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FIBRE OPTIC COMMUNICATION SYSTEM DESIGN GUIDES -

Part 2: Multimode and single-mode Gbit/s applications —
Gigabit ethernet model
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The committee has decided that the contents of this publication will remain unchanged until
2008. At this date, the publication will be
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INTRODUCTION

The enterprise networking environment has changed significantly in recent years and the
available bandwidth to the desktop has greatly increased. This is due to the shift to switch-
based networks from hub-based networks that allow the desktop to have full-duplex access to
the available link bandwidth. Added to this is the relatively recent increase in the available link
bandwidth to the desktop from 10 Mb/s to 100 Mb/s.

One of the drivers for the growth in enterprise bandwidth is the increased use of applications
that send large amounts of data over private intranets and the internet. Network traffic is no
longer limited to just messages or file transfers; now data streams, such as audio and video,
are becoming common, as well as messages with large embedded files._The growth of
corpofate intranets and the internet has also made network traffic patterng very idtable;
large [files can be accessed from distant places. Within private intrane 3 owing

trend |towards using centralized servers. By their very nature, thesg high
bandwidth connectivity in order to operate effectively.

Due t links
S0 th3 stion.
Due t ard in
the e it was
consi b that
netwo ihks in
many mode
fibre gtalled
base, hs up
to 50(

Gigalyi % overhead to the bit rate resulfing in
a baud rate of 1,25 Gb/s. ini ithH of multimode fibre, particularly 62l MMF
at shprt wavelength, | S ng desired bandwidth distance product for gigabit
etherpet a serioug tea - ge) d to this, Gb/s rates preclude the use of [LEDs
due tp their sIo@ PN ers have faster response times, their cohgrence
resultp in additio toMink performance such as modal noise and mode p4drtition

noise|(MPN).

(IEEE stand potential trade-offs between the various link penalties
assodi ed Wackbone links. An objective for the model was for it [to be
uncof be implemented in a simple form so that many users could work

with if. 6f the model is to be applicable to both multimode fibre and dingle-
mode| fibre links. The\purpose of this technical report is to document the model as used by
gigab|t ethernet andvto identify how it was used to develop the standard specifications.

ThIS LCbhll;bd: ICPUIt PICDCIIta tILIC thc\.uctiua: IIIUdU:. EA}JUI;IIIUII{G: vcliﬂuatiun ia aISO
presented for links operating at valid gigabit ethernet wavelengths of 780 nm, 850 nm and
1 300 nm.
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The model is an extension of previously reported models for LED based links [1,2]1). Power
penalties are calculated to account for the effects of intersymbol interference (ISI), mode
partition noise (MPN), extinction ratio (ER) and relative intensity noise (RIN). In addition, a
power penalty allocation is made for modal noise and the power losses due to fibre
attenuation, connectors and splices are included. The model is applicable to single-mode and
multimode fibre-based links that incorporate multimode, Fabry Perot or vertical cavity surface
emitting laser (VCSEL) lasers. Operation at wavelengths in the 1 300 nm transmission window
on multimode fibre includes effects of fibre attenuation, ISI (due to the chromatic and the
modal bandwidth of the fibre) and MPN.

Such operation is a more stringent test of the model when compared to operation at
wavelengths near 1 310 nm on singlemode fibre. This i1s because, Tor the single mode|case,
fibre fattenuation and MPN are the limiting terms. Experimental resufts folNMRN, -|mited

operation near wavelengths of 1310 nm on singlemode fibre can be\ found A ientific
literature [6]. Therefore, this report only includes experimental verificati nodel for
operation on multimode fibre. In addition, it should be noted that as deve ent of
the gigabit ethernet standard, interoperation of single mode fibré using

transgeivers compliant to the IEEE 802.3z specification was de atedrin e t with
the predictions of the link model.

Howejer, the model described in this report has sev

dict’dispersion penalties of
gle frequency lasers|since

a) The model ignores chirp. Therefore it should
links incorporating singlemode fibre
sUych links are often chirp limited.

b) Optical amplifiers and nonlinear effects, y ignificant for dense-WDM (DWDM)
systems, and polarization-mode di§persion | koth important for long cable lgngths
bgtween regenerators, are not treated.

c) In’[erferometric andr i fties are not included.
d) The model assumes i q s been designed such that baseline wander
is|negligible.

e) The model terms
(M enalty
C3 within
me

f)  Fq aunch
in

As st using

multin

1) Numbers in brackets refer to the Bibliography.
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FIBRE OPTIC COMMUNICATION SYSTEM DESIGN GUIDES -

Part 2: Multimode and single-mode Gbit/s applications —
Gigabit ethernet model

1

This P

comnlittee of the glgab|t ethernet (IEEE 802.3z) standard to understand

betwden the various link penalties associated with laser-based backbgo

of thig technical report is to document the model as used by gigabijt

how i{ was used to develop the standard specifications.

