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Note S1. Design of individual PMUT cell
Fig. S1 shows a schematic cross-sectional view of the PMUT (CP) employed in this study. From top to bottom, the diaphragm comprises a silicon dioxide (SiO₂) elastic layer, a molybdenum (Mo) top electrode, an aluminum nitride (AlN) piezoelectric layer, and a Mo bottom electrode. Beneath the diaphragm lies a silicon (Si) substrate featuring an etched cavity. The cavity boundary clamps the diaphragm and provides mechanical support.
The elastic layer functions to shift the neutral plane position of the diaphragm by utilizing its stiffness, thereby creating a moment arm between the neutral plane and the piezoelectric layer. When a voltage is applied, this moment arm generates a bending moment, driving the flexural vibration of the diaphragm. Among various materials for elastic layers such as Si [1], Si₃N₄ [2], SiO₂ [3], AlN [4,5], and Mo [6]. Since SiO₂ has a relatively low Young’s modulus and small residual stress during deposition, which is beneficial for fabricating PMUT arrays with high uniformity, thus it was selected as the elastic layer herein and positioned at the outermost surface of the diaphragm. 
Designing an individual PMUT cell involves optimizing its frequency response. The resonance frequency  of a circular CP is related to its radius, as described by Eq. (1):

		(1)
where  are the equivalent stiffness and equivalent mass of the vibration diaphragm.  is the thickness and  is the radius of the diaphragm of CP. From Eq. (1), the  is proportional to  and inversely proportional to . Thus a thicker diaphragm and smaller radius lead to a higher resonance frequency. 
The transmit acoustic pressure  of a single CP cell can be expressed by Eq. (2):
	

	(2)


where  is the angular frequency,  is the medium density,  is the vibration velocity of the CP,  is the distance from the CP surface to the measurement point,  is the static displacement amplitude of the CP, and  is the quality factor. The effective vibrating radius and effective vibrating area of the CP are denoted by  and , respectively, and  is the physical area of the CP. The effective vibrating area  describes the performance difference between a PMUT and an ideal piston transducer. For equal center displacements, the CP's output is roughly one-third of the value produced by a piston transducer. 
When the CP operates in water, most of the energy is dissipated into the medium as acoustic energy [1, 2] while the quality factor  is small [3]. From Eq. (2), the transmit pressure  of the CP is approximately proportional to the static displacement  as follows:

		(3)

According to the vibration theory of a  mode bending plate, the static displacement is inversely proportional to the equivalent stiffness  and proportional to the driving moment arm as per Eq. (4).

		(4)

Here the driving moment arm  is the distance between the piezoelectric layer and the neutral plane of the diaphragm and is proportional to the diaphragm thickness . The equivalent stiffness of the CP is related to the diaphragm dimensions 

() [4], and thus can be written as Eq. (5):

		(5)
Substituting Eq. (1) into Eq. (5) yields Eqs. (6):

		(6)
Thus for PMUT devices designed to operate at the same resonance frequency, smaller radius and thinner diaphragms generally lead to better performance. However, reducing the device size increases fabrication difficulty, and making the piezoelectric layer too thin can degrade breakdown strength and reliability. Considering these trade-offs, we set the CP diameter to 40 µm in this work. From the vibration mode of the CP, the electromechanical coupling efficiency is maximized when the top electrode diameter is about 70% of the CP diameter. Therefore, the top electrode diameter is chosen as 28 µm.
To reduce parasitic resistance and energy loss in the electrodes, the thickness of the Mo electrodes is set to 0.1 µm. The AlN piezoelectric layer thickness is set to 0.5 µm. Electrical tests show that at this thickness the PMUT can withstand excitation voltages above 100 for long periods without damage, ensuring safety and reliability in human imaging applications. The SiO₂ elastic layer thickness is set to 1.2 µm, which provides high sensitivity while keeping the resonance frequency near 7 MHz, within the 7~15 MHz range required for high-resolution imaging of superficial organs such as the carotid artery. 
Detailed structural parameters of the clamped PMUT are listed in Table S2.
[bookmark: _Hlk216044845]
Note S2. Equivalent circuit model for PMUT array (ECMA)
[bookmark: _Hlk200235833]For the PMUT, the electrical, mechanical, and acoustic domains are coupled. An applied voltage induces strain in the piezoelectric layer via the inverse piezoelectric effect, drives membrane motion and emits an acoustic wave into the surrounding medium. Conversely, an incoming acoustic wave deforms the membrane and, through the piezoelectric effect, generates charge and voltage. This interaction is modeled using an equivalent circuit model (ECM), which maps geometry, material and fluid parameters onto the system’s electrical, mechanical and acoustic responses, thereby predicting PMUT performance and guiding design.
Each PMUT cell’s ECM contains electrical, mechanical and acoustic domains coupled by the electromechanical conversion coefficient  and PMUT effective vibrating area . The  and  are defined by Eqs. (7) and (8):

