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Abstract 

 

Front cavity depth of microphone has influence in the determination of laboratory standard microphone sensitivity. 
Therefore this parameter is included in the measurement uncertainty budget. To determine microphone sensitivity 
accurately, it is necessary to measure the actual front cavity depth instead of using nominal value. This paper 
explains the measurement of LS1P and LS2P standard microphone front cavity depth using optical depth 
measurement facilities at SNSU-BSN and its effect on determining microphone sensitivity. The measurement was 
obtained from 4 positions distributed over the diaphragm for each microphone. The front cavity depth measurement 
result for LS1P is 1,94 mm ± 0,01 mm and for LS2P is 0,48 mm ± 0,01 mm  These results comply with IEC 61094 
Measurement Microphones-Part 2: Primary Method for Pressure Calibration of Laboratory Standard Microphones 
by Reciprocity Technique as the results are within the permissible range. 
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Abstrak 

 

Kedalaman rongga depan mikrofon memiliki pengaruh dalam penentuan sensitivitas mikrofon standar laboratorium. 
Oleh karena itu parameter ini termasuk dalam budget ketidakpastian pengukuran. Untuk menentukan sensitivitas 
mikrofon secara akurat, perlu dilakukan pengukuran kedalaman rongga depan yang sebenarnya daripada 
menggunakan nilai nominal. Makalah ini menjelaskan pengukuran kedalaman rongga depan mikrofon standar 
LS1P dan LS2P menggunakan fasilitas pengukuran kedalaman optik di SNSU-BSN dan pengaruhnya terhadap 
penentuan sensitivitas mikrofon. Hasil pengukuran diperoleh dari 4 posisi yang terdistribusi di permukaan diafragma 
mikrofon. Hasil pengukuran kedalaman rongga depan untuk LS1P adalah 1,94 mm ± 0,01 mm dan untuk LS2P 
adalah 0,48 mm ± 0,01 mm. Hasil ini memenuhi persyaratan IEC 61094 Measurement Microphones-Part 2: Primary 
Method for Pressure Calibration of Laboratory Standard Microphones by Reciprocity Technique karena hasilnya 
berada dalam kisaran yang diizinkan. 

Kata kunci: kedalaman rongga depan, kalibrasi mikrofon, mikrofon standar 

 

1. INTRODUCTION 
 

Sound level meters are calibrated by the 
substitution method (IEC 61672-3, 2013). The 
sound level meter will be placed in substitution of 
the microphone after the reference microphone 
measures the sound generated by the speaker. 
Meanwhile, sound calibrators are calibrated by 
insert voltage method as referred to IEC 60942 
(IEC 60942, 2003). In this method, a voltage that 
equal with the voltage measured when sound 
calibrator generate sound pressure will be inserted 
through the reference microphone without passing 
the diaphragm. Through those methods above, the 
sound level meters and sound calibrators are 

traceable to the SI trough reference standard 
microphone. The magnitude sensitivity or pressure 
sensitivity level of a microphone is of primary 
importance to most microphone users, therefore it 
should be calibrated (Jacket & Barham, 2013). 
Besides that, the standard microphone is also 
used to calibrate audiometer. An audiometer is a 
device used to diagnose and characterize the type 
of deafness and hearing loss. To avoid 
misdiagnose and to ensure reading accuracy, the 
audiometer must be calibrated. Therefore, to 
guarantee the microphone’s measurement value, 
the microphone itself, should be calibrated. 

The microphones used for reference are 
LS1P and LS2P which are calibrated by the 
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reciprocity method as described in IEC 61094:2 
(Nel, Van Zyl, & Snyman, 2017). During the 
calibration, two standard microphones are coupled 
with each other, so that an air-filling cavity is 
formed between them (IEC 61094:2, 2000 & Sang 
& Jae, 2009). The air-filling cavity (coupling cavity) 
is associated with the acoustic transfer impedance 
which is a major component that has influence in 
sensitivity measurement (Victor & Randall, 2008 & 
Garg et al., 2018). Therefore, the values of 
microphone front cavity depths used in 
determining the acoustic transfer impedance must 
be determined before the microphone sensitivity 
can be computed (B&K User Manual for 
Reciprocity Calibration Apparatus Type 9699, 
1997). 

Microphone front cavity depth must be 
measured by non-contact methods because its 
vulnerable diaphragm would be broken if 
measured by conventional contact method (Victor 
& Randall, 2008). Until recently SNSU-BSN has 
used the nominal value of front cavity depth given 
by the manufacturer. However, it is suggested to 
measure the actual value of microphone front 
cavity depth because the use of its nominal value 
could lead to unacceptably large errors in 
determining the sensitivity of microphone at high 
frequency (Sang & Jae, 2009 & Victor & Randall, 
2008). As example, when two standard 
microphones are coupled and formed a tubular 
cavity with ± 0,1 mm error from the front cavity 
depths will cause an error of ± 0,7 dB in 
microphone sensitivity (Victor & Randall, 2008). 
Thus to guarantee its measurement value, SNSU-
BSN performed an experiment in accordance with 
front cavity depth measurement. This paper 
explains the method of microphone front cavity 
depth measurement at SNSU-BSN by using depth-
focusing microscope available in the dimensional 
laboratory and identified its effect to microphone 
sensitivity. 

