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There have been several types of measurement microphones available in the market for decades. The types are distinguished by principle of operation, such as piezoelectric ceramics, air condenser, and electret-condenser. However the significant advantage of MEMS microphone is the utilization of semiconductor processes to create mechanical parts out of silicon. The result is a low profile, robust microphone having low vibration sensitivity, capable of maintaining tight control of important acoustic parameters.  The purpose of this project is to characterize and compare the MEMS microphones with conventional microphones (which are expensive, around $1700.00 including pre-amplifier, and require voltage of 200V for operation). The MEMS microphone is available with a standard voltage range of 2 to 3V. Another key attribute is the microphone’s operating temperature, which is rated up to 100ºC. 

The characteristics and performance that define the quality of microphones are background noise, sensitivity, frequency response, directional response, dynamic range, temperature characteristics, humidity characteristics, and sensitivity to vibrations.

Following tasks were completed under this task.

· Purchase of 100 MEMS microphones (SP0101NZ). The picture of typical MEMS microphone is shown in figure 1.

· Packaging of ten microphones (as shown in figure 2).

· Microphone functional analysis

· Background noise measurement of MEMS microphones.

· Amplitude and Phase Calibration of MEMS microphones.

· Circuit designed and tested to reduce resonance

· Characterization of MEMS microphone using Anechoic chamber

· Characterization of MEMS microphones using B&K PULSE system

· Quantitative measurements and successful reduction of electronic noise
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            Figure 1


   Figure 2
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Background Noise in MEMS Microphone:

An acoustic isolation vessel1 has been employed to investigate the background noise in MEMS microphones over the frequency range from 2 Hz to 25.6 kHz. Measurements were conducted on three MEMS microphones (SP0101NZ) and on a B&K condenser microphone (B&K 4134) for reference. The acoustic isolation vessel used consists of an inner vessel, an outer vessel, a vacuum pump, interior and exterior suspensions, and test and service instrumentation. The three MEMS microphones and one B&K reference microphone were mounted inside the inner vessel, which is suspended within the outer vessel as shown in figure 3. The intervening space was evacuated to a high vacuum (better than 10-5 Torr) to achieve acoustic isolation. The interior of the inner vessel remained nearly at room conditions at all times.
The MEMS microphones, reference microphone, pressure, and temperature sensors were connected to the exterior measurement instrumentation by means of vacuum-tight feedthrough connectors. The output of the background noise measurement was recorded on a B&K dual signal analyzer type 2032.   The B&K dual signal analyzer is an 801-line fast Fourier transform (FFT) analyzer with a range of single- and dual-channel functions. The system was warmed up for an hour before recording any measurements to allow the noise to stabilize. On channel A the total background noise of the B&K microphone (polarization voltage set to 200V) was measured and stored. On channel B the total background noise of the three MEMS microphones (SP0101NZ) was measured and stored. Later this data was plotted using a Hewlett Packard printer. Results of B&K microphone and MEMS microphone background noise measurements are shown in Figure 4 & 5 respectively.
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              Figure 3
                 Figure 4
                  Figure 5

For both microphones (B&K and MEMS), we observed a peak at 15 KHz. We have tested microphones at least in two different buildings and in both we saw this peak. Preliminary results show that this peak is due to PC monitor scan frequency.  

Frequency Response:

The frequency response is the relative sensitivity level in decibels of the microphone as a function of frequency. One such typical response is shown in Figure 6 for the MEMS microphone. This amplitude and phase calibration was completed using B&K calibrator type 4226. An adapter plug with a recess of 0.008” as shown in Figure 7 was designed and fabricated. The MEMS microphone is flush mounted in the cavity of this adapter. The calibrator 4226 tightly fits on this adapter plug through the use of a Teflon ring. The amplitude and phase calibration gives us a peak at around 15 KHz which could be due to resonance. A circuit as shown in Figure 8 was designed to eliminate this resonance peak. Figure 9 shows a plot of this circuit. An experiment is in progress to eliminate resonance peaks in the anechoic chamber.
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Figure 6

                                        Figure 7
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                   Figure 8





Figure 9

Using the B&K anechoic chamber as shown in Figure 10, the free field calibration method was used to characterize the MEMS microphones.  A Pragmatic 3305A function generator was used to generate the frequency spectrum which was fed to the Advanced lightweight Kenwood speaker through a B&K 2716 power amplifier.
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                                  Figure 10


   

    Figure 11         

The frequency response of the MEMS microphone in anechoic chamber is shown in Figure 12.
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Other activities on this task include:
· Paper Presented at the 2nd Airframe Noise Workshop that was held in Hampton, VA on February 10-11, 2004 (Title: “MEMS Microphone Technology Assessment; Packaging & Calibration”).
· Paper Presented at the 16th annual International Militray & Aerospace/Avionics COTS conference, Seattle, WA Aug. 3-5, 2004 (Title: “Qualitative Analysis of MEMS Microphones).

· Quarterly report was submitted.
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