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WR� IXOO\� FKDUDFWHULVH� FOLQLFDO� KLJK�LQWHQVLW\� IRFXVHG� XOWUDVRXQG�
�+,)8�� ILHOGV�� DQG� IRU� DFFXUDWH� YDOLGDWLRQ� RI� FRPSXWDWLRQDO�
PRGHOV� RI� XOWUDVRXQG� SURSDJDWLRQ�� +RZHYHU�� PDQ\� H[LVWLQJ�
PHWKRGV�DUH�XQDEOH�WR�ZLWKVWDQG�WKH�H[WUHPH�SUHVVXUHV�JHQHUDWHG�
LQ� WKHVH� ILHOGV�� DQG� WKRVH� WKDW� FDQ� RIWHQ� KDYH� KLJK� QRLVH� OHYHOV���
+HUH�� D� UREXVW� VHQVRU�� EDVHG� RQ� D� SODQDU� )DEU\�3pURW�
LQWHUIHURPHWHU�ZLWK�KDUG�GLHOHFWULF�VSDFHU�DQG�PLUURUV��ZDV�XVHG�
WR� PHDVXUH� DFRXVWLF� SUHVVXUH� LQ� WKH� ILHOG� RI� D� ���� 0+]� VLQJOH�
HOHPHQW� VSKHULFDOO\� IRFXVHG� ERZO� WUDQVGXFHU�� ,Q� SUHOLPLQDU\�
PHDVXUHPHQWV�� SHDN� SRVLWLYH� SUHVVXUHV� RI� ��� 03D�� DQG� SHDN�
QHJDWLYH�SUHVVXUHV�RI����03D�ZHUH�PHDVXUHG��7KH�QRLVH�HTXLYDOHQW�
SUHVVXUH�VFDOHG�ZLWK�WKH�DGMXVWDEOH�G\QDPLF�UDQJH�RI�WKH�V\VWHP�
EHWZHHQ� ��� N3D� IRU� SUHVVXUHV� XS� WR� �� 03D� DQG� ���� N3D� IRU�
PHDVXUHPHQWV�XS�WR����03D��7KLV�PDNHV�WKH�V\VWHP�VXLWDEOH�IRU�
PHDVXULQJ�ORZ�SUHVVXUH�UHJLRQV�RI�WKH�ILHOG�DV�ZHOO�DV�WKH�KLJK�IRFDO�
SUHVVXUHV��7KH����G%�EDQGZLGWK�RI�WKH�VHQVRU�ZDV�����0+]��DQG�
WKH�HIIHFWLYH�HOHPHQW�VL]H�ZDV�����P��ZKLFK�PDNHV�WKH�VHQVRU�ZHOO�
VXLWHG� WR� WKH�PHDVXUHPHQW�RI� WKH�KLJKO\�QRQOLQHDU�DQG� ORFDOLVHG�
KLJK�SUHVVXUH�IRFDO�UHJLRQV�JHQHUDWHG�LQ�+,)8�ILHOGV��:DYHIRUPV�
ZHUH� DFTXLUHG� DW� D� UDWH� RI� ����+]�� VHYHUDO� RUGHUV� RI�PDJQLWXGH�
IDVWHU�WKDQ�FDQ�EH�DFKLHYHG�ZLWK�D�K\GURSKRQH�VFDQQLQJ�V\VWHP���
7KLV� VHQVRU� UHSUHVHQWV� D� FULWLFDO� LPSURYHPHQW� LQ� PHDVXUHPHQW�
FDSDELOLW\�IRU�+,)8�ILHOGV�LQ�WHUPV�RI�G\QDPLF�UDQJH��EDQGZLGWK��
QRLVH�HTXLYDOHQW�SUHVVXUH��DQG�DFTXLVLWLRQ�VSHHG��

HIFU, Field mapping, Fabry-Pérot, Acoustic pressure 

,�� ,1752'8&7,21�
7KH� PHDVXUHPHQW� RI� KLJK� LQWHQVLW\� IRFXVHG� XOWUDVRXQG�

�+,)8��ILHOGV� LV�FULWLFDO� LQ�PRQLWRULQJ� WKH�VWDELOLW\�RI�FOLQLFDO�
XOWUDVRXQG�WKHUDS\�V\VWHPV��LQ�YDOLGDWLQJ�PRGHOV�RI�XOWUDVRXQG�
SURSDJDWLRQ�� DQG� LQ� XQGHUVWDQGLQJ� WKHVH� FRPSOH[� DFRXVWLF�
ILHOGV�DQG�WKHLU�ELRHIIHFWV��,Q�RUGHU�WR�IXOO\�FKDUDFWHULVH�FOLQLFDO�
WKHUDSHXWLF�XOWUDVRXQG�ILHOGV��WKH\�PXVW�EH�PHDVXUHG�DW�FOLQLFDO�
OHYHOV�ZKHUH� H[WUHPHO\� KLJK� SUHVVXUHV�RI� XS� WR�����03D� DUH�
JHQHUDWHG�LQ�WKH�IRFDO�UHJLRQ�>�@���,Q�WKH�LGHDO�FDVH��D�VXLWDEOH�
VHQVRU�IRU�WKHVH�FRQGLWLRQV�PXVW�EH�UREXVW�HQRXJK�WR�ZLWKVWDQG�
WKH�H[WUHPH�FRQGLWLRQV��DQG�KDYH�D�KLJK�G\QDPLF�UDQJH�DQG�ORZ�
QRLVH� OHYHOV� VXLWDEOH� IRU� PHDVXULQJ� WKH� KLJK�SUHVVXUH� IRFDO�
UHJLRQ�DQG�ORZ�SUHVVXUHV�HOVHZKHUH��,W�PXVW�DOVR�KDYH�D�ZLGH�
EDQGZLGWK� WR� FDSWXUH� KLJK� IUHTXHQF\� KDUPRQLFV�� DQG� D� VPDOO�
HOHPHQW� VL]H� WR� DYRLG� VSDWLDO� DYHUDJLQJ� LQ� WKH� QDUURZ� IRFDO�
UHJLRQ�DQG�WR�SURYLGH�DQ�RPQLGLUHFWLRQDO�UHVSRQVH���$W�SUHVHQW��
WKHUH�DUH�QR�VHQVRUV�WKDW�IXOILO�DOO�RI�WKHVH�FULWHULD����

&XUUHQWO\� DYDLODEOH� DFRXVWLF� SUHVVXUH� VHQVRUV�XVHG� IRU� WKH�
PHDVXUHPHQW� RI� XOWUDVRXQG� ILHOGV� IDOO� LQWR� WZR� FDWHJRULHV��
SLH]RHOHFWULF� VHQVRUV� DQG� RSWLFDO� VHQVRUV�� 3LH]RHOHFWULF�
K\GURSKRQHV�DUH�HDVLO\�GDPDJHG�E\�FDYLWDWLRQ��DQG�E\�KHDWLQJ�
DQG�GLUHFW�PHFKDQLFDO�HIIHFWV���:KLOH�SXULILFDWLRQ�DQG�GHJDVVLQJ�
RI� WKH� WHVW�PHGLXP��XVXDOO\�ZDWHU��FDQ� LQFUHDVH� WKH� WKUHVKROG�
IRU�FDYLWDWLRQ��DQG�XVH�RI�D�ORZ�GXW\�F\FOH�ZLOO�UHGXFH�KHDWLQJ��
GDPDJH� LV� OLNHO\� WR� RFFXU� HYHQWXDOO\�� 7KH� SUHVVXUH� UDQJH� RI�
PRVW� SLH]RHOHFWULF� VHQVRUV� LV� OLPLWHG�� RIWHQ� WR���� RU����03D���
7KLV� LV� GXH� WR� WKH� G\QDPLF� UDQJH� RI� FRPSRQHQWV� VXFK� DV�
SUHDPSOLILHUV��DV�ZHOO�DV�GDPDJH�WKUHVKROGV��DQG�LW�OLPLWV�WKHP�
WR� WKH� PHDVXUHPHQW� RI� UHODWLYHO\� ORZ� DPSOLWXGH� ILHOGV� >�@��
:KLOH�SLH]RHOHFWULF�K\GURSKRQHV�ZLWK�HOHPHQW�VL]HV�DV�VPDOO�DV�
����P� DUH� DYDLODEOH�� GHFUHDVLQJ� VHQVRU� VL]H� OHDGV� WR� D� ORZHU�
VHQVLWLYLW\� DQG� WKH� IUHTXHQF\� UHVSRQVH� FDQ� EH� QRQ�XQLIRUP���
5REXVW�SLH]RHOHFWULF�K\GURSKRQHV�KDYH�DOVR�EHHQ�UHSRUWHG��EXW�
KDYH�EHHQ� OLPLWHG� WR� ODUJH�HOHPHQW�VL]HV� >�@–>�@�� �)LEUH�RSWLF�
K\GURSKRQHV��)23+V��DUH�VXLWDEOH�FDQGLGDWHV�GXH�WR�WKHLU�VPDOO�
VL]H�DQG�ZLGHU�EDQGZLGWK���%DUH�FOHDYHG�ILEUH�WLS�)23+V�KDYH�
EHHQ�XVHG�WR�PHDVXUH�SUHVVXUHV�XS�WR����03D��7KH\�DUH�UREXVW�
DQG�KDYH�WKH�DGYDQWDJH�WKDW�WKH\�FDQ�HDVLO\�EH�FXW�WR�IRUP�D�QHZ�
ILEUH� WLS� ZKHQ� GDPDJHG� >�@�� >�@�� � +RZHYHU�� WKHLU� KLJK� QRLVH�
HTXLYDOHQW�SUHVVXUH��1(3��RI�PRUH�WKDQ�����03D�UHQGHUV�WKHP�
XQVXLWDEOH�IRU�PDSSLQJ�UHJLRQV�RI�ORZHU�SUHVVXUH����

+LJKHU� VHQVLWLYLW\�DQG� ORZHU�QRLVH� OHYHOV�FDQ�EH�DFKLHYHG�
ZLWK�D�)DEU\�3pURW�LQWHUIHURPHWHU�EDVHG�)23+�>�@���$�)DEU\�
3pURW� LQWHUIHURPHWHU� FRQVLVWV� RI� WZR� SODQH� SDUDOOHO� PLUURUV�
VHSDUDWHG� E\� D� FDYLW\� RU� VSDFHU�� ,QFLGHQW� OLJKW� LV� PXOWLSO\�
UHIOHFWHG�IURP�WKH�PLUURUV�DQG�WKH�PXOWLSOH�EHDPV�LQWHUIHUH�DV�
WKH\�UHWXUQ���:KHQ�WKH�LQWHUIHURPHWHU�LV�SODFHG�LQ�DQ�DFRXVWLF�
ILHOG�� WKH� VSDFHU� WKLFNQHVV� LV� PRGXODWHG� E\� WKH� DFRXVWLF�
SUHVVXUH���7KLV�FDXVHV�D�SKDVH�VKLIW�EHWZHHQ�OLJKW�UHIOHFWHG�IURP�
HDFK�PLUURU��ZKLFK�PDSV� WR� D� FKDQJH� LQ� WKH� UHIOHFWHG�RSWLFDO�
SRZHU���)LEUH�PRXQWHG�DQG�SRO\PHWK\OPHWKDFU\ODWH��300$��
EDFNHG� SODQDU� )DEU\�3pURW� VHQVRUV� KDYH� EHHQ� SUHYLRXVO\�
GHVFULEHG�IRU�XOWUDVRQLF�SUHVVXUH�DQG�WHPSHUDWXUH�PHDVXUHPHQW�
>�@�DQG�IRU�SKRWRDFRXVWLF�LPDJLQJ�>�@���7KH�SODQDU�VHQVRUV�DUH�
IRUPHG� RI� VSXWWHUHG� GLFKURLF�PLUURUV� VHSDUDWHG� E\� D� YDFXXP�
GHSRVLWHG� 3DU\OHQH�&� SRO\PHU� ILOP� VSDFHU�� 'LIIHUHQW� VSDFHU�
WKLFNQHVVHV� KDYH� EHHQ� HPSOR\HG�� FKRVHQ� WR� RSWLPLVH� WKH�
VHQVLWLYLW\� DQG� EDQGZLGWK� IRU� WKH� JLYHQ� DSSOLFDWLRQ�� � )RU�
H[DPSOH��DV�SDUW�RI�WKH�SKRWRDFRXVWLF�VFDQQHU�GHVFULEHG�LQ�>�@��
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D�VHQVRU�ZLWK�D�����P�VSDFHU�KDG�D�QRLVH�HTXLYDOHQW�SUHVVXUH�
�1(3��RI������N3D�RYHU�D����0+]�PHDVXUHPHQW�EDQGZLGWK��DQG�
���G%�EDQGZLGWK�RI����0+]��7KH�EDQGZLGWK� LQFUHDVHG� WR����
0+]�ZLWK�D�����P�VSDFHU�DW�WKH�H[SHQVH�RI�LQFUHDVHG�1(3�RI�
�����N3D�� �7KHVH�QRLVH� OHYHOV�DUH�H[WUHPHO\� ORZ�FRPSDUHG� WR�
WKH� ��� N3D� 1(3� DVVRFLDWHG� ZLWK� D� ��� �P� 39')� QHHGOH�
K\GURSKRQH����

:KLOH�YHU\�VXLWDEOH�IRU�XVH�LQ�SKRWRDFRXVWLF�LPDJLQJ�ZKHQ�
KLJK� VHQVLWLYLW\� DQG� H[WUHPHO\� ORZ�QRLVH� DUH� UHTXLUHG� IRU� WKH�
GHWHFWLRQ� RI� ORZ� DPSOLWXGH� VLJQDOV�� WKLV� SRO\PHU� VSDFHU�
FRQVWUXFWLRQ� LV� QRW� UREXVW� WR� KLJK� SUHVVXUHV� DQG� KDV� D� VPDOO�
G\QDPLF�UDQJH��D�IHZ�03D����7R�RYHUFRPH�WKHVH�OLPLWDWLRQV�IRU�
XVH�ZLWK�+,)8��WKH�LQWHUIHURPHWHU�FDQ�LQVWHDG�EH�IRUPHG�IURP�
VSXWWHUHG� 6L2�� KDUG� GLHOHFWULF� PLUURUV� DQG� VSDFHU� ZLWK� D�
WKLFNQHVV�RI�D�IHZ�PLFURQ��7KLV�FRQVWUXFWLRQ�UHVXOWV�LQ�D�UREXVW�
VHQVRU�ZLWK�D�IODW�IUHTXHQF\�UHVSRQVH�RYHU����V�RI�0+]��DQG�D�
ODUJH�G\QDPLF�UDQJH�>��@���7KH�G\QDPLF�UDQJH�RI�WKH�VHQVRU�FDQ�
DOVR�EH�RSWLPLVHG�WR�HQDEOH�PHDVXUHPHQW�RI�ERWK�ORZ�DQG�KLJK�
SUHVVXUHV��%\�DGMXVWLQJ�WKH�SRZHU�RI�WKH�LQFLGHQW�OLJKW�VRXUFH��
WKH� VLJQDO� JHQHUDWHG� E\� UHWXUQLQJ� OLJKW� DW� WKH� SKRWRGLRGH�
GHWHFWRU�FDQ�EH�VFDOHG�WR�XVH�WKH�ZKROH�G\QDPLF�UDQJH�RI�WKH�
SKRWRGLRGH�� � 7KH� DVVRFLDWHG� QRLVH� HTXLYDOHQW� SUHVVXUH� VFDOHV�
ZLWK� WKLV�RSWLPLVDWLRQ�� VR� LW� UHPDLQV� ORZ�DW����N3D�RYHU�D����
0+]�EDQGZLGWK�IRU�ORZ�SUHVVXUH�PHDVXUHPHQWV��XS�WR���03D���
LQFUHDVLQJ�WR�DSSUR[LPDWHO\�����N3D�RYHU����0+]�DW�WKH�XSSHU�
OLPLWV�RI�PHDVXUDEOH�SUHVVXUH�RI����03D���7KH�HOHPHQW�VL]H�RI�
WKH�VHQVRU�LV�RSWLFDOO\�GHILQHG�E\�WKH�VSRW�VL]H�RI�WKH�LQFLGHQW�
ODVHU� OLJKW� VRXUFH� ���� WR� ��� �P�� ZKLFK� PLQLPLVHV� VSDWLDO�
DYHUDJLQJ� DQG� JLYHV� D� EURDG� GLUHFWLRQDO� UHVSRQVH�� +HUH�� ZH�
SUHVHQW� SUHOLPLQDU\� PHDVXUHPHQWV� RI� D� +,)8� ILHOG� REWDLQHG�
ZLWK� D� SODQDU� )DEU\�3pURW� LQWHUIHURPHWHU� RI� KDUG� GLHOHFWULF�
FRQVWUXFWLRQ��

,,�� 0(7+2'6��

A. Fabry-Pérot sensor and scanning system 
7KH� DFRXVWLF� SUHVVXUH� ZDV� PHDVXUHG� XVLQJ� D� SUHYLRXVO\�

GHVFULEHG� RSWLFDO� VFDQQHU� >�@�� ZLWK� D� KDUG� GLHOHFWULF� SODQDU�
)DEU\�3pURW� LQWHUIHURPHWHU�� � 7KH� VHQVRU� ZDV� IRUPHG� RI� D�
ZHGJHG� JODVV� VXEVWUDWH� ZLWK� ���� �P� WKLFN� HYDSRUDWHG� KDUG�
GLHOHFWULF� �6L2��� VSDFHU� DQG� GLFKURLF� PLUURUV�� 7KH� ��G%�
EDQGZLGWK� RI� WKH� VHQVRU� ZDV� ����0+]�� WKH� OLQHDU� GHWHFWLRQ�
UHJLRQ�ZDV����03D��DQG�WKH�HIIHFWLYH�HOHPHQW�VL]H�ZDV�����P��
7R�LQWHUURJDWH�WKH�VHQVRU��D������QP�IRFXVHG�ODVHU�EHDP��76/�
�����6DQWHF�&RUSRUDWLRQ��-DSDQ��ZDV�UDVWHU�VFDQQHG�DFURVV�WKH�
VHQVRU�XVLQJ� D� JDOYDQRPHWHU�PLUURU� VFDQQLQJ� V\VWHP�ZLWK� DQ�
DFTXLVLWLRQ� UDWH� RI� ���� +]�� � 7R� PD[LPLVH� VHQVLWLYLW\� DQG�
OLQHDULW\�RI� WKH�VHQVRU�� WKH�ZDYHOHQJWK�RI� WKH� LQFLGHQW� OLJKW� LV�
WXQHG� WR� WKH�PD[LPXP�JUDGLHQW�RI� WKH� LQWHUIHURPHWHU� WUDQVIHU�
IXQFWLRQ� �,7)��� WKH� UHODWLRQVKLS� EHWZHHQ� SKDVH� DQG� UHIOHFWHG�
RSWLFDO�SRZHU��DW�HDFK�SRLQW��7KH�UHIOHFWHG�OLJKW�ZDV�PHDVXUHG�
E\�D�,Q*D6�SKRWRGLRGH�DQG�WKH�UHVXOWLQJ�YROWDJH�VLJQDO�GLJLWLVHG�
DQG� VWRUHG� IRU� HDFK� SRLQW� WR� EXLOG� XS� D� �'�PDS� RI� WKH� WLPH�
YDU\LQJ� DFRXVWLF� ILHOG� GLVWULEXWLRQ�� � 7KH� ODVHU� LQWHUURJDWLRQ�
SRZHU�ZDV�DGMXVWHG�EHWZHHQ�VFDQV�WR�PD[LPLVH�WKH�SKRWRGLRGH�
YROWDJH��

3UHVVXUH�FDOLEUDWLRQ�IDFWRUV�RYHU�WKH�UDQJH�RI�LQWHUURJDWLRQ�
ODVHU� SRZHU� VHWWLQJV�ZHUH� GHULYHG� IURP�PHDVXUHPHQWV� RI� WKH�

DFRXVWLF� SUHVVXUH� JHQHUDWHG� E\� D� ����0+]� SXOVHG� XOWUDVRXQG�
FKHFN�VRXUFH��3DQDPHWULFV����35���9�����2O\PSXV�,QGXVWULDO��
8.���SUHYLRXVO\�FKDUDFWHULVHG�ZLWK�D�FDOLEUDWHG�39')�QHHGOH�
K\GURSKRQH��3UHFLVLRQ�$FRXVWLFV��/WG���'RUFKHVWHU��8.���

B. Ultrasound source and driving system 
7KH�VHQVRU��ZKLFK�KDG�DQ�DUHD�RI����PP�E\����PP��ZDV�

PRXQWHG�LQ�WKH�EDVH�RI�D�WHPSHUDWXUH�FRQWUROOHG�ZDWHU�EDWK���$Q�
DFRXVWLF�ILHOG�ZDV�JHQHUDWHG�E\�D�VLQJOH�HOHPHQW�IRFXVHG�ERZO�
WUDQVGXFHU� �+����� 6RQLF� &RQFHSWV�� %RWKHOO�� :$�� 86$��
PRXQWHG�LQ�WKH�ZDWHU�EDWK�ILOOHG�ZLWK�GHJDVVHG��GHLRQLVHG�ZDWHU���
$�GLDJUDP�RI�WKH�H[SHULPHQWDO�DUUDQJHPHQW�LV�VKRZQ�LQ�)LJ�����
7KH�WUDQVGXFHU�KDG�DQ�DFWLYH�DUHD�GLDPHWHU�RI����PP�DQG�IRFDO�
OHQJWK�RI������PP���7KH�WUDQVGXFHU�ZDV�GULYHQ�ZLWK�D���F\FOH�
EXUVW�DW�����0+]���,QSXW�VLJQDOV�ZHUH�JHQHUDWHG�E\�DQ�$JLOHQW�
�����$� $UELWUDU\� :DYHIRUP� *HQHUDWRU� �$JLOHQW�� %HUNVKLUH��
8.��EHIRUH�DPSOLILFDWLRQ�E\�DQ�(	,�$����5)�SRZHU�DPSOLILHU�
�(OHFWURQLFV� 	� ,QQRYDWLRQ� /WG��� 5RFKHVWHU�� 1<��� � 7KLV� ZDV�
FRXSOHG�WR�WKH�WUDQVGXFHU�YLD�DQ�LPSHGDQFH�PDWFKLQJ�QHWZRUN���
7KH� WUDQVGXFHU� GULYH� VLJQDO� ZDV� PRQLWRUHG� XVLQJ� DQ� $JLOHQW�
RVFLOORVFRSH� SUREH� DQG� $JLOHQW� '62�;����� RVFLOORVFRSH�
�$JLOHQW�� DV� DERYH��� � $� ��� PP� GLDPHWHU� �� 0+]� 39')�
WUDQVGXFHU�ZDV�XVHG�IRU�SDVVLYH�FDYLWDWLRQ�GHWHFWLRQ��WKH�VLJQDO�
DQG�VSHFWUXP�ZHUH�PRQLWRUHG�XVLQJ�WKH�RVFLOORVFRSH����

,,,��5(68/76�$1'�',6&866,21�
$UHDV�RI�XS� WR����PP�E\����PP�ZHUH�VFDQQHG�ZLWK� VWHS�

VL]HV�RI�����P�WR������P�ZLWK�VFDQV�FRQWDLQLQJ�XS�WR��������
PHDVXUHPHQW� SRLQWV�� � $OO� VFDQV� ZHUH� SHUIRUPHG� LQ� VLQJOH�
DFTXLVLWLRQ�PRGH�DQG�VFDQ�WLPHV�ZHUH�RQ�WKH�RUGHU�RI���PLQXWH����

A. Measurements at different drive levels 
)LHOG�VFDQV�ZHUH�SHUIRUPHG�DW�D�UDQJH�RI�WUDQVGXFHU�GULYH�

OHYHOV�IURP����9SS�WR�����9SS�LQ�WKH�IRFDO�SODQH�RI�WKH�DFRXVWLF�
ILHOG���3HDN�SRVLWLYH�SUHVVXUHV�RI�XS�WR����03D�ZHUH�PHDVXUHG��
ZLWK� SHDN� QHJDWLYH� SUHVVXUHV� XS� WR� ��� 03D�� � 3UHVVXUH�
ZDYHIRUPV�DQG�VSHFWUD�PHDVXUHG�LQ�WKH�IRFDO�UHJLRQ�DUH�VKRZQ�

�
Fig. 1. Schematic of experimental configuration 



LQ� )LJ�� ���7KHVH� GDWD� VKRZ� WKH� DFRXVWLF�ZDYHIRUP�EHFRPLQJ�
LQFUHDVLQJO\� QRQOLQHDU� DV� WKH� GULYH� OHYHO� LV� LQFUHDVHG�� ZLWK�
LQFUHDVLQJ� DPSOLWXGH� RI� WKH� KDUPRQLFV� YLVLEOH� LQ� WKH� VSHFWUD���
7KH�H[WUHPHO\�ZLGH�EDQGZLGWK�DQG�IODW�IUHTXHQF\�UHVSRQVH�RI�
WKH� KDUG� GLHOHFWULF� )DEU\�3pURW� VHQVRU� PDNH� LW� LGHDO� IRU�
PHDVXUHPHQW� RI� KLJKO\� QRQOLQHDU� XOWUDVRXQG� VLJQDOV� ZKLFK�
FRQWDLQ�PDQ\�KDUPRQLFV��HVSHFLDOO\�ZKHQ�FRPSDUHG�WR�WKH����–�
��� 0+]� EDQGZLGWK� W\SLFDO� RI� FRQYHQWLRQDO� 39')�
K\GURSKRQHV�� 7HPSRUDO� SHDN� YDOXHV�ZHUH� H[WUDFWHG� IURP� WKH�
WLPH� YDU\LQJ� SUHVVXUH� ZDYHIRUPV� DW� HDFK� SRLQW� LQ� WKH� VFDQ��
7UDQVYHUVH�SHDN�SRVLWLYH�DQG�SHDN�QHJDWLYH�SUHVVXUH�SURILOHV�DW�
HDFK�RI�WKH�GULYH�OHYHOV�DUH�VKRZQ�LQ�WKH�ULJKW�KDQG�FROXPQ�RI�
)LJ������7KH�VPDOO�HOHPHQW�VL]H�RI�WKH�VHQVRU�KHOSV�OLPLW�VSDWLDO�
DYHUDJLQJ�ZKLFK� FRXOG� FDXVH�XQGHUHVWLPDWLRQ�RI� VSDWLDO� SHDN�
SUHVVXUHV�LQ�WKH�IRFXV�DV�WKH�SHDN�QDUURZV�ZLWK�LQFUHDVLQJ�GULYH�
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Fig. 2 Single shot focal waveforms, their spectra (smoothed by fitting with a spline) and transverse beam profiles at the focal plane measured at drive levels of 
76 Vpp, 113 Vpp, 150 Vpp and 188 Vpp. Scan parameters: step size 50 �m, scan area 6 mm by 6 mm, scan time 72 s. 
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Fig. 3 2D field maps of temporal peak positive (top row) and temporal peak negative pressure (bottom row) at XY planes positioned at distances of 60.8 mm, 
61.8 mm, 62. 8 mm (focal plane) and 63.8 mm from the origin of the transducer.  Scan parameters: step size 50 �m, scan area 5 mm by 5 mm, scan time 50 s. 


