2011 IEEE International Ultrasonics Symposium
(IUS 2011)

including Short Courses and Exhibition

Caribe Royale All-Suite Hotel & Convention Center
Orlando, Florida, USA
October 18-21, 2011

Sponsored by the IEEE Ultrasonics, Ferroelectrics and Frequency Control Society (UFFC-S)

©IEEE

Advancing Technology
for Humanity






Orlando, Florida October 18-21, 2011

Table of Contents

Welcome from the General CoO-CRairS .........ooiiiiiiiiie et e e ee e e e e e e s e ee e e e e e e nrsaeeeeaeeeesannnnneees 4
Welcome from the from the Technical Program Chair ............oooiiiii e 5
Symposium Organizing COMMITIEE ........ooiiiiiii e e et e e s e st e e e b e e e e eanes 6
1 01 (] SRR 7
Plenary Session & ClOSING CEIEIMONY..........uiiiiiiiiieieiiiee e et eee e sttt e e s st e e aasteeesasteeaeaassaeeeaansaeeeaansteeesasseeeeannseneseansees 8
L0701 1= =T Tor I T o 10 RS 10
1070] 01 (=T (=T Lo I R 1] (= 110 o ISR 11
VIS APPICALION ... s 12
[IoTor= | I I =1 g =] o o] o = 111 o USSP 12
[NTST=Tg o)A e oTo JR=T g To RS o] o] o] 1o Te TR PR 12
L0 4 F= T a o Lo A LT {1 SRS 13
Wednesday Reception & Thursday BanQUEL .............oouiiiiiiiiiiii ettt e e e saeeeeeenes 13
LU TCE o oo | =1 o o PRSP 13
SpeaKer REAAY ROOM ...ttt e e h et e e e ettt e e e r b et e e e aabe e e e n b et e e e anbe e e e e snbeeeeeanneas 14
L0 =TI o £ =TT =T o= (o o T €U o = S 14
POStEr PreSentation GUITE ..........eiiiiiiiie ettt ettt e e et e e et e e e et e e e e nnte e e e ennteeeensbeeeeenteneeenseeeeeannes 14
Session Chairs / SeSSION SUMMANY FOMMIS ... ..eiiiiiiii ettt e e et e e eate e saeeeneeeebeeeemreeeaneeas 14
Technical Program COmMMITIEE .........ooiiiiiiiiii et e s bt e e e e bt e e e st e e s sbre e e e snreeeeaans 14
ST aTo] i 0o TH T =] USSP 18
INVIEEA SPEAKETS ... ..uiiiiiiii et e ettt e e e e et e e e e e e e e e e ta b e e eeeeeeeeeaaaaateaeeeeeeesaaasbeeeaaeaesaassbaeeeeeeeesaanssssnneaaaaans 19
Invited Clinical SPeakers (SESSION TE)........ii ittt e ettt e e st e e e s snsaeesnnteeesansseeesanneeeens 20
Student Paper COMPELITION .........oooueiiiiiiii e e e e e e e e s e e e e e e e s e s aaa b b e aeaeessaantsseeeeaeeessnnnsnseees 20
SHUAENT TrAVE] SUPPOIT ...t e e e e e e e e e e aeeeseaaabaeeeeaeeesesasaeeeeaeeessanssseeeeaaeeeannnsnrnnees 21
SESSION CHAIIS INAEX ...ttt b oo bt eh e ettt e b et e nh et e s bt e e b et e ear e e e aneeenaneeennes 523
1T [T [ R PS 524
T Yo o = o TSP 542
1076] g o =T Yoo I o yo o r= T o ¢ TP PRRTRPPPRRNt 536
Closing Ceremony Abstract: William D. HUNt, PR.D. ...t 540

Oral Sessions, Wednesday, October 19, 2011:

Session 1A:; Ultrasound Drug or Gene Delivery and Enhancement............ccccvvieieiiiiiciieeee e 22
Session 2A: Cardiac Visco-Elasticity and Strain Imaging ...........cceeeeiiiiiiiiiiiie e 26
Session 3A: Scattering and AtENUALION ........oouiiii e 30
Session 4A: Physical and Biological ACOULIC SENSING......ccciiuiiiiiiiiiee e saeeee e 34
Session 5A: IO (=T [F o 1 o] o TSRO 38
Session 6A: 01V (O I = N o] o] o= i oo - T RSP RTI 41
Session 1B: HIFU Application and MONItOMING .......oooiuiiiiiiiiee e e e e e e e e 46
Session 2B: Cardiac BEam FOIMING ......oieiiiiiiiiie ettt e e e st e e s e tee e e e stee e e e ansteeeeannteeeennseeeeeneees 50
Session 3B: (070] o1 1= 0o [=1 0 N 1R PP RETPPP 55
Session 4B: ACOUSTEIC TWEEZEIS | ...ttt e e e e e e e et e e e s eabn et ee e e e e e aannnee 59
Session 5B: MiCroacOUStIC SENSOIS (BU) ....cciiieiiiiieiie e e e e e e e e e e et e e e e e ennbnreeeaaaeaean 62
Session 6B: Medical Imaging TraNSAUCETS .........ueiiiiiiiiee ettt e et e e e st e e e s sbee e e e s snbeeessnbeeeeeanes 66
Session 1C: 3D Imaging & Fast SIMUIation TOOIS ........uuieiiiiiiiiiir e e e eenraaee s 69
Session 2C: Advanced Flow Estimation Algorithms and Functional Imaging ...........cccccovveieiniii i, 74
Session 3C: Photoacoustics: APPlICALIONS ........ooiii i e e e e e e e e 78
Session 4C: Bulk Wave Effects and DEVICES | ......oooi ittt e e e 83
Session 5C: Transverse Modes in SAW (BF ) .......ooo e e e 87
Session 6C: TranSAUCET MOGEIING........uiiiiiiiie e e e e ettt e e e e st e e e e ente e e e ensteeeeesnteeeeeansaeeeennes 90

Poster Sessions, Wednesday, October 19, 2011:

Session P1Aa:  Beam Formation: Computational Aspects and Artifact Reduction.............cccccoiiiiiiiini e, 94
Session P1AD:  Blood FIOW IMaGING.......uiiiiiiiiiee ettt e ettt e e ettt e e e sbe e e e e anbaeeeeanbeeeeeanes 100

Ultrasonics, Ferroelectrics, and Frequency Control Society 1



2011 IEEE International Ultrasonics Symposium

Session P1Ac:
Session P1B:

Session P1C:

Session P1D:

Session P1E:

Session PS:

Session P2Aa:
Session P2Ab:

Session P2Ac:

Session P2Ad:
Session P2Ae:

Session P2B:

Session P2Ca:
Session P2Cb:

Session P2D:
Session P2E:

SYSIEM DESIGN .ot e e e e e e e e e e e e e e e e e a e — e e e aa e e e e aanrraaees 107
Sensing and SigNal ProCeSSING ........uuiiiiiiii e e e e a e e 116
Acoustic Wave Sensing and TranSAUCHION...........oocuiiiiiiiiiiiie e 119
SAW DeViCes and DESIGN .....coiiiiuiiiie ittt 122
O 1Y [ SR PT PP 128
Student Paper ComMPetition ..........oo it e e e 133
T T =Y o £ PR 146
CONrasSt AGENES L. et 147
Shear Wave Elastography L...........ooo it et e e e 154
Image Processing & MEasUIrEMENTS ..........ouiiiciiiiii it e e e e e s e e e seaeeaesnneeee s 158
Cardiovascular Elastography .........coooiiiiiiiiiee e 163
ACOUSHIC IMaAGING ..o, 170
Optical and Electromagnetic Interations Il ..o 176
Ultrasonic Motors and ACtUALOrS 1 .........oueiiiii e e 179
NOVEl aNd SENSOr DEVICES .......eeiiiiiiiie ettt e et e e e e e e ee e e e e e s s e sante e e e eaeeesstsraeeeaaeeesn 182
TransSAUCEr MatErialS...........veiiiiiee e e e e e e e e e e e e s e s aeeeeaeesennnnreees 189

Oral Sessions, Thursday, October 20, 2011:

Session 1D:
Session 2D:
Session 3D:
Session 4D:
Session 5D:
Session 6D:
Session 1E:
Session 2E:
Session 3E:
Session 4E:
Session 5E:
Session 6E:
Session 1F:
Session 2F:
Session 3F:
Session 4F:
Session 5F:
Session 6F:
Session 1G:
Session 2G:
Session 3G:
Session 4G:
Session 5G:
Session 6G:

Bio-Effects and DOSIMETNY .......c.uiiiiiiiie ettt e e e e e e sneee e e s nnneeee s 195
CardiovasCular IMAGING........cuuuie ittt e e e e e e st e e e e enbe e e e e ssbeeeeeanbeeeeeanreeeeenees 198
Targeted Contrast AQENTS ........cii it e e e st e e e e enrae e e snraeeeeanes 202
PRASEA ANTAYS ...ttt e e e e et e e e e e e e e e et e e e e e e e e e b eeeeaee e s 206
Radio Frequency Phononic Crystals.............ueeeiiiii it 212
CIMUTS I DEVICES ...ttt ettt ettt ea e e bt e st e be e e s e e e nnnee e 215
ClINICAI SESSION ...ttt ettt e eb e e et e sb e e e bt e sne e nanee e 219
0] 0 = RSP 220
Novel URrasound SYSIEMS .........eiiiiiiiii et 224
Imaging and SigNal ProCeSSING........uuiiiiiiiie e 229
Optical and Electromagnetic Interactions |.............c.coooiiiiiiiii e 233
Y o] o] o= 11T 1SR 238
Synthetic Aperture Beam FOrmMINg ........coooiiiiiiii e 241
Elastography: NeW MethOds .........cooiiiiie e e e 245
Photoacoustics: Technology Development ... ... 250
NOVEl ACOUSHIC WAVE SENSOTS .......eiiiiiiiiiiiiiitite ittt ettt 254
Ultrasonic Motors and ACTUATOIS | ..........ooiuiiiiiiiiiic e e e 257
BAW Components and Technology (5B) .........ueeeiiiiiiiiiieeee e 260
=1 oTeTo Il ol (o VIV [0 F=To 11T U PSR PTPRPP 265
Shear Wave Elastography........oo e 270
CoNrast AGENES 1. 274
ACOUSHIC MICIO FIUIAICS .....ceeiiiiiii ittt e e 277
Physics of PRONONIC CryStalS ........coiuiiiiiiiiiiie ettt e e neaee s 281
SAW Design, Integration & Tunability ...........ccooiiiiiiiiiiiie e 285

Poster Sessions, Thursday, October 20, 2011:

Session P3Aa:
Session P3Ab:

Session P3Ac:

Session P3Ad:
Session P3Ae:

Session P3B:
Session P3C:
Session P3E:

Session P4Aa:
Session P4Ab:

Session P4Ac:

Session P4Ad:

Characterization Of SOft TISSUE .......uuiiiiiiiii i e e e e e s snnrreeees 288
L] el r=T o] o)V PP PRPOPPPRRN 297
SIGNAI PrOCESSING . ..cciutteeie ittt e e e bt e e e e a b et e e e e e e e 302
(070] 1 1= 151 B I 01T =T o) P SRR 307
Therapeutical Effects, Microbubbles and Drug Delivery ............coccvveiiiiiiie i 315
UItrasonics and FIUIICS ......ooiiiieiieiiieee e e et e e e e e e e e e e e e an 320
ACOUSHIC TWEEZEIS Il ...ttt e e e e e e e e e e e e e e e nenaeeeeaaa e s 325
QLI = 1 EST0 (8 o= 1Yo To 1= 1T o 329
Needle Guidance & Simulation TOOIS ..........eeiiiiiiiieiiiiie e 332
=70 1S PP TP 337
Targeted Contrast AQENTS .......veiiii e e e e e e e s e e e e e e e e snaeeeaaeeesaaannes 342
Therapy: HIFU, Monitoring, Control, and Quality ASSUrancCe...........ccccevveeeeiiiieeeeiiiiee e 346

Institute of Electrical and Electronics Engineers



Orlando, Florida

October 18-21, 2011

Session P4B:
Session P4C:
Session P4D:
Session P5E:

Tranducers for NDE AppPliCAtiONS ..........uuviiiiieiiiiiieieee et e e e e e e e e e 352
Wave Propagation ... e e e e e e e e e e e e et a e e e e e e e e annes 356
BAW @nd MEMS ...ttt e e e e e e et e e e et e e e s e ab e e e s eabeeeenreeeeenreas 360
Transducer Design and APPlICAtIoN ..........ooiiiiiiiii e 365

