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Abstract — This letter reports an aluminium nitride (AlN) 

based micromechanical resonator with high effective coupling 

coefficient (keff
2) and low insertion loss (IL) which are 

comparable to those of FBARs. The in-house-fabricated 

resonator comprises of lithographically patterned top and 

bottom molybdenum (Mo) interdigital electrode fingers and a 

layer of 1µm-thick AlN sandwiched in between. Synergetic 

inter-mode coupling between the constituent thickness mode 

and the lateral mode can be realized within a wide frequency 

range, which can be treated as a subcategory of degenerated 

cross-sectional Lamé mode, enabling the capability of 

lithographic tuning of resonant frequency yet not 

compromising keff
2. Measurement results show that the 

designed 2.3GHz resonator achieves a keff
2 of 6.34% and IL of 

0.26dB upon direct connection to a network with 50Ω 

termination, making it a promising candidate for WLAN and 

high band LTE band selection filtering applications.  

 
Index Terms — Aluminium nitride (AlN) resonator,  

cross-sectional Lamé mode, coupling coefficient, high band 

LTE. 

I. INTRODUCTION 

N recent years, aluminium nitride (AlN) based MEMS 

resonators are gaining more research interest for radio 

frequency (RF) wireless communication application, due to 

their unique advantage of CMOS compatibility which 

enables the feasibility of integrating the filters into the current 

front-end solutions[1, 2]. Among those resonators, FBARs 

have been widely used in high band LTE for filtering and 

duplexing applications due to high effective 

electromechanical coupling coefficient (keff
2
) which favours 

the filter applications by rendering large bandwidth to the 

filters constructed. 

However, the resonant frequency of the FBAR can only be 

tuned by applying additional mass loading to the resonator, 

which reduces the design flexibility and increases the cost of 

FBAR based filter. Moreover, the state-of-the-art FBAR 

technology only enables single-band filtering functionality, 

i.e., two or more discrete FBAR filter chips are required to 

achieve duplexing or multiplexing functionality. 

Consequently, the performance of the duplexer is 

compromised due to high loss in PCB and package, 

complicated impedance match, etc., and the cost and board 
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area of such duplexers and multiplexers will be increased.  

Significant progress has been made in recent years to 

improve the keff
2
 of AlN resonators whose resonant frequency 

can be tuned by lithography. C. Sun et al. improved the keff
2
 of 

a 285MHz resonator to 5.33% by checker patterning the 

electrode fingers [3]. By actuating the two-dimensional 

mechanical vibration along both the lateral and thickness 

directions, C. Cassella et al. demonstrated a 700MHz 

two-dimensional-mode resonator (2DMR) with keff
2
 of 3.4% 

[4], a 1GHz cross-sectional-Lamé-mode resonator (CLMR) 

having a keff
2
 as high as 4.6% [5] and a 920MHz CLMR 

showing keff
2
 in excess of 6.2% [6]. Besides improving keff

2
, 

the following requirements have to be met in order for these 

devices to replace FBAR: 1) High frequency operation 

(>2GHz) for LTE high bands; 2) Clean frequency response 

around resonant frequency for low passband ripple and 

undesired out-of-band response; 3) Impedance match to 50Ω 

for low insertion loss (IL); 4) FBAR-comparable keff
2 

value 

for band selection requirement.  

A High Coupling Coefficient 2.3GHz AlN 

Resonator for High Band LTE Filtering 

Application 

Yao Zhu, Member, IEEE, Nan Wang, Chengliang Sun, Srinivas Merugu, Navab Singh, and Yuandong Gu 

I 
 

Fig. 1. (a) Schematic drawing, (b) simulated thickness displacement profile, 
and (c) simulated lateral displacement profile, of the degenerated CLMR; (d) 

Simulated impedance frequency response of various degenerated CLMR 

with same layer thickness but different electrode finger dimension. 

 

mailto:sunc@ime.a-star.edu.sg
mailto:guyd@ime.a-star.edu.sg


Submitted to IEEE ELECTRON DEVICE LETTERS, by Yao Zhu et al, 

 

2 

In this work, a 2.3GHz AlN resonator is reported, aiming 

to address the aforementioned unmet needs. Through design 

and process optimization, the resonator shows a clean 

spectrum over a wide frequency range, achieving a keff
2
 of 

6.34% and IL of 0.26dB, which are FBAR comparable. These 

features make the fabricated resonator a promising candidate 

for WLAN and high band LTE band selection filtering 

applications.  