		(7)

		(8)



[bookmark: _Hlk200319678]where  is the effective piezoelectric coefficient of piezoelectric material.  is the distance from the middle of the piezoelectric layer  to the neutral layer position .  is the strain integral associated with the modal vibrational mode φ.  and  are the effective radius and the real cavity radius of the PMUT, respectively. ,  and φ can be expressed as Eqs. (9), (10), (11): 

		(9)

		(10)

		(11)







[bookmark: _Hlk200319444][bookmark: _Hlk200319466]where  is the thickness of each layer of the PMUT.  is the height from the center of each layer to the bottom surface.  is the area of each layer.  denotes the plate modulus, where  and  denote the Young’s modulus and Poisson, s ratio of the material, respectively.  denotes the ratio of the radius of the top electrode to the real radius of the cavity.



In the electrical domain,  represents is the input voltage and  represents the static capacitance of the PMUT,  can be calculated by Eq. 12. 

		(12)



where  and  are the vacuum and relative dielectric constants,  is the thickness of the piezoelectric layer.


In the mechanical domain, the force F represents the effective driving force of the piezoelectric material.  and  are the equivalent stiffness and equivalent mass of the multilayer plate structure of the PMUT in the ECMC, respectively. They can be obtained as follows:

		(13)

		(14)

		(15)


where  is the material density of each layer of the PMUT. In the mechanical domain, the current  is the vibration velocity of the PMUT membrane. 


The vibration of the PMUT produces a corresponding acoustic wave Pout in the acoustic domain, where the self-acoustic radiating impedance  is used to quantify the resistance of the acoustic medium to the diaphragm motion. It arises from the radiating effect of the PMUT film itself.  can be expressed as Eq. (16):

		(16)





where  represents the density of the medium and  represents the acoustic velocity of the medium.  and  represent the real and imaginary parts of the self-acoustic radiating impedance, respectively.  is the first-order Bessel function of the first class and k is the wave number.




When multiple PMUT cells are formed as an array, the equivalent circuit model of array (ECMA) is shown in Fig. S2. The array consists of N independent cells Pi  (i=1, 2, ..., N). Each cell has an intrinsic capacitance , an electromechanical conversion coefficient , an effective stiffness , and an effective mass . Under the synchronous operation of the array, the acoustic radiation fields of the different cells are coupled to each other. The coupling between any two cells Pi and Pj can be described by the mutual-acoustic radiation impedance Zij in the form of Eq. (17).

	 	(17)
where d is the inter-cell distance between adjacent PMUT cells. A is a function of the product of wave number and radii (ka). The analytical expression and the curves of A(ka) are shown in Fig. S3. The polynomial coefficients for the function A(ka) are listed in Table S1.
In a PMUT array, all active cells introduce crosstalk to the target cell Pi. So the total crosstalk suffered by Pi can be written as Eq. (18).

	 	(18)


where  and  denote the volume velocities of Pi and Pj.
Crosstalk changes the vibrational velocity of each PMUT cell. Thus the complete acoustic radiating impedance network must be constructed to resolve the overall acoustic response of the array. According to Kirchhoff’s voltage law (KVL), the self-consistent equation of the ECMA can be described as Eqs. (19) and (20).

		(19)

		(20)
Eq. (19) can be written as Eq. (21) [7].

