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Detailed Explanation of Electret Condenser Microphone Technology
—. T {EJR*8 Working Principle

1.1 #os TAEMAH Core Operating Mechanism
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The basic principle of an electret condenser microphone (ECM) is the charge-discharge effect of a
variable capacitor. When sound waves act on the diaphragm, the distance between the diaphragm and the
backplate changes periodically. According to the parallel-plate capacitor formula C = ¢ A/ d (where
*d* is the plate spacing), the capacitance value changes accordingly. Since the charge amount *Q* on
the electret material remains almost constant in the short term (*Q = C + V*), the change in capacitance
ultimately causes a voltage change: AV =Q / A C. This weak voltage change is then amplified and
buffered for output by the built-in JFET (Junction Field-Effect Transistor).

1.2 Fz08 %42 A Equivalent Circuit Model
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- Signal Source: An ECM can be equivalent to a capacitive voltage source with high output
impedance.
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- Buffer Stage: The intrinsic output impedance of the transducer part is extremely high and must be
reduced to typically below 2.2 k Q@ by a unity-gain buffer (i.e., the JFET) to ensure effective signal
transmission to the next stage circuit.
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- Output Stage: The JFET's output terminal is externally connected to a DC-blocking capacitor,
filtering out the DC bias component and outputting a pure AC audio signal.

—\. AEMESIERE Internal Structure and Types

2.1 M3R4ER% Internal Components
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The typical structure of an ECM (from the sound inlet inward) includes:
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- Non-woven Fabric: Dust and particle protection.
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- Housing: Metal material, providing protection and electromagnetic shielding.
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- Pole Ring: Used to secure the diaphragm.
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- Diaphragm: Extremely thin polyester film, metal-plated on one side, serving as the core for sound
reception and capacitance change.
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- Spacer: Precisely controls the air gap distance between the diaphragm and the backplate.
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- Backplate: A fixed metal electrode with acoustic damping holes.
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- Base: Houses the backplate and internal circuitry, providing the external interface.

2.2 BEMAR KA Electret Types
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Table 1: Impact of Microphone Type on Capacitance and Charge
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Initial Capacitance Lower (light diaphragm) Higher (contribution from backplate)
P A 1 — M CEHRAE N S50 ) Bmm (SMEREE)
Charge Stability Average (affected by diaphragm stress) Higher (more stable structure)
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Performance signal-to-noise ratio
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1. Foil/Front Electret: A common low-cost solution. The electret material itself serves as the
diaphragm, simultaneously receiving sound waves and providing polarization charge.
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2. Back Electret: A scheme commonly used in professional-grade microphones. The electret
material is fixed to the backplate, while the diaphragm is only responsible for acoustic vibration. This
structure provides more stable electret charge, better consistency, and superior signal-to-noise ratio.

=\ XHEMEESE Key Performance Parameters
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- Frequency Response: Standard consumer-grade ECMs typically range from 20 Hz to 20 kHz,
covering the human auditory range.
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- Sensitivity: Measures the acoustic-to-electrical conversion efficiency, often expressed as output
voltage under 1 Pa sound pressure. Typical values for consumer products range from -40 dB (approx. 10
mV/Pa) to -36 dBV/Pa; the closer the decibel value is to 0, the higher the sensitivity.
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- Signal-to-Noise Ratio (SNR): Typical values range from 55 dBA to >70 dBA. When the SNR is
higher than 70 dB, audible "hiss" is significantly reduced.
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- Dynamic Range: The range from the self-noise floor to the maximum undistorted Sound Pressure
Level (SPL). Typical values for high-quality ECMs are about 111~124 dB, with a maximum SPL
capable of reaching 144 dB SPL.
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- Output Impedance: Typical low-impedance consumer values are about 2.2 k Q ; professional
balanced outputs can be as low as 100~200 Q.
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T (Figure-8) %%,

- Directivity: Includes omnidirectional, cardioid, supercardioid, and figure-8 patterns, among
others.
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- Operating Voltage and Current: Typical supply voltage for consumer ECMs is 1.5~10 V, with a
current of approximately 500 1 A (0.5 mA).

. AEBEEEKIEIT Internal Circuit Design

4.1 H #h4m F ¥ ¥% Basic Bias Circuit

ECM P #8308 5 B il 3L YR AR a5 PR B 45 150 L 1) JFET AT BHTAR # o A% 0 BB A FEBE I B +
FREHEAE”

ECMs typically integrate a JFET in a common-source or source-follower configuration for
impedance conversion. The core circuit is a "resistor bias + DC blocking capacitor":
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- Bias Resistor Rb (usually 1~2.2 k Q ): Connects the positive power supply terminal to the ECM
output, providing a DC operating point for the JFET. Higher resistance values can yield higher gain but
limit the maximum undistorted SPL.

- FREFEA Cb: M Rb Sl Ao, WERIEERDE, WlaistieEe.

