
@i = LT

Short list of

NRZ:

RZ:

CMI:

code char. . teristicst

The NRZ ,Non Return to Zerc) code is a 2 level code
which is constant during the complete clock period.
The outp:.t level is corressponding toc the message.

In the R. (Return to Zero) code the ones returns to
the zero .evel after a half of the clock period.

In the ¢ | {Codud Mark Inversion) code the zeros are
presente: as a high pulse with a duration of a half
clock pe: iod. The ones are presented in a whole clock
period at a high or low level depending on the last
*1". Compared to this last *1* the bit is inverted.
It shall be noted that the required bandwidth for a
CMI signal is twice the meesage bandwidth.

Course no.: Az

Titls Fibre Optical Communication - 2 -

NKT ' ELEKTRONIK

TRAINEE'S HAND-OUT

Instructor's and Trainee's

Manuals issue 1.0 PU / 90.07.31

HDB3:

4B3T:

The AMI (Alternate Mark Inversion) is a 3 level code.
each "1" is represented in a half clock period at a
posetive or negative level. The sign of the "1" level
will depend on the last "1" presented.

The HDB3 (High Density BRipolar 3) code is allmost
equal to the AMI code in terms of the 3 level coding.
The difference occours when 4 or more zercs are
transmitted Just after each other, then an additional
pulee (a vioclance pulse) is forced into the bit
stream. The polarity of the violence pulse is equal
to the last "1" pulse. More about the HDB3 code could
be found in the appendixes to CCITT Rec. G.703.

The 4 bit into 3 Tenary bit code is a 3 level code
where each package of 4 bits is coded into 3 bits. The
feature of this code is that the required bandwidth
is reduced by 4/3 compared to the message bandwidth,

Instructor's andt Tiainee's Manuals Isaue 1.0

PU / 90.07.31

e
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INTES"X" : eLecrronix INI S "X ccextronik

Course no.: A2 Course no.: AZ

Title: Fibre OpliciConwnIiccl\on -1- m W@EARE_M:Y_ Title: Fit,‘,“,:, th'aod Communication —-2- _OL'I TRAE?AREW

SUb_mt Future Optiral Communication — 1 Lesson 2.6 Sub.mt Future Oplical Commun: ation 1 Lesson 2.6

FIBER—TO—THE—HOME THE FTTH CONCERT

+ THE FTTH CONCEPT .
« SERVICE ASPECTS @ L Qe
«  NETWORK TOPOLOGY <
+  TRANSMISSION TECHNIQUES
«  DIGITAL TV

¥ ANALOG TV

« FIELD TRALS

FTTH — AD 'ANTAGES

x+  MORE BAI OWIDTH

*  IMPROVED QUALHY

+  NEW SER. CES

«  POTCNTIAL LOW OST
+  FUTURE I 00k

Instructor's and Troinee's Maoruals ksue 10 Pl /800033 nstructor's and Troinee's Monuaks Esue fn 00725



INEE T feecrmon INI BT E cexrronix

Course no: A2 Course no: A2

Titee: Fibre Optica: Commuricatior ~3— OH TRANSPARENCY Titkes Fibre Optical Cormrmurication g ﬁO!:iIRAhBPAREl!:I

Subject Future Opticul Cominunication — I | esson 2.6 Sub.'ﬂ:t Future Optical Communication - 1 Lesson 2.6

3

SERVICE ASPECTS NETWORK TOPOLOGY —|

rus s | CO
TELEPHONY W

ISDN I ///j{by
TRVA D(IISDTV,PPV) s | CO RT — A
VIDEO TELEPHONE . 8959

VIDEO CONFERENCE
LIBRARY (TEXTVIDEO,HI—F1)

DATABASE T é ;—f
HOME SHOPPING

SECURMY (FIRE,BURGLARS)

RING CO

¥ OF X K XK K K X X X ¥

)
nsiructor's ond Trainee's Monuols tssue 10 PU / 9007.3 Instructor's and Tranee's Monuoks ksue 10 PU / 900731



NKT ﬁ ELEKTRONIK NKT ﬂ ELEKTRONIK

Course no. AZ

ourse Mo A ; ibre Optical Comwmunication B
o P — “5- OH TRANSPARENCY T Tore Optes Commrea OH TRANSPARENCY

