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Abstract: In this article, we report the application of a
commercial supercontinuum light source for testing fiber
optics components in a broad optical range. We demon-
strate that this kind of light can be successfully used to
measure the parameters of a number of passive fiber com-
ponents, such as fiber Bragg gratings, fiber couplers, wave-
length division multiplexers, and fibered isolators. We also
show that near the double wavelength of the pulsed laser
used to pump the nonlinear fiber generating the supercon-
tinuum, the standard optical spectrum analyzers demon-
strate the false spectral peak that affects the test results
and that using a simple low-cost monochromator placed at
the supercontinuum source output permits the elimination
of this peak. The results of experiments related to the char-
acterization of passive fiber devices in the broad optical
range, from 1 um to more than 2 pm, are discussed in detail
as possible applications of the proposed technique.
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1 Introduction

Supercontinuum is an optical phenomenon related to the
dramatic broadening of the optical spectrum of short laser
pulses used as the pump of a nonlinear optical medium.
This phenomenon is achieved by a nonlinear process based
mainly on the modification of the refractive index of the
optical medium, which depends on the intensity of the
pump pulses [1,2]. In solid materials, supercontinuum gen-
eration is achieved using ultrashort high-intensity laser
pulses, typically on the femtosecond (10~ s) or picosecond
(107*%5s) scale, which induce strong molecular vibrations
resulting in electronic, molecular, and vibrational distor-
tions in the material [3]. Thus, the laser pulses experience a
number of nonlinear effects, including self-focusing, var-
ious types of scattering, phase self-modulation, two- and
four-wave mixing, and others, which cause a strong broad-
ening of the pulse spectrum [4-7].

In the case of optical fibers, the relationship between
the peak power of the pulses and the length of interaction
with the material can be controlled more efficiently than in
bulk materials. The pump pulse magnitude and energy can be
significantly reduced if the fiber has a suitable waveguide
structure. For instance, small-effective-mode fibers demon-
strate strong energy conversion of relatively narrow-band
pump pulses to broadband supercontinuum ones due to a
significant increase in the pulses’ intensities [8-11]. A similar
effect is observed in fiber tapers, which are also used to
generate supercontinuum, as they allow high nonlinear inter-
action over a relatively short fiber length [12,13]. Recently,
grade-index multimode fibers were used as a nonlinear
medium for broad-band supercontinuum generation [14].

Photonic crystal fibers (PCFs) contribute significantly
to SC generation due to their specific geometrical structure,
which results in unique optical properties. The microstruc-
ture shape of PCFs, typically featuring a hexagonal periodic
structure of air holes running along the fiber length, allows
for precise control over the fiber’s dispersion and nonlinear
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characteristics. When intense laser pulses travel along a PCF,
the combined effects of nonlinear optical processes interact
with the tailored dispersion properties of the fiber. This inter-
action causes the broadening of the spectrum of the injected
light, resulting in the supercontinuum generation. The ability
to engineer the dispersion profile of PCFs makes them ideal
for efficiently producing supercontinuum light sources with
desired spectral properties [15-17].

The SC light has enabled a wide range of applications,
such as frequency clocks [18], broadband spectroscopy
[19,20], phase control and stabilization [21], ultra-short pulse
compression [22,23], fluorescence/stimulated emission deple-
tion (STED) microscopy and imaging for chemical and biolo-
gical sciences [24-27], STED lithography [28], optical coherence
tomography [29-31], smart target recognition [32], microwave
photonic [33], optical communications [34,35], spread spectrum
LIDAR and atmospheric sciences [36—-38], illumination control
[39,40], pulse generation in the order of attoseconds (107®s)
[41,42], and coherence control [43-45]. The application of super-
continuum light spanning from 450 to 1,650 nm for measuring
the absorption spectrum of erbium-doped fiber and transmis-
sion spectra of a photonic bandgap fiber and a fiber cavity is
discussed in the study by Narukawa et al. [46], whereas the use
of the optical filter of the SC light, tunable in the range from
700 to 1,800 nm with 1.3 nm resolution, for the characteriza-
tion of fiber optical components and systems was proposed in
the study by Lehtonen et al [47]. This filter was applied to
measure the transmission of an optical band-pass filter and a
fibered isolator, instead of a classical optical spectrum ana-
lyzer (OSA). Note that in most applications, the SC light is used
as a broadband testing light with high power spectral density.
In the case of STED microscopy, it is used to generate both the
excitation and the STED wavelengths synchronously, signifi-
cantly simplifying the experimental arrangement. The possi-
bility of tuning these two wavelengths makes it possible to
increase the range of fluorescein-type dyes for use in this
application.

