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          (6) 

 

According to the Friis Formula, the total noise 
figure will be: 

 

                   (7) 

 

With gpreamp being the microphone preamplifier’s 
gain. From eq. (7), it can be seen that the noise 
figure of the microphone preamplifier has a 
significant influence on the total noise figure of 
the cascaded system [3]. As the noise of the 
“quiet environment” cannot be defined for an 
exact frequency, like the signal of the standard 
sound pressure level, a filter is used for the 
measurements. This filter reduces the signal 
bandwidth to reflect the sensitivity of the human 
ear. The resulting measurements are described 
as “A-weighted”. If the results are expressed in 
decibel in this case, the unit dBA is used. When 
this measurement was taken from the monitor 
output of the lock-in amplifier, a signal-to-noise 
ratio of approximately 40 dBA was calculated. 
The signal-to-noise ratio of the MEMS 
microphone is 61 dBA. 

3.3 Dynamic Range 
The dynamic range is the difference between 
the noise floor and the maximum output level to 
which the microphone still responds linearly. 
For the digital MEMS microphone this value can 
be taken from the data sheet [4]. In the case of 
the given analog system the total dynamic 
range cannot easily be investigated as a result 
of a component mismatch. The maximum input 
range of the used microphone preamplifier is 
not high enough to avoid an overload. If the 
input range is reduced, the gain of an amplifier 
will increase. This will lead to higher sensitivity, 
a lower dynamic range and possibly to a worse 
signal-to-noise ratio. 

At the given setup (input limit of the microphone 
preamplifier set to 1.25 mV and input limit of the 
lock-in amplifier set to 1V) the output voltage of 
the microphone preamplifier is 500 mV at 94 dB 
SPL. To avoid clipping of the lock-in-amplifier 
the sound pressure level could be increased to 
100 dB as the maximum sound pressure level 
(SPLmax). The dynamic range can be calculated 
by subtraction of the equivalent input noise 
(EIN) of the signal path from the maximum 
sound pressure level. The equivalent input 
noise is expressed as the theoretical external 
SPL placed at the microphones input that 

corresponds to the output noise floor of the 
signal path. 

                            (8) 

 

The dynamic range is calculated to: 

       (9) 

 

The dynamic range of the used standard signal 
path reduces to 46 dB. The dynamic range of 
the MEMS microphone is 87 dB. 

4. Conclusion 
Table 1 shows the comparison between the 
measured values of the conventional system 
and the values of a digital MEMS microphone 
[4]. The results of this initial estimation suggests 
that the usage of a digital MEMS microphone 
will considerably increase the signal-to-noise 
ratio and the dynamic range of the signal path. 
Table 1: Results of the initial estimation 

 Conventional 
Signal Path 

MEMS 
Microphone 
Signal Path 

Sensitivity 
in dBFS -6 -29 to -23 

Signal-to-
Noise Ratio 

in dBA 
40 61 

Dynamic 
Range in 

dB 
46 87 

 
The described concept will be implemented and 
the results will be published in a forthcoming 
paper. 
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Nf lockinamp=
SNRpreamp out

SNRlockinamp out

Nf total=Nf preamp+
Nf lockinamp−1

gpreamp

EIN=94dB−SNR

Dynamic Range=SPLmax−EIN
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