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ABSTRACT 

This abstract reports an intrinsically switchable 7.01 GHz 

thickness-extensional bulk acoustic wave (BAW) scandium-

aluminum nitride (Sc0.28Al0.72N) resonator with a reduced switching 

voltage using self-ovenization. The resonator is created from 

alternative stacking of two Sc0.28Al0.72N layers with three electrode 

layers, enabling tailorability of transducer polarization across the 

thickness and based on ferroelectricity. Upon aligning the 

polarization of the two Sc0.28Al0.72N layers in the same or opposite 

directions, the electromechanical coupling of the thickness-

extensional mode is maximized or nulled, resulting in operation of 

the resonator in On and Off states, respectively. Besides, the 

switching voltage is significantly reduced by self-ovenization of the 

resonator through a DC-biased serpentine-shaped top electrode and 

due to the temperature-dependent reduction in Sc0.28Al0.72N coercive 

field. A prototype is demonstrated at 7.01 GHz with a 𝑘𝑡
2 of 6.95% 

and a loaded Q of 72.2. The intrinsic switchability is successfully 

demonstrated with and without self-ovenization, using 25kHz 

triangular pulses with 80.6V and 63.6V amplitude, respectively. The 

presented results highlight the potential of self-ovenization to reduce 

the large switching voltage of Sc0.28Al0.72N resonators and filters for 

configurable RF front-end applications.  
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INTRODUCTION 
Scandium-aluminum nitride (ScxAl1-xN) is growingly 

considered to replace aluminum nitride films that are currently used 

for creation of radio-frequency acoustic resonators and filters for 

wireless systems. The significantly larger electromechanical 

coupling (kt
2) that only increases with Sc content enables realization 

of filters with higher bandwidth and lower loss. Further, the newly 

discovered ferroelectricity in ScxAl1-xN provides unprecedented 

opportunities for realization of intrinsic switchability and tunability 

without the need for external switches and varactors. This is highly 

desirable considering the adoption of multi-band RF front-end to 

accommodate efficient communication in crowded and congested 

ecosystem of the modern connected world [1,2].  

Using polarization tuning for intrinsic switching has been 

widely explored in acoustic resonators created in perovskite 

ferroelectric or paraelectric films, such as PZT and BST [3-5]. These 

materials generally provide a soft ferroelectric behavior, where the 

polarization, dielectric constant, and piezoelectric coupling can be 

continuously tuned by application of a DC voltage. This is not the 

case in ScxAl1-xN resonator with hard ferroelectric behavior, where 

the box-shaped hysteresis loop only allows binary polarization states 

with similar electromechanical coupling [6]. Targeting the 

intermediate polarization states through application of DC voltage 

is also not trivial in ScxAl1-xN, considering the undesirably close 

breakdown and coercive fields. Besides, the large coercive field of 

ScxAl1-xN, which is nearly two orders of magnitude higher 

compared to conventional perovskites, results in very large 

switching and tuning voltages that is hard to provide on chip.  

Despite these challenges, a new wave of intrinsically 

switchable ScxAl1-xN BAW and Lamb wave resonators are recently 

demonstrated, based on tuning polarization through application of 

low-frequency pulses [7-12]. In these approaches, switching pulses 

with slightly lower voltage than coercive is applied, to enable 

“transducer depolarization” through reversing c-axis in a fraction of 

ferroelectric domains and reducing the net electromechanical 

coupling by charge cancellation. This approach, however, is not 

reliable due to the uncertain nature of partial domain switching.  

In this work, for the first time, we demonstrate certain and 

repeatable switchability in BAW resonator by laminating two 

Sc0.28Al0.72N layers and controlling their individual polarization. 

This laminate resonator shown in Fig. 1(a) enables switching of the 

resonator between On and Off states, upon pulsed poling of the two 

Sc0.28Al0.72N layers in the same or opposite direction, respectively. 

Besides, we demonstrate a novel approach for reduction of 

switching voltage based on self-ovenizing the resonator through 

Joule heating. Self-ovenization by Joule heating by applying a DC 

current through the serpentine top electrode (Fig. 1(b)) enables a 

significant reduction in coercive field and switching voltage. 

 
Fig. 1. (a) Top-view SEM image of the intrinsically switchable BAW 

resonator created in laminated Sc0.28Al0.72N transducer. (b) 

Zoomed-in SEM of the top electrode which is patterned to form 

integrated oven for Joule heating the resonator. 



