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TECHNICAL ABSTRACT   
Mid-infrared (MIR) photonics in the spectral range 3-20 µm is a rapidly growing 

area of interest which includes several applications such as spectroscopy, chemical and 
biological sensing, medical diagnosis, astronomy and military countermeasures. However, the development of 
miniaturized devices and integrated optical (IO) circuits has been halted by the lack of low loss waveguides and optical 
fibers for the MIR range. Silver halides AgClxBr1-x (0<x<1) are excellent candidates for the development of such 
devices: they have good transparency in the whole 3-30 µm spectral range and can be used to fabricate components 
operating in a wide MIR band; they have relatively low Fresnel losses (n~2); they are non toxic, non-hydroscopic and 
they are bio-compatible.  

We present here the study of AgClxBr1-x integrated channel waveguides for applications in the 6-20 µm range. In 
order to obtain single mode operation, we have studied a strip waveguide structure. The index mismatch Δn=ng-nsub 
between the core and the substrate as well as the strip height and width were chosen by calculating the cuf-off values of 
the first few modes of the structure for both the TE and TM polarizations, in the 6-20 µm range. Accordingly, single 
mode strip waveguides were fabricated by the deposition of AgClxBr1-x layers on a Si/SiO2 wafer followed by 
photolithographic and lift-off processing. We have shown that these waveguides operate in a single mode in the 6-14 µm 
spectral range. We used tapered silver halide single mode fibers in order to couple light into and out of the waveguides. 
Propagation losses of 20 dB/cm were measured at λ=10.6 µm using the cut-back method. The long-term goal of this 
research is to develop silver halide IO components that will be integrated on-chip to have some specific functionality. 
These MIR-IO circuits are bound to be most useful in a plethora of spectroscopic applications such as chemical sensing 
or nulling stellar interferometry. 

 



 

 

 
Fig. 1. The design of single mode AgClxBr1-x strip waveguide (a) The effective index dispersion of the TE0, TE1, TM0, 
TM1 modes for strip dimensions of W=10 µm (width) and h=6 µm (height). The refractive indices of the strip (ng) and 
the substrate (nsub) are also shown and indicate the upper and lower guiding limits. A single mode band of width of about 
7 µm can be observed; it extends from 6.7 µm up to 13.8 µm for TE polarization and from 6.5 µm to 13.5 µm for TM 
polarization. (b) The calculated field distribution of the TE0 and TE1 modes for λ=10µm. It can be seen that the TE0 
mode is well confined in the core, while the TE1 mode penetrates deeply into the substrate. 

  
Fig. 2. (a) Microscope image (top view) of the fabricated channel waveguide and Y-coupler. (b) SEM image of the 
channel waveguide cross-section, showing the AgBr strip on top of the AgCl substrate (both on top of the Si/SiO2 wafer)    
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