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General information

Office hours

Instructor: Cosme Furlong; cfurlong@wpi.edu
Everyday from 11:00 to 11:50 am

or by appointment

Teaching Assistants: During laboratory sessions
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Pressure measurements: definitions

Positive gage 
pressure

Negative gage 
pressure

Absolute
pressure

Zero absolute
pressure0

Atmospheric pressure

(e.g., psig)

(e.g., psia)
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Pressure measurements: definitions
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Mechanical pressure measurement devices: U-manometer

Atmosphere

Unknown 
pressure

Fluid density:
f

Fluid density:
m

Pressure balance indicates:

Recall:
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Static calibration of gages: dead-weight tester

Gage to 
calibrate

Oil with 
viscosity: 

Accuracy limited by: (1) friction between cylinder and piston; and (2) uncertainty in the 
area of the piston.

Percentage error due to 
cylinder-piston clearance:
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Bourdon-tube pressure gage

For consistent and inexpensive measurements of static pressure

Unknown 
pressure

Elliptical 
section

Linear, uniform, deformations 
of the tube are desired
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Diaphragm gages

Schematic of a gage

Schematic of a gage 
with “strain gages”

Differential pressure
Deflection characteristics of 
three diaphragm arrangements:
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Cross section of a die

Electronic circuit
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Capacitance:

Diaphragm gages: capacitive sensors
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Typical piezoresistive pressure sensor die and package

Schematic

Die

Actual packages

http://www.novasensor.com

Diaphragm gages: resistive sensors

Make sure to know the meaning of this term
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Cross section of an electronic package

Top view of silicon die
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Wheatstone bridge:

Diaphragm gages: resistive sensors



Mechanical Engineering Department

NovaSensor’s NPH solid state sensor
Sensor characteristics
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NovaSensor’s NPH solid state sensor
Sensor characteristics
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Resistors (strain gages):

 Single crystal silicon substrate (N-type)

 Ion-implantation (or diffused) Boron into silicon 

(P-type)

 Al contacts

 SiO2 and Si3N4 as insulating layers

NovaSensor’s NPH solid state sensor
Sensor characteristics
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Shell formulation: constant thickness of 3 m

1000 m  1000 m diaphragm 

Material properties utilized:

 160 GPa

 2.33 gr/cm3

Fully constrained

boundary conditionsUniform pressure

NovaSensor’s NPH solid state sensor
Computational (Finite Element) simulations
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Out-of-plane displacements

Equivalent stresses (von Mises)

Note locations where maximum 

stresses, as related to maximum 

strains, appear – those locations are 

used for placing of strain gauges 

NovaSensor’s NPH solid state sensor
Computational (Finite Element) simulations
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Interferometric microscope

Interferogram of top surface 

of the diaphragm

Shape information: 3D surface

Diaphragm as fabricated: 0.0 psi 

NovaSensor’s NPH solid state sensor
Interferometric measurements of displacements
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-1.0 psi 

0.0 psi 

NovaSensor’s NPH solid state sensor
Interferometric measurements of displacements
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+1.0 psi 

+2.0 psi 

NovaSensor’s NPH solid state sensor
Interferometric measurements of displacements
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Dynamic response considerations
Transient response considerations

Transient response depends on: (1) response of the transducer (sensor); and 
(2) response of the pressure-transmitting fluid.

Schematic of a pressure-transmitting system
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Dynamic response considerations
Transient response considerations

Pressure amplitude ratio:
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 Beckwith: Ch. 3, 14

 Bishop: Ch. 6

References:

 J.P.Holman, Experimental methods for engineers, 
McGraw-Hill, 1989

 T. G. Beckwith, R. D. Marangoni, and J. H. Lienhard, 
Mechanical Measurements, 5th ed., Addison-Wesley, 1995

 C. Furlong, MEMS: introduction and applications, Course 
notes on MEMS, ISTFA, Worcester, MA, 2004

 GE NovaSensors, http://www.gesensing.com/

Reading assignment
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Handout-B

B1.- Derive complete uncertainty equation (i.e., RSS uncertainty) 
for the unknown pressure p in a U-manometer.  Discuss your 
observations.

B2.- Derive complete uncertainty equation (i.e., RSS uncertainty) 
for the “percent error” in the dead-weight tester described 
in this notes.  Discuss your observations.

 Bishop: P6.6

Homework assignment


