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side is defined as a one-pass coating. By repeating the
one pass coating process, different silica coating
thicknesses can be realized. After the coating process,
the sensor was cured under ambient conditions for two
weeks before the test.
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Fig. 1. Schematic diagram of: (a) Tapered SCSMF
structure; (b) SEM image of the taper waist section after
coating process and (c) Experimental setup for ammonia
gas sensing.

Figure 1(a) illustrates a schematic diagram of an
8-pass silica-coated ammonia sensor and Fig. 1(b) shows
an SEM image of the taper waist section. It is clear that
the silica coating is smooth at the taper waist section. A
schematic diagram of the test system for ammonia gas
sensing is shown in Fig. 1(c). Light from a broadband
light source (Thorlabs SSFC1005S) is launched into the
tapered SCSMF structure and the transmitted light is
measured by an optical spectrum analyzer (OSA)
(Agilent 86142B). A defined amount of diluted ammonia
liquid was dropped in the gas testing chamber by a
micro-syringe. The ammonia liquid evaporated naturally,
resulting in an ammonia gas vapour. All the tests were
conducted at room temperature.

3. RESULTS AND DISCUSSION

Figure 2(a) shows the measured spectral responses at
different ammonia concentrations and Fig. 2(b) shows
the dependency of the measured wavelength shift vs.
ammonia concentration. As one can see from Fig. 2(a),
as the ammonia gas concentration increases, the dip

wavelength shifts to a longer wavelength monotonically.
However the shift rate decreases as the ammonia
concentration increases, which indicates that the sensor
has a higher sensitivity as well as better resolution for
lower ammonia concentrations. A linear fit has been
performed for the measured wavelength shift from 0.5
ppm to 2.5 ppm as shown in Fig 2(c). The measurement
resolution is estimated as 16 ppb assuming the OSA has
a wavelength resolution of 0.01 nm. Better resolution
may be achieved for even lower ammonia
concentrations.

It is worth pointing out that while reducing the tapered
waist diameter of such a fiber sensor even further might
result in a higher sensitivity, a tapered fiber with a
smaller waist diameter is more fragile compared to that
with a larger waist diameter, which could limit the
sensor stability. A thicker coating may also improve the
sensor sensitivity, as has been shown previously for

other fiber sensors that involve coatings [13].
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Fig. 2. (a) Normalized measured spectral response at
different ammonia concentrations; (b) Measured spectral
wavelength shift vs. ammonia concentration and
measured data fitted with: (b) a nonlinear function and
(¢) a linear function with corresponding parameters
listed in the inset tables.
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The response and recovery times are illustrated for a
range of ammonia concentrations in Fig. 3. The response
time is defined as the time that takes the sensor to reach
90% of its full response and the recovery time as the
time to fall down to 10% of the full response. The
sensor’s response time is estimated to be less than 5
minutes, while the recovery time is estimated to be less
than 10 minutes. It should be noted that in our
experiment the ammonia evaporating process takes
longer time than it should be, because the ammonia
solution used in the experiment is highly diluted with
water and the evaporation is not heat assisted. Due to
these shortcomings of our setup, the actual response and
recovery times to ammonia gas may well be even
shorter. Besides, the actual sensor sensitivity should be
also higher than we achieved from the experiment as
ammonia does not fully evaporate from the water.

20 | 2ppm 25;;""
1.5ppm @ Py
o )
T1s5| ippm @ / /
A | ° °
= .5ppm o Qo ’
Z 0l ?T °/ i 9 I ° ! °
eIy TV rlT
% 9 9
808 r ' \ ’ ? o \ |\ o s
% b9 °\° T °\° e 2 3% \
Soolamy % o) & ’ \ ;"
L % . \
VS ——T 7T T T T T 7

0 20 40 60 80 100 120 140 160
Time (min)
Fig. 3. Sensor’s response and recovery at different
ammonia concentrations.

4. CONCLUSION

In conclusion, a novel ammonia gas sensor is proposed
and experimentally investigated based on a silica-coated
tapered SCSMF fiber structure. A tapered SCSMF fiber
structure with a taper waist diameter of 13.5 pm was
fabricated using the microheater brushing technique.
Silica sol-gel was prepared and coated on the fiber
surface as a sensing layer for detecting ammonia gas
concentration. The experimental results show that the
sensor offers ultra-high sensitivity to ammonia, the best
resolution of the ammonia sensor is estimated to be as
low as 16 ppb from 0.5 ppm to 2.5 ppm while the
response and recovery times are less than 5 and 10
minutes.
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