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3 Introduction 
 
This report investigates the baseband frequency and time responses of a polymer optic fiber (POF) as 
a linear time invariant system. Thus, the system baseband impulse response and transfer function can 
be calculated in terms of the individual component baseband impulse and frequency responses. This 
is accomplished by generating a general relationship of the polymer fiber’s transfer function dependent 
on the fiber length and the launching condition at the fiber input. This transfer function should be 
simple but sufficiently accurate to predict the system performance. The transfer function enables 
realistic analyses to be performed in order to define the limits of performance of the system more 
clearly. 
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4 Fundamental Transfer Function of the POF 
4.1 Low Pass Characteristic 
 
The capability to transmit high frequency signals can be observed by the deformation of short pulses 
travelling down the fiber or by the fiber bandwidth if the frequency response characteristic is defined. 
Both are influenced by numerous effects, e.g., light source properties and launching conditions, fiber 
dispersion (in this case only modal dispersion), mode mixing in the fiber, nonuniform mode 
attenuation, and by statistical variations of all these effects along the fiber.  

We assume that the light source emits very short pulse, i.e., the frequency spectrum of this pulse is 
much broader than the supposed POF bandwidth. Because of the modal dispersion the launched 
pulse splits up in a high number of modes each arriving at the fiber end statistical distributed around a 
fiber length dependent average group delay. The photodiode superposes the responses of all modes. 
If we interpret the output pulse of each mode as a probability density function of a random variable 
instead of its temporal shape the application of the Central Limit Theorem leads to the consequence 
that the pulse response of the POF must be well approximated by a Gaussian shape. Thus, the 
transfer function must be Gaussian too. 

4.2 Mathematical Description 
It is well known that a light pulse can be described by its temporal shape h(t) and h(t) is characterized 
by the temporal moments of the pulse as the area (zero order moment)  

∫
+∞

∞−

= dt)t(hA  

 

( 4.1 ) 

the central time (first order moment or group delay) 
 

∫
+∞

∞−

⋅= dt)t(ht
A
1t C  

 

( 4.2 ) 

and the mth order central moments 

( )∫
+∞

∞−

⋅−= dt)t(htt
A
1M m

Cm  

 

( 4.3 ) 

Certainly, the most important central moment is M2=σ2, which equals the variance and characterizes 
the temporal width of the pulse. 

It is also useful to know that if we interpret the pulse shape h(t) as the probability density of  the 
random variable t the characteristic function of this process is by definition the integral  

∫
+∞

∞−

ω⋅=ωΦ dte)t(h)( tj  

 

( 4.4 ) 
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We see from Eq. ( 4.4 ), Φ(-ω) is the Fourier transform of h(t).  

The function 

))(ln()( ωΦ=ωΨ  
 

( 4.5 ) 

is the second characteristic function of t and is sometimes also called the cumulant-generating 
function. The cumulants λn of a random variable are by definition the derivatives 

0
n

n

nn
)(

j
1

=ωω∂
ωΨ∂

=λ  

 

( 4.6 ) 

and are closely related to the distribution’s moments [  1]. 

Using Eq. ( 4.1 ) the cumulant (with index number zero) 

∫
+∞

∞−

==Ψ=λ )Aln()dt)t(hln()0(0  

 

( 4.7 ) 

In case that h(t) is  really a probability density function it would be A=1 and consequently λ0=0.  

The first cumulant (with index number one) is the expected value: 

∫
+∞

∞−

=⋅=
ω∂

Φ∂
Φ

⋅=λ C1 tdt)t(hjt
jA
1)0(

)0(
1

j
1  

 

( 4.8 ) 

and corresponds to first order moment or (Eq.( 4.2 )) the central time tC if we regard h(t) as pulse 
shape.  

The second and third cumulants are respectively the second and third central moments (the second 
central moment is the variance): 

2
2 σ=λ  

 

( 4.9 ) 

33 M=λ  
 

( 4.10 ) 

The higher cumulants are neither moments nor central moments, but rather more complicated 
polynomial functions of the moments. 

