




 
Fig. 4. Average quality factor of the resonator with highest variation in Q as 
a function of the voltage applied to metal plate. 

The measured S21 of the resonator at 927 MHz is displayed 
in Fig. 5 for 3 values of applied voltage. As seen, an 
improvement in loss is measured upon application of a negative 
voltage to the metal plate (Vm) with respect to the Si layer (Vs), 
but the improvement appears to reach a saturation at voltages 
above 4 V. Conversely, minor changes are measured once the 
polarity of the voltage is reversed.  

 
Fig. 5. Measured S21 at different voltages applied to metal plate showing a 
considerable improvement at accumulation regime while negligible change is 
measured due to inability to form an inversion layer (curves are over each other). 

The measurement results are believed to be consistent with 
the prediction from eqn. 2 (and plotted in Fig. 3) considering that 
a sharp rise in carrier (hole) concentration after application of a 
small negative voltage is expected at the silicon surface while 
the concentration is almost unchanged for positive voltages [9].  
The accumulation density is estimated to be pushed beyond 1015 
cm-3 by applying a -1 V or higher which corresponds to a 
shrinkage in the Debye length from around 1.2 µm to fewer than 
100 nm. It is evident from Fig. 3 that such a carrier density 
corresponds to a decrease in AE attenuation compared to the 
original concentration. The insensitivity of carrier concentration 
to positive voltages is associated with the absorption of minority 
carriers at the interface of AlN with silicon [9]. The results are 
summarized in the table below. 

 

 

TABLE I.  MEASUREMENT RESULTS 

Applied Voltage 
(Vm - Vs) 

Average Loss of Resonators Operating at: 
485 MHz 754 MHz 927 MHz 

0 V 13.83 15.38 9.31 

- 4 V 13.59 15.07 9.07 

% improvement 1.73 2.01 2.57 

It is worth mentioning that in order to ensure that the results 
do not stem from the direct application of a voltage to the 
network analyzer, probably due to an unwanted short circuit on 
the path, both coaxial DC block for suppressing and bias tee for 
direct application of the DC voltage were attached to the 
network analyzer and tested. 

V. CONCLUSION 
The inherent MIS capacitor of the TPoS resonators – formed 

as a result of the barrier AlN layer – was utilized to modify the 
doping concentration at the surface of the Si, adjacent to the AlN 
barrier layer through applying a DC voltage. By so doing, the 
intrinsic loss component due to the interaction of phonons and 
charge carriers was isolated. Such interactions can be results of 
penetration of piezoelectrically coupled electric fields in the Si 
layer or the deformation potential and are influenced by the 
doping concentration of Si. Upon increasing the doping 
concentration at the AlN-Si boundary, improvements, up to 
3.2%, in Q of the resonators were recorded, the higher the 
frequency the more the improvement. Such observations are 
believed to be caused by the decrease in the Debye length of the 
device Si layer, showing that this source of loss is not negligible 
and needs to be further studied and characterized.   
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