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Motivation: Brian Cancer 

Brain cancer is the leading cause of cancer related 
deaths for patients younger then age 35. 
     For children brain cancer is usually inoperable 
because the brain is not fully developed.  
     Current treatments for brain cancer involve a 
combination of:  

Removal of the tissue 
Gamma knife treatment 
Chemotherapy w/ convection enhanced delivery 

 



Motivation: Rehabilitation and 
Maintenance    
Common injured joints  

Tennis elbow 
Cartilage damage 
Typical Sprang 

 

Initial treatments usually involves self-care 
steps including rest , icing  acetaminophen 
(Tylenol, others) or over-the-counter anti-
inflammatory medications  

 These medications aren't recommended 
for long-term use because they can cause 
serious gastrointestinal problems. 

 

Corticosteroids.  If your pain is severe and 
persistent, your doctor may suggest an 
injection of a corticosteroid medication.  



The Business Wire on Therapeutic 
Ultrasound  

Therapeutic ultrasound revenues exceeded 
$1 Billion in 2006, and will pass $2 Billion in 
three years, according to a new report from 
MedDevice Concepts 
Future growth is expected to come from 
cancer, cardiovascular disease treatment 
devices 
Since 2003, $300 Million of new venture 
capital has been invested in therapeutic 
ultrasound device startups--Al Kyle, 
MedDevice president 
Approximately 1,000 Americans have been 
treated with high intensity focused 
ultrasound (HIFU),compared with nearly 
100,000 in the rest of the world 



ɆThe first study to show the biological effects of 
ȰÆÏÃÕÓÅÄ ÕÌÔÒÁÓÏÕÎÄȱ ×ÁÓ ÃÏÎÄÕÃÔÅÄ ÉÎ ΫγάΰȢ 

Ɇ      By the 1970s focused ultrasound and high 
intensity ultrasound surgeries had evolved into clinical 
use: used to disintegrate gall bladder stones and break 
down various tumors in the brain and pancreas.  

Ɇ     4ÅÒÍÅÄ ȰÔÈÅÒÁÐÅÕÔÉÃ ÕÌÔÒÁÓÏÕÎÄȟȱ ÔÈÅ ÍÉÄ-level 
ultrasonic waves are utilized to treat tissues directly 
and enhance the successful outcomes of other 
treatments.  

-used to deliver drugs through the skin without 
needles, to enhance bone healing and growth, 
to provide arthritis relief and reduce joint 
inflammation.  
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Leaders in The Field 



Design innovative approaches  for nondestructive testing of ultrasound 
transducers and their electrical properties: Electrical Impedance 
Spectroscopy (EIS) and Acoustic Power Modeling 
 
Develop efficient high power ultrasound driving circuitry for military, 
medical and commercial applications    
 

ÅCost-effective broad-band electrical impedance spectroscopy measurement circuit and signal analysis for piezo-materials and ultrasound 
transducers George K Lewis Jr et al 2008 Meas. Sci. Technol. 19 105102  
ÅDevelopment of a Portable Therapeutic and High Intensity Ultrasound System for Military,  Medical and Research Use. George K Lewis Jr et 
al 2008  J. Sci. Inst. (under review)  
 

 
 



Electrical Impedance  

Electrical impedance, or simply 
impedance, describes a measure of 
opposition to a sinusoidal alternating 
current (AC). 
Impedance is a complex quantity 
The magnitude represents the ratio of the 
voltage difference amplitude to the 
current amplitude,  
The argument gives the phase difference 
between voltage and current.  
 

ÅCost-effective broad-band electrical impedance spectroscopy measurement circuit and signal analysis for piezo-materials and ultrasound 
transducers George K Lewis Jr et al 2008 Meas. Sci. Technol. 19 105102  
ÅDevelopment of a Portable Therapeutic and High Intensity Ultrasound System for Military,  Medical and Research Use. George K Lewis Jr et 
al 2008  J. Sci. Inst. (under review)  
 

 
 

http://upload.wikimedia.org/wikipedia/en/1/13/Complex_impedance_plane.png
http://upload.wikimedia.org/wikipedia/en/9/92/General_AC_circuit.png


