
This is a repository copy of A HIFU excitation scheme to reduce switching-induced grating 
lobes and hard tissue interface heating.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/129848/

Version: Accepted Version

Proceedings Paper:
Adams, C, Cowell, D, Nie, L orcid.org/0000-0002-5796-907X et al. (3 more authors) (2017)
A HIFU excitation scheme to reduce switching-induced grating lobes and hard tissue 
interface heating. In: Proceedings of IUS 2017. IEEE International Ultrasonics Symposium 
(IUS), 06-09 Sep 2017, Washington, DC, USA. IEEE . ISBN 9781538633830 

https://doi.org/10.1109/ULTSYM.2017.8092124

© 2017 IEEE. This is an author produced version of a paper published in 2017 IEEE 
International Ultrasonics Symposium (IUS). Personal use of this material is permitted. 
Permission from IEEE must be obtained for all other uses, in any current or future media, 
including reprinting/republishing this material for advertising or promotional purposes, 
creating new collective works, for resale or redistribution to servers or lists, or reuse of any
copyrighted component of this work in other works. Uploaded in accordance with the 
publisher's self-archiving policy.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 
Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 

Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/


A HIFU excitation scheme to reduce switching-
induced grating lobes and hard tissue interface 
heating 
 

Chris Adams, David M.J. Cowell, Luzhen Nie, James R. McLaughlan and Steven Freear 

Ultrasonics and Instrumentation Group, 

School of Electronic and Electrical Engineering, 

University of Leeds, Leeds, 

LS2 9JT, UK 

Email: elca@leeds.ac.uk 

Background, Motivation and Objective 

Arbitrary excitation waveforms are desirable in HIFU array systems. In trans-skull 
therapy this is necessary to compensate for phase aberrations and achieve even heating 
of the skull. To facilitate this, wave form generators and large, costly class A RF 
amplifiers are used. High element counts are commonplace and so the portability of 
these systems is greatly reduced. We propose using switched mode excitation to 
miniaturise these systems. Unfortunately, the curvature of therapeutic arrays and the 
inherent harmonic content of switched circuits induces harmful grating lobes into the 
therapeutic field of view. The advent of higher bandwidth transducers makes harmonic 
cancellation imperative. 3rd harmonic reduction (3HR) PWM can be used to negate 
these grating lobes but cannot implement amplitude control. We propose the use of the 
HRPWM technique to negate switching induced grating lobes and modulate output 
power to reduce hard tissue heating. 

Statement of Contribution/Methods 

A concave therapeutic array is tested. The electronic focus is set to 40 mm laterally and 
−50 mm axially. A bone layer is placed in front of the transducer with non-uniform 
attenuation. In the model, attenuation is considered to contribute entirely to absorbency 
and temperature rise is considered to be proportional to power intensity. In addition to 
ideal analog excitation, bipolar, 3HR and HRPWM switched mode excitation schemes 
are tested. The pressure profiles produced by each excitation scheme are compared with 
that of the ideal, analog excitation. The temperature rise at the hard tissue boundary 
under each array element is measured. The ratio of the local temperature rise to 
maximum temperature rise is calculated and plotted across the array. 

Results/Discussion 

Analog excitation results in the most energy at the focal point and guarantees uniform 
heating. Bipolar excitation induces grating lobes into the field of therapy and heats the 
tissue unevenly (15% variation). 3HR is able to negate harmful grating lobes but also 
heats the tissue unevenly (15% variation). 3HR and bipolar excitations also broaden the 
focal region, whereas HRPWM does not. The presented HRPWM excitation scheme is 
the only switched scheme that is able to both reduce grating lobes and hard tissue 
heating variation (5%) to a satisfactory level. 

 