Compared to the SC light, the traditional white-light
sources (WLSs) have some limitations in characterizing fiber
optical components. Although halogen lamps and broadband
LED-based light sources are versatile in a number of applica-
tions, the power spectral density of the former is limited by
some low value, and the emission spectra of the latter are
limited to a narrow range, which restricts their use for char-
acterizing components at unconventional wavelengths [48-50].
In addition, the way they distribute their spectral power barely
rises significantly above the detector noise level, which is a
drawback for characterizing components in regions of high
reflection or high loss, such as narrow-band (usually 20 pm
to 1nm) fiber Bragg gratings (FBGs) used as the selective
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reflectors of fiber-optic lasers and also in sensor applications
[51-54]. Moreover, there are some applications in which it is
necessary to capture ultrafast dynamics beyond conventional
sources’ time resolution.

In this work, we report the results of an experimental
evaluation of a commercial supercontinuum laser (SCL) as
a WLS for the characterization of passive optical compo-
nents used in the implementation of fiber lasers and fiber
optic sensors in the near-infrared range. The main premise
of this work is that, under suitable alignment, the SCL can
be used as a “universal” source of white light in an exten-
sive wavelength range, from 1 to 2.1 pm, allowing one to
obtain optical spectra, avoiding the use of multiple emis-
sion sources operating at specific wavelengths and, thus,
significantly reducing the number of devices required
for the characterization of the optical components. The
fiber components under study were (i) fiber coupler (FC),
(ii) wavelength-division multiplexers (WDMs), (iii) in-line
fiber isolator (ISO), and (iv) home-made fiber Bragg grat-
ings (FBGS).

We obtained, for all fiber components under study, the
optical spectra using the SCL as a WLS and one of two OSAs
of different wavelength ranges and compared the results
with those obtained using a traditional WLS based on a
halogen lamp and a 2 um amplified spontaneous emission
(ASE) light source. We applied this procedure to the char-
acterization of WDM in an extensive range, from 1 to 2.4
um, using direct focusing utilizing a condenser lens, and
then transferred this knowledge to a number of compo-
nents commonly used for assembling fiber lasers and fiber
sensors, such as other varieties of WDMs, FCs, and ISO.

Then, we used this procedure to characterize FBGs in
the narrow optical ranges. In the case of testing FBG at
2 pm, we included a simple monochromator (MC) in the
experimental setup. The MC filtered the false diffraction
orders of the OSA reflection grating observed in the 2 pm
spectral range, which corresponds to the pump pulses’
source operating in the 1 pm band for supercontinuum
generation. In the case of FBG at 2 ym, the result achieved
using SCL was compared with the one obtained using a
commercial ASE source at 2 ym.

The main objective of this study is to demonstrate that
a commercial SCL can be successfully used to characterize
many types of passive fiber-optic components in the broad
optical range. This opens up the possibility for a number of
applications, such as the accurate interrogation of FBGs,
the determination of fundamental loss levels in fibered
optical isolators, the verification of transmission loss in
fiber optical couplers and combiners, and the characteriza-
tion of complex multi-component fiber devices.
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2 Supercontinuum laser

The SCL used as a WLS is a commercial device that emits a
collimated beam with a diameter of approximately 1 mm
and a mean power of 1W. According to the manufacturer
data, its optical spectrum extends from 400 to 2,400 nm.
Figure 1 shows the optical spectra measured in the spectral
ranges (a) from 950 to 1,700 nm (OSA1, Table 1) and (b) from
1,200 to 2,200 nm (OSA2, Table 1). The spectral area near the
wavelength of 1,060 nm (marked by P in plot (a)) corre-
sponds to the ultra-short pulses that pump the nonlinear
fiber of SCL, whereas the peak close to 2.12 pm (marked as
FP in plot (b)) is a false spectral peak of the pump pulses
seen at the double wavelength, which arises due diffrac-
tion of the spectral area P (plot (a)) to the second order of
the reflective grating used as a spectral element of OSA2.