This [technical report presents the theoretical model.

presepted for links operating at valid gigabit ethernet wa , n and

1 300{nm.

The technical report is organized as follows. on of

laser-driven links is presented. Clause 3 co imental

measfirements and the experimental icatj lause

4 contains some example calculations a l.

2 Theoretical model

The link model is based or : ation. ies, i ferred

to as|ac penalties, arg i i . Power

loss i$ also included to igs and

losse @

In the it s are

Gaussian [2]. Hewe\e has a

raised i . , the case where the receiver has an exponential impulse

respopse i ) gigabit ethernet standard uses bandwidth and rise|l time

specifica 5 pulse width. Therefore, the model includes expressions that

conv idth of the laser, fibre and optical receiver to rise times fall|times

and b ¢ se edlculated rise times, fall times and bandwidths are used to detgrmine

the fjbre and [ exit response and the ISI penalty of the g¢ptical

communications link/1t is assumed that rise times and fall times are equal and only the rise

time ip referred to throughout the rest of thls technical report. For real components the [larger
| Rise

time refers to the 10 % to 90 % rise t|me This can be converted to a 20 % to 80 % rise time
by dividing by 1,518 (assuming Gaussian response). In this technical report, equations for

penalties or losses are in linear units unless otherwise stated.
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2.1 RMS pulse width, rise time and bandwidth

It has been shown [3] that if #4(z) and h,(1) are positive pulses and if

ha(t) = hq(t)0hy(t) (O represents the convolution operation) then:

o3 =402 +02 (1)

where g; is the RMS pulse width of the individual components. The 10 % to 90 % rise time, T;,

and anrhuirlth of individual hr\mpnnonte, DI/'V“ are. rnlatnrl h\]l constant convearsion 'FahtjrS, a;
and b}, so that:
a.
g,\BW)=— 2
(BwW)= 2)
and
(3)
thereflore
(4)
Equatfion (1) can be g
()
The H yidt he individdal components may therefore be used to calculate the
bandwi )0 %\rise time of the composite system if the appropriate conversion
factor Wi somponent are known [2]. For example the overall system rise
time, '
2 2 2
=y 4 by =y G (6)
LB ) W

The central limit theorem has been used to show that the composite impulse response of a
multimode fibre optic link tends to a Gaussian impulse [2].

For systems or components having a Gaussian impulse response the conversion factors « and
b are equal to 0,187 and 2,563 respectively so that C = 0,48 [2]. Hence the relationships
between the RMS impulse width (o), rise time (#,) and bandwidth are:

t, =2563 b (7)
and BW6dB :M (8)
ag

where BWgyg is the 6 dB electrical bandwidth (3dB optical bandwidth) and:
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t _[0,187 E?.,563] 0,48
=

= (9)
BWgaB BWgaB

The determination of the conversion factor for the receiver is based on the type of receiver
used. The optical receiver is assumed to consist of a diode detector followed by amplification
stages and a low pass filter to shape the pulse to minimize intersymbol interference and to
eliminate out-of-band noise. This type of receiver can be modeled as a raised cosine impulse
response [2].

The impulse response has an RMS width of g,. If the receiver is excited by a step function
then he—1+6-%6to90-%risetimeof the—sourceis {2}

t =2,732 10, (10)
and the electrical 3 dB bandwidth is [2]:
0,1292
BW,3d8) =— (11)

ThereIore, the conversion factor for the raised cos assuming the central limit
r

theorgm for the system, is (equation 6);

(12)

gequalized giver with a single pole filter| This
pohentia pulse response and it can be shown that

Q407 [2]\far this type of receiver.

The gimplest form of rec
receijer can be modeled
a=0,1588 and b,= 2,5

It wap decided b 3 L_committee that for the gigabit ethernet mqdel a
convgrsion fact \ ' éd for the receiver to account for the non-ideal

T
natur¢ of the rece

2.2

To cal the exit response time of the composite channel needs| to be
calculated. \ surption that the fibre exit impulse response is Gaussian, equatipn (6)
can bg used to | ate the fibre 10 % to 90 % exit response time (7,):

2 2
- J{g;sj {;;8] o2 43)
m cd

where T, is the 10 % to 90 % laser rise time and BW, and BW., are the 6 dB electrical
bandwidths due to modal and chromatic dispersion respectively. It is assumed that the fibre
has a Gaussian response (C = 0,48). In a singlemode fibre link, the modal bandwidth is
infinite.