		(21)







where vector  denotes the vibration velocity of all cells in the array,  denotes the electromechanical coupling coefficient vector,  represents the input voltage vector,  refers to the Hadamard (element-wise) product.  is the mechanical impedance matrix,  is the self-radiation impedance matrix, and  is the mutual radiation impedance matrix. Their expressions are given as follows by Eqs. (22), (23) and (24).

		(22)

		(23)

		(24)
The mechanical impedance of cell  in Eq. (22) can be written as Eq. (25).

		(25)

By solving Eq. (21), the cell velocity matrix  within the PMUT array can be obtained. And the complete acoustic field generated by the PMUT array can then be solved by the following mechanical-acoustic coupling Eq. (26). 

		(26)
[bookmark: _Hlk216044835]
Note S3. Design of surface encapsulation layer for PMUT array
Surface encapsulation layer plays a key role in the wearable application of PMUT. It provides comfort contacting with human skin, also is better to enhance the acoustic performance of PMUT array. Also it safeguards the device, particularly during in vivo human imaging procedures. Silicone elastomers are now the preferred material for PMUT acoustic impedance matching layers, thanks to their biocompatibility, closely matching the acoustic impedance of water, and the excellent processability [7]. PDMS, dragon skin, and ecoflex are among the most commonly used materials. Fig.S16 illustrates the structure and operating mechanism of our proposed encapsulation layer. When the PMUT film vibrates, its mechanical velocity drives the encapsulation layer medium to contract and expand periodically, creating a propagating acoustic wave Tx inside the encapsulation layer. Since silicone materials have a compressive velocity of ~1000 m/s, the wavelength inside the matching layer is ~150 µm which is around one-seventh the thickness of the encapsulation layer generally applied (>1 mm). Therefore the effect of multiple reflected wave P2 inside the encapsulation layer can be neglected. The final effective acoustic wave entering water is denoted as P1. To evaluate the contribution of the encapsulation layer to the acoustic pressure transmission efficiency, we define the transmission coefficient T as the ratio of the acoustic pressure amplitude with / without the encapsulation layer, which can be calculated from Eq. (29). The parameters in Eq.(29) can be obtained from Eqs. (27), (28) and (30). 

		(27)

		(28)

		(29)

		(30)











where t is the matching layer thickness;  and  are the attenuation coefficients of the silicone encapsulation layer and the water respectively.  and  are the surface pressure magnitude of PMUT in encapsulation layer and water.  represents the transmission coefficient of acoustic wave propagating from the encapsulation layer to water.  is the magnitude of incident acoustic pressure reaching the matched layer/water interface, and  is the magnitude of incident acoustic pressure measured at the same depth in the absence of the encapsulation layer (the region is replaced by water). Both  and  are calculated from ECMC. The acoustic impedances of the water and the encapsulation layer were  = 1.5 MRayl and  = 1.0 MRayl, respectively. The attenuation coefficients of the silicone encapsulation layer and the water were ~2 dB/mm @5MHz and 0.0055 dB/mm @5MHz, respectively [7, 8]. Substituting the above parameters into Eq. (29) yields the acoustic pressure transmission efficiency T = 58.7% for the 1mm silicone encapsulation layer.
In order to avoid liquid silicone penetrating into the cavity and affecting the performance of the device, a bilayer silicone encapsulation structure was used in this study, including an inner layer of PDMS and an outer layer of ecoflex. The process proceeded as follows: A 15 µm-thick PDMS layer was covalently bonded to the SiO₂ surface to achieve initial cavity sealing. Subsequently, Ecoflex precursors were mixed evenly and cast over the entire device to provide secondary encapsulation and a soft skin-contact interface after curing. The resulting structure exhibits reliable sealing, excellent acoustic wave transmission properties, and good biocompatibility, thereby enabling its use in long-term wearable ultrasound imaging applications. 
[bookmark: _Hlk216044827]


