
Digital encoding requirements for high dynamic
range microphones

About this document

Scope and purpose

This application note describes the relationship between microphone dynamic range, audio channel dynamic
range, and overall system performance. It explains the importance of using a 20 bit or 24 bit encoding system
with high dynamic range MEMS microphones.

Intended audience

Infineon XENSIVTM high dynamic range MEMS microphone customers.
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1 Microphone dynamic range

Two main parameters of a microphone are Signal to Noise Ratio (SNR)
and Acoustic Overload Point (AOP).
These parameters reflect:
• The quietest sound a microphone can detect (SNR)
• The loudest sound a microphone can detect (AOP)
By combining these two parameters we can determine the entire range of
sound levels which a microphone can detect, from the noise floor to the
overload point.
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Figure 1 Example dynamic
range of IM69D130
microphone.

2 Audio channel dynamic range
Audio system components such as ADCs and CODECs also have specifications for Dynamic Range and SNR.
These specifications are measured in a significantly different way to a microphone SNR.
Microphone SNR is defined as the difference (in dB[A]) between the microphone output when the acoustic input
is a 1kHz sine wave at 94dBSPL and when there is no acoustic input to the microphone (noise floor). This is
because microphone SNR is a measurement of the audibility of the microphone self noise, so it is referred to a
defined acoustic “real world” signal.
ADC / CODEC SNR is generally defined as the difference (in dB) between the maximum possible input signal
level and the minimum possible input signal level. This performance is usually reflected in the bit depth of the
digital encoding scheme used, typically 16 bit, 20 bit or 24 bit. This means that the audio components’ SNR is
actually more closely related to the microphone Dynamic Range than microphone SNR.
It is necessary to select audio components and a digital encoding scheme which have equivalent or greater
SNR/ Dynamic Range than the Dynamic Range of the microphone being used. If not, the noise floor of these
audio components will dominate the system and the full microphone performance will not be realised.
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Figure 2 16 bit encoding clearly does not have sufficient Dynamic Range for this microphone. The
system performance will be limited by the audio encoding scheme. In this case a 20-bit or
24-bit audio signal chain should be used to allow the full microphone performance.
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3 Effects of limited dynamic range in high performance
microphone systems

The dynamic range of a digital encoding scheme can be calculated easily:
• DR[dB] = 1.76 + (N*6.02)
• (N = number of bits)
For easy estimation this can be reduced to:
• DR[dB] = N*6
All digital signals are measured in dBFS: dB relative to full scale.
Full scale is the maximum number which can be represented in the digital numbering system. In PDM, this is
represented by 100% 1’s in the output. In a digital MEMS microphone, the AOP is represented by 0dBFS (full
scale). All other output levels are specified as –xdBFS, signifying that they are lower than full scale.
The Dynamic Range of the CODEC or ADC specifies the lowest number which can be represented by its digital
encoding scheme. The full scale levels of the microphone and downstream components will generally align
regardless of the signal chain dynamic range. However the noise floors may not. This is because 0dBFS (full
scale) is the same for both systems, but the digital numbering system used by the audio signal chain may not be
able to represent levels as low as the microphone noise floor. This means that if a digital microphone is used
with a digital encoding scheme which does not use enough bits to represent the noise floor of the microphone,
the system noise will not reflect the microphone’s true performance.
If a high SNR microphone is to be used in an audio signal chain using low dynamic range (16 bits), the
microphone can be calibrated to have a reduced AOP. Reducing the microphone dynamic range by reducing the
AOP level will preserve the microphone’s SNR performance, even in a low dynamic range signal chain.
If high AOP AND high SNR are required, a 20 bit or 24 bit audio signal chain must be used.
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Figure 3 In this case the IM69D120 can be a better choice than the IM69D130. Reducing the AOP by
10dB means the Dynamic Range is reduced to 95dB, and fits with a 16 bit audio signal chain
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IMPORTANT NOTICE
The information contained in this application note is
given as a hint for the implementation of the product
only and shall in no event be regarded as a description
or warranty of a certain functionality, condition or
quality of the product. Before implementation of the
product, the recipient of this application note must
verify any function and other technical information
given herein in the real application. Infineon
Technologies hereby disclaims any and all warranties
and liabilities of any kind (including without limitation
warranties of non-infringement of intellectual property
rights of any third party) with respect to any and all
information given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments to
evaluate the suitability of the product for the intended
application and the completeness of the product
information given in this document with respect to such
application.

WARNINGS
Due to technical requirements products may contain
dangerous substances. For information on the types
in question please contact your nearest Infineon
Technologies office.
Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon Technologies,
Infineon Technologies’ products may not be used in
any applications where a failure of the product or
any consequences of the use thereof can reasonably
be expected to result in personal injury
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