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Abstract: Most current microsphere resonators rely on the evanescent field of micro/nano fiber ta-
pers to provide pump energy. The mode coupling efficiency of this method is high, but it lacks some
flexibility in practical application, and needs to be equipped with precise coupling device . In this
work , we study the feasibility of pumping microsphere resonators using truncated optical fibers from
free space. An Nd’*-doped tellurite glass microsphere/fiber taper coupling system is used as the ex-
perimental setup. We demonstrate that when the microsphere is directly illuminated by a free-space
truncated optical fiber, additional pump energy can be introduced into the microsphere and output
powers of microsphere laser modes can be increased. We also demonstrate that the free-space cou-
pling method can excite a single longitudinal mode laser independently, without the assistance of the
pump energy provided by the fiber taper. In this paper, the simulation models of finite-difference
time-domain( FDTD ) and geometric ray-tracing are used to restore the whole process of the free-
space coupling method. Simulation and experimental results show that this free-space coupling method

can potentially be used as a supportive pumping method for the classic fiber taper coupling method
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and can be helpful in experimental settings when additional pump powers or wavelength selections

are needed.
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Fig.1 Finite-difference time-domain(FDTD) simulation(a)
and geometrical ray-tracing analysis (b) of the free-

space coupling method
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Fig.2 Simulation results of a Nd** doped tellurite glass microsphere obtained with the free-space coupling method. The free-

space pump source is pointing at the microsphere from one of its tangential directions(a), the center of the microsphere

(b), and the center of the microsphere from a tilted direction(c¢).
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Fig.4 Schematic diagram of microsphere coupling setup
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Fig.5 Comparison of the output spectra of the microsphere/

fiber taper coupling system before ( black curve) and
after (red curve) the application of the free-space
pump source when that free-space pump source is il-
luminating the microsphere from one of its tangential

directions( a ) , pointing at the center of the micro-

sphere(b).
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