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If an actuation voltage is applied to the MEMS capacitors connected in rows, the 
resonance frequency shifts. At the same time the phase of the reflection coefficient of 
the HIS changes, as well as the phase factor of the propagation constant of the reflected 
field. This can be used in development of phase shifters where the MEMS tuneable HIS 
is embedded either in the narrow walls of the metal waveguide or placed as a backshort 
(reflection type phase shifter). Frequency dependence of the phase shift, which appears 
when the HIS is tuned from a low impedance state to a high impedance state, is shown 
in Fig. 2. Analogue type phase shifter can operate by gradual tuning of the impedance of 
the whole MEMS inclusion. Alternatively, the effective length of the high impedance 
section can be changed by applying different voltage to different rows of MEMS 
capacitors providing analogue type phase shift due to the very small size of the unit cell. 
 
EXPERIMENT 
 
HIS array of 200x52 unit cells with a period of 350 µm was microfabricated, see Fig. 3, 
and its S11 parameter was measured by placing the surface as a backshort of a 
rectangular metal waveguide, see Fig. 4. The measured phase of the reflection 
coefficient changes from almost 180º to 0º at the resonance frequency, which proves 
that the structure behaves as a high-impedance surface, see Fig. 5. Gradual tuneability 
of the MEMS capacitors with capacitance ratio of 1.22 was achieved by applying an 
actuation voltage, pull-down voltage being 15 V. Future steps will be applying voltage 
source to the HIS embedded to the waveguide and measuring the S-parameters.  

           
Fig. 3 Fabricated HIS 
 

Fig. 4 Measurement setup 
 

Fig. 5 Measured S11 of HIS

CONCLUSIONS 
 
We have designed, analysed, fabricated MEMS tuneable high-impedance surface and 
measured its S11 at millimetre wave frequencies. The structure can be used in 
developing low loss analogue type phase shifters based on rectangular metal 
waveguides for millimetre wave beam steering applications.  
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