Note S4. Fabrication process for the PMUT array
The PMUT employs AlN as the piezoelectric film and it was fabricated through sacrifical layer process. Fig. S19 schematically show the fabrication flow. Firstly 1.5μm deep cavity was etched on silicon wafer and PSG was deposited on the cavity wafer. Chemical mechanical polishing was then carried out to flatten the wafer and a slightly over polishing was implemented, making the final cavity depth to be around 1.2μm. Subsequently, the bottom Mo electrode layer was grown and patterned, followed by the deposition of the AlN piezoelectric film and top Mo electrode layers, with the top electrode then patterned. Then the etch hold was opened, and the PSG was removed in buffered oxide etch (BOE) to release the cavity. Next 1.2μm thick SiO2 elastic layer was deposited on the structured layer. This thickness is equal to the cavity depth and it can partly fill the release hole on silicon substrate. Then we removed the SiO2 over the electrical pads and pathways, and deposited gold layer for electrical connection. After wafer dicing and device bonding to a printed circuit board, the silicone elastomer encapsulation layer was formed on the device. The gold patterns are not shown in the drawings. Subsequently, the SiO₂ over the electrical pads and pathways was removed, and a gold layer was deposited for electrical connection. The gold patterns are not shown in the drawings. After wafer dicing and device bonding to a printed circuit board, a silicone elastomer encapsulation layer was formed on the device. 

[bookmark: _Hlk216044813]Note S5. Calculation of blood pressure with ultrasound imaging data
Based on the dynamic changes in arterial diameter extracted from sequences of continuous ultrasound images, the corresponding blood pressure waveform can be further calculated [9]. The variation of blood pressure with time 𝑡 can be expressed as Eq. (31)

		(31)




where  is the diastolic pressure.  is the diastolic arterial cross-sectional area.  represents the cross-sectional area of the artery at time t.  represents the stiffness coefficient of the artery. Normally the cross-section of an artery is circular in shape, so the cross-sectional area  of an artery can be expressed by Eq. (32).

		(32)

where  is the diameter of the artery at time t. Human blood vessels have good elasticity. The hysteresis of the pressure-diameter relationship is usually less than 0.2%. Therefore Eq. (32) can be substituted into Eq. (31) to reconstruct the blood pressure waveform using the vessel diameter waveform (Eq. (33)).

		(33)


where  is the cross-sectional diameter of the artery in diastole. Therefore,  is denoted as Eq. (34).

		(34)





