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Abstract: We report a compact and stable all-microstructured-optical-fiber
interferometer built with two fusion splices separated a few centimeters
from each other. The air-holes of the fiber are intentionally collapsed in the
vicinity of the splices. This broadens the propagating optical mode, allowing
coupling of two modes in the section between the splices. A truly sinusoidal
interference pattern was observed from 800 nm to 1600 nm with fringe
visibility reaching 80%. The fringe spacing was inversely proportional to
the distance between the splices. The potential of the device for sensing
applications is demonstrated.
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2. Device fabrication and results

For the construction of microstructured Mach-Zehnder interferometers we employed a home-
made MOF consisting of a solid core surrounded by four rings of air holes arranged in a
hexagonal pattern [19]. Such a fiber had a core of 11 um in diameter, voids with average
diameter of 2.7 um, and the average separation between the voids was 5.45 pm. This index-
guiding fiber is single mode from 620 nm to 1600 nm [19]. An atomic force microscope
image of our MOF and a micrograph of one of the splices that formed one of our
interferometers are shown at the top of Fig. 1. The drawing in the bottom of the figure is a
schematic illustration of the all-MOF interferometer in which the splices are represented by
white areas. The center-to-center separation between the splices is denoted as L.
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Fig. 1. Atomic force microscope image of the MOF used in the experiments (top-left image) and a
micrograph of a section of the MOF splice (top-right image). The bottom drawing is a schematic
representation of the all-MOF interferometer. The splices are illustrated as white areas, the horizontal
lines represent the holey region of the MOF, L is the separation between the splices, and z represents
the direction of propagation.

In all the samples we fabricated the splices were carried out with a conventional fusion
splicer (Fitel S122A). Before splicing the fibers we cleaved them with a high-precision
cleaver (Fitel model S325). All the splices were carried out under similar conditions. To
minimize the losses and to achieve robust splices we reduced the default (for standard single
mode fiber) heating time and current of the electrodes of the splicer by approximately 50%.
Note from the image of Fig. | that the air channels of the MOF (the horizontal lines of the
micrograph) are tapered before being completely collapsed. Also, that the outer diameter of
the MOF is basically uniform even in the region with collapsed air channels. The full length
of each collapsed zone including both sides of the splice was ~300 pm. The fabrication of the
interferometers was monitored in situ and in real time. To do so we employed an LED
centered at 850 nm and a spectrometer. It should be pointed out that the losses of each splice
(at 850 nm) were less than 5 dB. We believe that such losses can be further reduced with an
optimization of the splicing program. Such an optimization is in progress.

To understand the behavior of the interferometer let us consider the evolution of the
fundamental mode at the first splice as it travels from the holey region to the solid region. The
fundamental MOF mode immediately begins to diffract since it reaches a piece of coreless
fiber, see Fig. 1. Owing to the diffraction the mode broadens. Such a broadening can be
estimated by using a Gaussian beam approximation [15]. According to it the fiber’s mode
field diameter (MFD) at any z (the direction of propagation) depends on the wavelength (4) of
the guided light, the refractive index n; of the medium (pure silica in our case), and the light
spot size () as:
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Like any other two-mode interferometer the fringe period (A) of our devices at any A can
be calculated by means of the expression:

274
... S 2
A BEAL @

Knowing the modes involved in the interference (i.e., B, and 3;) one can calculate A.
Conversely, the knowledge of L, A, and A helps to calculate AB = f~f,. From Fig. 2 Af was
calculated to be Af =2.74x10™ nm ™",

The interferometers were also tested at longer wavelengths, in the near-infrared region of
the spectrum, up to 1600 nm. Since most MOFs exhibit single mode behavior in a broad range
of wavelengths it was natural to expect interference effects at wavelengths longer than 850
nm. For this purpose we used a tunable laser (Photonetics) as a light source and measured the
output optical power with an InGaAs photodetector (OZ Optics). In Fig. 3 we show the
normalized transmitted power of an interferometer with L = 7.5 ¢cm as a function of the
wavelength. A series of maxima and minima are also observed at wavelengths around 1510
nm. The sinusoidal interference pattern shown in Fig. 3 indicates that only two modes are
interfering which justifies the earlier discussion. The fringe visibility was calculated to be
~80%. The visibility is higher than that of Fig. 2 because of the coherence of the 1500 nm
laser is higher than that of the 850 nm LED. The average period of the interference spectrum
shown in Fig. 3 is 3.1 nm. Note from Fig. 2 that the period at 850 nm of a device with L = 7.5
em is 2.6 nm. These results agree well with Eq. (2) which indicates that the period of all-MOF
interferometers constructed with splices increases with the wavelength.

1.0 T ¥ T T T T ¥ T

Transmission

1 1 1 L L e

1
1503 1506 1509 1512 1515 1518

Wavelength (nm)

Fig. 3. Normalized transmission versus wavelength of an interferometer with L = 7.5 cm. The light source
was a tunable laser and the output power was measured with an InGaAs photodetector.

3. Device applications and conclusions

The interferometer discussed here can have diverse applications. For example, if by some
means ¢, or L are modified, the interference pattern will change or shift. This property can be
exploited for optical sensing. We found that the interference pattern shifted to shorter
wavelengths when the interferometer was subjected to longitudinal strain. Therefore, we
explored the application of our devices for strain sensing. We used an interferometer with L =
8.6 cm. To introduce micro elongations to the device we secured it between two displacement
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