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Abstract Spherical cavity transducer is a special focused ultrasound transducer. In order to theoretically prove that

it could break through the limit of the dimension of focal region and focal gain in conventional focusing ultrasound, a

numerical model is developed for describing the nonlinear acoustic field generated from the spherical cavity transducer

using the finite difference time domain (FDTD) method to solve the nonlinear Westervelt equation. Numerical simulation

is performed using a spherical cavity transducer with diameter 120mm working at 0.6 MHz, and results are compared

with those obtained from the conventional curved transducer with the same configuration. Results indicate that as the

exciting acoustic pressure is 100 kPa, the spherical cavity transducer could increase focusing gain by about 8.5 times

and reduce −6 dB focal region by 20 times in z direction. This study suggests that the spherical cavity transducer will

be promising in the application of High intensity focused ultrasound (HIFU) for precise treatment.
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 ß�% [7] ä ÷,�-ñèñé�.�/���0�1���2ñÉñÊ Û ÷ ÊñãñÌÁÆ�3�4 Û Óéñü ��5 ËñÌ ×ñØ ä76 Ï è�8 Û9��5�:<;�=�>@?BA çC�D Û ������E�8�F�GñÌ :�H ��0�1�I Ï � C ÛKJ�Lå�M�N�O�P�Q�R�S $�T�U�V�W�T�U ÛYX�Z�[�\ ÉªÊñËÌ ç ÊÁãÁÌ :ÁÏ�]�^ Ë�_ 108 Pa ä
Hynynen ö á D � 1732 ò�`�a � ô 8 ïñðñò ��b� �b5b^dcbebfbgbh ç ÓàÔdiÇÚàáÇâàÛkj aÇô 8ïñðñòñç !�l�U î ÌñÆ�T�mñÅ î ê���2 ç Êñã ð D �n Û ����o�p ÉñÊñËñÌ�q�r�s e�t ç ��u q�v ÛKw �x D r�s e�t � ��y � ç Ì�
�z�{ [8] ä}|�� Û}~����ö � � � ôb� )b* ÉàÊàËàÌb� ç ÑàÒ ÉàÊ � í [9] ä� �b� � !bl ïb�àîk�b�Çïb�ÇçbaÇô �d�b� ( ß Ï

� ô 8d�ÇøÇÉÇÊ � (
���d� ç Ed8 �d� Î ËÇÌÇø ç� úb8 ó Æb�àúb8 ), � � ÉàÊàÌb
 � ô 8 �b�b� úç Ìàø ó Þ ô 8 �b� �ÇúàÌÇød�b� Z ßb� [ ôd�b�

�b� ÉàÊ ç Ìàø ób� � �àú ç Ìàø ïd�àïd�b� Ûk�� ôb�b� ß �àø Jb�b�d� Å ç Ì :ÇÛkJdL Ê 	 �àÈ� 1ÁêÁû ��� ä�b� �b� Westervelt � �b	àÌàøàèb� [10], 'b � 	ñê C�¡ "ñé Û ��¢ � ô���� ÉñÊ������ ��� ç����	ñÌ�
 ç ¿k£ � Ò ä¤� ���ÁÎ 120 mm ç 0.6 MHzôb�b� ÉàÊb�d�b� çb� �b	àÌb
�¥b¦ �à¿b£b§b¨àÛ
Jb© � !bl ôàõ í ÉàÊb�d�b� ç ÉàÊbTbmbªàÊ 	 �Èb¥b¦ �¬« 3 � |b­b®b¯ � FdGàÆÇÈ �àôd�b� �d��ÁÉÁÊ�	�� ç þÁÿ ä
1 °²±²³²´²µ