Expanding Ψ(ω) into a series near the origin and using the definition Eq. ( 4.6 ), we obtain 

...)j(
!n

1...)j(
!3

1)j(
2
1j)( n

n
3

3
2

210 +ωλ++ωλ+ωλ+ωλ+λ=ωΨ  

 

( 4.11 ) 

Because of the definition in Eq. ( 4.5 ) the characteristic function of the variable t is given by 

))(exp()( ωΨ=ωΦ  
 

( 4.12 ) 

http://en.wikipedia.org/wiki/Central_moment�
http://en.wikipedia.org/wiki/Variance�
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If h(t) is the pulse response of the fiber its spectrum H(ω) and consequently the transfer function of the 
fiber is determined by substituting ω by -ω in Eq. ( 4.12 ) and we maintain using the Eqs. ( 4.7 ), ( 4.8 ), 
( 4.9 ), and ( 4.10 ): 


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( 4.13 ) 

Thus, for a Gaussian shaped pulse response h(t) all cumulants of higher order λ3=λ4=λ5=…=0 being 
zero (all odd central moments M3, M5,… are zero) all terms in the exponent of Eq.( 4.13 ) of third order 
and above are zero.  

Consequently, to the extent that the impulse response of the POF can be regarded as Gaussian 
shaped insofar its transfer function HPOF(f) can be approximated by a Gaussian characteristic too and 
the phase has to be linear. 

 

5 Transfer Function dependent on POF-length 
Assuming the Gaussian approach (following Eq. ( 4.13 )) the transfer function for the POF can be 
approximated by 








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
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−ω−
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2

2

C 2
tj
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( 5.1 ) 

with central time tC dependent on the fiber length approximately tC= 4.97ns/m⋅LPOF (LPOF =POF-length 
in m; refractive index of fiber core being n1=1.49). 

The relationship between the standard deviation σ and the electrical 3dB-bandwidth is given by: 

dB3B/132.0=σ  
( 5.2 ) 

The relationship between the variables 20% to 80% rise time, electrical 3dB-bandwidth, and standard 
deviation is given by Eqs. ( 5.3 ) and ( 5.4 ). 

dB3%8020 B/222.0t =−  
( 5.3 ) 

 

%9010%8020 t656.0682.1t −− ⋅=σ⋅=  
( 5.4 ) 

A variety of empirical expressions for modal dispersion have been developed. From practical 
experience it has been found that the bandwidth B3dB in a link of length LPOF can be expressed to a 
reasonable approximation by the empirical relation 
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q
POF0dB3 LBB −⋅=  

( 5.5 ) 

where the parameter q ranges between 0.5 and 1, and B0 is the bandwidth for a fiber of 1m length. 

Figure 5-1 shows the application of Eq. ( 5.5 ) for a polymer fiber (Luminous) exited by a launching 
aperture of AN=0.5 for a fiber length of 8m to 20m. 

Thus, in case of launching aperture being AN=0.5 the length dependent transfer function of a polymer 
optical fiber can be approximated by 

( )( )

minLinsert
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( 5.6 ) 
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Figure 5-1: Measured bandwidth versus POF-length (Luminous) for launching AN=0.5 with polynomial curve 
fitting 

 

The Figure 5-2 to Figure 5-7 show a very good agreement of the measured transfer functions for 
varies fiber lengths with the Gaussian approximation using Eq. ( 5.6 ) up to frequencies twice the 
bandwidth (fiber loss has been not taken into consideration). 
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Figure 5-2: Comparing measured transfer function and Gaussian fit for 8m POF 

 
Figure 5-3: Comparing measured transfer function and Gaussian fit for 10m POF 
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Figure 5-4: Comparing measured transfer function and Gaussian fit for 12m POF 

 

 
Figure 5-5: Comparing measured transfer function and Gaussian fit for 14m POF 
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Figure 5-6: Comparing measured transfer function and Gaussian fit for 16m POF 

 

 
Figure 5-7: Comparing measured transfer function and Gaussian fit for 20m POF 
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Considering the ripple content in the measured transfer function that starts slightly above twice the 
bandwidth the expression to approximate this characteristic becomes significantly more complex. 
Additionally with respect to Eq. ( 5.5 ) and ( 5.6 ) the value of B0 should be changed to B0=940. The 
corresponding formula is given by: 
 

( )( ) ( )( )
( )( )

( )( ){ }
)Lf2jexp(

))/B/6exp(-(f)f(Hf2expA)f(H

f/Lf4jexp25.01
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dB3
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6
dB3
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τπ⋅−⋅

⋅+πσ−⋅=

π−⋅−

π−−⋅π−−⋅
=

⋅=τ

=α=

⋅=

=σ
⋅⋅=

−

⋅α
−

−

 

 

 

 

 

 

( 5.7 ) 

The following figures compare the measured transfer functions and the approximation using Eq.( 5.7 ). 
The calculated step responses also use the approximation according to Eq.( 5.7 ). 