Sl,qu:t Fulure Optical Communice ion — 1 Lesson 2.6

TRANSMISSION
NETWORK TOPOLOGY-I TECHNIQ JES

Subject Future Optical Communication — 1 Lesson 2.6

MODULATION
* DIGTAL
*  ANALOG
MULTIPLEXING
NETWORK ADVANTAGE DISADVANTAGE
» Time Division Multiple = ccess
HIGH FIBRE AND = SubCarrier Multiplexinc
STAR HIGH BANDWIDTH TX/ RX
CONSUMPTION + (High—Density) Wavele' gth Division Multiplexing
i o CONSUMPT'ON iN THE LOCAL LOOP e> /ﬁ
BUS MODERATE LIMTED BANDWIDTH A N MR .
TREE FIBER POOR PRVACY TDMA co— <
RING CONSUMPTION JAMMING POSSIBLE ~)

Ak O A

SCM co——< i _'
SEAERE IV}
A A ?

WDM co —<

&> 0

Instructor's ond Troinge's Manuals lasue 10 P/ Q007 31 Instructor's and Tronee's Manuals aue 10 PU /S 03



NKT ' ELEKTRONIK
Course no.: A2
Titee: Fibre Optical Cormmunicat. -7- OH TRANSPARENCY
Subject Futurc Optii I Communication - I Lesson 26

DICITAL TV

BITRATE 57 ->108 Mbit/s
PER CHANNEL

NB. OF CHANNEL > 9—>5 CHANNELS
PER 565 Mbit/s |x

NB. OF CUSTOMERS | 1024 8192 CUSTOMERS
PER Tx

*  WELL SUTi-D FOR LONG DISTANCE
TRANSMISSION

*  HIGHER BMRATE NEEDED FOR
LOCAL LOOP DISTRIBUTION

*  TYPICAL LOCAL LOOP (MPLEMENTATION
IS SWITCHED TV

x D/A CONVI'RSION AT THE CUSTOMER
END NECE SSARY

NKT i ELEKTRONIK

Course no,; A2

Tite: Fibre Optical Communication -8 - OH TR_A_I_\SPARE@
SubM Future Optical Communication - [ Lesson 2.6
AM Y
zangiiy (i 758 MHz 240 MHz

TYPICAL NB. OF
CHANNELS PER Tx

NB. OF CUSTOMERS 48 16-> 64
PER Tx

2040 =20

nstructor's and Troinee's Monuas ssus 10 PU / 80.0/.3}

*  MANY CHANNELS => AM AND FM
ARE LOCAL LOOP DISTRIBUTIO

*  AM HAS A POOR POWER BUDCET
(OPTICAL AMPLIFICATION)

*  FM REQUIRES DEMODULATION AT
THE CUSTOMER END

nstructor's and Trainee's Monuols ssue 10 PU / 90.07.31



Course o A2

N KT a ELEKTRONIK

T IEETE coevmo

OH TRANSPARE ‘CY

Course no: A2

Tile: Fibre Optical Communicction -10—

Subject

Lasson 2.6

Future Optical Comimunic: ion - |

WHAT IS SDH *?

THE NEW SYNCHRONO!S DIGITAL HIERACHY

Tite: Vinre Opticel Communication -9—= OH TRA'GPARE}S:!
Subject Future Optical Communication - 1 Lesson .6
PLACE USA ENGLAND GERMANY USA
NAME "SERIES 5" *TPON/BPON" "Loc "HEATHROW'
TELEPHONY
TELEPHONY TELEPHONY
+HI-F1
TYPE FTTH{—C) FTTH(-C) FTTC FTTH
DOUBLE 2 DOUBLE
NETWORK STAR TREE BUS STARS
MULTIPLEX - TDMA 2 FIBRES WDM
CUSTOMERS : 32(> 28) 2448 :
PER Tx 15(—) 32) 24«4
BB UPGRADE MORE FIBRE MORE FIBRE
—HDWDM
inatructor's and Troinee's Manuoks tasue 10 FU / sDD/3