II. MODELLING AND DESIGN 

The AlN resonator reported in this work comprises of a set 

of top interdigital electrode fingers and a set of bottom 

interdigital electrode fingers made of Mo, as well as a layer of 

AlN sandwiched between the top and bottom electrodes. 

Electrical potential is alternatingly applied to the top and the 

bottom electrode fingers, as illustrated by the “+” and “-” 

signs indicated in Fig. 1(a). In such configuration, thickness 

mode is excited between each top and bottom electrode pair, 

with its phase being opposite to that of the adjacent pair, as 

illustrated in Fig. 1(b) which depicts the simulated 

displacement in thickness direction at the resonant frequency 

for resonator consisting of 1µm-thick AlN and 0.2µm-thick 

molybdenum (Mo) electrodes with pitch of 2µm. Meanwhile, 

lateral mode is also excited by the lateral electric field across 

the adjacent interdigital fingers. Under resonant operation, 

the periodic compression and rarefaction in lateral direction 

(Fig. 1(c)) caused by the neighbouring alternating thickness 

modes matches in phase with the displacement induced by 

the lateral resonating mode. This resonant operation can be 

treated as a subcategory of degenerated cross-sectional Lamé 

mode [5]. In an ideal CLMR, the ratio of AlN thickness (tAlN) 

over electrode pitch (pele) is 1. While in this work, the 

optimum tAlN/pele, which renders the largest keff
2
, is found to be 

around 0.5. This is mainly caused by the large electrode 

thickness (tele) over tAlN ratio, in which the relatively thick 

electrodes cause periodical perturbation of stiffness 

coefficients of the composite layer and subsequently disturb 

the mode shape. In other words, in order for the lateral-mode 

frequency to match the thickness mode frequency which is 

decreased due to the electrode mass loading, pele needs to be 

increased accordingly. The excited lateral mode can also be 

considered as the lateral couplers which synergically couple 

the alternating thickness mode along the lateral direction, 

making high keff
2
 achievable. Furthermore, even under the 

condition where the maximum displacements along thickness 

and lateral direction are approximately equal to each other, 

the ideal Lamé mode shape is not observed at the cross 

section of the resonator due to non-negligible electrode mass 

loading. This degenerated cross-sectional Lamé mode due to 

electrode mass loading is defined here as laterally coupled 

alternating thickness (LCAT) mode.  

Meanwhile, by changing the pitch of the interdigital 

electrodes, the LCAT resonant frequency can be tuned within 

a wide frequency range, eliminating the need of changing the 

stacking layer thickness or introducing additional masking 

layer for mass loading as in the case of FBAR. Fig. 1(d) 

shows the simulated impedance frequency response of LCAT 

mode resonators above 2GHz with 1µm-thick AlN but 

different electrode finger dimension, targeting high band 

LTE filtering application. It is shown that by lithographically 

changing the pitch of the interdigital electrode from 1.9µm to 

1.0µm, a tuning range of 370MHz (2.18GHz to 2.55GHz) is 

achieved, corresponding to a frequency to pitch sensitivity of 

around 400MHz/µm. In addition, FBAR-comparable keff
2
 and 

spurious free response over a wide frequency range are 

obtained, fulfilling the requirement of duplexer and 

multi-band filtering on a single chip.  

In order to be applied to the front-end filter, the impedance 

of the designed LCAT mode resonator has to match to 50Ω 

antenna and other frontend circuits. Consequently, relatively 

large resonator core size needs to be employed. With larger 

AlN plate size, the spurious modes tend to be closer to the 

 
Fig. 2. (a) Cross-section illustration, and (b) Optical microscope image of the 

fabricated resonator.  

 
Fig. 3. (a) Experimentally measured S21 frequency response as well as the 
corresponding fitted curves, and (b) derived impedance frequency response 

as well as the corresponding fitted curves of the fabricated LCAT mode 

resonator. Solid lines represent the measured or derived value and dashed 
lines represent the fitted value. (c) Equivalent circuit model 
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resonant frequency, causing serious passband ripples. As 

such, the number of interdigital electrode finger pairs, 

electrode aperture, as well as the distance between electrodes 

and resonator edges, are optimized to minimize the amplitude 

of the undesired longitudinal high order modes and 

transverse modes.  