 

Figure 5-8: Comparing measured transfer function and Eq.( 5.7 ) fit for 8m POF 
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Figure 5-9:  Comparing measured transfer function and Eq.( 3.7 ) fit for 10m POF 

 
Figure 5-10: Comparing measured transfer function and Eq.( 5.7 ) fit for 14m POF 
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Figure 5-11:  Comparing measured transfer function and Eq.( 3.7 ) fit for 16m POF 

 
Figure 5-12:  Comparing measured transfer function and Eq.( 3.7 ) fit for 20m POF 
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6 Transfer Function dependent on Launching 
Aperture 
Following the refraction law by Snellius the maximum angle Θ for total reflection at the core-cladding 
boundary is given by:  

core

clad

n
n

cos =Θ  

 

( 6.1 ) 

According to a simple approach regarding only the meridional rays in the fiber core the difference in 
transition time τModal between the longest ray path (the highest-order mode) and the shortest ray path 
(the fundamental mode) is obtained from ray tracing by: 
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( 6.2 ) 

with the index difference ∆ defined by nclad = ncore·(1-∆). Because ∆ is much less than 1 the numerical 
aperture AN of the fiber is approximated by  

∆⋅= 2nAN core  
 

( 6.3 ) 

Using Eq.( 6.3 ) and Eq. ( 6.2 ) we calculate 

2

clad

POF
Modal AN

nc2
L

⋅
⋅

=τ  

 

( 6.4 ) 

Although this approach neglects any kind of mode coupling and thus might lead to an underestimation 
of fiber bandwidth it suggests itself that the pulse broadening arising from τModal is proportional to AN2. 
Thus, the bandwidth is proportional to 1/AN2. 

In respect of Eq. ( 6.4 ) it is supposed that in Eq. ( 5.5 ) B0 can be approximated by a polynomial 
function second order of (1/AN). The parameter q equals 1 in the case of no mode coupling and with 
an increasing amount of mode coupling it decreases down to q=0.5 in case of dynamic equilibrium 
mode mixing [  2]. Figure 6-1 and Eq. ( 6.5 ) include expressions for a polynomial approximation for 
both parameters that can be used to fit the measured bandwidth of varies polymer fiber lengths and 
under different launching aperture conditions, respectively. 
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Figure 6-1: Influence of numerical aperture on bandwidth parameters with polynomial approximations 

 
Figure 6-2 compares measured bandwidth data and calculated values versus launching aperture for 
different POF-lengths. The calculation uses 
 

q
POF0dB3 LBB −⋅=  
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( 6.5 ) 

Using B3dB according to Eq. ( 6.5 ) together with Eq. ( 5.6 ) we calculate the Gaussian approximation 
for the transfer function dependent on POF-length and launching aperture as: 
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( 6.6 ) 
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Figure 6-2: Electrical 3dB-bandwidth versus launching aperture - measurement and approximation – various POF 

length 

 

Measured electrical bandwidth in MHz  

AN\ LPOF in m 8 10 12 14 16 20 

0,30 357 313 266 224 207 159 

0,32 310 264 223 185 168 132 

0,35 268 215 182 157 146 112 

0,40 197 159 140 124 110 87 

0,45 167 138 118 105 91 76 

0,50 165 133 115 101 88 74 
 

Calculated electrical bandwidth in MHz using 
Gaussian transfer function 

AN\ LPOF in m 8 10 12 14 16 20 

0,30 370 301 255 222 196 160 

0,32 318 260 220 191 169 138 

0,35 263 215 182 158 140 114 

0,40 206 169 144 125 111 91 

0,45 174 143 122 107 95 78 

0,50 156 128 111 97 86 72 
 

Table 6.1: Values for measured and calculated bandwidths 
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Figure 6-3: Three-dimensional view of  3dB-bandwidth B3dB according to Eq.( 6.5 ) 

In order to upgrade Eq. ( 5.7 ) by the launching aperture dependency Eq. ( 6.5 ) can be used as well, 
however, with a correction factor for the B3dB value according to 
 

q
POF0dB3 LB0.9316B −⋅⋅=  

0.5195  0.2456/AN  -0.0383/ANq    

1466.3  1127.2/AN - 428.07/ANB   
2

2
0

++=

+=
 

 
Use only in combination with Eq. ( 5.7 ) ! 

