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Fig. 12. FWM in a ring resonator with integrated SOA, using direct adjacent
resonances.

Fig. 13. FWM in a ring resonator with integrated SOA, using the second
resonances next to the pump wavelength λp .

λP is the pump laser wavelength coming from the ring laser,
λS is the signal wavelength, and λC is the converted wave-
length. Another FWM experiment using resonances spaced fur-
ther apart is shown in Fig. 13. Here, a conversion efficiency
of only −14.2 dB is achieved, which is attributed to the wave-
length spacing away from the pump wavelength. The highest
conversion efficiency is achieved when a resonance is located
directly next to the pump wavelength. Ring resonators are ideal
candidates for wavelength conversion, as they can be designed
to have the exact channel spacing used in wavelength division
multiplexing (WDM) or dense WDM (DWDM) networks, as-
suring that the converted wavelength is located on a resonance
wavelength also being a data channel. Channel spacing align-
ment is only possible for a few channels being next to each other
and not the entire WDM grid, due to dispersion effects.

IV. DOUBLE RING RESONATOR COUPLED LASERS

A. Introduction

Ring resonator coupled lasers are different from the ring lasers
in Section III as the gain medium is placed outside the ring res-
onator cavity (Fig. 14). Passive ring resonators serve as optical
filters, which enable single-mode operation and tunability of the
laser.

Ring resonator coupled lasers offer many promising ad-
vantages over conventional tunable lasers, including ultrawide
wavelength tuning range, high SMSR, uniform threshold and
efficiency, narrow linewidth, and low-frequency chirp. The in-

Fig. 14. Photograph of a DR-RCL.

tegration of active gain sections, passive waveguides, and ring
resonators forming a ring resonator coupled laser has recently
been proposed and analyzed in [13]. A detailed analysis of a
single passive ring resonator coupled laser is given in [14].

One of the first fabricated passive single ring resonator cou-
pled lasers is presented in [15]. The same material is used for the
ring coupled laser. The ring is operated in a transparent mode.
Only the waveguides at the facets introduce gain into the device.
The waveguides not leading to the facets act as absorbers. The
ring coupled laser is made using the material system GaInAsP
on InP. Three types of devices having a radius of 5, 10, and
20 µm are fabricated. The width of the waveguides is 0.4 µm.
Directional couplers with a coupling gap of 0.2 µm are used.
The bus waveguides are tapered to a width of 2 µm having a
taper length of 200 µm. The FSR of the ring resonator is chosen
large enough such that a resonance is in the middle of the gain
spectrum to achieve single-mode operation. The threshold of the
laser is 70 mA under pulsed operation. The lasing wavelength
is measured to be 1.549 µm.

In order to achieve single-mode operation, the radius of the
ring resonator has to be small in the order of 10–20 µm. Another
way to achieve single-mode operation using passive coupled
ring resonators is by using a double ring architecture. A double
ring resonator opens up the possibility of expanding the FSR
to the least common multiple of the FSR of individual ring
resonators. This is done by choosing different radii in the double
ring resonator. In the case of different radii, the light passing
through the double ring resonator is launched from the drop
port when the resonant conditions of both single ring resonators
are satisfied. The FSR of the double ring resonator with two
different radii is expressed by

FSR = NFSR1 = MFSR2 (1)

which leads to

FSR = |M − N | FSR1 · FSR2

|FSR1 − FSR2|
(2)

where N and M are natural and coprime numbers. The use of
two ring resonators with different radii opens the possibility to
realize a larger FSR than would be achieved using only a single
ring resonator.

Passive double ring resonator coupled lasers (DR-RCLs) are
analyzed theoretically in [16].

A double ring coupled laser is demonstrated in [17] using an
integrated tunable polymer double ring filter, fiber coupled to
EDFA, serving as the gain medium. Thermooptic and electroop-
tic tunable devices are presented. The radii of the ring resonators
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