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ABSTRACT 

A frequency selective and passive method for RF 

power sensing is reported that leverages the interaction of 

guided Lamb waves and electrons in thin-film lithium 

niobate (LN) on silicon (Si). The incoming RF signal is 

first transduced into Lamb waves via the piezoelectricity of 

LN and is then converted into an electron flow in the Si. 

The generated direct current (DC) is proportional to the RF 

power and appears only within the passband frequency of 

the waveguide which is defined lithographically by the 

interdigital transducers (IDT) lateral dimensions. 

Preliminary results show at least 30 dB dynamic range and 

faster than 1 ms response time. The reported dynamic range 

is believed to be far from the full potential of this scheme 

and could be improved by design/optimization, thus, 

enabling realization of integrated power sensors in micro-

acoustic domain.  
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INTRODUCTION 

Radio frequency (RF) power measurement is critical 

in telecommunications for increasing power and spectrum 

efficiency. Currently, heat- or diode-based solutions are 

commonly used for power sensing. The former, including 

thermistors and thermocouples, do so by dissipating RF 

power and measuring the temperature increase within a 

resistive termination, offering some advantages in terms of 

accuracy, linearity, and stability but at the cost of few to 

tens of ms response time. The latter, on the other hand, uses 

rectification of the voltage across the resistive termination, 

offering fast response time, wide dynamic range, and 

highest degree of compatibility with different scenarios and 

applications [1]. The main drawbacks of diode-based 

solutions are high temperature induced drift of output and 

cost considerations regarding power consumption, 

matching, and chip area at gigahertz range [2].  

Since the piezoelectric platform is ubiquitous in RF 

communication devices for signal processing, its 

application in power sensing is quite attractive considering 

the module size, cost, and complexity reduction prospects. 

It has been known that acoustic waves in piezoelectric 

media are accompanied by a piezoelectric potential wave 

that can interact with electrons, drag them, and generate a 

direct current (DC) known as the acoustoelectric (AE) 

current [3]. Consequently, numerous works have used this 

property in surface acoustic wave (SAW) platform for 

niche applications such as metrology, quantum processing, 

probing electronic properties of 2D material, photo-

detection, and solar cells, to name a few [4]-[7]. Nearly all 

these efforts have been based on ultra-thin or 2D 

semiconductors on piezoelectric substrates, as they 

minimally perturb the SAW and allow for exploiting the 

moderate piezoelectric coupling achievable on such 

substrates. More recently, owing to the progress in thin-

film transfer and growth, strong AE interactions have been 

attained in thin-film piezoelectric platform, resulting in 

record low-power and miniaturized traveling wave 

amplifiers [8]-[10]. Inspired by the strong energy coupling 

between Lamb waves and electrons in thin-film lithium 

niobate (LN)-on-silicon (Si) [8] and the bright outlook of 

suspended LN micro-acoustics [11], in this work we 

explore the potential of AE effect for frequency selective 

RF power detection and sensing.   

 

 
 

Figure 1: Conceptual schematic of RF-to-DC conversion 

in Lamb mode lithium niobate on silicon waveguides. The 

generated DC output appears mainly within the passband 

of the waveguide and is proportional to the Lamb wave 

(and input RF signal) amplitude. 

 

OPERATING PRINCIPLE 

The conceptual schematic of the RF-to-DC conversion 

in a LN-on-Si waveguide is shown in Fig. 1. The input RF 

signal is transduced into traveling Lamb waves via the 

input interdigital transducer (IDT) formed on the LN 

surface. The IDT design would determine the center 

frequency and bandwidth of Lamb waves which 

subsequently propagate within the waveguide, dragging 

along electrons in Si, and generating a DC which can be 

measured across the waveguide via contacts to Si, in the 

form of a short circuit current or an open circuit voltage. 

The magnitude of the AE current density (J) is in the form 

of  

                J = S(αµ/v)  (1), 

with S being the acoustic wave intensity, α being the 

phonon-electron loss (see [8]), µ being the electron 

mobility, and v being the acoustic wave velocity. As long 

as the Lamb wave intensity is linear with respect to the 

input RF power and both the electron mobility to acoustic 

velocity ratio and the phonon-electron coupling are 

constant, the relationship between the generated DC and 
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the input RF power remains linear. Since deviations from 

said conditions often occur at higher levels of RF power, 

the dynamic range is more likely to be limited at the higher 

RF power range.   