It is seen that the real spectral peak of pump pulses
reaches the value of approximately —20 dB, and the false
peak is smaller by a few dB. Note that the difference
between the SC spectrum and the OSA dark noise is from
about 54 to 46 dB (OSA1) and from 42 to 34 dB (0OSA2), which
allows one to measure the difference in transmission of
about five orders in the former case and about three to
four orders in the latter case. Note also that in the case of
using OSA2 in the spectral range above 2 uym (on the right
from the vertical dash line), one needs to use optical fil-
tering of the spectrum related to the false spectrum peak. It
should be noted that this problem was properly addressed
in the experiments by implementing a low-cost MC, which
operates as a simple selective filter avoiding the influence
of the false peak without introducing significant com-
plexity to the experimental arrangement.
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Table 1: Equipment and materials used in the experiments

Equipment and fiber components used in the experiments

1. Light sources

+ Supercontinuum laser, FYLA, model SCT-500.

+ White Light Source, Yokogawa, model AQ4305.

* ASE source @ 2 pm, AdValue Photonics, model ASE AP-ASE-2100.

2. Optical spectrum analyzers and monochromator

+ Optical Spectrum Analyzer 1 (OSA1): Yokogawa AQ6370D,
600-1,700 nm optical range.

+ Optical Spectrum Analyzer 2 (OSA2): Yokogawa AQ6375,
1,200-2,400 nm optical range.

» Monochromator with operating range from 800 to 2,200 nm:
Optometrics, model DMC1-06G.

3. Fiber-optic components under test

+ WDM1: Commercial single-mode 1,135 nm/2,000 nm wavelength

division multiplexer (WDM), Haphit.

WDM2: Commercial single-mode 980/1550 nm WDM.

FC: commercial single-mode fiber coupler, 50:50 at 1,320 nm.

ISO: in-line fiber isolator, ThorLabs, model I0-H-1064B.

FBG1: Home-made 85% fiber Bragg grating @ 1,134 nm.

FBG2: Home-made 60% fiber Bragg grating @ 1,544 nm.

FBG3: Home-made 99% fiber Bragg grating @ 2,076 nm.

We found that it is necessary to compare the SC spec-
trum with that of a traditional WLS based on a halogen
lamp commonly used for testing fiber devices (Table 1); its
spectrum is shown in Figure 1(a) by the green curve
marked as WLS. It is seen that this spectrum is 20-35 dB
below the SC spectrum; in the spectral range from 950 to
1,500 nm, it exceeds the OSA1 dark noise level by approxi-
mately 20 dB only. For the case of OSA2 (Figure 1(b)), the
WLS spectrum is not shown because the noise level of the
OSA2 is approximately 13 dB higher than that of the OSA1,
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Figure 1: SCL optical spectra measured (a) with OSA1 (from 950 to 1,700 nm) and (b) with OSA2 (from 1,200 to 2,200 nm). The SCL spectra are
demonstrated by the red curves 1. The green curve 2 demonstrates the WLS spectrum in plot (a) or the ASE source spectrum in plot (b). The OSAs’ dark
noise is shown in both plots by the violet curve 3 at the bottom. In both cases, the OSA resolution was 0.2 nm.
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and the WLS spectrum is only slightly above the OSA2
noise. Therefore, it can be concluded that WLS cannot be
used to characterize fiber optic devices with high accuracy,
at least in the 2 ym range or when the OSA resolution is
significantly higher (50 or 20 pm). In Figure 1(b), we also
show, for comparison, the spectrum of the commercial
source of ASE at 2m, which was used in one of the experi-
ments reported in this article.

As shown in Figure 1, the SCL-based characterization
scheme provides higher power levels than other sources,
reducing the dependence on the quality of spectrum ana-
lyzers. This allows it to be adapted for use with various
types of OSA, even simpler and cheaper than those avail-
able in the laboratory for the current experiments.

3 Experimental setup

Table 1 lists the equipment used in the experimental reali-
zation of the techniques for the characterization of passive
fiber-optic components and the components under test.
Figure 2 presents images of some of the most important
elements used in the experiments.
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Figure 3: Experimental arrangements used for the characterization of (a)
fiber optic components within the range below 2 pm and (b) FBGs in the
2 pym band.