Instructor's ond Trainee's Monuals Issue 10 PU / 900751



N KT I ELEKTRONIK

OH TRANSPARENCY

Course no.. A2
Titie: Fibre Optical Comenuni. tian —-11-

Sub:mt Fulure Op' cal Communication — 1 Lesson 2.6

Recommeru ations on SDH

8it Rates
( Rec. G.707 )

Network Node nterfoce

{ Rec. G.708 ;

Mulfiplexing

( Rec. G.709 )

Architechtures

( Rec. G.snal

Parformance ..nd Manegement Capabiities
( Rec. G.sna2 )

Optical interfa.es

( Rec. G.957 (C.opt) )

Line Systemns

( Rec. G958 (i.sis) )

Structure on kscommendations on Multiplexing Equipment
( Rec. G.781 (.smux—1) )

Multipiexing Equiprment

( Rec. G.782 (G.smux—2) )

Multiplexing Functional Blocks

( Rec. G.783 (C.smux—3) )

Manegernent

( Rec. G.784 (Gsmux—4) )

Protocol Sufte:. for Q interfoces

( Rec. G.773 )

Structure on | scommendations on Cross—Connect Equipment
( Rec. Gsdxe- 1)

Cross—Connac. Equipment

( Rec. Gisdxc- 2 )

Cross—Connec: Funcllona
{ Rec. Gsdxc- 5 )

N KT g ELEKTRONIK

OHTRAKBPAREW
Subject Future Optical Communication - 1 Lesson 26

Course no: A2
Title: Fibre Optical Communication ~12-

SDH BITRATES:

STM—1 155.520 Mb/s

STM—4  622.080 Mb/s

STM—16  2488.320 Mb/s

STM—N  Nx155.520 Mb/s

Instructor's ond Troinee's Monuols Issue 10 PU / 9007.31

Instructor's ond Trainee's Manuok issue 10 PU / 80.07.3%

- B



Course no: A2

Tithe: Fibre Opticol Communication

' NKT . ELEKTRONIK

13- OH TRANSPARENCY

Subject Future Optical Communication — 1 Lesson 26

NETWORK NODE INTERFACE

* PHYSICAL INTERFACE

optical

electrical

* "LINE CODLE"

framing, A1, A2 & pointers

data comm. channel, D1--D12
eow, L1, E£2

user channels, F1, F2

reg. sect. parity, B1 (BIP—8)

ine sect. parity, 3*B2 (BIP-24)
aut. prot. switch signaling, K1, K2
identitiers C1, C2, J1

Instructor's ond Troinee's Monuok Issue 10 PU / 90.07.31

Course no: A2

? “KT %é ELEKTRONIK

Titke: Fibre Optical Carnmunication B —14 a'l TRA_H’ARE@
SUb_‘ﬂ:t Future Optical Comimuni ation | Lesson 2.6
STM~1 FRAME
27
b e |
9 261 )
I {
AU—4
s| | S0H 1 [ve—4 1
C—4 1
1 AU-4 PTR
s SOH
} 261 . - tﬂ
} 260 _{
Instructor's and Truinee’s Manuols Issuwe 10 PU /90073



INT BT B ccexrronix INT T & ecextronix

;?:se ~ :‘ire Optical Communicotion ~15- OH TRANSPARENCY *Lr:::sa ~ ltire Optical Commubication ~ 16~ ﬁ_Q'HI—RA_hHE\_REE
Subject Future Optical Communication — 1 Lesson 2.6 Subject Future Optical Communication - 1 Lesson 2.6
4
- ‘ %H
33 MULTIPLEXER TYPES

)

é Type 1

Q l: —

E G.703 STM=N

n

-}

8

.§ Type la

8

s X

3 G.703 STM—N

Terminal mux

Note: G.702 {rioutaries oxsocioted with corainers C—x are shown
Cther signais, e.g. ATM, con oo be oocomodatsd.

