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(57) ABSTRACT 

A tunable ?lter having an electronically tunable center fre 
quency and dynamic bandwidth control over a large tuning 
range. High-Q continuously tunable evanescent-mode cavity 
resonators and ?lters using reliable RF MEMS actuators. One 
embodiment is a 3.4-6.2 GHZ (1.8:1 tuning ratio) continu 
ously tunable electrostatic MEMS resonator With quality fac 
tor of 460-530, With a volume of 18><30><4 mm including the 
actuation scheme and biasing lines. A tunable resonators is 
also disclosed With a 2.8:1 (5.0-1.9 GHZ) tuning ratio, and Q 
of 300-650. 
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(a) (b) 

Fig. 1. Filter in Cylindrical configuration (a) Side View (b) Bottom view showing the BW 
compensation network 
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Fig. 2. Bandwidth of the filter with and without T-line section 
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Cap modeled using lumped RLC 
boundary in HFSS 

(h) 

Fig‘ 3. Bandwidth compensation network (a) Using lumped capacitors (b) Using T-lincs 
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Fig. 4. Effect of capacitor Q on the filter pass band 
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Fig. 5. Effect of capacitor value on the filter pass band 
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Fig. 6. Effect of capacitor value on the filter pass band 

S-Parameters (dB) 

1.2 

Frequency (G Hz) 
Fig. 7. Measured Results for nearly constant BW filter 
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Fig. 8. IL and BW variation of the nearly constant BW ?lter 
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Impedance matching 

BW compensation network 

FIG. 10 

Starting point: Blank double sided 
Thermoset Microwave Material (TMM) board 

TMM-3 

tan6 = 0.002 

Copper thickness = 35pm 
Substrate thickness = 

3.175mm 
Current sample size : 25mm 
x 40mm 

FIG. 11 
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Step 1: Board fabrication (filter and feeds) 

Resonator diameter 15mm 

Post diameter 1-9mm ( igh to low band) 

Top side Bottom side 
Actuators and biasing Feeds and BW compensation 

FIG. 12 

Step 2: Micro-grain polishing (surface roughness reduction) 
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FIG. 13 
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Step 3: CVD Parylene-N coating (dielectric barrier) 

Parvlen 

Membrane ~35 um 

+ 
Final thickness map 

After copper plating ~50 um 

i. 

FIG. 14 

Step 4: Copper lamination (tuning membrane) and plating of top vias 

Prepreg layer 

(the membrane is protected during plating for reduced stiffness) 

FIG. 15 

Step 5: Piezoelectric actuator attachment (tuning mechanism) 
Piezoelectric disc 

Silver epoxy 

Final filter with piezoelectric 
actuators and connectors 

FIG. 16 
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FIG. 17 
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Drawings from A 34 — 6.2 GHZ Continuously Tunable Electrostatic... 

Fig. 18. Novel tunable evanescent Inode resonator design using an electrostatically actuated 
thin diaphragm released from the singlecrystal silicon device layer of an $01 Wafer. 
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Fig. 19. Simulated resonant frequency and quality factor for the designed resonator. 
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Fig. 20. Modelled resonant Frequency dependence on the biasing voltage F or the tunable 
resonator. 

Paryiana 

Fig. 21. Fabrication process for tunable evanescent mode resonator. (a) AZ926O patterning; 
(b) DRIE; (c) Oxide etch; (d) Au sputter; (e) TMAH etch; (f) Au sputter; (g) Au-Au bonding; 

(h) Parylene deposition; (i) Tunable resonator assembly. 



Patent Application Publication Oct. 6, 2011 Sheet 12 0f 23 US 2011/0241802 A1 

Fig. 22. Pictures of, (a) the fabricated parts; (b) measurement Setup. 
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Figure 23. Measured transmission of the tunable evanescent mode resonator at different 
biasing voltages. 
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Fig. 24. Measured performances of the tunable resonator. (a) Frequency Tunability; (b) 
Quality Factor. 
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Drawings from High-Q Continuously Tunable Evanescent-inode Cavity 
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it‘: 
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Fig. 25. Tunable Evanescent-inode cavity ?lter. (a) Capacitive post loaded evanescent-mode 
waveguide filter; (b) Frequency tuning; (c) Equivalent circuit. 
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Fig. 26. Electrostatic RF MEMS Tunable Evanescent-mode cavity resonator [22]. 
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Fig. 27. Simulated resonant frequency (a) and quality factor (b) of an evanescent-mode 
cavity. Dimensions of the cavity are a = 1 mm , b = 8 mm, h = 4.5 mm. 
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(a) (b! 
Fig. 28. Simulated electric (a) and magnetic (b) field distribution inside a cylindrical 

evanescent-mode cavity. 
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Ca acitive Region 

Fig. 29. Quasistatic model for highly-loaded evanescent-mode cavity resonator. (a) 
Cylindrical evanescent-mode resonator; (b) Equivalent circuit model; (c) Post capacitance. 
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Fig. 30. Modeled and simulated resonant frequency of highly-loaded evanescent-mode cavity 
resonators. 



Patent Application Publication Oct. 6, 2011 Sheet 17 0f 23 US 2011/0241802 A1 

(b) 

mi) 
Fig. 31. Design illustration of the cvancsccnt-lnodc cavity. 
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Fig. 32. 1-D spring-mass model of the electro-mechanical actuation of MEMS diaphragm 
['l’l] 
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Fig. 33. Simulated effect of Au thin film thickness on the resonator quality factor. 
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Fig. 34. Simulated induced stress in actuated MEMS diaphragrns of different sizes. 
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Fig. 35. Simulation of the resonant frequency and quality factor of designed tunable 

evanescent-mode cavity resonator. 
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Fig. 36. Fabrication process for MEMS diaphragm: (a) AZ9260 patterning; (b) DRIE; (c) 

Oxide etch; (d) Au sputter; (e) Released diaphragm; (f) Fabricated MEMS Diaphragm piece. 




