Two experimental arrangements were implemented
for the characterization of passive optical devices (OD),
all in the near-infrared range commonly used in fiber
lasers and sensors. Both of them are based on the SCL
used as a test WLS.

The first arrangement, used in the wide optical range
from 1 pum to just below 2 um, does not involve optical fil-
tering (monochromator), while the second one, used in the 2
um range, does. The experimental setup corresponding to the
first arrangement is shown in Figure 3(a). The

Figure 2: Photographs of the components and equipment used in the experimental setup: (a) the SCL, (b) the setup for alignment of the SCL output
with the input fiber of the component under test, (c) the simple low-cost MC, and (d) OSA.



DE GRUYTER

supercontinuum beam from the SCL collimated output was
focused directly on the input of the single-mode (SM) plane
fiber connector (PC1) of the device under characterization
through a plano-convex lens (L) with a focal length of 5 cm.
Due to simplicity, this arrangement is suitable for measuring
the broad optical spectra that cover a large part of the OSA.
This arrangement permits one to characterize also narrow-
band fiber-optic components including FBGs in the spectrum
range below 2 um, using the OSAs’ span of a few nanometers.
PC2 is the plane optical connector of the SM patch cord used
to connect the OD under study with the OSA.

To characterize FBGs with Bragg wavelength near
2 um we used the experimental arrangement shown in
Figure 3(b). In this case, the SCL beam passes first through
the MC with a transmission window of about 10 nm and
then enters the fiber-optic component under test. The peak
wavelength of the transmission window can be tuned
within the broad optical range according to the Bragg
wavelength of the FBG under study. Another part of the
arrangement is similar to that shown in Figure 3(a). As
noted above, the importance of spectral filtering of the
test beam relates to the fact that the SCL used as a WLS
uses 1.06 um short pulses to pump nonlinear fiber that, in
turn, generates SC light. The OSA used for measuring
optical spectra in the 2 yum range demonstrates the strong
false spectral peak at the double wavelength of these
pulses (at 2.12 pm, Figure 1(b)), which tends to dominate
the components of the FBG spectrum. Therefore, the MC is
the device that allows the measurement of transmission/
reflection spectra of FBGs and other fiber optic passive
components in the optical range of 2 um. In this arrange-
ment, an SM patch cord with an SMA fiber connector was
used to deliver the narrow-band (filtered) SCL light to the
OD under study. The 600 pm slit placed at the MC input
limited the spectrum width of the SCL light at its output.

The entire set of experiments was performed under con-
trolled laboratory conditions, with temperatures between 23
and 27°C and humidity of about 5%, which are within the safe
operating limits of the low-power fiber devices under test.
According to the manufacturers’ specifications, the WDMs
and couplers operate safely in the range of —45 to 80°C, and
the isolator in the range of -5 to 50°C. For FBGs, maintaining the
laboratory temperature at 25°C provided stable, consistent, and
repeatable results in each measurement sequence. Otherwise, if
the temperature is unstable, the grating Bragg wavelength varies
with temperature with a slope of ~7-15 pm/°C, depending on the
fiber type and the operating wavelength [55]. Humidity varia-
tions affect the Bragg wavelength of FBGs, written in a standard
125 pm silica fiber without special coating, to a lesser degree, but
anyway, it is important to keep stable humidity of surrounding
air [56] to prevent possible errors.

Supercontinuum light source for characterization of passive fiber optic components
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It should be noted that, generally, it is necessary to
consider uncertainties that may affect the experiment
results. In these cases, using fuzzy logic tools can be ben-
eficial in measuring the degree of similarity between
uncertain values [57]. Although this type of data processing
is not discussed in this study, it opens the possibility of
significantly improving data analysis when testing passive
fiber optic components.

4 Results and discussion

4.1 Characterization of the 1,135 nm/
2,050 nm WDM

In order to explore the possibility of using the SCL for the
characterization of fiber-optic components, we selected a
1 x 2 extended-range 1,135 nm/2,000 nm wavelength divi-
sion multiplexer (WDM1) for the first probe. This WDM
can be used, for example, as a pump coupler for in-core
pumping of Holmium-doped silica fiber laser or amplifier,
when the pump power at approximately 1.13-1.15 um is
combined with the signal (laser) power at approximately
2 pm [58]. In this WDM, port 1 is the common port, port 2 is
for 1,135 nm and port 3 is for 2,000 nm. Bare fiber adapters
were placed at the ends of the device and the laser light
was aligned using the arrangement shown in Figure 1(a).
The measurement was performed using the SCL as a WLS
and two OSAs, OSA1 and OSA2; the result of this experi-
ment is shown in Figure 4.