Instructor's ond Troinee's Manuols

PU / 8007.31 Instructor's ond Troinee's Monuds issue 10 PU / 900731

s o



INTFE T W cecrmon INT BT § evevrmonix

Course no: A2 Course no: A2

T;nb: fibre Optial Communication -17 - m TmmPAREm Eb: Fibre: OpliooI'Corrntlicution . 19- . E—I T%WA_B_EM:I

SUbJ'SCt Future Oplical Communication — I Lesson 2.6 SUb:mt Future Optical Communication - 1 Lesson 2.6

MULTIPLEXER TYPES 2| |

3|
Type 2| 5 - [
| B i
| 3 5
STM—M STM—N S
9
3 =
. “1 1
rc\) & /)
i O )
S M—-M STM-—N 791 &%
) I B
Terminal mux PENEEE
& 5 g @

Irstructor's ond Troinee's Manuols issue 10 PU / 9007.31 Instructor's and Troinee's Monuols Issue 10} PU / 9500731



N KT h ELEKTRONIK

OH TRANSPARENCY

Course no. A2
Tikle: Fibre Optical Comenunicatiin —18—

Sub:mt Future Optical Communication — 1 | esson 2.0

NI T cexrronix
Course no.. A2
Titke: Fibre Optical Commurication -20~ OH TRANSPARENCY
Submt Future Optical Communication — 1 Lesson 2.6

MULTIPLEXER TYPES

s
e
STM—N .L STM—N
G.703
Type 3b)
-
SIM—N l STM—N
STM—M

Add/Drop Mux

SDH ADVANTAGES

*  Worldwide standard

* Large market

*  Simple add/drop functions
*  Simplified maintenance

* Fast provision of services
*  Carries both hierachies

*  SDH is economical !

Instructor's ond Troinee's Monuols Issue 10 P/ 800751

Instructor's and Trainee’s Monuols Issue 10 PU / 90070



N KT ! ELEKTRONIK

Course no.: A2

Titte: Fibre Optical Communication -21- OH TRANSPARENCY

Sl.bj&t Future Optical Communication — I LLesson 2.6

SDH DISADVANTAGES

*  Standardization not completed

*  Risc of flaws in standards

due to accellerated procedure

*  Very high software content

in products

x  [ull SDH—cdvantage only when
arge part of network is SDH

Instructor's ond Tronee's Mohuoks lssim 10 By /80073



INTECT B ecewnonix

OH TRANSPARENCY

Cowrse no: AZ
Titie: fibre Opticol Commwnicalior -1-

Slb:mt Future Optical Communication - II Lesson 2.7

Coherent Communication

What ig Coherent Cornmunication 7

Why is Coherent Communication interesting ?

Which technical problems are there by
Coherent Communicaiion ?

NKT l ELEKTRONIK

OH TRANSPARENCY

Course no.. A2
Title: Fibre Optical Communication e

Subject Future Optical Cornmunication - I Lesson 2.7

Instrucior's ond Trainee's Monuals fssue 10 PU / 9007.31

Fundamentals tn Optical Communication

A. Direct Detection (DD) systems

: Data : Laser Laser
Control Diode

Fibre Section

( Photo Signal _ Dala
Detector Regeneration

B. Coherent Detection

Data { oser Laser External
Control Diode Modulator
T N

Fibre Section

-

¢ )
Local Photo Signal Data
Oscillator Detector Regeneration
Laser
Instructor's and Trainee's Manuols [ssue 10 PU / 90071

re ™

em



N KT l ELEKTRONIK

OH TRANSPARENCY

Course no. A2
Title: Fibre Optical Communicotion -3—

Sub.'mt Future Optical Communication — Il Lasson 2.7

The Photo Deteclor
Light — Current relation

Photo

POPt (t) Detector

—>i(t)

i(t) = R*Popt(®) = k-|E(t)|2
where E(1) = z 'VEopt (t) ~ eI Wt

Photo current

_A: Direct Detection

i) = RxPs(®)

Modulation: Ampiitude—Modulation (ON/OFF)

Instructor's end Troinee’s Manuols lssue 10 PU / 80070

ELEKTRONIK

rTK'Té

Title: Fibre Optica Communication —4-

OH TRANSPARENCY

Subject Future Optical Communica ion - 11 Lesson

_B: Coherent Detection

Py (t) —{ Proto 0
P, () —> Detector
due to interference belween t e optical fields