 

( 6.7 ) 

 

7 Using model equations 
Given the signal sP2(t) emitted by the light source, the application of Eq. ( 6.5 ) and Eq. ( 6.6 ) offers 
the possibility to predict the signal shape sP3(t) at the fiber end (SP3) by calculation. This requires the 
evaluation of the input signal’s spectrum SP2(f) by Fourier transforming sP2(t) (e.g. using DFT). The 
signal spectrum at SP3(f) at fiber end is then given by 
 

)f(H)f(S)f(S POF2P3P ⋅=  ( 7.1 ) 

The fiber’s output signal sP3(t) is determined by the reverse Fourier transformation of SP3(f) and thus 
can be used for further investigations like eye diagram calculations, rise time statistics etc. 
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For example we assume a POF-length of 15m, a launching aperture of AN=0.5 and for simplicity we 
neglect the fiber’s attenuation (α=0dB/m) and group delay (τ=0s). For the fiber input signal sP2(t) three 
examples of different MOST150 input data pattern (SIM slow, SIM ov, and SIM tst) were used. These 
examples do not cover all MOST150 input signal variants (e.g. jitter). 

The results of the application of the POF’s transfer function are shown in the appendix (chapter 10).  

It should be stated explicitly, the calculations exhibit that the fiber influences duty cycle in case of “SIM 
ov” and “SIM tst”. The fiber also adds ISI and increases transition time of rising and falling edges of 
the signal due to bandwidth limitation. 

The B-3dB bandwidth values given in the figures of chapter 10 refer to the electrical 3dB-bandwidth of 
the fiber. Using the Eq. ( 5.3 ) the corresponding pulse response rise time t20-80% may be evaluated. 
For the underlying data (LPOF=15m, launching AN=0.5) it is t20-80% = tPOF=2.45ns. It must be 
emphasized that adding the square tPOF

2 to the square of the input signal’s rise time tSP2
2 results only 

in the square of the output signal’s rise time tSP3
2 insofar the pulse shape of the input signal is 

Gaussian. The more the signal shape differs from the Gaussian shape, i.e. the signal pulse exhibits 
significant moments of order greater than 2, the worse the following equation is fulfilled: 

2
POF

2
2SP

2
3SP ttt +=  ( 7.2 ) 

As a consequence of Eq. ( 4.13 ) being a generic representation of a system’s transfer function only 
the variances of pulse responses sum up to the aggregate variance of pulse response of 
concatenated systems. Thus, regarding the fiber as the transmission system, only the variances of 
input pulse and pulse response sum up to the variance of output pulse. Because of the input signals 
“SIM ov” and “SIM tst” exhibit a quite asymmetric shape of each pulse, i.e. are significantly different 
from Gaussian shape, the application of Eq. ( 7.2 ) is strictly not possible and might lead to errors. 
 

8 Conclusion 
In consideration of Figure 5-2 to Figure 5-7 the Gaussian approach using Eq. ( 5.6 ) is a very good 
approximation for the measured transfer functions of polymer fibers of 8m up to 20m in lengths. Eq. ( 
5.6 ) matches the transfer characteristic sufficiently up to frequencies twice the bandwidth for a 
launching aperture AN=0.5. 

Considering varies AN-values as launching aperture the use of Eq. ( 6.5 ) and Eq. ( 6.6 ) is 
recommended. For this the degree of accuracy and the range of validation are demonstrated in Figure 
6-2, Figure 6-3 and Table 6.1. 

Given the signal data pattern, the signal shape at the fiber output can be evaluated dependent on fiber 
length and launching aperture. Furthermore, the influence of the transmitter and receiver transfer 
characteristic can be considered if the corresponding transfer functions of these components are 
identified. 
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10 Appendix: Evaluation results for 15m POF and 
launching aperture 0.5  
For three examples (SIM slow, SIM ov, and SIM tst) the following figures include POF transfer 
function, input signal (dotted line) and calculated output signal (solid line), rise and fall time 
determinations, and eye diagrams of input and output signal. In chapter 10.5 a MATLAB (version 
7.0.1) script shows how to implement the simulation using Fast-Fourier-Transformation. 
 

10.1 SIM  slow 

 
Figure 10-1: Transfer function and simulated output signal; input signal without overshoot 
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Figure 10-2: Rise and fall time of input signal SIM slow (SP2) 

 
 
 

 
Figure 10-3: Rise and fall time of output signal SIM slow_SP3 
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Figure 10-4: Eye diagram of input signal SIM slow (SP2) 

 

 
Figure 10-5: Eye diagram of output signal SIM slow_SP3 
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10.2 SIM ov 

 
Figure 10-6: Transfer function and simulated output signal; input signal with overshoot 

  

 
Figure 10-7: Rise and fall time of input signal SIM ov (SP2) 
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Figure 10-8: Rise and fall time of output signal SIM ov_SP3 