- DC Blocking Capacitor Cb: Connected from the junction of Rb and the output, it isolates the DC
component of the power supply and outputs a pure AC signal.
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4.2 #HUrd k. MR 5 -F#r4E Advanced Circuits: RF

Filtering and Balanced Output
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- RF Protection: Modern ECMs can integrate filter capacitors, combined with chip ferrite beads, to
form low-pass power supply filters, effectively suppressing RF interference from mobile phones, Wi-Fi,
etc.
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- Balanced Transmission: In professional audio, ECMs can convert the unbalanced single-ended
output into a balanced differential signal (e.g., XLR interface) via built-in or external transformers,

providing strong common-mode rejection and supporting passive long cable runs of hundreds of meters.

43 FERATH: A K 5144 Integrated Front-End:

Amplification and Analog-to-Digital Conversion
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- Integrated Amplifier: The raw ECM signal is only a few millivolts. A CMOS integrated
operational amplifier can provide 24 dB or higher fixed gain, amplifying it to line level to directly drive
an ADC.
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- Fully Integrated Digital ECM: Replaces the JFET with an ASIC containing a % A
analog-to-digital converter and a digital interface, capable of directly outputting digital PDM or I S

format signals within the same metal housing, with intrinsically strong noise immunity.

4.4 245 £ w35 Classic Reference Circuit
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Below is an example of a discrete-component ECM amplifier circuit incorporating RF protection
and common-mode rejection.
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Circuit Node Details:
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1. Bias Resistor (R1): Provides the operating point for the JFET source follower. Low thermal noise
metal film or wire-wound resistors should be selected.

2. WAISEEE A (C1) « BT HIESHZE, JERR B IRSOR AR ST

2. RF Bypass Capacitor (C1): Placed between the power supply and ground to filter supply ripple
and RF interference.

3. IBIRZER TR BB mim NS 5 e 40 o AN 52 A B e P S M P 22 05 5, KIE STt
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3. Op-Amp Differential Amplifier: Converts the single-ended input into a balanced differential
signal unaffected by ground loop noise, greatly enhancing interference immunity and suitability for

long-distance transmission.

fi. AU Application Fields
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- Consumer Electronics: Mobile phones, TWS earbuds, voice recorders, wired/wireless headphones,
integrated microphone arrays in laptops, etc.

- S RECRIT X RIS TR SRR TSGR 2 (R
Audio-Technica AT2020. Sony ECM-678 #J51)) .

- Professional Audio: Shotgun interview microphones, gooseneck conference microphones,
instrument pickups, broadcast-grade headsets (typical products include the Audio-Technica AT2020,
Sony ECM-678 series).

- T 5BEYY: PR s DR il AV I, R R A

- Industrial and Medical: Acoustic vibration sensors, heart sound monitoring, industrial noise
monitoring, voice recognition modules, etc.
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- Hearing Aids: A classic core ECM application; over 90% of global hearing aids use subminiature
ECM capsules, benefiting from their analog high-gain and reliable acoustic feedback characteristics.

7~ REETB5HER Development Trends and Challenges
U
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Although MEMS microphones are rapidly growing in the portable consumer electronics sector,
ECM technology continues to deepen its cost-performance advantages. General trends include:

- MR RAIACKRE Y. 7 sS)@ S R gE A A RE, SR TH e i o FE M sl AR E I (FTIE
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- Material Upgrades: Adoption of novel electret materials such as nanofibers and graphene to
enhance charge density and high-temperature stability (capable of 85° C or higher).
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- Process Integration: Combining MEMS micromachining processes with traditional ECM
packaging to create more precise, integrated products, improving sensitivity and consistency.

- WAL JPRERAL 2.5 mm KB, R TCLRENL. BT N B A R 1
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- Miniaturization: Development of subminiature products less than 2.5 mm in diameter to meet the
stringent space requirements of devices like wireless earbuds and medical endoscopes.
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- Intelligence: Deep integration with Analog Front-Ends (AFEs); the ECM's analog output signal
can be directly converted by high-precision ~ A ADCs and integrated with DSP processing to enable
local keyword wake-up, environmental noise reduction, and other functions.

- apfaliE: PRI ORI T Z, AR R T Z.

- Green Manufacturing: Development of lead-free, environmentally friendly polarization processes,
optimizing solderless assembly processes.
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With its irreplaceable affinity for mid-frequency vocals and extremely low material cost, ECMs still
hold a solid position in high-end analog domains such as voice conferencing, professional instruments,

hearing assistance, and wide-area monitoring.

+. IMEM A MRFEIRZIT Environmental Durability

Assurance Design
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The core of ECM durability against extreme temperature cycling and high-humidity environments
lies in the diaphragm manufacturing process, coatings, and sealing assurance designs:
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- Polyimide (PI) or PPS Diaphragms: Ensure similar tension and sensitivity are maintained between
-40° Cand +85° C, capable of withstanding industrial-grade thermal cycle tests.

- BERANKIRE . ERERTTE RIS ERE, IEReMOMNE (FEP) SEMNAR, IR
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- Fluorocarbon Nanocoating: Forms an inert moisture-proof layer on the diaphragm surface,
cooperating with fluorinated ethylene propylene (FEP) electrets to guarantee long-term charge stability.
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- Physical Dust and Hydrophobic Breathable Membrane (ePTFE): Integrating expanded
polytetrafluoroethylene film in the device housing prevents the ingress of liquids, sweat, and high

humidity, preventing condensation-induced short circuits between plates.
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