 
2. BASIC THEORY 

 
A standard microphone has a lower section in the 
middle than at the edges known as the annulus. 
Front cavity depth is the difference in height 
between the diaphragm placed in the middle and 
the rim of the annulus. Figure 1 shows the physical 
form of the standard microphone. 

In order to find the sensitivity of a 
microphone, two microphones with the same 
specifications are needed. The first one acts as a 
transmitter producing a sound signal, whereas the 
second one acts as a receiver. They are coupled 
with each other using the corresponding coupler as 
shown in Figure 2. The coupled microphones are 
then pressed at a certain pressure to produce a 
tight positive contact between the annulus and the 

coupler. In this setup work, a hollow space is 
formed between the two microphones, which is 
called the tubular cavity coupling. It is associated 
with the value of the microphone front cavity 
depths which is used in determining the acoustic 
transfer of the coupling cavity (IEC 61094:2, 2000). 
The correlation between microphone sensitivity 
and acoustic transfer impedance is shown in 
Equation 1. The latter depends on acoustic 
transfer volume which is correlated to the cavity 
volume created on the setup (Vorlander, 2013). 

 
Figure 1 Laboratory standard microphone. 

 

Equation 1 shows that microphone front 
cavity depth plays an important role in determining 
the sensitivity of a microphone. To get the correct 
microphone sensitivity, the value of the 
microphone front cavity depth must be measured. 
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Where : 
𝑀,௫ : the sensitivity of microphone x 
𝑀,௬ : the sensitivity of microphone y 
𝑢ோ,௬ : the output voltage of receiver 

microphone y 
𝑢,௫ : the voltage across the capacitor with 

microphone x as a transmitter 
𝑍,௫௬ : the acoustic transfer impedance of 

the coupler with microphones x and 
microphone y 

𝑗 is√െ1   
𝜔 : the angular frequency 
𝐶 : the capacitance of the series 

capacitor 
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Figure 2 Microphone calibration setup. 

Microphone front cavity depth is 
determined by the optical method. A contour plot 
across a diameter of the diaphragm and the outer 
rim that perpendicular to each other can be 
obtained by using an interferometric scanning 
technique by using a laser beam. Another method 
to determine the front cavity depth is by using a 
depth-focussing microscope. The measurement 
should be performed at some positions, distributed 
over the diaphragm and the top of the rim of the 
microphone (IEC 61094:2, 2000). 

In a study carried out at NIST, Victor and 
Randall reported that two methods were applied to 
measure front cavity depth by using an optical 
depth-measuring microscope. Whilst the first 
method is a direct measurement at the 
microphone, the second one is an indirect 
measurement at the surface of a gage block 
placed on top of the microphone. Both were 
applied to six LS microphones and data were 
obtained at 33 and 25 measurement positions 
each for direct and indirect measurement 
subsequently. They also noted that the indirect 
measurement is preferable for several reasons. 
One of them is that it has smaller expanded 
uncertainty than the other method does. 
Microphone front cavity depth uncertainty by using 
indirect measurement was 4 μm (Victor & Randall, 
2008). 

At NPL, microphone front cavity depth was 
measured in Division of Mechanical and Optical 
Metrology (DMOM) using a depth-focusing 
microscope, at 4 points over the rim of the 
microphone and at 5 points over the diaphragm. 
The measurement was obtained from fifteen Type 
4160 microphones, the averaged front cavity depth 

was 1,956 mm with the uncertainty of 0,003 mm 
(Delany & Bazley, 1982). 

 
3. METHOD 
 
A.  Microphone Front Cavity Depth 

Measurement 

Microphone front cavity depth was measured by 
using a depth-focusing microscope and an analog 
dial indicator to monitor the displacement of the 
microscope. The microphone front cavity depth 
was calculated as the difference between the 
analog dial gauge readings at the surface of the 
microphone rim and at the surface of the 
diaphragm.  