From Figure 4, one can see that the optical loss between
ports P1 and P2 at the “pump wavelength” (1,135 nm, plot (a))
is much less than the loss at the “signal wavelength” (near
2 um, plot (b)), while the loss between P1 and P3 shows the
opposite trend. It should be noted that the spectrum above
approximately 1,950 nm (see plot (b)) is influenced by the
false spectral peak of the pump pulses of the SCL (the spectral
area A).

By combining the optical spectra measured from the
WDM1 output, we obtained its normalized transmission
spectra, which are shown in Figure 5(a). In this figure,
similar to Figure 4, the transmission curve marked by 1
corresponds to the optical path from port 1 to port 2 and
one marked by 2 for the path from port 1 to port 3. From
this figure, one can see that the WDM1 is characterized by
the relatively plain transmission spectrum in the optical
range of 1,050-1,250 nm and by the narrow optical spec-
trum in the range near 2,000 nm with the peak transmis-
sion/loss at 1,950 nm. It is also seen that in area A (above
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Figure 4: Spectra recorded at the different combinations of WDM ports measured with (a) OSA1 and (b) OSA2. The spectra corresponding to the SCL
light passed from port P1 to P2 and from P1 to P3 are shown by the red solid (curve 1) and the blue dash (curve 2) lines, respectively. The OSAs’ dark

noise spectra are shown by the green lines 3.

2 um) the spectra are affected by the false spectral peak
centered at 2.12 ym. Note that the discussed spectra were
obtained after dividing the linear transmission spectra by
their sum.

To correct the discussed spectra, measured with OSA2
and SCL as a WLS, we used, instead of the latter, the ASE
source that operates in the narrow optical range near 2 pm;
its spectrum is shown in Figure 1(b). The new transmission
spectra measured in the 2 um range were combined with
those measured using SCL and OSA1 below 1,600 nm; the
result is shown in Figure 5(b). From this figure, one can see
that these transmission spectra are characterized by smooth
spectral variations above 2m instead of jumps shown in
Figure 5(a). Moreover, the corrected transmission peaks are
broader and symmetrical relative to the peak wavelength at
1,950 nm. We believe that similar spectra could be obtained
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using SCL and the OSA2 in combination with a long-pass
optical filter with a cutoff wavelength ranging from 1,200 to
1,600 nm.

4.2 Characterization of some frequently
used FCs

Using the arrangement shown in Figure 1(a) and the OSA1,
we characterized two SM fiber components commonly
used in fiber lasers, amplifiers, and sensors. One of them
was a 1 x 2 broadband 980/1550 WDM (WDM2), and another
one was a 2 x 2 SM 50:50 FC at 1,350 nm. Transmission
spectra of these components are presented in Figure 6 in
linear scale: plot (a) shows transmission of the WDM2
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Figure 5: The normalized transmission spectra of the 1,135/2,000 nm WDM1 shown in the linear scale. The spectra are measured using (a) SCL only
and (b) SCL (below 1,600 nm) and ASE source (above 1,600 nm) as WLSs. In both plots, the solid curve 1 and the dashed curve 2 correspond to WDM1’s

transmission from port 1 to port 2 and from port 1 to port 3, respectively.
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whereas plot (b) demonstrates transmissions of the FC. In
the case of WDM2, the common port number is 1, the
number of the pump port (980 nm) is 2, and the number
of the signal port (1,550 nm) is 3. In the case of the 50:50 FC,
ports 1 and 2 are on one side of the device, whereas ports 3
and 4 are on the other side.

Figure 6 shows the transmission spectra of (a) the
WDM2 and (b) the FC, both in the optical range above
950 nm (SM regime) and below 1,700 nm (the OSAT’s limit).
It is seen that the obtained transmission spectra of each
fiber device are characterized by the wide plain area near 1
um and by the peak of transmission/loss around 1,550 nm.
The ratio of 50:50 between the transmissions from port 1 to
ports 3 and 4 of FC is observed at 1,350 nm, which corre-
sponds to the design parameters of the multiplexer. In the
case of the WDM2, the wavelength at which the same ratio
is reached is slightly shifted to the right (1,374 nm). But
anyway, in spite of WDM2 and FC being designed for dif-
ferent tasks, their characteristics are quite similar.

