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ADOBE PRESENTER 

This PowerPoint module has been published using Adobe 
Presenter. Please click on the Notes tab in the left panel to 
read the instructors comments for each slide.  Manually 
advance the slide by clicking on the play arrow or 
pressing the page down key. 
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INTRODUCTION 

This document presents theoretical and experimental results for 
capacitive microphone design, fabrication and evaluation.  The 
microphone was fabricated using a PCB for the rigid backing 
capacitor plate of the microphone. Aluminum foil was used for the 
flexible sensing capacitor plate of the microphone.  Simple signal 
conditioning electronics converts the change in capacitance to a 
change in voltage.  The analog output was obtained for various 
frequency audio tones generated using speakers connected to a 
personal computer.  

Fixed bottom plate 

with holes 

Top plate diaphragm 
Output 

Capacitance 

Sound Pressure 



 © May 4, 2012    Dr. Lynn Fuller 

Microphone Design 

Page 5 

Rochester Institute of Technology 

Microelectronic Engineering 

COMMERCIAL MICROPHONES 
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YOLE CONSULTING REPORTS 
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AKU1126 MICROPHONES 
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AKU1126 MICROPHONE 

1mm x 1mm 

MEMS Chip 
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AKU1126 MICROPHONE 
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POSSIBLE MICROPHONE STRUCTURE 
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LAYOUT AND CROSSECTION FOR RIT MICROPHONE 
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DIAPHRAGM EXAMPLE CALCULATIONS 

Diaphragm  
 20 mm diameter 
 50 um thickness 
 Aluminum foil material 
 
Baking plate 
 rigid copper PCB 
 9 vent holes 
 air gap = double sided tape ~50um 
  thickness around outer ring 
 
Pressure is ~0.1Pa or ~0.15E-4 lb/in2 
 
DC voltage 5 volts 
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PRESSURE UNITS 

Table of Pressure Conversions 

1 atm = 14.696 lbs/in2 = 760.00 mmHg 

1 atm = 101.32 kPa = 1.013 x 106 dynes/cm2  

1Pascal = 1.4504 x 10-4 lbs/in2 =1 N/m2 = 10 dyne/cm2 

 

1SPL (Sound Pressure Levels) = 0.0002 dynes/cm2 

Average speech = 70 dBSPL = 0.645 dynes/cm2 

Pain = 130 dBSPL = 645 dyne/cm2     

Whisper = 18 dBSPL = 1.62 x 10-3  dyne/cm2 
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DIAPHRAGM EXAMPLE CALCULATIONS 
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LAYOUT FOR PCB MICROPHONE DEMO 

Microphone  

Diameter = 20 mm 

3” x 3” PCB 
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SIGNAL CONDITIONING 
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i = V Cm 2 p f cos (2pft) 
Co = Average value of C 
Cm = amplitude of C change 
C = Co +Cm sin (2pft) 
V is constant across C 

Vo = - i R 

 i = d (CV)/dt  

Vo = - 2pf V R Cm cos (2pft) 

amplitude of Vo 
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EXAMPLE CALCULATIONS 

Vo = - i R = - 2pf V R Cm cos (2pft) 

Let f = 5 Khz, V=5, Cm= 100fF, R=1MEG 

Vo = -  0.0157 cos (2pft) volts 

 (15.7 mV amplitude sinusoid) 
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PICTURES OF FABRICATED PCB MICROPHONE 

Back Front 
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MEASURED CAPACITANCE RESULTS 

Measured Capacitance 54pF 
 Calculated = 56 pF 
 
Puff of air causes 100’s of fF capacitance change 
 Calculated = 100’s fF 

HP LCR Meter 
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MAKING THE LOW NOISE AMPLIFIER 

Click to Play Tones.wav 

Speaker 

Microphone 

V= +/- 9 Volts, R=5.6 MEG  

http://people.rit.edu/lffeee/Tones.wmv  

http://people.rit.edu/lffeee/Tones.wmv
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MOVIE OF MICROPHONE AND AMP OUTPUT 

Vout = ~20mV p-p 
RITMicrophone.wmv 

Video 

http://people.rit.edu/lffeee/RITMicrophone.wmv  

http://people.rit.edu/lffeee/RITMicrophone.wmv
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MEASURED VOUT VS FREQUENCY (HZ) 
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VOICE RECORDING 
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SIGNAL PROCESSING 
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SINGLE SUPPLY VERSION OF SIGNAL PROCESSING 
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CONCLUSION 

This document presents theoretical and experimental results for 
capacitive microphone design, fabrication and evaluation.  The 
microphone was fabricated using a PCB for the rigid backing 
capacitor plate of the microphone. Aluminum foil was used for the 
flexible sensing capacitor plate of the microphone.  Simple signal 
conditioning electronics converts the change in capacitance to a 
change in voltage.   
 
The analog output was obtained for various frequency audio tones 
generated using speakers connected to a personal computer. The 
amplified microphone output voltage was measured at various 
frequencies.  The microphone was used to make a voice recording. 
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HOMEWORK – RIT MICROPHONE 

1. Write an expression for the output of the single supply version of 
the capacitor microphone amplifier circuit. 
 

2. Make an accurate calculation of the microphone capacitance, 
change in capacitance and amplifier output voltage for pressures 
corresponding to loud speech. Let V = 9 volts, R = 5.6 MEG and 
f=2000 hz. 
 

3. “Mr. Watson… come here … I want to see you” is a famous 
statement.  Who made this statement, when and why. 
 

4. Find a data sheet for a commercial MEMS microphone.  What is 
the sensitivity at 2000 Hz, what is the price for small quantities. 


