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OUTLINE

An Integrated Air-Gap-Capacitor Pressure Sensor and            
Digital Readout with Sub-100 Attofarad Resolution

A Novel Integrated Silicon Capacitive Microphone –
Floating Electrode “Electret” Microphone

High-Performance Condenser Microphone with Full Integrated 

© May 10, 2012  Dr. Lynn Fuller, Professor

Rochester Institute of Technology

Microelectronic Engineering

Page 2

High-Performance Condenser Microphone with Full Integrated 
CMOS Amplifier and DC-DC Voltage Converter

A High Sensitivity Polysilicon Diaphragm Condenser 
Microphone

Commercial Microphones
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INTEGRATED CAPACITOR PRESSURE SENSOR
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Introduction

1. States that capacitor detection can be more sensitive than 
piezoresistive detection and less temperature dependent.

2. States that capacitor structures with small gaps are difficult to 
make.

3. States that electronic circuits are more complex for capacitor 
detectors

INTEGRATED CAPACITOR PRESSURE SENSOR
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detectors
4. Acknowledges that this design, the maximum deflection of the 

diaphragm occurs over the hole opening, and gives decreased 
sensitivity.

5. Fabrication process is compatible with standard IC technology 
(nMOS or CMOS) and that the MEMs structure (hole, etch of 
sacrificial layer) is made after standard processing by etching 
from the backside.
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INTEGRATED CAPACITOR PRESSURE SENSOR

4” wafers, 500 µm, (100), p-type, 15 ohm-cm, With nMOS done

Backside polish to mirror finish

Deposit pad oxide (500 Å) and nitride (1500 Å)

Etch pad oxide off back of wafer so nitride deposition goes directly on
the back of the wafer and is the hole mask
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the back of the wafer and is the hole mask

Field oxide is grown for the MOS IC

A low temp (400 C) boro-phospho-silicate glass is deposited and will  
become the sacrificial layer defining the capacitor air gap, 
flowed/anneal for step smoothing, and etched down to the nitride to 
remove everywhere except where capacitors are to be formed

The poly for the MOSFET gate and capacitor top plate is 1 µm
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INTEGRATED CAPACITOR PRESSURE SENSOR
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INTEGRATED CAPACITOR PRESSURE SENSOR
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INTEGRATED CAPACITOR PRESSURE SENSOR
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INTEGRATED CAPACITOR PRESSURE SENSOR

© May 10, 2012  Dr. Lynn Fuller, Professor

Rochester Institute of Technology

Microelectronic Engineering

Page 9

Packaged chip with 4 sensors. Holes are 
drilled into other side and tygon tubing is 
epoxied into place.
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INTEGRATED CAPACITOR PRESSURE SENSOR
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INTEGRATED CAPACITOR PRESSURE SENSOR
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Deflection measurements using
Phase measurement interferometry Acoustic Measurements using a loudspeaker
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INTEGRATED CAPACITOR PRESSURE SENSOR
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ELECTRET MICROPHONE
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ELECTRET MICROPHONE

Introduction
1. States that a condenser microphone requires an external bias 

voltage for operation, while electret microphone does not.
2. States that electret structures historically used conductors in 

Teflon FEP which is not compatiable with IC/MEMs fabrication.  
Polysilicon conductors in SiO2 have shown decay time constants 
of 400 years in EEPROM applications.

3. States that the fabrication technology described here is superior to 
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3. States that the fabrication technology described here is superior to 
other MEMs electret approaches which glue two wafers together. 

4. Electrical output signal is voltage making signal processing 
straightforward.

Fixed bottom plate

Charged floating conductor
Top plate diaphragm

Top plate diaphragm

Substrate

Output Capacitance
Output Voltage
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ELECTRET MICROPHONE
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ELECTRET MICROPHONE
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ELECTRET MICROPHONE

4” wafers, 500 µm, (100), n-type, 2 ohm-cm,Backside polished

Deposit oxide (7000 Å) and nitride (2000 Å)

Etch from back of wafer leaving 40 µm thick silicon layer.

Fabricate JFET’s for amplifier circuit. 

