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Abstract: We demonstrate the first near-infrared integrated optical parametric oscillator in a 
direct gap semiconductor. This nonlinear device is based on a selectively oxidized GaAs/AlAs 
heterostructure, the same “AlOx” technology at the heart of VCSEL fabrication. We observe a 
threshold of 210 mW at degeneracy around 2 µm in the CW regime, with a single-pass-pump 
doubly resonant scheme. This result marks a milestone for integrated nonlinear photonics and 
represents a significant step toward the goal of a broadly tunable coherent light source on chip.  

The optical parametric oscillator (OPO), one of today’s most known optical devices, can be 
functionally defined as a widely tunable coherent source [1]. With the aim of demonstrating its on-
chip electrically pumped version, AlGaAs waveguides raise a big interest because of the direct-gap of 
this III-V semiconductor, its high χ(2) susceptibility, wide transparency window, good thermal 
conductivity and mature technology.  

Here we report on the demonstration of a near-IR continuous-wave (CW) OPO in a form-birefringent 
partially oxidized GaAs/AlGaAs waveguide [2], with a low pump threshold Pth = 210 mW. The 
development of such a source might radically transform a number of applications in near and mid IR 
up to 3 µm. The structure that we consider here has been designed to operate as an OPO in the near 
IR, with degeneracy at 1.064 µm. It relies on guided-wave type-I phase matching between a TM00 
pump mode at wavelength λP and two TE00 signal/idler modes at wavelengths λS and λI, respectively. 
The corresponding vertical layout consists of GaAs (substrate) / 1 µm Al0.92Ga0.08As / 1 µm 
Al0.7Ga0.3As / 4 × [37.5 nm Al0.98Ga0.02As / 273 nm GaAs] / 37.5 nm Al0.98Ga0.02As / 1 µm 
Al0.7Ga0.3As  / 30 nm GaAs. This heterostructure has been grown by molecular beam epitaxy on a 
semi-insulating (001) GaAs substrate. Chemically etched guiding ridges (3-4 µm wide, ~ 3 µm deep 
and 2 mm long) have been defined along the crystalline axis by means of UV photolithography. Then 
Al0.98Ga0.02As has been selectively transformed into AlOx by thermal wet oxidation [3]. Propagation 
optical losses mainly stem from the oxidation process. As shown in Fig. 1a, they exhibit two different 
regimes: 1) Above λ~1.1 µm, they decay as an inverse power law of the wavelength, a fingerprint of 
scattering due to the AlOx layers rough interfaces; 2) below λ~1.1 µm, losses are much higher (up to 
3 cm-1), diverge when λ decreases, and can be reasonably ascribed to Urbach’s tail associated to gap 
levels created during the oxidation process in the GaAs layers adjacent to AlOx [4,5]. 
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Figure 1. Propagation losses of the fundamental TM and TE modes vs. λ. Below λ~1.1 µm, data are 
fitted by a decaying exponential (red line). Above λ~1.1 µm, they are compared to a scattering model 
(blue stripe). 
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Figure 2. Left: Electron microscope view of a waveguide facet after mirror deposition. Right: OPO 
power vs. pump power at degeneracy (λp ≈ 1068.5 nm, λs,i ≈ 2137 nm), showing a clear threshold at 
Pp=210 mW.  

 

We fabricated a doubly resonant OPO (DROPO), by depositing a SiO2/TiO2 Bragg dichroic mirrors 
(Rs,i = 90%) on waveguide facets (see Fig. 3 Left). In agreement with our calculations, below 
threshold we measured a parametric gain coefficient of 4.1 W-1/2 cm-1 at degeneracy (corresponding to 
ηnorm = 1500% W-1cm-2) [6]. Although reaching the OPO threshold has been a challenging task due to 
hardly reproducible losses and mirrors performances, some of our waveguide cavities have allowed us 
to observe it at Pth = 210 mW, as shown in Fig. 2 (Right). With such value of Pth, which corresponds 
to a mode intensity of 0.8×107W/cm2, we can estimate two-photon absorption losses, obtaining αTPA ≈ 
0.19 cm-1, thus negligible with respect to the linear absorption at pump wavelength. The maximum 
pump power Pp ≈ 230 mW is presently limited by an irreversible thermal damage of the mirrors that 
occurs after about thirty minutes of CW operation.  

Our present efforts are being devoted to increase Pp /Pth. To this end, a double-pass-pump scheme can 
be implemented, leading to a reduction of Pth by a factor between 2 and 4, depending on the relative 
dephasing of pump, signal, and idler modes at the back mirror of our DROPO [38]. Such scheme 
could also be adopted for a singly resonant OPO for which, despite a higher impact of TPA, we 
estimate a threshold Pth ≈ 0.8 W: a reasonable price for its better stability and tunability performance 
[7]. A further optimization of our AlGaAs/AlOx OPO demands reducing its near-IR linear 
propagation losses induced by the oxidation process. To this end, we think that the insertion of thin 
lattice-matched Ga0.5In0.5P barriers between the AlOx and GaAs layers should effectively hamper the 
diffusion of As-rich oxidation reaction products into the latter, thus preventing the formation of point 
defects [8]. Finally, for future power scaling, we will explore the option of encapsulating the guiding 
ridge in e.g. benzocyclobutene (BCB), so that the mirrors can be deposited on wider facet areas, with 
an advantage in terms of uniformity and heat sink. 

Besides improving the optically pumped OPO reported here, we also envisage to fabricate its 
electrically injected counterpart. We estimate that such VCSEL-like engineering of current and light 
confinement will lead the way to an electrically pumped OPO.  
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