Equipment used can be described as 
follows: 
 Universal Measuring Machine, Societe 

Genevoise D’Instruments De Physique type SIP-
414M (consists of micrometers and depth-
focusing microscope) 

 Dial Indicator, Mitutoyo type 0,001 mm   
 Standard microphones, B&K type 4160 
 Standard microphones, B&K type 4180 

 
The Universal Measuring machine 

consists of a depth-focusing microscope with a 
magnification of 100 and a digital micrometer 
system. The digital micrometer was employed to 
read out the position along the x-axis and the y-
axis with a resolution of 0,5 μm. An analog dial 
gauge was used for reading out the position along 
the z-axis. The set up for microphone front cavity 
depth measurement can be seen in Figure 3. 

Front cavity depth measurement of two 
microphones LS1P and LS2P were performed at 
SNSU-BSN as part of the follow-up on acoustics 
laboratory assessment in 2015. Basically, front 
cavity depths were determined by placing the 
microphone under the microscope. Measurement 
positions at the diaphragm and the annulus were 
marked with numbers 1, 2, 3, and 4 as shown in 
Figure 4. Front cavity depth measurement was 
performed on four points for each microphone with 
three measurements for each point. The 
measurements were repeated several times to 
ensure their precision and to determine the 
random uncertainty. The final front depth value is 
represented by averaging the measurement data 
set for each microphone type. 

 
Figure 3 Front cavity depth measurement setup. 
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Figure 4 Front cavity depth measurement 
positions. 

 
B.  Microphone Sensitivity Measurement 

The measurement of microphone sensitivity was 
performed by reciprocity calibration system in 
accordance with IEC 61094-2. Reciprocity 
calibration consists of measurements on three of 
the same type microphones followed by calculation 
procedure to calculate their sensitivity (Jae Gap, 
Wan Ho, Hack Yoon, Zhenglie, & Yoiti, 2018). The 
microphones act as transmitter and receiver in 
turn. The sensitivity was determined in the whole 
range from 31.5 Hz to 25 kHz in 1/3 octave 
intervals. 

Equipments used for measuring 
microphone sensitivity can be described as 
follows: 
 Laboratory Standard Microphones, B&K type 

4160 
 Preamplifiers, B&K type 2673 
 Reciprocity Calibration Apparatus, B&K type 

5998 
 Pressurization Chamber, B&K type UA1412 
 Thermometer, Barometer & Hygrometer, Vaisala 

type PTU 301 
 PULSE Analyzer, B&K type 3560C, based 

Reciprocity Measurement System with data 
acquisition software. The system consists of a 
Digital Voltmeter, a Band Pass Filter and a 
Signal Generator that are connected to a 
Personal Computer. 

The measurement of microphone 
sensitivity was performed in a semi-automatic way. 
The microphone parameters (such as microphone 
front cavity depth, front cavity volume, equivalent 
diaphragm volume, resonance frequency, loss 
factor, etc.) (Rayburn, 2012) should be stored in a 
txt file to be used later by the measurement 

program. Two microphones are assembled 
acoustically by a coupler, one acts as a transmitter 
and the other as a receiver. A signal generator 
supplies the electric signal to the transmitter 
through amplifier contained in B&K type 5998. The 
signal is then converted to an acoustic signal. The 
acoustic signal will cause the diaphragm of the 
receiver to moves back and forth because the 
changes in pressure or velocity. Further, the 
movement is converted to an electrical signal 
(Marshall, 2014 & Ravaud, Lemarquand, & 
Roussel, 2009) by electronic components of the 
microphone and finally is measured by digital 
voltmeter contained in PULSE analyzer. The ratio 
of the output voltage and the input current of the 
microphone is used to compute the microphone 
sensitivity. All the instruments and the 
measurements are controlled by computer and 
PULSE. The measurement setup can be seen in 
Figure 5. 

 
Figure 5 Reciprocity measurement system for 
microphone sensitivity measurement (courtesy of 
Brüel & Kjær Sound & Vibration Measurement). 
 
4. RESULT AND DISCUSSION 
 
The front depth measurement data for LS1P and 
LS2P are shown in Table 1. The table shows front 
depth measurement for position 1, 2, 3, and 4. The 
measurement was taken 3 times for each point. 

  It can be seen from Table 1, that the 
measurement result is different for each position. 
For LS1P, front cavity depth for position 0-3 has 
smaller value than the other positions. Meanwhile, 
for LS2P, the second measurement shows a 
significant difference in front cavity depth 
measurement than the other measurements. 
Table 1 shows that position 0-1 in the second 
measurement for LS2P has the highest value in 
front cavity depth measurement, which is 0,59 mm. 

  From the experiment, it was found that 
microphone front depth value for LS1P serial 
number 2583067 and LS2P serial number 
2564048 are 1,94 mm ± 0,01 mm and 0,48 mm ± 
0,01 mm. Compared to the microphone 
manufacturer’s nominal value, the deviation is 0,01 
mm for LS1P and 0,02 mm for LS2P. The final 
value for each microphone type does not exceed 
the permissible microphone front depth dimension 
as stated in part 1 of IEC 61094 (1,95 mm ± 0,1 
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mm for LS1P and 0,5 mm ± 0,05 for LS2P). 
However, it was found in the experiment that there 
is a measurement result exceeds maximum value 
stated in IEC 61094 for LS2P. 