OPERATION PRINCIPLE 
The intrinsically switchable resonator is created from 

alternative stacking of two Sc0.28Al0.72N layers within three 

molybdenum (Mo) electrodes. Exciting the fundamental thickness 

extensional (TE1) mode in ferroelectric requires alignment of 

mechanical mode shape, ferroelectric polarization, and applied 

electric field. Accordingly, upon switching the polarization of the 

two Sc0.28Al0.72N layers in opposite directions, the net polarization 

(𝑃) across laminate thickness is reduced to zero, which results in a 

nulled electromechanical coupling of the TE1 mode, and the 

resonator is turned off. Such switching is not achievable in a single-

layer BAW resonator, considering the hard ferroelectric behavior of 

ScxAl1-xN. This characteristic limits the practical polarization of 

each ferroelectric domain to either up or down; thus, depolarization 

approaches used in soft ferroelectric and piezoelectric materials (e.g.  

PZT and BST) is not applicable. Depolarization of ScxAl1-xN can be 

achieved through partial switching of domains using low-frequency 

pulses with slightly lower value compared to coercive. However, 

this approach is highly uncertain and achieving repeatable 

depolarized state is not practical. The comparison of intrinsic 

switching in single-layer and laminated ScxAl1-xN transducer is 

conceptually shown in Fig. 2. It is evident how the laminated 

transducer enables deterministic switching based on complete 

polarization reversal in the bottom ScxAl1-xN layer, to oppose the 

top and null the electromechanical coupling for TE1 mode. 

In this work, the laminated transducer is further equipped with 

a serpentine-shaped top electrode to enable integrated ovenization 

of the resonator through application of a DC current and via Joule 

heating. The integrated heater enables temporary ovenization of the 

resonator during polarization switching, to benefit from large 

reduction in coercive field of ScxAl1-xN [6]. This facilitates 

reduction of the resonator switching voltage. 

 

FABRICATION PROCESS  
Figure 4 shows a detailed process flow. The laminated 

resonator is created by sputtering a 50nm bottom Mo electrode atop 

of a 50nm AlN seed layer. The AlN seed layer helps textured growth 

of (110) Mo and facilitate crystalline growth of subsequent 

Sc0.28Al0.72N films in c-axis orientation. Further, the seed layer 

ensures the suppression of abnormal grains with undesired crystal 

morphology [13, 14]. After patterning the bottom Mo electrode, 

140nm bottom Sc0.28Al0.72N film is sputtered followed by deposition 

and patterning of 50nm middle Mo electrode. Finally, 140nm of top 

Sc0.28Al0.72N film is sputtered followed by deposition and patterning 

of the top 50nm Mo electrode into serpentine heaters. The bottom 

and middle Mo electrodes are patterned using proximity-exposed 

photoresist etch-mask and BCl3 dry-etch recipe to form a highly 

tapered sidewall profile. This profile is shown in Fig. 3 and is 

required to ensure crack-free growth of Sc0.28Al0.72N layers.  

After completion of the transducer stack, bottom and middle 

electrodes are accessed by dry etching of Sc0.28Al0.72N layers using 

a high-power Cl2 recipe. A thick platinum (Pt) layer is deposited 

using liftoff, to serve for low-loss routings and pad. Trenches are 

then etched to define the geometry of the resonator. Finally, the 

device is released by etching Si handle-layer from backside via the 

Bosch process in a DRIE tool. In this step, the AlN seed layer serves 

as an etch stop to prevent over-etch into the device and its bottom 

Mo electrode.  

CHARACTERIZATION 

 
Figure 2. (a) Single-layer resonator switching by depolarizing the 

ferroelectric film. This is difficult as it requires extremely precise 

pulse control to pole exactly 50% of crystal domains into the 

opposite direction. (b) The deterministic switching concept of the 

presented laminated double-layer resonator, based on complete 

polarization reversal in one of the layers. 

 

 
Figure 3. Tapered sidewall of bottom and middle Mo electrodes 

enables crack-free growth of Sc0.28Al0.72N layers. 

 
Figure 4. a six-step process flow for laminated bulk acoustic wave 

resonator with self-oven-controlled switchability. 



