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Driving ElectronicsDriving Electronics

AbstractAbstract

Goal: to develop general purpose HIFU phased array driving electGoal: to develop general purpose HIFU phased array driving electronics.              ronics.               
-- Small Footprint Digital/Analog Board Pair (25x25x4 cm).      Small Footprint Digital/Analog Board Pair (25x25x4 cm).      
-- 64 Channels/Board, Stackable/Scalable up to 1024 Channels Total64 Channels/Board, Stackable/Scalable up to 1024 Channels Total.                     .                     
-- 2 ns Phase Resolution (8 bit Control, Digital Delay Line).   2 ns Phase Resolution (8 bit Control, Digital Delay Line).   
-- 77--bit Amplitude Resolution (Digital PWM). bit Amplitude Resolution (Digital PWM). 
-- 11--5 MHz Operating Frequency (Programmable).                       5 MHz Operating Frequency (Programmable).                       
-- CW Operation, Programmable On/Off Time.              CW Operation, Programmable On/Off Time.              
-- Individual Impedance Matching and Filtering/Channel.         Individual Impedance Matching and Filtering/Channel.         
-- Capable of driving Elements up to 2 Capable of driving Elements up to 2 kkΩΩ Impedance.                                   Impedance.                                   
-- Single Digital Computer Interface (over Nat. Inst. Digital I/Single Digital Computer Interface (over Nat. Inst. Digital I/O Board).         O Board).         
-- Input Power: 5 V (4 A), 9 V (2 A), 0Input Power: 5 V (4 A), 9 V (2 A), 0--75 V (6.5 A) per Board Pair.                  75 V (6.5 A) per Board Pair.                  
-- Both LowBoth Low--Power (<2.5 W/Channel) and HighPower (<2.5 W/Channel) and High--Power (<15 W/Channel)   Power (<15 W/Channel)   

.. Implementations.      Implementations.      

Picture of 20Picture of 20--Channel HighChannel High--Power HIFU Phased Power HIFU Phased 
Array Driving Electronics, consisting of a single Array Driving Electronics, consisting of a single 
digital board (20/64 channels populated) and a digital board (20/64 channels populated) and a 
single highsingle high--power analog board (20/32 channels power analog board (20/32 channels 
populated).populated).

Picture of 320Picture of 320--Channel LowChannel Low--Power HIFU Power HIFU 
Phased Array Driving Electronics, consisting Phased Array Driving Electronics, consisting 
of 5 digital boards (fully populated) and 5 lowof 5 digital boards (fully populated) and 5 low--
power analog boards (fully populated).power analog boards (fully populated).
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This work presents the design and characterization of 4 specific
transrectal HIFU phased array transducers of various element counts and 
operating frequencies for the non-invasive treatment of prostate diseases, 
and a general-purpose HIFU phased array driving electronics design 
capable of controlling up to 1024 channels. Four different HIFU phased 
arrays have been simulated during the last 3 years to investigate optimum 
array geometries, high-power transducer materials (piezoelectric and/or 
piezocomposite), interconnect structures, and excitation methods. The 
developed electronics were used to test 3 of the 4 arrays that have 
actually been implemented, and were used for electronic focusing of the 
HIFU beam in real time from 25 mm to 45 mm from the face of the array. 
The characteristics of these arrays and the results of these investigations 
is presented. The implementation details of the driving electronics are 
also shown. Efforts are currently underway to finalize the design of the 
HIFU array of choice and to integrate it into the commercial Sonablate500 
system for clinical evaluation.

Transrectal HIFU Phased Arrays Transrectal HIFU Phased Arrays -- OverviewOverview
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Amplification, Filtering, Amplification, Filtering, 
and Impedance Matchingand Impedance Matching
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Goals:Goals:

(i)(i) to develop laser etching techniques to define to develop laser etching techniques to define 
arbitrary electrode shapes, andarbitrary electrode shapes, and

(ii)(ii) to provide a mediumto provide a medium--frequency HIFU phased frequency HIFU phased 
array transducer to test the 1array transducer to test the 1stst generation of generation of 
HIFU phased array driving electronics.HIFU phased array driving electronics.

Z=35mmZ=35mm Z=45mmZ=45mm Z=55mmZ=55mm

Qualitative Evaluation using Qualitative Evaluation using 
Schlieren Schlieren ImagingImaging

Z=20mmZ=20mm Z=32mmZ=32mm Z=45mmZ=45mm

Qualitative Evaluation using Qualitative Evaluation using 
Schlieren Schlieren ImagingImaging

Goals:Goals:

(i)(i) to investigate the use of piezocomposite to investigate the use of piezocomposite 
materials for HIFU phased arrays,materials for HIFU phased arrays,

(ii)(ii) to experimentally verify the focusing ability to experimentally verify the focusing ability 
of annular arrays over the region of interest: of annular arrays over the region of interest: 
z=20 mm to z=45 mm, andz=20 mm to z=45 mm, and

(iii)(iii) to quantify electrical and acoustic element to quantify electrical and acoustic element 
crosscross--coupling characteristics and compare coupling characteristics and compare 
them with element crossthem with element cross--coupling coupling characcharac--
teristicsteristics of PZT materials.of PZT materials.

Goals:Goals:

(i)(i) to replace linear mechanical transducer motion with variableto replace linear mechanical transducer motion with variable--size subsize sub--
aperture electronic scanning  (effective 1.5D HIFU array), andaperture electronic scanning  (effective 1.5D HIFU array), and

(ii)(ii) to replace mechanical imaging system with electronicallyto replace mechanical imaging system with electronically--controlled controlled 
imaging (2D image = collection of 1D Aimaging (2D image = collection of 1D A--lines); “duallines); “dual--mode” HIFU array.mode” HIFU array.

Goals:Goals:

(i)(i) to develop piezocomposite forming techto develop piezocomposite forming tech--
niquesniques to define curved HIFU phased arrays,to define curved HIFU phased arrays,

(ii)(ii) to experimentally verify the focusing ability of to experimentally verify the focusing ability of 
annular arrays at clinically proven excitation annular arrays at clinically proven excitation 
frequencies, andfrequencies, and

(iii)(iii) to investigate the suitability of alternate to investigate the suitability of alternate 
piezocomposite materials for HIFU phased piezocomposite materials for HIFU phased 
array construction.array construction.
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