4.3 Characterization of in-line fiber isolator

The next device characterized using SCL was an in-line
fiber polarization-independent isolator commonly used
in low-power ytterbium fiber lasers and amplifiers. This
device has the maximum transmission to the forward pro-
pagation and the maximum loss to the backward propaga-
tion of light at the design wavelength, see Figure 7, in
which the light transmissions normalized to the minimum
isolator loss (about 2.5 dB) for the forward light propaga-
tion are shown. From this figure, one can see that the
minimum loss for the forward propagation and the highest
backward loss are observed at approximately 1,070 nm.
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Figure 7: Transmission curves obtained for the in-line fiber isolator.
Curves 1 and 2 demonstrate the forward and the backward light trans-
missions. The arrows FP show the small peaks at 1,060 nm arising due to
the spectral peak of SCL partially compensated at this wavelength
(Figure 1).

Both experimental curves shown in this plot are fitted
with high precision near the peak wavelength by the para-
bolic functions (see olive curves marked as 3).

4.4 Characterization of FBGs

An FBG consists of a periodic variation of the refractive
index in the core of an optical fiber, to produce the reflec-
tion of a specific wavelength without affecting the rest
of the spectrum [59-61]. We measured the transmission
spectra of three FBGs with the Bragg wavelengths at dif-
ferent parts of the IR spectrum, from 1 ym to above 2 pm.
Two FBGs with spectra in the range OSAl (<1,700 nm)
were tested: the first one (FBG1), with reflection of 85%,
was centered at ~1,134 nm, while the second one (FBG2),
with reflection of 70%, was centered at ~1,544 nm. The

Coupling ratio

T T T T
1000 1200 1400 1600

Wavelength, nm

(b)

Figure 6: Transmission spectra obtained for (a) WDM2 and (b) FC. In both plots, the red solid line 1 and the blue dashed line 2 show transmissions
from the common plot 1 to (a) plots 2 and 3 and (b) to plots 3 and 4, respectively. In the case of FC, the transmission spectra from port 2 to ports 3 and

4 are not shown since they are very similar to the presented ones.
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transmission spectra were obtained in both cases using
arrangements without the MC, as shown in Figure 1(a). In
the case of FBG3 with the Bragg wavelength at 2071.7 nm, the
MC was used as a spectrally selective device filtering the false
diffraction orders of the OSA2’s diffraction grating out.

Figure 8(al) and (b1) shows the transmission spectra of
FBG1 and FBG2 measured using the OSA1 with the resolu-
tion of 20 pm. The spectra were obtained after subtraction
of the logarithmic (in dB) FBGs’ spectra registered with and
without gratings after recalculating the results to the linear
scale. Figure 8(al) demonstrates the transmission spectrum
in the broader wavelength range that permits one to
observe small peaks corresponding to the light energy
transfer from the propagation mode LPy, to the co-propa-
gating cladding modes LPg, of the fiber (see the area A
marked with the orange ellipse) [59], which are not pre-
sented in the reflection spectrum of the grating. This obser-
vation confirms that an SCL is a broadband WLS with
sufficiently high spectral density, permitting one to detect
the details of the FBGs’ spectra.

Figure 8(a2) and (b2) show the reflection spectra of the
gratings computed from the correspondent transmission
curves; see the blue solid lines 1. From these spectra, one
may obtain the FBGs’ reflections: 81 and 64% for FBG1 and
FBG2, respectively. The spectrum widths measured as the
full width at half of the maximum (FWHM) are 90 pm for
FBG1 and 70 pm for FBG2. It is seen that the reflection
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spectrum of FBG1 consists of two peaks that differ by an
order of magnitude; the weak one can be related to an
incontrollable chirp induced during FBG writing. The red
dashed lines fit the reflection spectra: the FBG1 spectrum is
fit by the pseudo-Voigt peak function (a linear combination
of the Gaussian and the Lorentzian peaks) without consid-
ering sub-peak 2 (see plot (a2)), whereas the FBG2 spectrum
is fit by the function describing the reflection spectrum of
the uniform FBG of ~1.5 cm length [61]. Note that in the
former case, this kind of fit can be used for FBG with
some grade of unwanted chirp and apodization, and in
the latter case, FBG is approximately ideal with some
imperfections below 4% of reflection occurring due to lim-
ited OSA resolution, possible week light interference, and
small grating imperfections.

