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ABSTRACT 
 
In this paper, we talk about the design of a passive microwave to optics converter using a microwave cavity and 
electrooptical crystal or polymer materials. This kind of converter may be used in the future telecommunication systems 
where a mixed wireless and fibre optics support will be used. The principle of our design is based on field resonance in 
a microwave cavity. Theoretical results given at the end confirm the possibility of such a design. We show that with 
available materials, a wireless transmission may attain a distance up to 30 meters sufficient for micro-cells in 
telecommunication networks.  
  
INTRODUCTION  
 
Future telecommunication systems like LMDS (local Multipoint Distribution System), MVDS (Multipoint Video 
Distribution System) and MBS (Mobile Broadband System) will use optics and microwaves as a mixed transmission 
support. The microwaves up to 70 GHz ensure wireless transmissions on short distances and the optical waves connect 
“collect points” to each others by means of fibres. These “collect points” have to convert microwave (or RF) to optics 
and vice versa. The region covered by a collect point is called a micro-cell (Fig. 1). Now a day conversion techniques 
require expensive and bias-needing components like photodiodes, laser diodes and internal or external modulators. 
These are prohibiting factors for realisation of public and chip collect points.  
In this paper we show how a chip and passive (non-biased) microwave to optics converter may be realised by 
techniques using anisotropic materials in a microwave cavity. 
 
PRINCIPLES 
 
In an anisotropic, transparent and electro-optical material (like Lithium Niobate : LiNbO3 or some new polymers) the 
optical velocity depends on its polarisation. When the wave is polarised parallel to the extraordinary axe, it propagates 
faster than when the polarisation is parallel to the ordinary axe (or vice versa). This provides a rotation of polarisation 
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Fig. 1. Hybrid Optic-Hertzien network with micro-cells 
 



 
after propagation in the material if the wave is polarised non parallel to any axes. When an electrical field is applied, the 
difference between velocities, so the rotation angle are changed. The optical wave is polarised at the input of the 
material and its rotation is converted by an output polarizer, into intensity modulation (Fig. 2). The only problem in 
such a materials is that, they need generally high electrical fields to produce detectable modulations. For example, in the 
case of the Lithium Niobate, a 1% amplitude modulation is obtained with about 1000 volts/meter electrical field. 
Remember that a mobile telephone produces only a field of 0.25 volts/meter at a distance of 50 meters. It must be 
amplified at least 4000 times. This may be obtained by an antenna and a microwave high Q cavity. Note that 120 
microwatts is coupled with an antenna of gain G ≈2.5. 
  
STRUCTURE 
 
The structure is composed of a rectangular cavity with two pieces of electrooptical material placed in orthogonal 
positions. The optical wave propagates across these two pieces one after the other. The natural and the temperature 
controlled phase rotations disappear because of the orthogonal positions, but the phase rotation proportional to the 
electrical field remains. Two small polarizers are fixed at the input and the output of the cavity. The output optical wave 
is modulated by the internal electrical field (Fig. 3). 
 
RESULTS 
 
The theoretical simulation results show that for a 120 microwatts microwave captured power (for an external field of 
0.25 volts/meter), a high electrical field of about 350 volts/meter may be obtained in the cavity. In table.1 we give some 
simulation results on microwave cavities with LiNbO3 or polymer materials inside. Electrical field sensitivity shows the 
angle variation versus external electrical field intensity, and the power input sensitivity shows the angle variation versus 
the captured microwave power. With this results, a collect point can only work with mobiles not far than 30 or 40      
meters.     
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Fig. 2. Rotation of optical wave polarisation under an electrical field effect 
 
 

 
 
               Optical wave 
              
 
               Modulated optics 
                                                                                                                                                       
                                       
                                 Microwave 
                                        

 
Fig. 3. The structure of a cavity microwave optical converter 



 
Table. 1. Some theoretical results with LiNbO3 and polymers 
 
Type of electro-optical material LiNbO3 

 
Polymer 

Electro-optical parameters no = 2.28    ne = 2.20  
 r33 = 31 pm/v, r13 = 8.5 pm/v 

no ≈ ne = 1.50  
 r33 = 31 pm/v, r13 = 10 pm/v 

Cavity dimensions 51.7mm x 41.5mm x 4.0mm 51.7mm x 50.0mm x 4.0mm 
Electro-optical material dimensions 2.0mm x 17.5mm x 2.0mm 2.0mm x 24.2mm x 2.0mm 
Frequency of resonance  3.9965 GHz 3.9578 GHz 
Optical wave length 1.55 µm 1.55 µm 
Electrical field sensitivity * 0.35 (° m/v) 0.23 (° m/v) 
Power input sensitivity ** 8.6 (°/w1/2) 5.7 (°/w1/2) 
  
 * : referred to the pick value of the external electrical field. 
**: referred to the mean value of the power in the excitation wave guide. 
 
We are working on the improvement of the results by using more sensitive polymers and by optimising the cavity 
performances. Note that even 30 meters diameter may be used in micro-cells in tunnels, supermarkets, etc.   
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