Electrical Impedance and 
Ultrasound Transducers 

ÅCost-effective broad-band electrical impedance spectroscopy measurement circuit and signal analysis for piezo-materials and ultrasound 
transducers George K Lewis Jr et al 2008 Meas. Sci. Technol. 19 105102  
ÅDevelopment of a Portable Therapeutic and High Intensity Ultrasound System for Military,  Medical and Research Use. George K Lewis Jr et 
al 2008  J. Sci. Inst. (under review)  
 

 
 



Devices Used to Measure Electrical 
Impedance 

Network analyzer 
$15-$45k 

Works well 

Heavy 

Function Generator 
Good for 1 or 2 frequencies 

Slow 

Hard to find resonance and 
parallel resonance 

ÅCost-effective broad-band electrical impedance spectroscopy measurement circuit and signal analysis for piezo-materials and ultrasound 
transducers George K Lewis Jr et al 2008 Meas. Sci. Technol. 19 105102  
ÅDevelopment of a Portable Therapeutic and High Intensity Ultrasound System for Military,  Medical and Research Use. George K Lewis Jr et 
al 2008  J. Sci. Inst. (under review)  
 

 
 



Impulse Electrical Impedance 
Spectroscopy (EIS) Measurement: 
A New Approach 

Use an impulse response and 
transfer function based approach 

An impulse is a combination of 
every frequency 
Convert the time domain data 
into the frequency domain using 
the Fast Fourier Transform (FFT) 
5ÓÅ /ÈÍȭÓ ÌÁ×  

We compare our approach with a 
typical network analyzer and 
Pspice model 

ÅCost-effective broad-band electrical impedance spectroscopy measurement circuit and signal analysis for piezo-materials and ultrasound 
transducers George K Lewis Jr et al 2008 Meas. Sci. Technol. 19 105102  
ÅDevelopment of a Portable Therapeutic and High Intensity Ultrasound System for Military,  Medical and Research Use. George K Lewis Jr et 
al 2008  J. Sci. Inst. (under review)  
 

 
 



Methodology  

Create a voltage 
pulse 

Apply the pulse 
to a known 

component in 
series with the 

DUT 

Measure the 
voltage 

response to the 
Impulse Vp and 

Vm
  

Take the FFT 
on the two 
measured 

signals 

5ÓÅ /ÈÍȭÓ ,Á× 
to measure the 
impedance of 

the DUT 

ÅCost-effective broad-band electrical impedance spectroscopy measurement circuit and signal analysis for piezo-materials and ultrasound 
transducers George K Lewis Jr et al 2008 Meas. Sci. Technol. 19 105102  
ÅDevelopment of a Portable Therapeutic and High Intensity Ultrasound System for Military,  Medical and Research Use. George K Lewis Jr et 
al 2008  J. Sci. Inst. (under review)  
 

 
 



Impulse EIS Results: 5MHz 

ÅCost-effective broad-band electrical impedance spectroscopy measurement circuit and signal analysis for piezo-materials and ultrasound 
transducers George K Lewis Jr et al 2008 Meas. Sci. Technol. 19 105102  
ÅDevelopment of a Portable Therapeutic and High Intensity Ultrasound System for Military,  Medical and Research Use. George K Lewis Jr et 
al 2008  J. Sci. Inst. (under review)  
 

 
 



Impulse EIS Results: 2MHz 

ÅCost-effective broad-band electrical impedance spectroscopy measurement circuit and signal analysis for piezo-materials and ultrasound 
transducers George K Lewis Jr et al 2008 Meas. Sci. Technol. 19 105102  
ÅDevelopment of a Portable Therapeutic and High Intensity Ultrasound System for Military,  Medical and Research Use. George K Lewis Jr et 
al 2008  J. Sci. Inst. (under review)  
 

 
 



We can take our electrical impedance curves and use them to fit a 
model based on electricalɂmechanicalɂacoustic  properties. 
 
We developed our model from the Mason model of electrical 
transmission lines 

ÅCost-effective broad-band electrical impedance spectroscopy measurement circuit and signal analysis for piezo-materials and ultrasound 
transducers George K Lewis Jr et al 2008 Meas. Sci. Technol. 19 105102  
ÅDevelopment of a Portable Therapeutic and High Intensity Ultrasound System for Military,  Medical and Research Use. George K Lewis Jr et 
al 2008  J. Sci. Inst. (under review)  
 

 
 