where  is the cross-sectional diameter of the artery during systole and  denotes systolic blood pressure.  and  can be measured by commercially available blood pressure measuring devices, such as an upper arm electronic sphygmomanometer. Once the arterial stiffness coefficient  is obtained, the change in blood pressure waveform over time can be detected in real time by using the vessel diameter measured from real-time ultrasound images.
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Fig. S1. Schematic drawing of an individual PMUT cell
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[bookmark: _Hlk216044692]Fig. S2. Equivalent circuit models for PMUT array (ECMA)
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[bookmark: _Hlk216044685]Fig. S3. The acoustic radiation impedance of PMUT cell, a. for a single PMUT cell, there is no crosstalk, and only the self-acoustic radiation impedance from the medium acts upon it. The real (Rself) and imaginary (Xself) parts of the self-acoustic radiation impedance vary with ka (k × a). b. when two PMUT cells in an array operate simultaneously, they experience mutual crosstalk. The mutual-acoustic radiation impedance components Rij and Xij are 90° out of phase. This makes the crosstalk to decay in an oscillatory manner as the inter-cell spacing d increases. 
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[bookmark: _Hlk216044678][bookmark: _Hlk215429063]Fig. S4. Comparison of the 2D acoustic field between the equivalent circuit model (ECM) and finite element method (FEM). A linear PMUT array consists of 20 cells connected in parallel, with a circular cell diameter of 40 µm and an inter-cell spacing of 90 µm, is used in this simulation to compare the acoustic field distribution at the same frequency. a. FEM simulation of the acoustic field, using a computation time of ~30min. b. The acoustic field computed by PMUT array’s ECM (ECMA), with a computation time of ~3s. c. The acoustic pressure along the z-axis over the surface of PMUT array extracted from the calculated acoustic field by FEM and ECM, respectively. 
The results demonstrate that the two curves exhibit high consistency in tendency, focus position, and acoustic pressure values, confirming that the ECM method offers significant computational accuracy. The computing time for ECM is significantly shorter than that of FEM, demonstrating a substantial advantage in computational efficiency. 
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[bookmark: _Hlk216044668]Fig. S5. Crosstalk analysis model for large PMUT arrays. a. For large PMUT array, calculating the mutual-acoustic radiation impedance for every cell is impractical. When the array contains numerous cells, most cells exhibit nearly identical amplitude and phase profiles. In this regime, mutual impedance becomes weakly dependent on individual cell velocities, allowing the originally nonlinear coupling to be approximated as linear. Consequently, a representative element within the array can be isolated and its crosstalk can be analyzed separately. b. Reduced equivalent-circuit model (RECM) for a single array cell. Zmulti denotes the total mutual-acoustic radiation impedance (i.e., acoustic crosstalk) acting on the PMUT cell. 
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[bookmark: _Hlk216044601]Fig. S6. Effects of inter-cell spacing (d) on vibration amplitude and phase for all cells in a 20×20-element array (cell diameter = 40μm). a. d = 50 μm, b. d = 70 μm, c. d = 90 μm, d. d = 110 μm, e. d = 130 μm, f. d = 150 μm. 
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[bookmark: _Hlk216044590]Fig. S7. Effects of inter-cell spacing (d) on the acoustic field distribution of 20×20-element PMUT array (cell diameter = 40μm). a. d = 50 μm, b. d = 70 μm, c. d = 90 μm, d. d = 110 μm, e. d = 130 μm, f. d = 150 μm.
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[bookmark: _Hlk216044582]Fig. S8. Ultrasound pressure and bandwidth characteristics of 20×20-element PMUT array (cell diameter = 40μm). a. normalized sound pressure distribution from -10° to 10° relative to the sound pressure at 0°. The ultrasound pressure is obtained at 2cm away from the PMUT surface. b. frequency-dependent normalized sound pressure relative to its maximum value at the natural focus point. c. effect of cell spacing d on the acoustic sensitivity at the natural focus point and −6 dB ultrasound transmission bandwidth. They were normalized to the maximum value in this group. 
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[bookmark: _Hlk216044573]Fig. S9. Effects of inter-cell spacing (d) on vibration amplitude and phase for all cells in a 2.2mm x 2.2 mm array (cell diameter = 40μm). a. d = 50 μm, b. d = 70 μm, c. d = 90 μm, d. d = 110 μm, e. d = 130 μm, f. d = 150 μm. 
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[bookmark: _Hlk216044564]Fig. S10. Effects of inter-cell spacing (d) on the acoustic field distribution of a 2.2mm x 2.2 mm array (cell diameter = 40μm). a. d = 50 μm; b. d = 70 μm; c. d = 90 μm; d. d = 110 μm; e. d = 130 μm; f. d = 150 μm. 
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Fig. S11. Ultrasound pressure and bandwidth characteristics of a 2.2mm x 2.2 mm array (cell diameter = 40μm) with various inter-cell spacing (d). a. normalized sound pressure distribution from -10° to 10° relative to the sound pressure at 0°. The ultrasound pressure is obtained at 2cm away from the PMUT surface. b. frequency-dependent normalized sound pressure relative to its maximum value at the natural focus point. c. effect of cell spacing d on the acoustic sensitivity at the natural focus point and −6 dB ultrasound transmission bandwidth. They were normalized to the maximum value in this group. 
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[bookmark: _Hlk216044534]Fig. S12. Pulse-echo spectra of a 2.2mm x 2.2 mm array (cell diameter = 80μm and a center frequency being about 3MHz) with various inter-cell spacing d. a. d = 105 μm, b. d = 100 μm, c. d = 90 μm; d. comparison of sensitivity and −6 dB bandwidth, showing decreasing performance as the increase of inter-cell spacing. 
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[bookmark: _Hlk216044526]Fig. S13. The impact of PMUT size on wearability. a and b are the schematics of a wide and ultra-narrow PMUT array for wearable applications respectively. 
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[bookmark: _Hlk216044517]Fig. S14. The influence of beam-forming on the ultrasound pressure fields generated by a ~7 MHz, 64-element linear ultra-narrow PMUT array (1 cm length × 0.15 cm width). a. ultrasound pressure field distributions without beam-forming and with the main lobe focused at 20 mm depth via beam-forming, b. normalized pressure values relative to the reference pressure at the focal point, measured along the horizontal axis and the z-axis, both passing through the focal position.
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[bookmark: _Hlk216044503]Fig. S15. The influence of phased-array beam-forming on the imaging characteristics of the ~7 MHz, 64-element linear ultra-narrow PMUT array (1 cm length × 0.15 cm width). a. Ultrasound images of three human hairs (~60 μm in diameter) obtained with and without beam-forming techniques. b. lateral (x-direction) and axial (z-direction) resolutions obtained with and without beam-forming techniques.
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[bookmark: _Hlk216044495]Fig. S16. Surface encapsulation layer for PMUT array. a. schematics of the PMUT array coated with a surface encapsulation layer, b. acoustic-transmission principle through the surface encapsulation layer, c. structure of the bi-layer PDMS/Ecoflex silicone surface encapsulation layer used in this work.
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[bookmark: _Hlk216044484]Fig. S17. Reduction of mechanical crosstalk through isolation trenches. a. a finite element simulated example of stress distribution on silicon substrate with trench under two-cell excitation. b. the effect of trench depth on mechanical crosstalk, demonstrated by normalizing the center displacement of the cross-coupled PMUT cells to the values when no trench exists. 
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[bookmark: _Hlk216044477]Fig. S18. Curve of the complex polynomial coefficient A(ka) as a function of ka.


