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MEMS Microphone Technology Explained
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Working Principle: Converting Sound Waves into Electrical Signals

The core of a MEMS microphone lies in using tiny capacitance changes to sense sound. Its internal structure
consists of a diaphragm and a fixed, perforated backplate, forming a miniature capacitor. When sound waves enter,
the diaphragm vibrates in response to the sound waves, altering the distance between it and the backplate, thereby
causing a change in capacitance that is proportional to the sound pressure.
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To process these minute capacitance changes, an ASIC (Application-Specific Integrated Circuit) chip is
integrated inside the microphone. The ASIC is responsible for providing bias voltage, amplifying the signal, and,
in digital microphones, performing analog-to-digital conversion, ultimately delivering a high-quality analog or
digital signal.
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MEMS microphones offer both analog and digital output interfaces:
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- Analog Output: Outputs a continuously varying voltage signal. The structure is simple, but it is more

susceptible to electromagnetic interference.
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- Digital Output: Common formats include PDM (Pulse Density Modulation) and I* S (Inter-IC Sound). It
can directly connect to digital processors (like DSPs) and offers stronger anti-interference capability.
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2. FEHE: HEN vs. FERN

Main Classification: Capacitive vs. Piezoelectric
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Based on the transduction method, MEMS microphones are primarily divided into capacitive and

piezoelectric types.
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3. HIIETZE: MUEHMEIEZEML

Manufacturing Process: Precision Machining of Microstructures
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The manufacturing of MEMS microphones embodies the precision of semiconductor technology, with the

core processes including:
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Substrate Preparation: Typically using silicon wafers as the base material, sometimes employing SOI
(Silicon-On-Insulator) substrates to enhance performance.
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Photolithography: Through processes such as coating, exposure, and development, patterns for tiny
structures like the diaphragm and backplate are defined on the silicon wafer.
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Etching: Utilizing dry or wet etching techniques to selectively remove silicon material, forming
suspended three-dimensional structures, which is a core step in manufacturing.

4. PR @ PVD (WESAHDIED 3 CVD (ZESARTIRD SRR, fEgh i By 4 ) s
GAEL DUE R AN I RESZ .
Thin-Film Deposition: Using techniques such as PVD (Physical Vapor Deposition) or CVD (Chemical
Vapor Deposition) to deposit metal or insulating materials on the structures to form electrodes and functional
layers.
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Diaphragm Fabrication: Through precise deposition and etching processes, an extremely thin and
sensitive diaphragm is created, which determines the microphone's sensitivity and frequency response.
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Packaging: Encapsulating the fabricated MEMS chip and ASIC chip in a protective housing with an
acoustic port to ensure stable and reliable performance.
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Testing and Calibration: Conducting rigorous electrical and acoustic tests to ensure the product meets
design specifications.
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The technical focus in this field centers on continuously improving sensitivity, broadening and flattening
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frequency response, reducing noise floor, achieving system-level integration, ensuring long-term reliability, and

controlling power consumption.
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Interpretation of Key Performance Parameters
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When selecting a MEMS microphone, the following core performance indicators warrant particular attention:
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- Sensitivity: Measures the efficiency of the microphone in converting sound pressure into an electrical signal,
typically expressed as a negative decibel value (dBV or dBFS); a higher value indicates higher sensitivity.
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- Signal-to-Noise Ratio (SNR): Refers to the ratio of the signal to background noise (usually A-weighted, in
dBA); a higher value signifies purer sound. High-end applications typically require over 70 dBA.
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- Frequency Response: Refers to the microphone's gain for sounds of different frequencies. A flat, wideband

response is ideal for accurate sound reproduction.
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- Acoustic Overload Point (AOP): Refers to the input sound pressure level (in dB SPL) at which the total
harmonic distortion (THD) of the output signal reaches 10%, representing the maximum distortion-free volume
the microphone can handle. Typical consumer products range from 120-130 dB SPL, with piezoelectric types
being even higher.
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- Power Consumption: Critically important for battery-powered devices. The power consumption of current
high-quality MEMS microphones can be controlled at low levels, with piezoelectric types offering advantages in

specific modes.
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- Power Supply Rejection Ratio (PSRR): Measures the microphone's ability to suppress noise from the power

supply (in dB); a high PSRR means cleaner sound signals can be obtained in complex circuit environments.
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Application Fields and Examples
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The application range of MEMS microphones is very broad:
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- Consumer Electronics: Used in smartphones, TWS earbuds (voice calls/noise cancellation), smart speakers
(far-field voice pickup), etc., typically requiring high SNR, low power consumption, and compact packaging.
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- Automotive Electronics: Applied in in-vehicle voice interaction, active noise cancellation, etc., requiring a
wide operating temperature range (-45° C to 105° C) and high AOP (e.g., 130 dB SPL).
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- Industrial and Medical: Used for industrial equipment condition monitoring (capturing abnormal sound

waves in noisy environments) and medical hearing aids (requiring low power consumption, high sensitivity).
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Market Trends and Major Manufacturers
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The MEMS microphone market maintains a growth trajectory. According to publicly available industry
analysis reports, the market sales scale continues to expand, with several leading companies driving industry
development, including Knowles, Goertek, AAC Technologies, STMicroelectronics, Infineon, and TDK. Among
them, Chinese manufacturers hold a significant position in the global supply system.
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Future Technology Trends
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- Higher Performance and Al Integration: Pursuing higher SNR to support artificial intelligence voice

interaction, while exploring the direct integration of Al noise reduction algorithms into microphone modules.



- BT SRR LT CEEXURIE (SDMD” AR AiR, LARRTEBI AR MBIKEE ), feTHEEAEA]
.

- Novel Structures and Materials: New structures such as "Sealed Dual Membrane (SDM)" are emerging to
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enhance dust and water resistance, improving device reliability.
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- Smaller Size and Lower Power Consumption: To accommodate wearable devices, AR/VR glasses, etc.,

miniaturization and ultra-low power consumption are directions for continuous iteration.
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- Exploration of Cutting-Edge Technologies: Microphone technologies based on new materials (such as
graphene) and optical principles are currently in the research stage, aiming for further breakthroughs in

performance.
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*The content of this article is compiled based on publicly available industry information and is for reference
only.*
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