The approximate 10 % to 90 % composite channel exit response time (7.) is then:

2 2 2
7. = (0,48} +(O,48J +TS2+[O’35) (14)
BW,, BWegq BW,
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Py for a channel having a Gaussian impulse response is approximated by:

1

2
1-1425 [exp| - 128 [ﬁTTJ

C

Bsi =

(15)

where T is the bit period. This equation is an approximation of the numerical solution given in
[4] and it is useful for spreadsheet implementations of the model. It is accurate to within
0,3 dB of the exact solution for ISI| penalties up to 5 dB and to within 1 dB for ISI penalties

less t
along

The bandwidth due to chromatic dispersion of the multimode fibre li

6
Bl = 0,187 g 10
Loy p? + D3
whergq:
and
and 14 is the zero dispe ;of the fibre, 1. is the laser centre wavel

in nm
and o

The pendent on the fibre type, wavelength and |
chara > : pecific link, the BW,, should be measured. To do an an
based iled’ launch (OFL) modal bandwidth, refer to a building

stand xample, the TIA standard [5] specifies worst-case OFL band
for m This table is provided only as an ex3
For a

han 20 dB. This is illustrated in Figure 1 where the numerical solutjon.of [4] is,[
with equation 15. The error is also plotted.

at 1o in ps/(km Dzmz), L is the fibre length

Sy is the@er
is the RM id

Table’1 — Worst-case OFL bandwidths for multimode fibre [5]

lotted

(16)

(17)

(18)

ength,
in km

aunch
alysis
wiring
vidths
mple.

850 nm T 300 nm
50 MMF 500 MHz[Em 500 MHzkm
62 MMF 160 MHz[Em 500 MHzkm

Unlike an LED, laser launches do not replicate an OFL in the MMF. This will be discussed in

more

detail in Clause 4.

Another power penalty due to dispersion is mode partitioning noise (MPN). In a multimode
laser, partitioning of laser power between laser modes does not change the total laser output
power and does not cause an additional amplitude noise at the laser output. However, when
the laser output field propagates through dispersive fibre, different laser modes travel with
different speeds. Consequently, power fluctuations between modes lead to an additional
noise, MPN, at the fibre output. The power penalty due to MPN has been shown to be [6]:


https://iecnorm.com/api/?name=3178119f0f08227474c9e8812d58de99

TR 61282-2 O IEC:2003(E) -1 -

1
I — (19)

1- (Q DJ'mpn )2

where the value of the digital signal to noise ratio, Q, is determined by the maximum
acceptable bit error rate (BER) using [6]:

o1 o8
= [exp| —=— 20
BER onZn xp( 5 ] (20)
and Tmpn :i[ﬁ—exp’— (ITBDHDTA )2} (21)

72

wherg k is the laser mode partition factor (0 < k< 1), B=1/T inpPs

is the

An extinction ratio power penalty occurs when ,a s er level is transmitted| for a
“zero|’. The power penalty is given by [3]:

dispetsion in ps/(km (am).

2.3 Extinction ratio, noise and receiver penalties

(22)

wherg ¢ is the laser extinction_ratio; optical power on a "zero" divided by the
power on a "one".

An additional nojge\tern { ers is relative intensity noise (RIN). The ngise is
due t¢ the fluctuqtions : integsity of the laser and the noise variance, Jrinz' due to
laser RIN is typica gsing\thefollowing equation [7], [8]:
RIN
:aDQWr(6dB) 0 10 (23)

wherg RIN s theyfagserRIN in dB/Hz and « is a scaling factor that is related to the magpitude
of thg RIN nwi to"the optical power level. It is therefore dependent on a number of
factors such-as extinction ratio and laser bias points. Typical values of « range from 1 to[ 4 [7].
Considering that in a bandwidth limited channel, the bandwidth of the channel further reduces
the effect of the RIN, it can be argued that the above equation makes the RIN pgnalty
pessimistic. Accordingly, the gigabit ethernet committee adopied the following equation:

48 o
a2 :a'BO’T—EIO 10 (24)
c

rin

where a = 0,55 for short wavelength links and o = 0,7 for long wavelength links. 7. is the
channel exit response time of the link that accounts in a reduction of the RIN penalty as the
channel bandwidth reduces with length. The reduction in a to less than 1 results from the
assumption that the shape of the bandwidth-limited channel further limits the noise as
compared to an ideal brick-wall filter shape. The differing o’s result from the specific link
lengths at which the channel shape was calculated. However, it should be remembered that
some shaping of the noise spectrum is assumed in the actual measurement of RIN [9]. The
RIN noise variance equation (24) used by gigabit ethernet is considered slightly optimistic by
the authors.
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The RIN induced power penalty is then [8]:

1
Pip =——— (25)

1- (Q Wiin )2

A comparison of the various noise variance expressions that could be used to calculate the
RIN penalty are illustrated in Figure 1 for the case of 850 nm transmission on 62 MMF with a
RIN value of -117 dB/Hz.

25
6
20 B

15

0,4

Pisj dB

o
I

| |
Approximation error {dB

IEC 867/03

error for the approximation is also plotted.

Figure 1 — npa culated ISI penalty for Gimlett’s method [3] (),
2 approximation used in this work (A)

The gxp i in agquation 23 is plotted for « = 4 and « = 1 as closed triangles and
closedl squaresytespestivély. The expression used by gigabit ethernet (equation (24)) is
plotted as closed diaxponds. For comparison, the RIN penalty is calculated considering only
the rlcelver bandwidth and the modal bandwidth as limiting the RIN bandwidth, whereas

equatjomr 24’ also includes the chromatic bandwidth and the laser rise time. This expresgion is
consiflered by the authors more realistic and is plotted for the case of a = 4 and o = 1 ag open
triangles and open squares respectively.
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62 MMF
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0,60

yj:
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»
»
»
»
»
»
»
»
»
»
»
| 4

RIN penalty dB

0,40

0,207

0,00 ' '
0,000 0,100 0,200 0,300

System length  k

NOTE
(A); e
respec

Figu

Modal| noise is caused by
pattern. When this speck
conngctor, modal nois
the link configuration.
exprepsion. Instead,

Finall

ha=4
nd (),

ions

eckle
lossy
s and

e eye

openi ede v the clock~amd data recovery circuit. The eye opening penalty is

where
normalized to the bit'period.

opening width required by the clock and data recovery circuit.

(26)

W is

2.4 Fibre attenuation

The attenuation, in dB, of cabled optical fibre for a particular length is modeled by:

4
R

an=r3agl— 1| 4105
Cy [l94007* m,

(27)
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This equation was derived from [11]. The equation is based on the maximum allowable
attenuation specifications for MMF, but can be applied to single mode fibre (SMF) in the
1 310 nm region. This equation does not model the OH™ absorption peak at ~1,4 ym. The
equation models the shape of the attenuation versus wavelength curve around the two
windows of operation and uses R; and C, as scaling factors. R; is the actual cable attenuation
in dB/km at either 850 nm or 1 300 nm. For short wavelength links (850 nm) C; = 3,5 dB/km
and for long wavelength links (1 300 nm) C, = 1,5 dB/km. For consistency, the constants
within the square brackets have the units that result in a term with units of dB/km.

2.5 Modeling link performance

n this
e the
as a
gth at
th for

some
When z ria in
mind frather than adhering to the exact number provide@ by th 6 t the
mode| could predict link lengths that in reality 4 Fidual
penalty contributions. An example of fHis\ el will
imply|that in an ISI limited link, an inc . This

allew P..; to increase much gbove

isi
certaip levels.

Anothler issue that should/beXeptinming i%accu acy of the model. It is estimated that the
mode| is accurate to, approximately 6. is\estimate of the accuracy is due fo the

combination of the ap odel and the experimental error in the input

parameters. :

3 Ekxperiment

Two experiments

Figure 3.

o verify the model. The basic set up is illustrated in
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Temperature and
current control