The spectra of FBG3, centered at 2071.8 nm, were mea-
sured using the MC placed between the SCL and the input
of the fiber with the grating (Figure 3(b)), which permitted
one to eliminate the false spectral peak registered by 2-um
OSA shown in Figure 1(b).

As was already discussed above, for measuring FBG
spectra in the range near 2 um, one should apply the experi-
mental arrangement shown in Figure 3(b). This arrangement
permits filtering out the false spectral peak of SCL light
arising at this range of wavelengths in the traces collected
by OSA2 (Figure 1(b)). Figure 9 shows (a) the normalized
spectra of the light sources used for the FBG3 testing and

FWHM = 90 pm

0.8 - FBG1 1

Reflection

T T
1134.0 1134.5

1133.5
Wavelength, nm (a2)
FBG2 FWHM =70 pm
0.6
c
Ke]
B 0.4 4
Q
©
@ o2
0.0 ~
1543.4 1543.6 1543.8
Wavelength, nm (b2)

Figure 8: The linear transmission and reflection of FBG1, plots (a1) and (a2), and FBG2, plots (b1) and (b2).
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Figure 9: (a) Normalized spectra of the broad-band light sources used for characterization of FBG3 measured in the 50-nm range. The red solid line 1
and the blue dashed line 2 show the spectrum of the SCL light measured from the MC output and that of the ASE source, respectively. The vertical
dash line indicates the Bragg wavelength of FBG3. (b) FBG3 reflection spectra obtained using SCL light (the red solid line 1) and ASE source (the blue

dashed line 2).

(b) the results of this testing. Note that FBG3 was used as the
rear reflector of the holmium-doped fiber laser cavity, which
is characterized by high reflection at the Bragg wavelength
(about 100%).

As is seen from Figures 1(b) and 9(a), both broad-band
light sources used for FBG3 testing, demonstrate a signal-
to-noise ratio of about 60 dB for the ASE source and 25 dB
for the filtered SCL source, which is enough for the char-
acterization of FBGs with the peak reflection as higher as
99.7% or slightly more. The reflection spectra of FBG3
obtained using these light sources are shown in Figure
9(b). In this figure, the spectra measured using the filtered
SCL and ASE source are shown in curve 1 and curve 2,
respectively. The spectra are very similar to each other;
their width measured as FWHM is 280 pm. The maximum
of FBG3 reflection (R) measured with SCL light is 98.6%,
whereas that measured with ASE source is 99.2%, which
demonstrates the difference in reflection of about half of a
percent. This result confirms the validity of using a stan-
dard SC source for testing FBGs.

5 Conclusions

In the present work, we demonstrated that an SCL can be
used as a versatile WLS for characterizing passive fiber
optic components in the infrared optical range. We also
showed that SCL can be successfully applied for testing
fiber components of different types, such as FCs, WDMs,
and fiber isolators, in the broad optical range. We demon-
strated that SCL can also be applied for narrow-band spec-
tral measurements, for instance, for testing FBGs.

Since the commercial OSA used in the present study
demonstrates false spectral peaks in the optical range from
2.0 to 2.2 uym, which correspond to the double wavelength
of ultra-short optical pulses that pump a nonlinear fiber of
SCL, optical filtering is needed to suppress these unwanted
spectral components for reliable characterization of fiber
components in this range. For this aim, we used an inex-
pensive commercial MC, which allowed us to test fiber
optic components with high precision, including FBGs, in
the 2 um range.

The results of testing fiber components in the 2 pm
range obtained using SCL and a low-cost MC as a tunable
optical filter were confirmed by experiments with a com-
mercial 2 pm light source based on ASE, which covers the
optical range from 1,900 to 2,100 nm, whereas that acquired at
the wavelengths below 2 um, were verified applying halogen-
lamp-based WLS. Both arrangements demonstrated very
similar results.

The presented research is of particular interest in the
development of fiber lasers and fiber sensors operating in
the wavelength range covered by the broadband SCL uti-
lized as a control light source for testing passive fiber optic
components used in these devices.
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