III. MICROFABRICATION AND CHARACTERIZATION 

The microfabrication process to realize the designed 

LCAT resonator starts with depositing a layer of SiO2 with 

3.5µm thickness on an 8-inch bare high resistivity Si wafer. 

Isolation pocket is then etched and filled with LPCVD Si, 

followed with chemical mechanical polishing (CMP) to 

remove silicon over-burden. Then, 200nm thick of bottom 

Mo is deposited and patterned. Next, 1µm layer of AlN is 

deposited using DC magnetron sputtering and via is then 

etched using an electron cyclotron resonance (ECR) etcher to 

reach bottom Mo. 260nm of top Mo and 700nm of Al is then 

defined before etching the release window in the AlN layer. 

The whole device is released by using vapour HF (VHF) 

etching. The cross-section illustration and the optical 

microscope image of the fabricated LCAT mode resonator 

are shown in Fig. 2(a) and (b), respectively.  

The frequency response of the microfabricated LCAT 

mode resonators are characterized using an Agilent E8364B 

vector network analyser (VNA) at room temperature in air, 

after performing a standard short-open-load-through (SOLT) 

calibration. The device under test (DUT), which is the 

fabricated LCAT mode resonator with the interdigital 

electrode pitch of 2µm and the metallization ratio of 0.5, is 

directly connected to the 50Ω terminations of the network 

analyser. The measured S21 and the derived impedance 

frequency response including both magnitude and phase are 

shown using solid lines in Fig. 3(a) and (b), respectively. 

Modified Butterworth-Van Dyke (MBVD) model including 

the substrate capacitance (Csub) and loss (Rsub), the metal line 

inductance (Le) and loss (Re), as well as feedthrough 

capacitance (Cf) as illustrated in Fig. 3(c) is employed to fit 

the characterization results. The fitted curves are shown using 

dashed lines shown in Fig. 3(a) and (b), respectively, with the 

extracted circuit parameters of the characterized LCAT mode 

resonator summarized in Table I.  
TABLE I 

MEASURED RESULTS AND EXTRACTED MBVD PARAMETERS 

Symbol Unit Value Symbol Unit Value 

fs GHz 2.247 Le pH 52.04 

fp GHz 2.304 Re Ω 0.53 

Cm fF 46.68 Cf fF 6.2623 

Lm µH 0.11 Csub fF 26.65 

Rm Ω 2.50 Rsub Ω 488 

C0 pF 1.20 Q  450 

R0 Ω 0.77 
2

effk  
 

6.34% 

The series resonant frequency (fs) and the parallel resonant 

frequency (fp) are characterized to be 2.247GHz and 

2.304GHz, respectively, from the S21 plot in Fig. 3(a). The 

keff
2
 can then be derived to be 6.34%, using Eq. (1) [5].  
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It is to be noted that the obtained FBAR-comparable keff
2
 of 

6.34% and S21 of -0.26dB are among the highest value 

achieved by Lamb wave resonators and coupled mode 

resonators using AlN [3-5], demonstrating the capability of 

using the fabricated LCAT mode resonator to band selection 

filter construction fulfilling the bandwidth and insertion loss 

requirements for  high band LTE applications. Furthermore, a 

clean spectrum with minimum spurious modes over 700MHz 

frequency range is observed, showing that the filter 

constructed using LCAT resonator will experience minimum 

passband ripples and undesired out-of-band spurs.  

IV. CONCLUSION 

In this letter, we reported a LCAT mode resonator which 

synergically couples of the thickness-mode and lateral-mode 

resonance, enabling the capability of lithographic tuning of 

resonant frequency without the need of changing the stacking 

layer thickness or mass loading, yet not compromising keff
2
. 

Experimental data show that the in-house micro-fabricated 

resonator operates at 2.3GHz with a keff
2
 of 6.34% and IL as 

low as 0.26dB upon direct connection to a network with 50Ω 

termination, demonstrating its promise for low-loss high 

band LTE filtering applications. 
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