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Application Note 033 – Dynamic Range 

This document describes the inherently wide dynamic range of ViaLite fibre optic links 

Introduction 

PPM’s ViaLite fibre optic links all provide a very wide 

dynamic range.  Dynamic range is defined in terms of 

noise and linearity.  This application note explains the 

definitions of these terms.  It also presents the 

calculations that may be used to determine additional 

performance parameters, with a worked example for a 

standard ViaLite link.  The example used is based on an 

L-Band link made up from a transmitter (part number 

LRT-L1-6R-03-S1310) and a receiver (part number LRR-

L1-6R-03) however the calculations may be applied to 

any fibre optic link in the ViaLite range. 

 

Definition of Dynamic Range 

The dynamic range (DR) of a link is simply the difference 

between the maximum and minimum signals that the link 

can transport. 

 

Definition of fibre optic link (FOL) Gain 

This is the difference between the output and the input 

signal amplitudes for a small signal input, and is usually 

measured in dB.  The gain of the example link is +9dB. 

 

Maximum Signal 

The maximum signal that may be accommodated by a 

link can be defined in a number of ways: 

 

a) Input P1dB  

The input signal power at which the link gain is 

compressed by 1dB relative to the gain at low signal 

levels, see figure 1. 

Figure 1 

b) Input IP3  

A theoretical input power of two equal tones at which 

the third order products at the output due to the tones 

is the same level as the power in the output tones 

themselves. It is an extrapolated point, which can 

never be reached in practice, but it is very well 

defined, and permits the calculation of interference 

product levels at lower powers.  See figure 2. 

Figure 2 

c) Maximum input power for defined output IMD 

An input signal power, for which the output inter-

modulation (IMD) products are a certain level below 

the output signal power, see figure 3. 

Figure 3 

Typical ViaLite L-Band link performance 

RF gain = +9dB @ 0dB optical loss 

P1dB     = -1dBm                         IP3i  = +11dBm 

NF         = 19dBm                        SFDR  = 110.6dB/Hz⅔  

Max input power for 40dB IMD    = -9dBm 

Pin

Pout 1dB

Input
P1dB

Pin

Pout

IP3

Input

P1dB

IP2

1

1

1

3
2

2
nd
 order 

harmonic

3
rd
 order 

harmonic

Fundamental

 

Frequency

Power

Fundamental

2nd order
3

rd
 order



 

 PPM Ltd, 65 Shrivenham Hundred Business Park, Watchfield, Swindon, Wiltshire SN6 8TY, UK 
Tel  +44 (0)1793 784389    Fax  +44 (0)1793 784391   Email  sales@ppm.co.uk   www.vialite.com 

Issue 3                4
th
 August 2010 

 

For ViaLite links, the Maximum Input Signal is defined as 

the input signal power at which the IMD products at the 

output are 40dB lower than the output signal power. 

In the case of the example link, this input power is “input 

IP3” minus 20dBm.  This means that if two tones, with a 

power measuring -9dBm, were present at the input of the 

link, then the power in the output tones would be: 

                               Pout  =  Pin + Gain 

                                         = -9dBm + 9dB 

                                         = 0dBm (Pmax) 

and the power in the 3rd order products would be equal 

to, or lower than: 

                       Pout  IMD3 = Pout - 40dB 

                                          = 0dBm - 40dB 

                                          =  -40dBm 

 

Minimum Signal 

This is limited by the noise floor of the link, and also the 

bandwidth of the measurement system: 

 

Measured Output Noise Power = ONF + 10 log10 (MBW) 

 

where the ONF (Output Noise Floor) is the noise output of 

the link on its own, defined in a bandwidth of 1Hz, and 

MBW is the bandwidth of the measurement system. 

 

The ONF is not defined on the product datasheet, as it 

has very little practical application in system integration. 

Instead, noise figure (NF) is used to define the noise 

performance of the link and is related to ONF by the 

following equation: 

 

ONF (in 1Hz) = -174dBm + NF + Gain 

 

Dynamic Range Definition 

Finally, we have all the definitions needed to calculate the 

dynamic range of the link.  For example for the standard 

9dB gain link the noise figure on the product datasheet is 

19dB, this means: 

        ONF = -174dBm + 19dB + 9dB 

                 = -146dBm in 1 Hz  

To calculate the total noise at the measuring equipment, 

we need to know its measurement bandwidth.  For an 

electrical receiver, this is usually defined by a filter at the 

input stage of the receiver which band-limits the incoming 

signal.  For the purposes of the example we assume 

1MHz. 

Therefore the noise power at the measuring equipment 

is:- 

                             = -146dBm + 10log10(1 000 000Hz) 

                             = -86dBm 

Therefore the minimum power (Pmin) to maintain a carrier 

to noise ratio of 40dB would be 40dB above the output 

noise power in the measurement bandwidth. 

                    Pmin  = -86dBm + 40dBm  = -46dBm   

The total dynamic range (DR) of the link is the difference 

between the maximum and minimum output signal.  We 

have defined this as the range of input powers at which 

both the IMD and CNR of the link exceeds 40dB. 

                          DR = Pmax-Pmin = 0 dBm - (-46dBm)  

                                = 46dB 

 

Spurious free dynamic range 

The spurious free dynamic range (SFDR) is given for 

most types of ViaLite fibre optic link.  This can also be 

used to calculate the dynamic range.  The SFDR is 

defined in a 1Hz bandwidth and therefore must be 

normalised to the operating bandwidth, by subtracting 2/3 

multiplied by 10 log of the bandwidth. 

            SFDR           = 110.6 dB in 1Hz 

            SFDR (BW)  = SFDR –  ⅔10log10(BW) 

                                 = 110.6 - 40 = -70.6 

This can also be used to determine the dynamic range 

DR  = 3/2 x SDRF (1Hz) – 10log10(BW) –IMD/2 – CNR 

        = 3/2 x 110.6 -60 – 40/2 – 40  = 46 dB 

 

Conclusions 

The dynamic range of a fibre optic link is an important 

parameter that defines its performance.  The various 

methods for calculating this parameter have been shown 

together with a worked example based on the ViaLite       

L band link.  The ViaLite range has inherently wide 

dynamic range.  

 

 

 


