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Figure S1: a) Tensile stress vs. strain graph showing the enhanced tensile strength of PI-coated paper. SEM micrographs show (b) the surface and (c) the cross-section of the base paper.
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Figure S2: Spectrogram comparison of linear frequency sweeps (0-20kHz) recorded by the cascaded and single devices to the original audio file(a). Comparison of mel spectrograms from the TENG recorded audio and from the original audio files (b,c). Power Spectral Density (PSD) analysis of the TENG acoustic sensor under a frequency range of 20Hz-20kHz (d). The TENG acoustic sensor's output voltage response as a frequency function under constant sound pressure of 90 dB SPL (e).
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Figure S3: Real image of the device.

Figure S3 shows the photograph of the device's overall design and construction, highlighting key components and features. This image provides a detailed view of the device's physical appearance. The device design comprises three main layers contributing to its compact form factor. The first layer is crucial as it includes guide edges for the subsequent layers and a tensioning mechanism for the PTFE layer. This mechanism comprises a raised edge over which the film is pulled, thereby inducing tension. The middle layer is a simple plate with an opening surrounding the tensioning mechanism, and it holds the PTFE layer in place, as illustrated in Figure 1c. The final layer secures the PI/GP layer and allows for spacing adjustment. 
Screws of uniform thickness fasten together the first two layers, while the final layer is held by screws thicker than the device, secured with nuts that can be adjusted to achieve the desired spacing (Figure 1c). Additionally, the device features two notches at the front for the copper electrodes. The structural components are fabricated using Polylactic acid (PLA) due to its ease of use in 3D printing and low material cost, facilitating easy fabrication and cost-effectiveness. PLA is also biodegradable and highly biocompatible, allowing for the device's implementation as wearable technology.1
During assembly, the PI/GP coated paper serves as the tribo-positive layer and is positioned to contact the PTFE membrane, which acts as the tribo-negative layer. External connections are established using copper tape to link the aluminum sections of the triboelectric layers, completing the device assembly and facilitating the collection of electrical signals generated by the TENG.
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Figure S4: Signal Comparisons of Voltage and Current Across Devices (a, b) Voltage and current signal comparisons of all devices in 2D graphs. (c, d) Voltage and current signal comparisons of all devices are represented in 3D graphs. (e, f) Voltage and current signal comparisons of parallel-wired and series-wired cascaded devices. All tests were performed during a frequency sweep at 90 dB SPL.
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Figure S5: Analysis of Linear Frequency Sweep for Varying Spacer Lengths (a) Power spectral density (PSD) represented in a 3D graph for varying spacer lengths. (b) Magnified PSD results between 0 to 6 kHz for improved resolution and comparison in a 2D graph. (c) The output voltage waveform of the linear frequency sweep for varying spacer lengths is shown in a 3D graph.
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Figure S6: (a) Output voltage waveform of the TENG-based microphone during a linear frequency sweep at varying sound pressure levels (SPLs) ranging from 60 to 100 dB, measured at a fixed distance of 30 cm using an SPL meter. (b) Output voltage waveform recorded at different distances from the speaker under constant excitation conditions. (c) Output power of the device as a function of sound pressure level (SPL).
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Figure S7: a) Setup Overview Including the Speaker, Waveguide, Oscilloscope, and Device. b) Output Power Density for 154 Hz Frequency Sound at 94 dB.

Video S1
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Figure S8: Comparison of Output Current Before and After One Month and Durability Test for 1 Hour of Continuous Playback at 154 Hz Frequency.
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Figure S9: Wireless communication circuit diagram and the complete setup.
Video S2
Video S3
Table S1: Summary of recent triboelectric acoustic energy harvesters, comparing key performance metrics including sound pressure level (SPL), frequency range, output power density, current and voltage outputs, and integration with real-time ML functionalities.
	Device Type / Study Focus
	Year
	SPL (dB)
	Frequency Range (Hz)
	Output Power Density (µW/cm²)
	Output Current Density (uA/cm2)
	Output Voltage
	Real-Time ML
Application
	Reference

	Organic Film TENG for Acoustic Energy Harvesting and Self-Powered Active Acoustic Sensing

	2015
	110
	10-1700
	6.02
	15.1 uA
	60.5
	No
	2

	Acoustic BaTiO3/PVDF-TrFE Core-Shell Piezo-Triboelectric
	2021
	120
	170-1000
	0.693
	0.922
	15.24
	No
	3

	TENG based on electrospun nanofiber
	2022
	104
	100-1000
	0.12
	1.2
	170
	No
Noise Decibel Monitoring
	4

	ultrasound-driven TENG
	2022
	-
	20000-40000
	0.45
	0.028
	5.5
	No
	5

	eardrum-like triboelectric acoustic sensor
	2022
	103
	20-5000
	0.08
	-
	0.6
	Yes
Speech Recognition
	6

	Graphene-based dual-function TENG for machine learning-assisted human-robot interfaces
	2022
	115
	20-20000
	-
	-
	55.8
	Yes
Human-Robot Interaction
	7

	CF-CNT based TENG
	2023
	100
	-
	-
	-
	0.2
	No
	8

	Frequency Selectivity Acoustic Sensing Array with Broad Bandwidth
	2023
	-
	400-3000
	-
	-
	12.5
	No
	9

	Self-aware artificial auditory neuron with a TENG sensor
	2023
	95.5
	20-1000
	0.2
	0.05
	29.5
	Yes
	10

	A multi-hole resonator-enhanced acoustic energy harvester
	2023
	104
	50-400
	89
	94.7
	350
	Yes
Voice Sensing
	11

	Ultra-Broadband TENG Sensor for Sound Monitoring and Ultrasonic Diagnosis
	2023
	110
	100-4MHz
	-
	-
	9
	Yes
Voice Recognition
	12

	TENG-based sound detector
	2024
	-
	10-200
	14.7
	0.21
	80
	No
	13

	This Work
	2024
	90
	20 Hz – 20 kHz
	1.6
	0.40
	93
	Yes
Real-time Sound Classification
	This Work
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