2
i) = k "[Eq+ E

~

ZZ R*Ro + 2:RVRe : s (1) ‘COS(wIF({) L+ A1)
~— - -

(when P g >> Pg) Signal part

Modulation: Amplitude/Intensity Ps  (ASK)
Intermediat Freque ce w_ (FSK)

Phase part ¢ (PSK)

Coherent Detection technigue g es:
Signat ampiification by mi> ng with Local Oscillator,

the Signal is carried by t+: Intermediat fFrequence w.
(Homodyne:w, = 0, Het rodyne: w, # 0)

Instructor's ond Troinee's Monuals Issue 10 PU /90373



N KT I ELEKTRONIK

OH TRANSPARENCY

Couwrse no.: A2
Title: Fiore Cptical Communicuiion ~5-

St.b_'mt Future Optical Cornmunication - I Lesson 2.7

Advantages by Coherent compared to DD

A. Receiver Sensitivity [mprovernent

Definition of sensitivity
Lower optical input power level

corresponding to a given BER (Bit Error Rate)

Sormiti: Pﬂ—h-rw-m:ww)

The sensitivity is given by the Signal to Noise Ratio

NKT N ELEKTRONIK

OH TRANSPARENCY

Sub_‘wt Future Optical Communication - [ Lesson 2.7
§

Course no: A2 N
Trtle: Fibre Optical Communication —6—

Noise vn Optical Receivers

23y, Q- b

Signal and Noise for DD and Coherent Detection:

Direct Coherent
Detection Detection
2
Signal o Pg o PsHo
Quantum noise o Pg oc Ro
Amplifier noise Const. Const.
2
i i P, P«
Signal/Noise - s o s Ro
Pg + Const. Rgp + Const.
Pg Py
*¢ T sComst.| % Comt.
Ps Ro
Note: Hg>> Pg

The Signal to Noise Ratio is improved
due to the Local Oscillator Mixixing

Instructors ond Trainee's Monuols lssua 10 PU / 500731

Instructor's and Troinee's Monuols lssue 10 PU / 9D.07.31
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NKT I ELEKTRONIK NKT I ELEKTRONIK

Course no: A2 Course no.: A2

T; Fibre Optical Communication —7— OH TRANSF'ARE?\CY Title: Fibre Optical Communication —-8-— e U‘I TM'EPAREW
Subject Future Optical Communication - 11 Lesson 27 Subject Future Optical Communication 1 Lesson 2.7
Sensitivity limits (photons per bit) Existing NKT 565 Mbit/s 1.5 wm systems
i PSK, Hom: 9 | — 4 dBm } > — - 38 dBm
s 155 km (0.22 dB/km)

[ Theoretica DD; 21 f— - 4d8

I FSK: 45 I

Use of ex. 9 dB sensthivity irnprovement:

3d8

L ASK: 90 l

9 — 4 dBm | — 47 dBm
bua Coherent [SK Field Trial 1— -- ~ - 47 dim 186 km (0.22 dB/km) '

Increase of the regenerator section length

L Proctical DD: 700 I

or possive distribution
4d8

LNKT, 1.5um, 565 Mbit/s: 1B0O ! #* — 38 dBm

— 4 dBm |
155 km {0.22 dB/km)

Note: The limits for the Coherent '
Systerms con only be oblained when
sufficient Local Osciliator power is availkable

Inut wctor's and Troinee's Manuoks lssie 10 PU / 800731 Instructor's ond Troinee's Manuols Issue 10 P/ 8007 8
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B. Frequency Multiplexing

Mary channels are transmitted at

different Optical frequencies

on only one fibre.

Signd )
Re—generation

A

frequency selection on IF level

UNT Yo T Y
Charvel width (when smdliest chonnel seperction):

Homaodyne: 1 times the bitrate
Heterodyne: 2 times the bitrote

Exarmpl: between 140 nm ond B60 nm (Af = 2500 GHz)
about 2000 chanrels (each 630 Mbit/s) can
be transmitted on one and only one fibre.