 

 
Figure 10-9: Eye diagram of input signal SIM ov (SP2) 
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Figure 10-10: Eye diagram of output signal SIM ov_SP3 
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10.3 SIM tst 

 
Figure 10-11: Transfer function and simulated output signal; input signal with overshoot and deteriorated duty 

cycle 

 

Figure 10-12: Rise and fall time of input signal SIM tst (SP2) 
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Figure 10-13: Rise and fall time of output signal SIM tst_SP3 

 
Figure 10-14: Eye diagram of input signal SIM tst (SP2) 
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Figure 10-15: Eye diagram of output signal SIM tst_SP3 

10.4 A set of rules for calculation 
• Remind periodicity of DFT 
It has been mentioned already that the signal at SP3 is calculated by Fourier transforming the input 
signal at SP2. Therefore a DFT is used. Being aware of the periodic nature of DFT it has to be taken 
into consideration that the DFT views both the time domain and the frequency domain as periodic. 
This can be inconvenient if the signal is not periodic. Nevertheless, if we use DFT, we have to conform 
with the DFT’s view of the world.  

• Avoid time domain aliasing 
The time domain periodicity can be thought of as the right side of the acquired signal wraps around 
and connects to its left side. The most serious consequence of that is time domain aliasing.  Due to 
bandwidth limitations the selected frequencies might be deleted or changed in amplitude or phase. 
These changes in the frequency domain can create a time domain signal that is too long to fit into the 
original period. Thus, the signal spills form one period to the adjacent. Because of the time domain is 
regarded as circular this new location already contains an existing signal, resulting in a loss of 
information. In order to avoid this time domain aliasing, a sufficient prolongation of the time interval by 
padding with zeros before and after the original input signal is recommended. 

• Flip spectrum 
Periodicity in the frequency domain behaves similar, but is more complicated.  If we use N samples in 
the time domain the frequency spectrum within which the transfer function has to be evaluated is 
viewed as being composed of N/2+1 samples spread between 0 and 0.5 of the sampling rate fS (0.5·fS 
= Nyquist frequency). The key feature is that the frequency spectrum between 0 and 0.5·fS=N/2·df 
appears to have a mirror image of frequencies that run between 0.5·fS+df and 1·fS-df, where df is the 
step size in the frequency domain. This mirror image of frequencies is different insofar as the 
magnitude is flipped left-to-right, i.e. the magnitude |H(0.5·fS+df)|= |H(0.5·fS-df)|, |H(0.5·fS+2df)|= 
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|H(0.5·fS-2df)|,…,and |H(0.5·fS+(N/2-1)df)|= |H(0.5·fS-(N/2-1)df)|=|H(df)|. Notice that samples 0 and N/2 
do not have a matching point in this duplication scheme. In terms of sample numbers, this makes the 
length of the frequency domain period equal to N, the same as in the time domain. For completeness, 
the phase of the spectrum is flipped left-to-right in the same manner and additionally changed in sign. 

• Consider Gibbs effect 
Frequently the original signal (at SP2) has truncated ends in the time domain. This usually leads to a 
discontinuity between the first and last sample, since the DFT views the time domain as periodic. In 
case that because of bandwidth limitations by the transfer function only some of the frequencies are 
used in the reconstruction, i.e. evaluation of signal at SP3, each edge shows overshoot and ringing. In 
other words, a truncation of the higher frequencies, results in overshoot and ringing at the edges in the 
time domain. Exactly at the discontinuity the value of the reconstructed signal converges to the 
midpoint of the step. This all is known as the Gibbs effect. By duality, to truncate the ends of the time 
domain signal, this distorts the edges in the frequency domain. As a consequence of all that, it is 
recommended to exclude the start and end of the signal at SP3 (first and last bit of the data pattern) 
for the signal characterization.  
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10.5 MATLAB script for calculation of SP3-signal 
 
clear all; close all; clc; 
  
%<<<<<<<<<<<<<< Input Data >>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
  
LPOF=15;      %<<<<<<<< POF length in m  
  
AN=0.5;       %<<<<<<<< Launching Aperture 
  
dt=100e-12;   %<<<<<<<< Sampling time interval of input signal 
  
%<<<<<<<<<<<<<< Ask for and read Input Signal>>>>>>>>>>>>> 
distext='Input Signal for POF'; 
indata=['SIM_slow.dat  ';'SIM_ov.dat    ';'SIM_tst.dat   ']; 
k = menu(distext,indata(1,:),indata(2,:),indata(3,:));  
[finput,message] = fopen(indata(k,:));  Sfile=indata(k,:); 
[sdata,count] = fscanf(finput,'%e',[1 inf]);  
fclose(finput);                            
  