A(ka) is a fundamental parameter in mutual acoustic radiation impedance and can be expressed as a tenth-order polynomial by Eq. (35) [1]. The coefficients pi are listed in Table S1.
A(ka)=p1 ka 10+ p2 ka 9 + p3 ka 8 +⋯+ p10 ka + p11			(35)
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[bookmark: _Hlk216044465]Fig. S19. Fabrication flow of our PMUT device.
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[bookmark: _Hlk216044457]Fig. S20. SEM image of the vibration diaphragm's cross section of an individual PMUT.











[bookmark: _Hlk216044451]Fig. S21. The ultrasound signal variation of the PMUT array at various temperatures.
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[bookmark: _Hlk216044445]Fig. S22. Carotid artery ultrasound images acquired at 1-second intervals from continuous imaging. 
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[bookmark: _Hlk216044437]Fig. S23. Original ultrasound images before post-processing of a. carotid artery, b. thyroid gland, c. dorsalis pedis artery. 
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[bookmark: _Hlk216044427]Fig. S24. Comparison of ultrasound images from our PMUT array (g, h, i) versus those acquired with a clinical 160-channel linear transducer (L12-3ERGO) (a, b) and reference PMUTs based on PZT (c, d) [10, 11] or AlN (e, f) [12, 13] thin films using a research-grade imaging system. Images of a. the carotid artery, b. dorsalis pedis artery, c. carotid artery, d. carotid artery, e. 6 mm metal block, f. 0.4 mm copper pin, g. carotid artery, h. dorsalis pedis artery, i. 0.06 mm human hair.    



[bookmark: _Hlk216044411]
Table S1. Polynomial coefficients for the function A(ka) in Fig. S18 and Eq. (35)
	
	Real
	Imagery

	n
	1
	-5.34237e-07
	-2.15428e-07

	
	2
	9.60487e-06
	6.64439e-06

	
	3
	-1.76278e-05
	-8.03963e-05

	
	4
	-6.79795e-04
	4.61167e-04

	
	5
	5.09681e-03
	-1.14002e-03

	
	6
	-7.47336e-03
	7.16523e-04

	
	7
	-2.50852e-02
	-2.72073e-03

	
	8
	-9.71827e-03
	1.47321e-02

	
	9
	2.87292e-01
	-9.01486e-04

	
	10
	-1.09336e-03
	1.92266e-04

	
	11
	8.62694e-05
	-1.42685e-05



[bookmark: _Hlk216044403]Table S2. The structural and material parameters in our individual PMUT cell
	Parameter
	Material
	Radius (μm)
	Thickness (μm)
	Young's modulus (GPa)
	Density (kg/m3)