Table 1 Front cavity depth measurement result for 
LS1P and LS2P. 

Position 
LS1P 

s.n. 2583067 
LS2P 

s.n. 2564048 

1 2 3 1 2 3 

0-1 1,96 1,96 1,95 0,50 0,59 0,48 

0-2 1,94 1,95 1,92 0,47 0,45 0,47 

0-3 1,92 1,93 1,94 0,46 0,45 0,46 

0-4 1,94 1,94 1,93 0,51 0,45 0,47 

Front 
depth 

Average 
(mm) 

1,94 1,95 1,94 0,48 0,48 0,47 

 
The front depth value obtained in this 

experiment then used to find the microphone 
sensitivity. Figure 6 shows the microphone 
sensitivity resulted from this work. In this work, the 
microphone’s sensitivity frequency range was 
measured from 20 Hz to 10 kHz for LS1P and 20 
Hz to 25 kHz for LS2P. The measurement was 
taken by using computer operated automatic 
reciprocity calibration apparatus, B&K 5998. In this 
work, three microphone sensitivity measurements 
were conducted. The first measurement was 
performed by using microphone front depth 
nominal value which is 1,94 mm for LS1P and 0,48 
mm for LS2P. The second microphone sensitivity 
measurement was performed by using 
microphone front depth measurement value minus 
the measurement uncertainty which is 1,93 mm for 
LS1P and 0,47 mm for LS2P. And for the third 
measurement, microphone sensitivity 
measurement was performed by using front depth 
value plus the measurement uncertainty which is 
1,95 mm for LS1P and 0,49 mm for LS2P. 

The microphone sensitivity measurement 
result for 3 experiments (fd 0,47, fd 0,48, and fd 
0,49) can be seen in Figure 6. The microphone 
sensitivity resulted from nominal front depth also 
shown in Figure 6 as comparison (fd 0,45 fd 0,5, 
and fd 0,55). Figure 6 shows the relation between 
front depth (fd) and sensitivity in the way that 
smaller front depth value yields higher sensitivity. 
This is because smaller front depth will result in a 
bigger value in acoustic transfer volume. Whereas 
bigger acoustic transfer volume produces lower 
impedance in accordance with Equation 1. The 3rd 
measurement (fd 0,49 mm) shows lower negative 
dBV in sensitivity, which means that the 
microphone in the 3rd measurement is more 
sensitive than that in microphone 1st and 2nd 

measurement. Meanwhile the lowest negative dBV 
in sensitivity was exhibited by fd 0,45 from the 
nominal value which means the most sensitive. It 
occurred because smaller front depth will cause 
more acoustic transfer volume, which will result in 
smaller acoustic impedance, therefore, the 
sensitivity will be lower in –dBV sensitivity.  
However, most sensitive doesn’t mean that it was 
the right value for the microphone, therefore to 
guarantee the microphone measurement value, 
it’s better to use the microphone front depth that 
was obtained from the measurement result. 

From the comparison of measurement 
result (fd 0,47, fd 0,48, and fd 0,49) and nominal 
value  (fd 0,45 fd 0,5, and fd 0,55), it can be seen 
that the uncertainties produced from measurement 
experiments are much smaller than the 
uncertainties from the nominal value. A smaller 
uncertainty in front cavity depth leads to a smaller 
uncertainty component in microphone sensitivity 
calibration, especially at high frequency. For LS2P 
microphone, an error ± 0,10 mm in microphone 
front depth resulted in an error of ± 0,80 dB in 
microphone sensitivity at 25 kHz. By applying front 
depth value obtained from measurement using 
non-contact method, the error of the front cavity 
reduced to ± 0,02 mm which resulted in an error of 
only ± 0,17 dB in microphone sensitivity level.    

  
Figure 6 Microphone sensitivity. 

 
5. CONCLUSION  
 
The measurement of the microphone front cavity 
depth by the non-contact method has been 
conducted for both LS1P and LS2P microphones. 
This measurement result has confirmed that 
SNSU-BSN’s microphone front cavity depths still 
complies with IEC 61094-2. It is also confirmed 
that front depth value has the contribution to the 
microphone sensitivity and therefore it is needed 
to be measured rather than using the nominal 
value given by the manufacturer. The front cavity 
measurement using non-contact methods produce 
uncertainties that are much smaller than that result 
from the use of the nominal value of front cavity 
depth. Furthermore, it is also needed to estimate 
other contributors of the uncertainty of this non-
contact front depth measurement method for a 
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formal procedure to be implemented in the 
laboratory. 
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