Instructor's ond Tronee's Monuols Issue 10 PU /900731
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C. Including an Optical Amplifier

Optical Ampilifiers (characterised by broadbanded optical
noise) could be ploced in the optical path with more
than 20 dB gain per amplifier

COH TX -
LASER -

Optical |

Amplfier

Photo ot Signal
N > - T )
LO LASER {—2—q Detector st Re—genuration
BP
Instructor's ond Trainee's Manucks Issue 10 PU / 9007.31
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Technical Problems

A. Laser Linewidth

2 nm = 250 GHz

+ > Wovelength
1550 mm N veend

Coherent Detection limits the upper

relotive linewidth

v
Av = _ ¢

B
Ve = Linewidth on IF level
B = Bit rate

Note: The linewidth is the sum
of the linewidth of the
transmitter laser and the

local oscillator loser.

Imatruct or's and Troinee's Monuoks Issue tO [KUIFR: 10

N KT I‘ELE KTRONIK
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Maximum relative lineundth

Modulation form Av af, B~ B30 Mz
Phase Modulation PSK | 02 % 1.3 MHz
Differentiel PSK DPSK] 1 % 6 MHz

Frequency Moduation | FSK | 15 % 100 WHZ
Amplitude Modulation | ASK | 50 % 300 MHz

opt DFB LASER

_ 410 rm
~ 50 MHz

B50 nm g
= / LASER with
opt ‘ Exicrnal Cavity

S 1410 nm
~ 125 kHz

150 nm \

Instructor's ond Trainee's Monuals Issue 10 U/ 90070
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B. Polarisatiom

Ideel Mixing of the receivc.1 optical signal
requirers idenlical polarisc:ion ond ficld distribution

1. Aclive Polorisation Contre.

Single—maode fibre

_...__.__M_.ér_
/—)_D_e‘ <tor I re—generation
Polorisation Polorisation
Elermnents Control
Local
Lomer

2. Pokrisation inG perdent 1 ewver

Single ~mode fil . ¢ \
— $ Photo
Locat | Detector
Laper Data
:
© | et
— Ty Detector
Insti i .ctor's and Tranee's koruale [saus 10 PU / 90.07.31
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C. Receitver Bandundth

Frequency spectrum

Digital signal

t K
s(t) Ve (f)|

10110F t
> §
l— d 4 B 28 3B

Spectra at IF level

M
‘ PSK
fe f
AN
ASK
fe f
FSK
f, b

Instructor's and Troinee's Manuok [ssue 10 PU / 90.07.3%
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Coherent Field Trial

Loser Transmitter

] |

! [}

565 Term. : Controf FSK Laser |
b o e e e e e e e - ——————— |

1B5 km Stevns — Bornholm Submorine Cable

_________________________________ 1
\C Photo = Signal

] 1
I 1
: Detecior iyt Re—generation : 565 Term.
I I
I I
I Loca? '
| Osc. ¥— | Frequency !
: Laser Control :
L e e e e e e e e e — o — i

Polorisation In—dependent receiver

Modulation Form: Single Fiter FSK

Wi oS

NKT E ELEKTRONIK

OH TRANSPARENCY

Course no: A2
Title: Fibre Optical Cormmunication —-16-

Subject Future Optical Communic tion - i Lesson = 2.7

COHERENT SYSTEMS

*  IMPROVEMENT OF RECEVER
SENSITVITY AT AlLL BIT RATES

RESULTS OBTAINED AT NKT Ef EKTRONIK

fy fa
IF Bandwidth: 27 GHz
IF center frequency: 2.7 GHz
Pass Band: 13 GHz — 40 GHz
Instruct: 's and Trainee's Manuals Issua 10 PU / 90.07.51

* 565 Mbit/s COHi _RENT TRANSMISSION
WITHOUT ERRORS

+ IMPROVEMENT Of RECENVER SENSI—
TNITY BY 6 dB (SF—FSK)

+* FIELD TRIAL SCH DULED FOR JANUARY
1991

Instructor's ond Troinee's Maruals sue 10 PU/ Q73
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1
| aser modulation concerns.

High Speed Commuication (Giga bit communication).

