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ABSTRACT

The aim of this work is to compare advantages and disadvantages of different techniques for coupling a mini-disc-
optical-resonator to determine quality factor of its resonance. Optical fiber coupled to a resonator consists in a mini disc
with whispering gallery modes at its circumference. We choose to work with three materials and design compact
miniresonators. Fused silica is found to be suitable for these applications thanks to its hardness in the range 6-7 and the
behavior to mechanical shocks, despite its sensitivity to water pollution. With its tetragonal crystal and a good behavior
with risk of water pollution, Calcium fluoride is a good candidate despite sensitivity to mechanical shocks. Magnesium
fluoride is the third material used. As a critical step, taper coupling is set with a 20nm resolution positioning system.
Miniresonator is excited from a system equipped with a tunable laser diode with a tunability from 1490 to 1640 nm and a
linewidth narrower than 300kHz. Light is coupled into the microsphere either from glass or fiber prism or with fiber
taper via evanescent field. We have also used a single frequency 660nm laser diode with a linewidth narrower than
100kHz which can be tuned about 10pm to test a single resonant peak. Both sources are used with either a tapered fiber
or a filed fiber. Resonance is observed and quality factor of the resonators is found to be in the range of 10°.
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1. INTRODUCTION

Optical resonators present interest to make optoelectronic oscillators and it can consist in either optical fiber delay lines,
spherical or disc resonators [1-4]. In this paper are presented some methods used for coupling from optical fiber to
optical mini-resonators and resonance measurement technique. Although the aim of this work is to compare different
techniques for coupling mini-resonators, we focus on tapered fiber realized in Prague or Besangon and describe
limitation and results of these techniques, by presenting early results of this collaboration between both laboratories.

2. COUPLING PROCESS AT FEMTO-ST

Two optical disc resonators made from Fused silica and MgF, were used for experiments. Their diameter is in the range
of 5 mm corresponding to a Free Spectral Range (FSR) in X-band around 10 GHz for 1.55 um wavelenght. Despite the
best way to couple the fiber to an optical resonator certainly consists in using a prism with a signal provided by a cut
optical fiber, it was decided to use a tapered fiber method because of the smaller foot-print and of a the better coupling
reproducibility. Taper is drawn with a step-by-step motor computer controlled. One can note that it is better to proceed
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with a symmetrical system using two motors. While fiber is heated and elongated transmission is monitored. Fig. 1
represents a view of the fiber being filed.

(b)
Figure 1. Manufacturing of the taperered fiber. (a) and (b) respectively before and after fabrication.

Fiber is then fixed on a holder. On the taper, holder alloy and geometry match the thermal expansion of the glass. We
proceed identically with resonators manufactured in our laboratory or in Saint-Petersburg [5]. In Fig. 2, we can see how
the taper is positioned by a nano-positioning system in order to find the resonance modes and characterize the resonator
coupled to the fiber [6].

Figure 2. Picture of the set-up to couple the light from the fiber to the disc.



(b)
Figure 3. Coupling to the fiber.

Coupling the fiber to this resonator is not obvious because of the difficulty of the alignment. Fig. 3 shows a side view
during critical step of coupling the resonator to the optical fiber. (a) and (b) shows two kind of resonators, Magnesium
fluoride of Fused silica based with two different holders.

In order to characterize the resonance, a signal from a 1550 nm tunable laser diode has been used. Fast digital real time
8600A-type Lecroy oscilloscope provides an analysis of the very sharp phenomena at the peak of resonance. It is
necessary to use a high speed resolution oscilloscope, because we need to analyze very fast phenomena. An oscilloscope
is connected to a photodiode that detects an optical signal, which is coming from the mini-disc resonator coupled to the
fiber glued on the holder. The resonance peak detection corresponds to a single mode excitation. A small taper size is
helpful to select a thin excitation area.
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Figure 4. Q = 8.10".measured on a fused silica resonator.

Fig. 4 presents the modes measured on Fused silica mini-resonator. The resonance measurement set-up is in open loop.
The corresponding Q factor is in the range of 8.10". Then coupled resonator is included into an oscillator and provides
microwave oscillations stabilized to the resonator free spectral range, in the X-band region as predicted by the FSR. The
delivered power is higher than 1 dBm [7, 8]. Such power is enough to allow characterization by optoelectronic phase
noise measurements systems [9].

3. COUPLING PROCESS AT THE CZECH TECHNICAL UNIVERSITY

According means developed in the laboratory for micro-spheres [10], two optical disc resonators made from Fused silica
and CaF2 were used for experiments. The CaF2 disc diameter is 5,5 mm and corresponds to a ~12,2 GHz (100 pm @
1565 nm) Free Spectral Range (FSR). The Fused Silica disc diameter is 5 mm and corresponds to a ~13 GHz (10° pm @
1565 nm) FSR.