© May 10, 2012  Dr. Lynn Fuller, Professor

Rochester Institute of Technology

Microelectronic Engineering

Page 17

Etch V grove corrugation from front of wafer, almost but not through 
the 40 µm thick silicon layer

Ion implant P+ areas for hot-electron injection charging of floating 
polysilicon gate

Grow 5000 Å oxide followed by  2000 Å polysilicon for floating 
electrode, dope poly, and cover with low stress silicon nitride
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ELECTRET MICROPHONE

Next a sacrificial layer of LTO phosphosilicate glass is deposited 
totaling 2.7 µm in thickness

A poly layer 8000 Å thick is deposited for the diaphragm, and doped 
by ion implant, followed by a 2000 Å silicon nitride layer, a 1050 C 
nitrogen anneal is used to reduce stress.

Contact cuts are plasma etched and metal is deposited and patterned.
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Contact cuts are plasma etched and metal is deposited and patterned.

The back of the wafer is Reactive Ion Etched (RIE) to open up the V 
grove prior to sacrificial oxide etch in Buffered HF while the front of 
the wafer is protected with photoresist.
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ELECTRET MICROPHONE

© May 10, 2012  Dr. Lynn Fuller, Professor

Rochester Institute of Technology

Microelectronic Engineering

Page 19



MEMs Applications – Microphones

ELECTRET MICROPHONE
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ELECTRET MICROPHONE
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ELECTRET MICROPHONE

Conclusion:

An electret integrated microphone has been proposed and developed

The charge on the floating gate is generated by hot-electron injection 
thus, the microphone is rechargeable, giving long life
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Sensitivity of ~3mV/Pa (measured)

Frequency response >21KHz (measured)

The operation temperature can be as high as 300 C
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CONDENSER MICROPHONE
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CONDENSER MICROPHONE

Introduction

1. Fabrication is low temperature (<300 C) making this process 
compatible with post processing of CMOS Amplifier.

2. Both the diaphragm and the backing plate are made of polyimide 
coated with Cr/Pt/Cr metal and use an aluminum sacrificial layer.
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3. Backside etching is done with deep trench plasma etch tool and 
stops on the Cr/Pt/Cr metal
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CONDENSER MICROPHONE
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Backside hole can be etched 
in KOH or with plasma 
etching
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SIGNAL CONDITIONING
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-9 V

i = V Cm 2 π f cos (2πft)
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 = - 2πf V R Cm cos (2πft)

amplitude of Vo
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CONDENSER MICROPHONE
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CONDENSER MICROPHONE
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CONDENSER MICROPHONE
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CONDENSER MICROPHONE

Conclusion:

CMOS compatible microphone process

Low temperature process
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POLYSILICON DIAPHRAGM MICROPHONE
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POLYSILICON DIAPHRAGM MICROPHONE
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POLYSILICON DIAPHRAGM MICROPHONE
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POLYSILICON DIAPHRAGM MICROPHONE
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POLYSILICON DIAPHRAGM MICROPHONE
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POLYSILICON DIAPHRAGM MICROPHONE
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POLYSILICON DIAPHRAGM MICROPHONE
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POLYSILICON DIAPHRAGM MICROPHONE
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POLYSILICON DIAPHRAGM MICROPHONE
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POLYSILICON DIAPHRAGM MICROPHONE
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POLYSILICON DIAPHRAGM MICROPHONE
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COMMERCIAL MICROPHONES

Akustica
Analog Devices
Boesch
Emkay Sisonic
Futurlec
Infineon
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Infineon
Knowles
Motorola
STMicroelectronics
TI
Others
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AKU1126 MICROPHONES
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AKU1126 MICROPHONE
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AKU1126 MICROPHONE
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HW – MICROPHONES

1. Find another publication describing the fabrication of a MEMs 
pressure sensor (or microphone).  Describe the fabrication 
sequence in your own words.  Attach a copy of the paper.  

2. What is the difference between a condenser microphone and an 
electret microphone?
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3. Why are there holes in the backing plate in a MEMS 
microphone?