To increase the RF-to-DC conversion efficiency, it is 

crucial for the phonon-electron coupling (α) to be 

maximized; this is achieved in this work using 1 µm X-cut 

Y30 LN on 1 µm lightly n-type doped Si to form the 

waveguide and targeting fundamental symmetric (S0) 

mode. The COMSOL simulated stress profile of S0 mode 

within the waveguide is shown in Fig. 2. The cross-

sectional stress profile shown within an acoustic 

wavelength also highlights the electric field extending 

beyond the LN layer.    

 

 

 

Figure 2: Finite element simulation showing Lamb wave 

propagation within the micromachined waveguide and its 

cross-sectional stress profile within a wavelength. The 

propagating piezoelectric field captures and drags 

electrons, generating a direct current.   

 

RESULTS AND DISCUSSION 

As a proof-of-concept, 2-port waveguides reported in 

[8] are used in this work to explore the AE RF-to-DC 

conversion effect. The input RF signal (in the form of a 

sinusoidal continuous wave produced by a signal 

generator) is fed into one port while the other port is left 

floating (terminated by a high impedance). The generated 

DC (short circuit current or open circuit voltage) is 

recorded by connecting the Si contact points to a digital 

multimeter as the input RF power and frequency are swept. 

The input RF port reflection of the waveguide is shown in 

Fig. 3 (blue curve). The S0 mode dip around ~610 MHz is 

evident and coincides with the frequencies at which the 

generated DC is mainly observed (red points). The 

scanning electron micrograph (SEM) of the 2-port LN-on-

Si waveguide under test is shown in the inset of Fig. 3. 

Additionally, the RF-to-DC conversion curve, shown 

in Fig. 3, remains linear within at least 30 dB of input 

power range. It is worth noting that the lowest reported 

measured RF power (-20 dBm) falls at the DC readout 

detection limit (~5 nA), therefore, the dynamic range is 

expected to be greater than 30 dB. In order to estimate the 

response time for RF-to-DC conversion, the input RF 

source and the output DC contacts are connected to an 

oscilloscope. Fig. 4 shows typical measured time-domain 

waveforms from which the response time is estimated to be 

less than 1 ms; this is shown as the time difference between 

the moment the ~610 MHz input at 6 dBm is turned on 

(green curve) and the moment the DC level is stabilized at 

~4 V (yellow curve).  

The performance obtained in proof-of-concept 

waveguides is far from optimal, especially in terms of 

dynamic range and sensitivity. The energy losses due to the 

bidirectionality of IDT and its mismatch to 50 Ω (180-j30 

Ω in this case) and the acoustic reflection at the end of the 

waveguide, the geometry of which has yet to be optimized, 

are immediate limiting factors that could be addressed in 

future works. The proposed solution, though offering a 

lower dynamic range relative to diode-based counterparts, 

is fully passive and compared to thermal-based power 

sensing solutions offers a faster response time. What makes 

this scheme unique is the frequency selective nature of the 

RF-to-DC conversion which can be beneficial for reducing 

noise and interference. The IDT periodicity and the number 

of its unit cells determine the passband frequency and 

bandwidth of the RF-to-DC conversion while its aperture 

along with the number of its unit cells could be used to 

obtain a 50 Ω termination which is crucial for minimizing 

the power measurement error in most RF systems.        

 

  
 

Figure 3: (top) Measured RF reflection at the input RF port 

of the device (blue) along with the DC output (red) 

generated mainly within its passband. (bottom) RF-to-DC 

conversion curve at ~610 MHz showing a linear response 

across at least 30 dB of input RF power range (-20 dBm to 

10 dBm). 

 

 

 

Figure 4: The output DC level (yellow) is stabilized within 

1 ms of switching ON the input RF signal (green). Here ~4 

V output DC is measured for an input RF at 6 dBm. 
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