%  Set signal to positive values 
min_sdata=min(sdata(1,:)); 
sdata(1,:)=sdata(1,:)-min_sdata; 
  
% Linear extrapolation of first and second sample should hit zero 
toffset=sdata(1,1)/(sdata(1,2)-sdata(1,1))*dt; 
  
% Zero padding to avoid aliasing error 
sdata_zeropad=[ones(1,20)*0 sdata(1,:) ones(1,20)*0]; 
  
tdata=toffset+(0:length(sdata_zeropad)-1)*dt; 
t=(0:dt:tdata(end)); 
if 2*int32(length(t)/2)~=length(t); t=[t t(end)+dt]; end 
  
  
sp2=interp1([0 tdata],[0 sdata_zeropad],t,'linear','extrap'); 
SP2=fft(sp2); 
  
ns=length(SP2);     % number of samples 
  
df=1/dt/ns; 
f=(0:1:ns/2)*df;   % frequencies HPOF(f) to be calculated 
  
nf=ns/2;    % LAST index before Nyquist frequency  !!! 
            % nf+1 = index of Nyquist frequency 
             
%=======Calculation of Gaussian Transfer Function=========     
  
    B0=428.07/AN/AN - 1127.2/AN + 1466.3; 
    q=-0.0383/AN/AN + 0.2456/AN + 0.5195; 
    B3dB=B0*1e6*LPOF^(-q);     %<<< electrical -3dB-bandwidth 
    sigma=0.132/B3dB; 
    Hpof_nyquist=exp(-2*(pi*sigma*f).^2); 
    Hpof=[Hpof_nyquist fliplr(Hpof_nyquist(2:nf))]; 
  
%=======Calculation of output signal====================== 
  
sp3=ifft(Hpof.*SP2,'symmetric'); 
  
%============== Plot output signal ======================= 
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scrsz = get(0,'ScreenSize'); 
figure('Position',[1 scrsz(4)/2 scrsz(3)/1.2 scrsz(4)/1.2],... 
       'Name',['Transmisson of ' num2str(LPOF) ' m 
POF'],'nextplot','replace') 
n1=1;  n2=2000; 
plot(t(n1:n2)*1e9,sp3(n1:n2)); 
   ylabel('output signal sp3(t)'), grid on,ylim([1.2*min(sp3) 
1.2*max(sp3)]) 
   xlabel(['Time [ns]' ],'fontSize',12), grid off, xlim([t(n1)*1e9 
t(n2)*1e9]); 
   
%============= Output data to file ====================== 
   if length(Sfile)>0 
    ipoint=findstr(Sfile,'.')-1; 
    if ipoint else iblank=findstr(Sfile,' ')-1; ipoint=iblank(1);end 
    dlmwrite([Sfile(1:ipoint) ' SP3.dat'], sp3'); 
   end 
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11 Appendix: Automated Determination of Worst-
Case Scenarios for the MOST Optical Physical Layer 
Specification Point 3 
 
 

11.1 Introduction 
For automated determination of worst-case scenarios for different parameter sets, a program based 
on MATLAB was developed. The software generates separate pulse shapes for rising and falling 
edges where the full tolerance range given by the MOST physical layer specification is utilized. These 
edges are combined to a single signal by using valid MOST patterns, coded in DC Adaptive Coding 
(DCA). Then the impact due to the transmission media is simulated (using filter algorithm shown in 
10.5). The use of complete MOST frames guarantees that low frequencies are also included in the 
calculation. Afterwards the SP3 results are stored for visualization and analysis. These steps are 
iterated until the desired parameter coverage or cross-coverage is reached. The coverage is 
determined based on parameters for describing the pulse shapes of falling and rising edges. 
 

11.2 SP3 Input Pattern Calculation 
All patterns are generated using normalized amplitude and normalized time-scale. The amplitude is 
based on the steady state high- and low-level of the optical signals (“B1”, “B0”). A specific method for 
achieving these parameters is given in the MOST Specification. Amplitude value 1 represents steady 
state “B1”; an additional overshoot up to 1.4 is permitted. Amplitude 0 represents steady state “B0”, 
which doesn’t necessarily mean zero. A small bias level is possible; a limitation is given by the 
parameter “extinction ratio”. Time-scale is defined in Unit-Intervals (UI), derived from the network bit 
rate. Due to the coding scheme, the shortest pulse width is 2 UI. There are further pulse types with 
pulse length up to 6UI. The SP3 input pattern calculation is divided into three main steps. These steps 
are described in detail in the following three sections. 
 

