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Abstract—The amplifying and filtering performance of a highly
Yb/Er-codoped add-drop filter is analyzed and discussed. The
use of the microscopic statistical formalism to describe energytransfer inter-atomic mechanisms allows determining realistic
optimum parameters and working conditions.
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I.

INTRODUCTION

Optical microring resonators are attracting much interest
due to their potentiality as fundamental building blocks for a
large variety of applications in photonic circuits, including
channel dropping filters [1], add/drop (de)multiplexers [2],
modulators [3], switches [4], sensors [5] and lasers [6].
The basic structure under analysis (commonly termed an
add-drop filter) consists of a microring resonator side-coupled
to two straight waveguides for signal input/output. When the
structure host material is Yb/Er-codoped the device may
exhibit both filtering and amplifying functionalities. However,
the required high doping levels enhance efficiency-limiting
energy transfer inter-atomic interactions, which have to be
considered for an optimized design. Unrealisticly, the
optimization studies available have ignored these mechanisms
in their models [7]. A precise formalism for the effect of both
upconversion and migration is the microscopic statistical
formalism (MSF) based on the statistical average of the
excitation probability of the Er3+ ion in a microscopic level [8].
This formalism was recently adapted to include Yb3+sensitization and transversally resolved rate equations, which
become essential due to the nonlinear character of the energy
transfer mechanisms [9].
II.

ACTIVE MICRORING RESONATOR TRANSFER FUNCTIONS.

A scheme of the structure is shown in Figure 1. R is the
radius of the microring, 2 L  15000  m is the total length of
the upper and lower waveguides, L being the length between
the waveguide ports and the coupling point. We assume that
the microring and the waveguides have the same mode
propagation constant, , amplitude loss coefficient, , and gain
coefficient, g.

Figure 1. Scheme of the structure: a microring resonator side-coupled to two
straight waveguides for signal input/output.

Then, the common complex propagation constant
is   j  jg . Let i (i=1,2) be the amplitude coupling ratio
between the microring and the upper and lower waveguides, ti
be the corresponding transmission ratio, which satisfies
 i2  ti2  1 . Then, the transfer functions from the input port to
the through and drop ports are [7]:
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respectively, where:

   R    j  jg  and   L    j  jg  .

(3)

If g  0 in (3) the device is a microring resonator amplifier
and the fulfillment of the resonance condition depends also on
the gain coefficient g what forces a previous optimizing design
based on the expected working conditions.
III.

RESULTS AND DISCUSSION

We determine the value of the gain coefficient by
calculating it in an Yb/Er-codoped straight waveguide
amplifier [7]. We assume the core and cladding indexes and the
core dimensions in [10] and the Yb/Er-codoped phosphate
glass spectroscopic parameters in [9]. Once the effective

indexes are calculated the radius of the microring,
R  16.4  m , is selected not only to match the resonance
condition for pump and signal (the resonant orders of the pump
and signal are m p  161 and ms  102 ) but also to keep the
radiation loss as low as possible. In our case, the power bend
loss coefficient is small enough compared to the assumed
power transmission loss coefficient, 2  0.5 dB / cm , to be
neglected. We assume as pump and signal input powers 250
mW and 1 W, respectively, and their wavelengths are
 p  976 nm and s  1534 nm . In order to determine the
signal gain coefficient, the transversally-resolved MSF is used
to accurately describe the energy-transfer mechanisms
contribution in the rate equations. In Fig. 2 the signal gain is
plotted as a function of Yb3+-ion concentration for five Er
concentrations. The maximum gain, 9.84 dB, is achieved for
NYb  1 x 1027 m 3 and N Er  4 x 1026 m 3 , more realistic values
than those reported in [7]. Once g is determined, an optimum
coupling ratio 1   2  0.085 (and subsequently the central
coupling gap [11]) can be calculated.
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Figure 2. Straight waveguide amplifier gain as a function of Yb3+-ion
concentration for five Er concentrations.
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and GD ( dB )  10 log10 D

2

In the output spectra in Fig. 3 it can be noticed how, if
g  0 , the device shows a typical filtering behaviour.
However, if g  0 in the through port spectrum the device
exhibits only the amplifying function whereas in the drop port
both functions, amplifying (near the signal resonant
wavelength) and filtering (far from the signal resonant
wavelength) can be found. The achievable signal power gain
reaches 58.3 dB.
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Finally, from the values of through and drop coefficients in (1)
and (2) the output power gain spectra are defined as:
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Figure 3. Output spectra of the (a) through and (b) drop ports of the passive
(dotted line) and active (solid line) microring structures in the 1.53 nm gain
band.
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