






Figure 4.  The response of the filter was fitted to the 
previously described circuit model (Fig. 2).  The extracted 
values of kt

2 and Q along with the device performances are 
reported in Figure 4. 

 
Table 1: Electromechanical parameters extracted from the 
measured S parameters of the fabricated two-port AlN CMRs. 

Frequency of 
Operation kt

2 Q RM C0+Cp 

1.87 GHz 1.84% 387 440 Ω 303 fF 
3.04 GHz 1.5% 517 225 Ω 301 fF 
3.46 GHz 1.85% 501 180 Ω 318 fF 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 4: Measured electrical response and equivalent circuit 
model fitting (before and after de-embedding) of a fabricated 
1.96 GHz 2nd order filter based on electrically self-coupled AlN 
CMRs. A 500 Ω termination was used for the measurement. 
 

It is important to note that the measured value of IL 
(~ 11 dB) is significantly affected by the parasitic 
components Cp and Rp.  In fact, as previously explained, 
the presence of parasitics reduces the effective value of the 
electromechanical coupling, kt,

2
eff, to approximately half 

(1.05%)  of the one intrinsic to the device (1.84%).  In 
order to simulate the de-embedded response of the filter 
(Fig. 4), the parasitic capacitance, Cp1, was measured by 
means of a de-embedding structure fabricated on the same 
silicon chip, and its value was subtracted to the fitted total 
input capacitance of the filter.   After removing all the 
parasitic components from the equivalent circuit of the 
filter, the de-embedded response (Fig. 4) shows a reduced 
value of IL of approximately 5.8 dB.  This same value of 
IL could be alternatively attained by making the device 
capacitance, C0, larger and dominant over the parasitic 
components.  Additionally, the parasitics can be further 
reduced by optimizing the configuration of the test pads.  
 

CONCLUSIONS 
 Design, fabrication and testing of two-port SHF 

contour-mode resonators based on thickness field 
excitation of ultra-thin (250 nm) AlN films have been 
demonstrated.  Values of electromechanical coupling, kt

2, 
comparable to the ones reported for lower frequency 
devices (> 1.5 %), were achieved at frequencies of 
operation above 3 GHz. The capability of these devices to 
be employed for the fabrication of narrow band filters has 
been proven by the realization of the highest frequency 
(1.96 GHz) 2nd order filter based on electrically self-
coupled AlN contour-mode devices.  Future work aims at 
demonstrating even higher frequencies of operation and 
reducing the filter IL to few dB.  In this way, these devices 
can be effectively employed for radar communications or 
other emerging wireless standards. 
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