Power meter

10 %
Photodiode

I"ISZ

Variable
attenuator $ ]
62 MMF 90 %

869/03

Figure 3 — Experimental set-up fo
A MMF link was built consisting of a laser tra riable
attendator, a passive splitter and a pho6tediod k and
data rlecovery (CDR) unit.
For these experiments, three laser trghsmitters 90 nm,
850 nm and 1 300 nm. The short were part of transceivers and the
1 300|nm laser was a Sg S equiring bias control. All devices| were
tempgrature controlled to YctGations in order to ensure repeatabjlity.
The penalty of t I|n as the difference between the receiver sensitiyity at
BER F107° W|th i 3 Y ["fibre. The received power was monitored by a
powel meter attashed % arm\of a 62 MMF coupler. The coupler was of a bulk
constfuction in orde elective losses (MSL). The coupler was measufed to
have |ess than 0
The first experime odulating the lasers at the fibre channel rate of 1 062,94 Mb/s
and d i ty a$§ a function of fibre length. To avoid any effects such as profile
equallzatiqn, waschosen to be from the same original spool and was cut into lgngths
that aflowed to be increased by 125 m increments if required. The laserqd were
modulated with PRBS. This PRBS pattern has significantly more DC content pnd a
slightly longer run-lefgth compared to the 8B10B code used by gigabit ethernet.
In the Second experiment, rather than varying ine link length, the link length was fixed and the

bit rate was stepped. This experiment was undertaken in order to remove any effects that
connectors might be having on the link performance. The fibre used in this experiment was of
one length. Originally it was 2 km long for the measurements at 1 300 nm and it was then cut
to 500 m for the measurements at 790 nm and 850 nm. Because the bit rate was varied in this
experiment, the CDR was not used and the received data was aligned to the source clock.

Before these experiments were performed, every parameter of the lasers and fibre that would
be needed for the model in the experiments was measured. The experimental data was then
compared to the theoretical predictions.
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3.1 Device characterization

The model requires knowledge of the lasers’ rise/fall times, RMS spectral width, RIN and
mode partitioning factor, k.

The lasers rise/fall time was measured using a high-speed oscilloscope. The slowest of the
10 % to 90 % rise or fall time was used as the input parameter for the model.

The RMS spectral width was measured using an optical spectrum analyzer. The spectral
widths were verified manually with a TIA fibre optic test [12].

The laser RIN was measured as described in [9]. This procedure measgures_the €lettrical
noise|power produced by a photodiode which is connected to a CW . The
electrjcal noise spectrum is filtered with a 4th order Bessel-Thompso fllter at\0./7Xtimes the
link bit rate. This method gives a more accurate measure of the lasg ing the
RIN aft a spot frequency.

The mode partitioning factor, k, was measured by optically/filtex; individua mode

(28)

where
normalized mean.

/iation and y; is the individual mode’s

The k|of the laser is ¢

(29)
The attern
deper . [Three
positi interval
within three
positi sured

traceg i
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790 791 79f 793 794 795

Wavelength nm

Each

<+—All modes—»

Individual
mode

A =792,46 nm

and all modes (abovg

). The

g’ is proportional to the propability

oscillogcope was used in infinite persistence r
of occyrrence.

Figure 4 — lllustration of mode partitioning behavior in 794 nm Fabry-Perot laser
Figur¢ 4 shows the spe ¢ ym Fabry-Perot laser. Individual modes
were [filtered using an optical f/passband. The output of the filtef was
conngcted to a high sp i the oscilloscope. Figure 4 shows three fraces
corregponding to fhe {i S . separate modes. On each scope trace th¢ time
respophse of aII S i Al of 5 nm) is shown. It can be seen how| each
mode|has distinckpbehaw s tested exhibited mode partitioning, but it was obgerved
that not all lasers partitigned.i ensapre manner. There were two typical regimes. The first
regime occurred Mhe 3 had all the power at one instance and the other modes
competed for,_the PNs | in a high & measurement. The|laser
demonpstrated in example of a laser partitioning in this manner. The sgcond
partitipning re vhen all the modes were fluctuating but many modes| were
present is behavior resulted in a low £ measurement.

The modal bandwidthyof the fibre was measured using a frequency domain techniqug. The
moda| banpdwidth ofa fibre can be very launch dependent when using an underfilled Igunch.
All lagers -underfill the multimode fibre due to their restricted numerical aperture and spot

sizes

Therefore, in order to compare the theoretical calculations with the experimental