Relaxation oscillation, which is a laser

Digital Telecommunic ation Bit Rates (1930). resonance phenomena, leads to :
* Commercially ¢ sqilable : 0.6 Gb/s * Limited modulation
» Pulse distortion / pattern effect(shown below)
- Presently deve sped/introduced : 2.5 Gb/s * Wavelength chirping /' finewidth broadening
« Reported expe iments : 5—20 Gb/s bection current

General problem.

-I:IIFHC
[Designing electrc iics operating at GHz optioat intensiy
{requencies requies solid understanding T N
of microwave te:hnologies: J:\/;\/ -
Y >
* Waveqguide ~ Transmission line theory T, fime
* IC chip des. jn (e.g Gahs) Ty Lasing delay

T, : Oscillation

Both T, anf T, must be small compared to
a bit period.

Instructor's ond Tranes's Manuals Issue 103 Pwit / 90.07.51 Instructor's and Trainee's Monuols ssve 10 PWM /S 50730
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Dedaling with wavelength chirping

Wavelength chirping
+ [::> Pulse broadening

- Chromatic fibre dispersion

High bit rate (small bit period) makes pulse

broadening fatal.

Wavelength chirping can be declt with in
several ways:

* Dispersion shifted fibres
* Low chirp lasers {e.g. MQW)
* External modulation

* FSK modulation / Optical bandpass filtering

Irstructors and Treinee's Motws Issue 10 WM/ 90.07.51

4
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Dispersion Shifted Fibre (DS fibre).

The DS fibre has zero dispersion
at 1550 nm.

Drawbacks :
* Most dlready ins dlled fibre is
standard fibre.
* Higher loss than standard fibre.

Low Chirp Lascrs.

New loser structures lixe MCW (Muiti Quantum i/ell)
has higher resonance frequr ncy.

Drawback :
* MQW lasers are not corr nercially available yet.

instructor's and Troinee's Monuals Issue 10 PWM 7 900731
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External Modulation.

Intensity Intensity
] I

Intensity N
CW laser modulator 7

Digital pattern

Intensity modulotors can be made of LiNDO 3

Drawbracks :
*x [nsertion loss > 3 dB

* Typical drive voltage swing >5 dB
difficult at GHz frequencies)

Instrixtor's ond Troinee's Monuoe Baue 10 P [/ 900731
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FSK modulation/Optical bandpass fittering

Optical

BPF at f2

FSK—laser

N4

Intersity intersity

T hru—

5

Frequency

hY
7

The laser is frequency modulated (as with
coherent communication). An interferometer
fiters one frequency away.

Drawback
* Difficult to match laser and filter.

Instruclor's and Trainee's Manuos lssue 10 WM/ 900731
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B. Optical Amplifiers (OA).

An OA amplifies optical signals
without respect to:

* Modulation format (intensity,
frequency or phase)

* Modulation speed

X OA RX

Goal: To compensate for
transmission loss between

X and RX.

Amplifier types are:
* Semiconductor amplifiers

* Fibre amplifiers

Instructor's and Tranee's Monuols issue 10

PwM / 900731
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Semiconductor Amplifier.

Injection current

N

Optical output

AVAVAV

Optical input

Semiconduc! or
laser chiy:

A semiconductor laser chip with antireflection

coated facets acts as optical amplificr.

Instructor's and Tronee's Monuols Issue 10 PWM / 500731
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Frbium Doped Fibre Amplifier.

A = 1550 nm

. . N, N .
Pump _.>/
A2

laser

A1 @ Signal wavelength
Ao : Pump wavelength (e.g. 980 nm or 1480 nm)
EDF :  Silica fibre with Erbium doped core

Amplification principle:

Strong pump power (e.g. 40 mW) is
absorped and converted into signal
power by stimulcted emission.

Instructor's end Trainee's Manuals issue 10 PwM / 90.07.31
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Amplifier characteristics:

Small signal gain: > 30 dB
Maximum output power: > 10 dBm

Applications.

Transmission loss compensation:
(optical powers Pq < Po)

P
P P RX
X L OA 2 —_ —
Branching loss comp. RX
il P2 P

X Py 0A gy 1R

Fibre attenuation loss comp.

Instructor's ond Trainee's Monuals Issue 10 PWM / 90.07.31