The laminated Sc0.28Al0.72N BAW resonators are characterized 

using ferroelectric and RF measurement. The ferroelectric 

polarization hysteresis and switching behavior of the constituent 

Sc0.28Al0.72N layers are measured using a Radiant PiezoMEMS 

ferroelectric tester with DC probes, and the DC heating voltage 

across the serpentine electrode are applied using Keysight E36105A 

DC power supply. Besides, the resonator admittance is extracted 

from the reflectance (S11) measured using Keysight N5222A PNA 

vector network analyzer (VNA) with GSG probes calibrated using 

short-open-load-though procedure with CS-5 calibration substrate. 

All the measurement are conducted on the Semi-Probe PSL4 RF 

probe station. 

 

Ferroelectric characterization 

The polarization hysteresis loop of the 140nm bottom 

Sc0.28Al0.72N layer is extracted by exciting the film with 84V, 25kHz 

bipolar triangular pulses. The polarization hysteresis loop is 

measured under ovenization through application of different DC 

voltages across the serpentine electrode.  Figure 5 shows the 

measurement setup, highlighting the ovenization voltage application 

through a bias-tee. Figure 6 shows the measured hysteresis loops for 

different DC ovenization voltages, highlighting the reduction of 

coercive field at higher DC voltages, corresponding to increased 

temperature of the film. This indicates the reduction in the voltage 

required for switching resonator upon application of the 

ovenization. It should be noted that the apparent scaling of the loop 

in y-axis direction upon increased ovenization voltage direction is 

due to an increased feedthrough current at higher temperatures, 

rather than any change in remanent polarization of the film. 

RF characterization  

The resonator admittance is extracted from the measured S11, 

and the 𝑘𝑡
2
 and 𝑄 are calculated using [15,16]: 
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Here, fs and fp are the series and parallel resonant frequency, 

and 𝜑𝑌 is admittance phase. Figure 7 here shows the measured 

admittance of the resonator, as evolving from on-state to off-state 

upon pulsed switching. A kt
2 of 6.95% and a Q of 72.2 is measured 

for the resonator operating in TE1 BAW mode at 7.01 GHz. The 

resonator switching is performed by application of two 25kHz 80V 

monopolar triangular pulses across the bottom Sc0.28Al0.72N layer to 

induce polarization reversal. The intermediate state, i.e., the 

admittance after the first pulse, is also shown in Fig. 7. Figure 8 

shows the change in switching voltage upon application of DC 

ovenization voltages, highlighting a ~21% reduction (from 80.5V  

to 63.6V) once applying 34V DC across the serpentine-shaped  

top electrode. 

 
Figure 5. Schematic demonstration of the measurement setup for 

switching the laminated thickness-extensional resonator. The cross-

section of the resonator is shown along with the DC source and 

pulse generator used for ovenization and polarization switching, 

respectively. 

 

 
Figure 6: Evolution of the PV loop for bottom Sc0.28Al0.72N layer, 

for different ovenization voltage (applied across top electrode). The 

large drop in coercive voltage with increasing ovenization voltage 

is evident. The apparent increase in polarization is due to increase 

in leakage current at higher temperatures. 

 

 
Figure 7: Measured admittance of the laminated ScAlN BAW 

resonator. The pristine (blue) curve corresponds to the on state; the 

fully switched (red) admittance response corresponds to the off state 

by poling the bottom ScAlN layers in opposite direction. The on/off 

switching resulted in ~10dB isolation. The inset schematics show 

the polarization direction of ScAlN layers in on and off states. 

 
Figure 8: The measured switching voltage for different ovenization 

voltages. Application of larger ovenization voltage results in 

significant drop in coercive filed and resonator switching voltage. 



CONCLUSION  
This paper demonstrates self-oven-controlled intrinsically 

switchable thickness-extensional BAW Sc0.28Al0.72N resonator 

operating at 7.01 GHz, with a kt
2 of 6.95% and Q of 72.2. The 

intrinsic switchability is realized by using a laminated transducer 

architecture from alternative stacking of two Sc0.28Al0.72N with three 

metal electrodes. This configuration enables tailoring transducer 

polarization across the stack. Once the polarization of the two 

Sc0.28Al0.72N layers are switched in opposite direction, the resonator 

is switched off due to the charge cancellation upon excitation of 

fundamental thickness-extensional mode. The resonator switching 

voltage is reduced from 80.6V to 63.6V through self-ovenization 

using a serpentine-shaped top electrode. This concludes  

the effectiveness of self-ovenization concept for reduction of  

the large switching voltages in configurable Sc0.28Al0.72N resonators 

and filters. 
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