measurements, the fibre’s modal bandwidth was measured using the same laser that was to
be used in the link measurements. This was referred to as the fibre’s effective modal
bandwidth (EMB). It was noted that in all cases the EMB frequency responses of the fibres
had a Gaussian-like shape. This is not always the case with laser launches and will be
discussed later. When the laser could be linearly modulated, the bandwidth was measured
using a swept frequency technique [14]. For lasers that were part of transceivers, a digital
modulation technique was used to measure the modal bandwidth. This required measuring
the difference between the received electrical spectrum and a calibrated electrical spectrum
that was measured when a patchcord was used instead of the fibre under test while the laser
was modulated with a pseudo-random sequence.
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The chromatic dispersion was measured for each fibre by using the technique described in
[18]. The delay over a long length of fibre was measured at a number of wavelengths and a
curve fitting routine was used to determine the dispersion zero and the dispersion slope
parameter. As described in [19], the measurement of chromatic dispersion requires an
overfilled launch. In [19] a correction factor is developed for determining the chromatic
dispersion of a multimode fibre when a single-mode launch is used. In our experiments, the
actual laser sources used for the system measurements were used to measure the delays.
Obviously, these sources produced neither overfilled launches nor single-mode launches but
since they were lasers, the launches were likely underfilled. It was decided to use the values
as measured to determine an ‘effective’ chromatic dispersion, as it was not clear how to apply
the correction factor of [19]. It was found that if the correctlon factor was used, it did not alter
ther

The

AN
Source # 1 \ g\ \ \/ 3
Tyde RN FP
e (hm) 1 31/8/_\ 857 \ 794
RMS spectral width (nm) ( (7 0\&5\/ 0,8
Mofe partitioning factor, & ( })\?)\// ’\ \S>85 0,85

10 b6 to 90 % rise time (ps) & Q ) ﬁo \ N/ )\/300 300

RIN (dB/Hz) —13 - -125 -120

Table 3 - F|b p mete g nt No. 1 (constant bit rate)
l =1318 nm 4. =857 nm 2. =794 nin
/\ source No. 1) (source No. 2) (source No. 3)

EMB (MHZ[Rm) 2000 775 525

Attgnuation (dB/k \ \x 0,62 2,98 3,83

Zerp dispersion w\swekq\(n%)\ \/ 1377
Dispersion <op\(“sQﬂ\m\21\m)\ > 0,084
N
Tab — Fibre parameters for experiment No. 2 (constant fibre length)

4c=1318 nm 4. =857 nm 2.=794 n
(source No. 1) (source No. 2) (source NOT3)

EMB (MHz[Em) 700 234,5 166

Attenuation (dB/km) 0,52 2,71 3,38

Zero dispersion wavelength (nm) 1398

Dispersion slope (ps/nm*km) 0,073

Length (km) 2 0,5 0,5
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3.2 Link measurements

The first experiment measured the link penalty as a function of link length. The links were
operated at the fibre channel rate of 1,062 Gb/s. Using the parameters listed in Tables 2 and
3, the theoretical performance was calculated. The comparisons are illustrated in Figures 5, 6
and 7 for the links operating at 1 318 nm, 857 nm and 794 nm respectively.

Total penalty dB

IEC 871/03

tance for source No.1 (1 318 nm)

Total Penalty

0 0,5 1 1,5 2
Link Length  km
IEC 872/03

NOTE Theoretical prediction (——) and measured penalty(®).

Figure 6 — Penalty versus distance for source No. 2 (857 nm)
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IEC 873/03
NOTE Theoretical predictio
Figure 7 — Penalty vers 0.3 (794 nm)

It can he measured link penalty an
een experiment and theory de

mostl

d the
viates

penalty is getting large. As stated earlier,

the gccuracy of the decregses with increased ISI. Another [factor
exacgrbating the e modal bandwidth measurement. THe Pj;
penally is expo i odal bandwidth. In recent modal bandwidth fround
robin |tests con group, repeatability of the bandwidth measurement
was found to be with easurement set-up

Anothler issue thatwa sontrol in this experiment was the effect of the conndctors.
The li 3 gmbinations of 1 000 m, 500 m, 250 m and 125 m lengths of
the same~ariginal_fibre ength used in the experiment was built up using the minimum
numb e was still concern about connector effects. The main concerp was
that que gr tolerances, slight mismatches could result in different launch
conditions in o and result in slightly different modal bandwidths. Typically this would
not be a,-major proBlem but for the sake of matching experiment to theory, a sgcond
experjment-was performed using one length of fibre and varying the bit rate instead.

The results of the second experiment are plotted in Figures 8, 9 and 10 for the links operating

at 1 318 nm, 857 nm and 794 nm respectively. Again, there was good agreement between the

theory and experiment. In this experiment there was less scatter of the data aroun
calculated line which was attributed to the lack of connectors in the link.

d the
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NOTE Fibre length = 0,5 km. Theoretical prediction (——) and measured penalty (M).

Figure 9 — Penalty versus Baud rate for source No. 2 (857nm)
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