Application Note 103 — Dynamic Range and Noise

This document explains the definition of dynamic ra nge, noise and the calculations that may be
used to determine additional performance parameters

Introduction

PPM’s point2point 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 point2point link. The example used is based
on an AC link with the bandwidth of 40Hz to 250MHz,
however the calculations may be applied to any fibre
optic link in the point2point  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 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 0dB

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, figure 1.
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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.
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c) Input signal power, for which the output inter-modulation
(IMD) products are a certain level below the output signal
power, figure 3. This definition is used for the specification of
maximum input signals on point2point datasheets.
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As an example, the pOINt2point  40Hz to 250MHz AC
Link has the following maximum signal performance:-

Input P1dB is 0dBm @ 100MHz
Input IP3 is +10dBm @100MHz

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 the
MBW is the bandwidth of the measurement system.

Output Noise Floor

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:

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

Note — the figure of -174dBm is the thermal (or Johnson—
Nyquist) noise floor in a 1Hz bandwidth. This is the
electronic noise generated by thermal agitation of charge
carriers inside any electrical conductor at equilibrium,
which happens regardless of any applied voltage.

As stated above, the ONF is normalised for a 1Hz
bandwidth. In practice, 1Hz is not a practical
Measurement Bandwidth (MBW). Therefore it is
necessary to adjust the ONF for the MBW being used.
This adjusted figure is the Output Noise.

Output Noise = ONF + 10 log10 (MBW)

Minimum Detectible Signal

The Noise Figure can also be used to determine the
Minimum Detectable Signal (MDS). The MDS is the
smallest signal that can be detected above the noise. As
with the Output Noise, the MDS is dependent on
measurement bandwidth (MBW). MDS is calculated using
the following formula:

MDS = -174 + Noise Figure (NF) + 10 log10 (MBW)

The example point2point 40Hz to 250MHz fibre optic
link has a typical Noise Figure of 22dB and 0dB gain. If
we assume the link is used in conjunction with a spectrum
analyser with a resolution bandwidth of 1kHz for these
sample calculations, then:

ONF =-174 + Noise Figure + Gain
=-174+22+0
=-152dBm/Hz

Output Noise = ONF + 10 log10 (MBW)
=-154 + 10 log10 (1000)
=-122dBm in 1kHz BW

MDSinput = -174 + Noise Figure + 10 log10 (MBW)
=-174 + 22 + 10 log10 (1000)
=-122dBm in 1kHz BW

Note - It is usual to add a margin to the MDS (e.g. 3dB) to
ensure that the wanted signal is far enough the noise floor
to guarantee that it can be detected by the monitoring
equipment (e.g. spectrum analyser or radio receiver).

Spurious Free Dynamic Range Definition

The spurious free or true dynamic range (SFDR) of a link
is defined as the range of signals over which the spurious
outputs are below the level of the output signal.

SFDR = %3 (IP3 — Gain — MDS)

Using the data for the 40Hz to 250MHz link, standard
configuration (0dB gain), and using a figure for MDS in a
1Hz bandwidth:

SFDR = %5 (10 - 0 — 152)
= 108dB/Hz

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 worked examples based on the
point2point 40Hz to 250MHz AC link.
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