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1. i n t r o d u c t i o n

Thermal therapy utilizes heat to kill malignant cancer cells. 
Thermal therapies generally fit into one of two general 
categories, namely 1) moderate temperature hyperthermia or 
2) high temperature thermal ablation [1]. Moderate 
temperature hyperthermia is characterized by the use of 
elevated temperatures in the range of 42-45 degrees Celsius, 
with treatment times of 15-60 minutes [1]. Moderate 
temperature hyperthermia produces cytotoxic effects in 
malignant tissue when used in multiple treatments. High 
temperature thermal ablation is characterized by the use of 
temperatures greater than 60 degrees Celsius, with treatment 
times of 4-6 minutes [1].

Two modalities that can be utilized to noninvasively 
generate moderate temperature hyperthermia in malignant 
tissue are ultrasound (US) and radiofrequency (RF) 
electromagnetic radiation. High power phased array 
ultrasound systems can be used to generate and direct both 
moderate temperature hyperthermia and high temperature 
thermal ablation.

In addition to creating hyperthermic effects, high intensity 
US can also generate cavitation induced cellular lysis that is 
useful for destroying malignant tissue [2, 3]. The effects of 
hyperthermia and cavitation can also be utilized as 
activation mechanisms in targeted drug delivery [4, 5]. 
Targeted drug delivery is a noninvasive form of treatment, 
which results in drug activation that is limited to a 
prescribed region of the body for a controlled amount of 
time.

The phased array ultrasound systems described in this 
research usually consist of five components: (1) an array of 
ultrasound transducers, (2) electrical interconnects (3) 
resonant filters, (4) driving electronics, and (5) computer 
control software. The ultrasound prototype applicators 
described in this paper are 1D arrays constructed from Lead 
Zirconate Titanate (PZT) elements. The electrical 
interconnect serves as the electrical connection for the 
filtered output of the power electronics. The resonant filters 
pass only the fundamental frequency component in the 
square-wave output of the power electronics. The resonant 
filters also provide a voltage gain 3-10 times the input 
voltage. The driving electronics consist of a digital signal 
generator and Class-D power amplifiers. The digital signal

generator boards utilize field programmable gate arrays to 
generate low-level (0-3.3 V) frequency and phasing signals. 
Class-D power amplifiers amplify these low-level signals. 
A personal computer is interfaced with the power 
electronics to control the frequency, phase, and mode of 
operation. Through software control, either continous-wave 
(CW) or pulsed output signals are produced by the driving 
electronics.

Commercially available, custom built high power 
ultrasound arrays and the associated power electronics for 
use with hyperthermia are expensive and inflexible when 
considering operational characteristics such as the number 
of transducers, number of electrical channels, frequency of 
operation, modes of operation, and phasing. These issues 
motivate this research, which generates robust and 
operationally flexible phased array ultrasound systems that 
are cost-effective for thermal therapy applications.

2. METHODS
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Fig. 1: 1D ultrasound array with a flex circuit interconnect.

2.1 Ultrasound Array and Electrical Interconnect

The one-dimensional prototype ultrasound arrays were 
constructed from PZT (Navy Type III) and double-sided 
copper-clad Pyralux baffles. For a single array, a PZT plate 
was bonded to a baffle and a flexible interconnect circuit 
was bonded to the top of the PZT plate. A completed array 
is shown below in Figure 1.

The adhesive used for bonding was Cho-Bond 584 silver 
electrically conductive epoxy. After curing the epoxy
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bonds, a wafer-dicing saw was used to cut the PZT plate 
into individual elements, forming a 1D ultrasound phased 
array with an attached electrical interconnect. The flex 
circuit interconnect was made of single-sided copper-clad 
Pyralux. The interconnect circuit was designed using Orcad 
Capture and Layout software.

2.2 Resonant Filters

The resonant filters were comprised of capacitors and hand- 
wound toroidal inductors. These form a low-pass filter that 
has the same electrical resonant frequency as the elements in 
the array.

2.3 Driving Electronics

The digital signal generator boards use XILINX Spartan 
field programmable gate arrays to generate low-level (0­
3.3 V) frequency and phasing signals. These boards were 
programmed using the XILINX ISE Webpack software.
The digital signal generator operates in continuous-wave or 
pulsed mode with a frequency Range of 50kHz-20MHz.
The phase resolution at 1MHz is 0.6 degrees. This design 
can be expanded to synthesize 1024 channel signals. The 
Class-D power amplifiers are from a previous research 
project. The amplifiers are capable of driving 20 watts per 
channel, with a frequency range of 500-1000 kHz.

2.4 Computer Control

A personal computer controls the digital signal generator 
through a Matlab interface. A simple script adjusts the 
frequency, phase, and mode (CW or pulsed) of operation.

3. RESULTS

The system was tested after the ultrasound phased array was 
mounted in a water tank. The computer-controlled power 
electronics steer a focus at specified locations within the 
tank. The resulting focal patterns were mapped using a 
computer controlled positioning system and a hydrophone. 
The hydrophone was traced through a rectilinear grid, 
measuring the pressure generated by the ultrasound. Figures 
2 and 3 show two experimentally measured pressure fields.

4. DISCUSSION

The experimentally measured pressure fields demonstrate 
that the 1D ultrasound phased array is capable of generating 
and steering a focus within a water tank. The shape of the 
measured field in the direction of the array sampling is 
similar to the results obtained from computer simulations; 
however, measurements and simulations are dissimilar 
along the long axis of the array elements. This suggests that 
the particle velocity is not uniform across each active 
element, so more detailed computer models are required. 
This is confirmed in comparisons of simulations and 
measurements of single element pressure fields.

Fig. 2: Normalized pressure fie ld  generated by the 22-element 1D 
array shown in Figure 1. This array, which operates at 971.5kHz, is 
focused on-axis at [0, 0, 304.8] (mm).

Fig. 3. Normalized pressure fields generated by the 22-element 1D 
array shown in Figure 1. This array, which operates at 971.5kHz, 
is steered off-axis with a focus located at [-15, 0, 304.8] (mm).
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