11.2.1 Rising and Falling Edge Generation 
The generated transitions represent pulse shapes of 2 UI length. Rising edges start with amplitude 0 
and end with amplitude 1, falling edges start with 1 and end with amplitude level 0. 
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Figure 11-1: Pattern parameter 

 
A rising and a falling edge is described by four parameters. These parameters are Edge, Surface, 
Offset and Depth for the falling edge and Height for the rising edge. Before generating an edge the 
minimum and maximum values of these parameters can be defined, to generate edges with special 
properties. 
- Edge: Transition time between 20% and 80% of the normalized amplitude. 

- Surface: Accumulated power within the surface over or under the normalized amplitude. 

- Offset: Time deviation between transition and zero point on the time scale measured at 
amplitude level 0.5. 

- Depth, Height: Peak-Amplitude of the generated rising or falling edge pattern. 

For generating pulse shapes, coordinates at start and end of the curve are fixed, while sample points 
in between are generated randomly. In order to control the process of generating random coordinates, 
boxes are defined wherein one random coordinate per trial is generated. Then curves are fitted 
through the sample points using Matlab Polyfit in which basic polynomial and spline interpolation is 
possible. The timing resolution for was chosen with 30 samples/UI. The method of limiting the degree 
of freedom by introducing the boxes helps to avoid unrealistic pulse shapes and allows an adaptation 
to the needs of the chosen fit-algorithm. The random ranges for polynomial interpolation are shown in 
Fig 3. After a calculation run, the pulse shape is checked for consistency with the SP2-requirements 
and the user defined parameter range. If all constraints are matched, the pulse shape is accepted or 
else the algorithm runs through 10,000 trials. 
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Figure 11-2: Polynomial interpolation for a rising edge pattern 

 

11.2.2 Combining the Rising and Falling Edge with a pre-defined 
Bit-Pattern 
For creating a SP2 pattern, pulse sequences of rising and falling edges are consecutively combined. 
The data structure is defined by a pattern file providing binary data sequences in Unit Intervals. The 
“MOST Stress Pattern” as well as user defined bit pattern can be used. The bit pattern must be offset 
free and the starting point must be equal to the end point to avoid Dirac impulses while using FFT. For 
every SP2 pattern one particular pulse shape of each, rising and falling edge, is used. Pulses of the 
pattern which are greater than 2 UI are connected by padding with either ‘1’ or ‘0’ between the rising 
or falling edges. 
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Figure 11-3: Generated SP2 pattern 

 
Though all specifications for SP2 are fulfilled and the additionally defined constraints are matched, the 
resulting pattern might be idealistic compared to real optical transmitters used in the network. For 
instance, the bandwidth capabilities of optical transmitters is limited, the calculated patterns however 
might easily exceed this natural limitation. Besides all efforts to create worst-case patterns according 
SP2-Specification and to avoid unrealistic pulse shapes, the final database will contain scenarios that 
need to be excluded manually. 
 

11.3 Calculation of the SP3 Pattern 
A prediction for the scenario at the fiber output is calculated as the convolution of SP2 pattern and the 
POF’s transfer characteristic defined in [3]. The generated SP3 pattern can be visualized and used for 
further analysis. A data-set, containing characteristic parameters for input and output parameters, is 
stored. This allows loading and also recalculation of the SP3 pattern together with any bit pattern. 
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Figure 11-4: SP2 and SP3 pattern 

 

11.4 Simulation and Analysis 
The simulation program can generate multiple randomized rising and falling edges at once. Afterwards 
different SP2 patterns are generated using all permutations of the rising and falling edges together 
with a loaded pattern automatically. From this set of input pattern approximately 40,000 corresponding 
SP3 pattern can be calculated by a modern personal computer in one day. This leads to the 
calculation of millions of different SP3 pattern using multiple computers within a few days. The 
resulting pattern can be stored after simulation for further analysis and visualization. 
Different parameters have been defined for SP3 pattern assessment (see below). These parameters 
are calculated for each SP3 pattern. Afterwards a defined number of worst-cases for each parameter 
are stored during simulation. If distributed calculation is used, the different simulations results can be 
merged. 
 

- Edge Min: Minimum transition time of the SP3 pattern. 

- Edge Max: Maximum transition time of the SP3 pattern. 

- Delta Edge: Describes the maximum degradation in transition time. 

- Duty Cycle: Maximum pulse width of a high or low pulse of the SP3 pattern. 