Figure 5. WGM excitation in the disc - experimental setup.



WGM modes were excited by the fiber taper. The experimental setup is schematically shown on figure 5. As a laser
source, the DFB telecommunication diode working at the central wavelength of 1565 nm and line-width of 3 MHz was
used. Output wavelength was tuned by current change and maximal tuning range of ~1 nm was calibrated. Transmitted
light through the fiber was measured by a photodiode Thorlabs FGA04 connected to the oscilloscope. The disc was
aligned as precisely as possible using red laser diode connected to the taper. Photographs of the aligned disc are shown
on fig. 6. Red light around the disc was observed due to weak light scattering.

(a) side view

(b) top view

Figure 6. The disc during alignment illuminated by the red laser diode.

For the measurement a new taper (label Filip22Mar2011) was used. During the manufacturing process, a small ring (D ~
2 mm) accidentally appeared. This ring is clearly seen in Fig. 7 and Fig. 8. The disc was aligned as precisely as possible
using red laser diode connected to the taper. Photographs of the aligned disc are shown in Fig. 7 (FS disc) and Fig. 8
(CaF, disc). Red light around the disc was observed, but its origin is not exactly known. The red diode is quite “large-
bandwidth”, but probably the red light is just some scattering effect. After the precise alignment was prepared, the
tunable laser diode was coupled into the fiber. When the disc was put into the contact with the taper, transmitted power
drop in the order of magnitude was observed. In the transmitted power some resonance “dips” or “peaks” appear, as is
described in the following sections.



Figure 7. FS disc during the alignment.

Figure 8. CaF, disc during the alignment.

3.1. FS disc :

Example of the recorded oscillogram of the transmitted power is shown in Fig. 9. When the disc was not in the contact
with the taper, no such modulation was observed. In the figure can be seen the peaks, whose distance corresponds to the
disc FSR. Around 60 GHz and lower the distance is little bit larger, which can be explained by the fact that the laser
diode output wavelength is tuned by the current and at lower current values its dependence may not be strictly linear.

There is still a question why the peaks are observed instead of the expected dips. The situation may be interpreted as
most of the power is coupled into the disc and just the resonance modes are coupled back into the fiber, but we are really
not sure about this.



=
whn
1

Intensity [a.u.]

Figure 9. FS disc - transmitted power during output wavelength tuning (Tek24).

Detail of two (highest) peaks from Fig. 9 is shown in Fig. 10, one single peak is shown in Fig. 11. The peak width is 350
MHz corresponding to Q factor of 5.5x10°.
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Figure 10. FS disc: detail of two peaks (Tek24).

In the next experiments the laser diode output wavelength was tuned by the temperature (using temperature
controller in the range about 10° C). Repeatable shift in the spectrum was observed.



Figure 11. FS disc: detail of one single peak (Tek24).

In Fig. 12, Fig. 13, and Fig. 14 are shown examples of several other tuning spectrums obtained by the alignment
change of the disc and the taper.
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Figure 12. FS disc — example n.1 of transmitted power during output wavelength tuning (Tek28).
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Figure 13. FS disc — example n.2 of transmitted power during output wavelength tuning (Tek32).
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Figure 14. FS disc — example n.3 of transmitted power during output wavelength tuning (Tek43).
3.2. CaF, disc:

Example of the recorded oscillogram of the transmitted power using CaF, disc is shown in Fig. 15. Like in the
case of FS disc, the peaks corresponding to FSR can be seen.
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Figure 15. FS disc — example n.3 of transmitted power during output wavelength tuning (Tek43).

In Fig. 16 the detail of one peak is shown. The peak width is 1 GHz corresponding to Q factor of 2x10°.
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Figure 16. CaF, disc: detail of one single peak (Tek13).

Like in the case of FS disc, the laser diode output wavelength was tuned by the temperature (using temperature controller
in the range about 10° C) and repeatable shift in the spectrum was observed. Similar spectrum was measured several
times and according to the alignment, less or more peaks appear.

4. FIRST CONCLUSIONS

Two tapers were fabricated in Besancon, leading to first promising results for high quality factors resonators and
microwaves optoelectronic oscillators. Two resonators were then also characterized in Prague. Four tapers and many
experiments were performed there, but the very early results are still not as good as expected. Modulations of the tuned
transmitted laser light were observed, and, resonance was found with the corresponding microwave FSR was observed.
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