	Elastic layer
	SiO2
	20
	1.2
	70
	2200

	Top electrode
	Mo
	14
	0.1
	312
	10200

	Piezoelectric layer
	AlN
	20
	0.5
	345
	3300

	Bottom electrode 
	Mo
	20
	0.1
	312
	10200

	Substrate 
	Si
	-
	600
	169
	2329




[bookmark: _Hlk216044395]
Table S3. Design specifications of our developed linear AlN-PMUT array
	Parameter
	Value

	Center Frequency
	~7 MHz

	Bandwidth
	~60%

	Number of channels
	64 (64×1)

	Element pitch
	167 μm

	Spacing between PMUT
	10 μm

	Azimuth aperture
	1 cm

	Elevation aperture
	0.15 cm

	Focal depth
	2 cm

	Cable length
	1 m

	Array area
	0.15 cm2

	Cell number in the PMUT array
	5760

	Encapsulation layer
	Silicone material

	Fill factor
	50.24 %



[bookmark: _Hlk216044387]Table S4. Comparison about the ultrasound bandwidth and signal noise ratio between reference PMUTs and piezoelectric bulk ultrasound transducer
	Reference
	Transducer type
	Frequency
(MHz)
	Pulse-echo bandwidth (%)
	Pulse-echo signal noise ratio (dB)

	Ref[14]
	Piezoelectric Bulk Ultrasound Transducer
	2
	24.6
	38@4cm

	Ref[15]
	PZT-PMUT
	6
	18
	16.6@1.4cm

	Ref[10]
	PZT-PMUT
	11
	68
	14.1@6.7mm

	Ref[13]
	AlN-PMUT
	7
	14.3
	21.4@5mm

	This Work
	AlN-PMUT
	7
	63
	28.2@1cm



[bookmark: _Hlk216044379]
2

2

Table S5. Comparison of transducer size and resolution between this work and representative reported studies
	
	Transducer type
	Frequency
(MHz)
	Area (cm2)
	Aperture size (cm)
	AR*
	Lateral resolution
(mm)
	Axial resolution (mm)
	Human imaging
	Human imaging depth (cm)

	Ref[16]
	Piezoelectric Bulk Ultrasound Transducer 
	7
	2
	1
	2:1
	0.38
	0.23
	Yes
	6

	Ref[17]
	Piezoelectric Bulk Ultrasound Transducer
	3
	1
	1
	1:1
	0.56
	0.5
	Yes
	4

	Ref[18]
	Piezoelectric Bulk Ultrasound Transducer
	5
	2.3
	0.5
	9:1
	1.2
	0.3
	Yes
	2

	Ref[19]
	PZT-PMUT
	3
	0.04
	0.2
	1:1
	1.5
	-
	No
	-

	Ref[20]
	PZT-PMUT
	8.5
	2.1
	0.8
	3.3:1
	1.8
	0.61
	No
	-

	Ref[21]
	PZT-PMUT
	5
	0.22
	0.2
	6:1
	1.1
	0.5
	No
	-

	Ref[22]
	AlN-PMUT
	7
	0.11
	0.34
	1:1
	~1
	~1
	No
	-

	Ref[23]
	AlN-PMUT
	2.7
	1.4
	0.55
	4.7:1
	5
	-
	No
	-

	This work
	AlN-PMUT
	7
	0.15
	0.15
	7:1
	0.26
	0.25
	Yes
	3


*AR: aspect ratio of the transducer array.

[bookmark: _Hlk216044372]Table S6. Comparison of the transducers' surface temperature and power consumption between this work and representative reported studies.
	
	Transducer type
	Operating temperature (℃)
	Array power
(mW)
	Continuous 
monitoring time (h)

	Ref[16]
	[bookmark: _Hlk217642092]Piezoelectric Bulk Ultrasound Transducer
	~31.5
	-
	48

	Ref[14]
	Piezoelectric Bulk Ultrasound Transducer
	~30
	720
	1

	Ref[24]
	Piezoelectric Bulk Ultrasound Transducer
	~36
	-
	-

	Ref[25]
	Piezoelectric Bulk Ultrasound Transducer
	~32.5
	59.1
	-

	This work
	AlN-PMUT
	31.4±0.5
	15.6
	>5
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