¶
1 Î ôb�b� ÉàÊb�b�b� � � �b·b¸b¹bºàç '(�» ¿�¼�½ ¶ ä¿¾�À z

� Î ��Á ¸�¹ � Û R
� Î�� Á¸�¹ � Û O Î ¸k¹�Â ã ÛÄÃ � 
ñÈ Î ËñÌñø�
 (

� À

ø�
 ¿ñÎ 2.5 mm) ä D Î ô���� ÉñÊ������ ç�Å �ñÛ
L Î ôÁõ c Å ç ���ÁÛ a Î�Æ $ Û Ì�Ç�E�8 *�È WÁÈ
Î u0

ä ôÁõ<É ç ��Ê�:<;ÌË�Í É E�8�Î�ÏÁËÁÌ����� ç � ú�8 ÛKÐ ÏñËñÌñø ç Æ��ñú�8 ä ôñõ<É ç Ì�

�Ñ:¬;ÑËbÍ �b� � ú ç ËàÌàø ó Þ _ ô 8 �b� �àúç ËÇÌàøb�b� Z ß ÛkÒ � 0Çø ó �àúÇø �àï �b� Û� ôd�d� �d�dÓ � 3ÇÅÇÌ : ä �Ô5dÕ ¯kÖd× ó §d¨èñé ç C�D ÛÌØÙ\�wñÓ é §�Ú���Û �Áú Û ��� À ç §
¨bHbÜbÃb§bÚ �àÏb� �àú \b� �bÝ ¢àÌd
 ç �d� ä

Þ
1 ßáàáâáãáäáåáæáçáèáéáêáë Þ� � Westervelt

èb�bìbíbî * � � ÉÑ� �b	àÌ

[10]:

∇2p −
1

c2

∂2p

∂t2
+

δ

c4

∂3p

∂t3
+

β

ρ0c4

∂2p2

∂t2
= 0, (1)

í
(1) ïbðbñ 3 ò ó ñ 4 ò "bóbE ¼ åbMbNbOàçbPQñó�� ��	ñûñü ä¤¾�À p Î Ì :ñÛ ρ0

ó c0 Î å�MkNO ( ô ) çbõ ÈbªàÌbW Û δ = 2αχ3
0/ω2 Î Ìböb÷ Û α

Î N�OÁç�P�Q�ø ¿ÁÛ β Î N�OÁç�� ��	 ø ¿ ä í (1)� � � 	Áê C�¡ "Áé (FDTD)
v�ù

[11] ä � ��·�ú�û
º Û í (1)

� Ü�üÁÎ�ý ¸�¹ (r, z) � í À
∂2p

∂z2
+

1

r

∂

∂r

(

r
∂p

∂r

)

−
1

c2

∂2p

∂t2
+

δ

c4

∂3p

∂t3
+

β

ρ0c4

∂2p2

∂t2
=0,

(2)� í (2)
¥�¦�þ�ÿ��ÁÈ ºÁç ¡ " � ÕÁÛ � � À

|



















































































∂2p

∂z2
=

pn
i+1,j + pn

i−1,j − 2pn
i,j

∆z2
+ O(∆z2),

1

r

∂

∂r

(

r
∂p

∂r

)

=
1

r

∂p

∂r
+

∂2p

∂r2
=

1

r

pn
i,j+1 + pn

i,j−1

2∆r
+

pn
i,j+1 + pn

i,j−1 − 2pn
i,j

∆r2
+ O(∆r2),

∂2p

∂t2
=

pn+1
i,j + pn−1

i,j − 2pn
i,j

∆t2
+ O(∆t2),

∂3p

∂t3
=

1

(2∆t)3
(6pn

i,j − 23pn−1
i,j + 34pn−2

i,j − 24pn−3
i,j + 8pn−4

i,j − pn−5
i,j ) + O(∆t2),

∂2p2

∂t2
= 2

[

p
∂2p

∂t2
+

(

∂p

∂t

)2
]

= 2



p
2pn

i,j − 5pn−1
i,j + 4pn−2

i,j − pn−3
i,j

∆t2
+

(

3pn
i,j − 4pn−1

i,j + pn−2
i,j

2∆t

)2


+ O(∆t2),

(3)



382
Ì � � �

2014 �
¾¬À pn
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