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ABSTRACT

Measurcment of the noise characteristics of a
superluminescent erbium-doped silica fibre source shows a
noise component in addition to shot noise which prevents
the SNR of the source output increasing beyond a fixed
value. The additional noise component can be attributed to
excess photon noise and will be present in all broadband

sources emitting above a certain power.
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INTRODUCTION

For a number of optical sensor applications including the
Fibre Optic Gyro (FOG), a broadband optical source is
required for optimum operation of the sensor. In the case
of the FOG, the short coherence length associated with a
broadband source effectively overcomes detrimental effects

associated with coherent backscatter and the optical Kerr
effectl.

Potential sources for the FOG include superluminescent
diodes (SLD’'s) and the newly-developed super-radiant rare-
earth-doped fibres. SLD’'s operating at 1300nm are capable
of providing around lmW of optical power into a single-mode
fibre and are characterised by linewidths >40nm. Rare-
earth-doped fibres have been shown to provide >30mW of
single mode power in the case of a laser-diode pumped Nd-
doped silica device?, and are characterised by linewidths
in the range 2-20nm.

High-power light sources are preferred in order to provide
enough signal at the detector so as to maximise the SNR of
the sensor. In general, any detection scheme will show a
threshold level of detected signal power below which the
noise floor of the receiver dominates over the photon noise
in the detected signal. Below this threshold level an
increase in signal level increases the SNR (signal/noise
power ratio) according to <I1g>2, where <Ig> is the mean
detected current signal, and hence is highly desirable.
Above this level the SNR will increase in proportion to
<Ig> if we assume that the signal fluctuations are limited
by quantum or shot noise. This is the shot noise limited
case. In this case an increase in signal level is still

desirable as it leads to an increase in SNR.




In this paper we show that a broadband superluminescent
source has an additional noise component which will domi-
nate over shot noise at high signal powers. Consequently,
at these high signal powers the SNR does not increase with
increasing signal power and no advantage results from
injecting further power. We show that the signal level at
which the excess noise dominates over shot noise and the
maximum SNR obtainable under such conditions is determined
by the optical linewidth of the source. In a typical case
for a 1300nm SLD (aA=50nm) the received photocurrent level
at which the SNR becomes limited by excess photon noise is
around 3;A and the maximum SNR will be around 130dB.

EXPERIMENTAL

Figure 1 shows the experimental set-up used for determina-
tion of the noise characteristics of an erbium-doped silica
superluminescent source. A 7.3m length of erbium-doped
germanosilicate fibre (NA 0.17, second-mode cutoff 950nm,
Er3* concentration 60 ppm) was pumped at 980nm with
approximately 40mW of power from an Argon-ion-pumped
Styryl-13 dye laser. The pump input end of the fibre was
cleaved normally, leaving a 4% Fresnel reflection and the
signal output end was carefully terminated in an index
matching cell in order to prevent feedback and laser
oscillation. Using this set-up, in excess of 3mW of super-
radiant optical power at 1535nm in an approximate 2nm
linewidth could be obtained from the source. The spectrum
of the source was continuously monitored with an Anritsu
spectrum analyser and the power incident onto an InGaAs
detector (Epitaxx ETX300) was varied with an adjustable
attenuvator. The mean DC signal (photocurrent) level was
monitored with an oscilloscope and the signal fluctuations
were simultaneocusly monitored using a Marconi RF spectrum

analyser. A 500kHz-bandwidth, low-noise amplifier was
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incorporated after the photodetector at mean signal levels
below =B80uA. The signal fluctuations were measured around
100kHz to minimise 1/f noise and pump-noise feed-through
into the superluminescent source output. This detection
system enabled the signal and noise powers to be accurately

monitored over a 600:1 range in signal level.

THEORY

For light from a single-mode, unpolarised thermal source,
the mean square photo-current fluctuations produced in a
photodetector in a bandwidth B can be written3:

<I 2> = 2e<Ig>B + <I¢>2B/av (1)

Here the first term is the well-known shot noise and the
second term represents excess photon noise due to beating
of the various Fourier components within the broadband
spectrum. The coherence area of the source has been taken
as equivalent to the detection area. Both the shot noise
and the excess photon noise noise can be considered as
"white" noise sources at frequencies of electronic inter-
est. The term Av is determined by the optical linewidth of

the source and is defined by:

. [jp(u)du ]2

(2)
j?z(u)dv

where P(v) is the power spectral density of the optical
field
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Hence, the SNR of the received signal can be written:

<I s>2 <I ¢>
SNR = _______ = (3)

<Al 2> 2eB + <I ¢>B/Av

For

ft

<Ig> << 2eav, SNR
<Ig> >> 2eav, SNR

<Ig>/2eB shot-noise limited

av/B excess-noise limited

[}

Note that when excess-noise limited, the SNR is constant

for all values of received power.

RESULTS

Figure 2 shows the measured noise current from the
superluminescent fibre source as a function of mean
detected signal current, along with similar measurements
for a narrow-line He-Ne laser for comparison. The solid
lines represent theoretical calculation of shot-noise
current and detected excess photon-noise current as
determined by Equation (1). We have used the measured
linewidth of 2nm to calculate av. As can be seen in Figure
2, the noise of the superluminescent-fibre output is
dominated by excess photon noise in the range of the
experimental measurements, the noise current increasing by
10 dB/decade of signal. However, the He-Ne laser signal is
seen to be shot-noise limited within the same range of
signal levels, the noise current increasing by only 5
dB/decade of signal. The threshold detector-current level
(I;,) at which excess photon noise dominates over shot
noise for the superluminescent fibre source is calculated
to be only 80nA.

Figure 3 shows the power SNR in unit bandwidth as a
tunction of mean received signal-current for both the

superluminescent source output and the He-Ne output. The




solid lines represent SNR calculated from Equation (3} and
the points represent experimentally-measured values. An
increase in SNR associated with shot-noise-limited
behaviour of 10dB/decade of signal is observed for the He-
Ne source, whereas the superfluorescent source shows a SNR
limited to a value given by av, in this case 114dB, in good
agreement with theory.

SUMMARY

Investigation of the noise characteristics of a
superluminescent fibre source shows an excess-photon-noise
component associated with light from a thermal source.
gimilar noise characteristics will be expected of other

broadband sources, such as SLD's.

The threshold photocurrent level at which excess photon-
noise dominates over shot noise is given by the frequency
width of the source light and is typically in the range
50nA-3uA for spectral widths in the region 1-50nm centred
on 1300nm. For a typical sensor application where 20dB
round-trip optical loss may be incurred by the source
light, and assuming unitary detector responsivity, this
range of threshold values corresponds to source powers in
the range 5-300uW. Since the threshold level depends on
received power, there is no benefit whatever in injecting
more optical power unless the insertion loss of the sensor
increases or to overcome receiver noise. The maximum
obtainable SNR is given by the optical bandwidth of the
source and for this range of linewidths, will be in the
range 112-130dB.



It should be noted that the excess-noise described here is
additional to the shot noise and it can therefore, in

principle, be compensated using a two-detector reference
scheme.
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Fig. 1. Experimental configuration for noise measurements.

Low noise amplifier incorporated for signal levels <80uA.
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Fig. 2. Superradiant source & He-Ne noise current vs signal
level. Points represent experimental values and solid lines

represent theory.
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Fig. 3. Superradiant source and He-Ne SNR vs detected signal
level.