- Delta Duty: Describes the maximum change in pulse width. 

- ISI Low: amplitude deviation of SP3 pulses form steady state” B0”  

- ISI High: amplitude deviation of SP3 pulses form steady state” B1” 
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As the determination of the worst-case pattern cannot be done analytically, all simulated patterns need 
to be investigated with respect to their coverage. Different plots (e.g. bar graphs) are provided to 
analyse and to visualize the coverage for the rising and falling edges as well as for the cross-coverage 
of the combined edges. In case of lacks in coverage, additional simulation runs with closed parameter 
bounds for better coverage can be performed. 
 

 
Figure 11-5: Rising edge cross-coverage for Height and Offset 

 

11.5 Results 
The simulation was performed for worst case POF conditions to find extreme input-conditions for the 
optical receiver. The chosen cut-off frequency represents the maximum specified fiber length of 15m 
and a numerical aperture of 0.5 for the launching condition at the fiber’s input. 
Due to the low-pass nature of the POF, degradation in transition times is visible. In extreme scenarios 
Inter-Symbol-Interference ISI was observed. Here, slow transition times are the root cause for reduced 
amplitude swing with short pulses, while longer pulses still achieve full amplitude swing. These effects 
may have negative impact on the conversion in the optical receiver following the POF. Signal/Noise 
ratio is directly degraded by ISI, additional Jitter may be generated in the optical-electrical conversion 
due to the slow transitions and ISI. A direct influence on signal timing due to the POF’s bandwidth 
limitations was also detected. For instance, SP2 patterns with significant overshoots are supporting 
pulse spreading for positive pulses, which end up in a notable increase in Duty Cycle Distortion. 
 
The extremes found based on a simulation run are listed in the following table: 
 



   

 
Specification Document  Copyright 1999 - 2010 MOST Cooperation  CONFIDENTIAL  
Page 40   

MOST®  
Application Note POF Transfer Function 

Application Note POF Transfer Function  
Rev. 1.1    11/2010 

Degradation in transition time max 0.5UI 

Example (“Packet_11_2”) 

Input rising edge (SP2) 

 

Input falling edge(SP2) 

 

Degradation on output (SP3) 

  

 

Rising edge degrades from 
0.33UI  0.62UI 

Falling edge degrades from 
0.34UI  0.84U 
 Delta 0.5UI 

Slowest  transition time max 0.91UI 

Example (“Packet_7_18”) 

Input rising edge (SP2) 

 

Input falling edge(SP2) 

 

Degradation on output (SP3) 

  

 

Rising edge degrades from 
0.5UI  0.75UI 

Falling edge degrades from 
0.5UI  0.91UI 
 max 0.91UI 
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Duty Cycle Distortion DCD max 2.26UI 

Example (“Packet_9_11”) 

Input rising edge (SP2) 

 

Input falling edge(SP2) 

 

Degradation on output (SP3) 

  

 

For a 2UI-Pulse, 
Pulse width spreads from 
2.15UI  2..26UI 

 
 max DCD of 2.26UI 

Delta Duty Cycle Distortion 
(Pulse Spreading) 

max 0.14UI 

Example (“Packet_17_13”) 

Input rising edge (SP2) 

 

Input falling edge(SP2) 

 

Degradation on output (SP3) 

  

 

For a 2UI-Pulse, 
Pulse width spreads from 
1.99UI  2.13UI 

 
 max pulse spreading of 
0.14UI 

ISI, degradation of B0-level max 0.096UI 

Example (“Packet_9_11”) 

Pulse Shape, Input (SP2) 

 

Degradation  

 

Pulse Shape, output (SP3) 

 

 

B0-level is 
shifted from 
0.0UI   
up to 0.096 UI 

 



   

 
Specification Document  Copyright 1999 - 2010 MOST Cooperation  CONFIDENTIAL  
Page 42   

MOST®  
Application Note POF Transfer Function 

Application Note POF Transfer Function  
Rev. 1.1    11/2010 

 

ISI, degradation of B1-level max 0.93UI 

Example (“Packet_24_3”) 

Pulse Shape, Input (SP2) 

 

Degradation  

 

Pulse Shape, output (SP3) 

 

 

B1-level is shifted  
from 1.0UI  
down to 0.093 UI 

 

 
Table 11-1 Extreme pulse shape degradation due to bandwidth limitations 

 
The detailed results of the simulation give clear indications on parameter variation and worst case 
scenarios. It also delivers SP3 test patterns which can be used for testing of optical receivers. 
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