Oral Sessions, Friday, October 21, 2011:

Session 1H:
Session 2H:
Session 3H:
Session 4H:
Session 5H:
Session 6H:
Session 11:

Session 2I:

Session 3l:

Session 41:

Session 51:

Session 61:

Session 1J:
Session 2J:
Session 3J:
Session 4J:
Session 5J:
Session 6J:
Session 1K:
Session 2K:
Session 3K:
Session 4K:
Session 5K:
Session 6K:

CMUT, 3D and Intravascular Imaging SyStEMS .........cccviiiiiiiiieiiiie e 370
Vascular EIastOgraphy ... e e e e e 374
Drug DEIIVEIY L. 378
LaSEI URMASONICS. .....utieieiiiieet ettt e s e e s e e s e e e s enr e e e e e e e e e 382
Single Crystal PI€ZOEBIECIIICS ... e 386
SAW Simulation @and DEVICES ........cooiiiiiiiiiiiie et e 389
IMAGE PrOCESSING ... . eeiiii ittt e et e e s nb e e e s nn e e e e s annaeeas 393
Histotripsy and General TRErapy ........cooieiiiiiiiii e 396
0T I LYY= o | TSP 400
Applications and Measurements of Ultrasonic Energy ..., 404
Application Of MaterialS .............oooiiiiiiiiieee et e e a e e 407
Y SRR 411
TS g T o] o 11 o RSO 416
Ultrasound Therapy of the Brain .........cooiiiiiii i 420
Cardiovascular Tissue Characterization ............cccccoviiiiiiiiiiiee e e 423
High Resolution ACOUSHIC IMagiNg .......ooouuiiiiiiiii e e 427
Acoustic Wave Propagation | ..........cooiiiiiii et e e e e e e e st rae e e e e nnes 430
Harsh ENVIFONMENT (B5C)...coiiiiiiieiiiie ettt e e e e e e et e e e e e e s e anraaeeeaae s 433
Abdominal ElastOgraphy ..........eeeii oo e e a e e 437
[V A= ET o0 = [ 4 F= o 1 o o TR TR 441
Functional Imaging & Image QUAIILY ...........cooiiiiiii e 445
NDE Methods and ANGIYSIS.........coe ittt e ee e nneeee s 450
Acoustic Wave Propagation 1l ..........cooo et 454
Medical TREraPY DEVICES ..ottt ettt be e e s aneeee s 458

Poster Sessions, Friday, October 21, 2011:

Session P5Aa:
Session P5ADb:
Session P5Ac:
Session P5Ad:
Session P5B:
Session P5C:
Session P5E:
Session P6Aa:
Session P6AD:
Session P6Ac:
Session P6Ad:
Session P6B:
Session P6C:

Beam Formation: Resolution IMprovement...............oovviiiiiiiiiiiiiiiiiieieieieeeeeeeveveveeeveveeeveeeeerennenees 462
Elastography: Clinical APPlICAtIONS ........c.eiiiiiiiiee e 467
Harmonic & High Frequency IMaging ..........coouuiiiiiiiiiiiee e 472
Multimodality Image & Image QUAlity..........c.eooiiiiiiiii e 476
SUrface ACUSEIC WaVE SENSOIS ......ccciiiiiieeiiiiee et e see e e et e e e e tee e e e snte e e e enteeeeeneeas 480
Bulk Wave Effects and DeVICES Il .........oooiiiiiiiiiiie ettt 483
1 [To [Tor= I I = T o L1 oY SRR 487
PROTOGCOUSTICS ...t e e e et e e e e e e e e e e e s 493
Shear Wave Elastography Il ... 499
(070 a1 1= A Ne 1= o) < | PRSP 504
Adaptive Beam FOIMING ......ooouiiii et st e e e e e e b eeeeeaes 509
NDE Methods and TranSAUCETS .........ccoiiciiiiiiieee e e ceceie e e e e e e e ee e e e e s sseansaeeeeeeeesannnnnteeeaeeeean 513
PRONONIC CryStalS ......oeiiiiiiiie et st e e e e sae e e s nnneeee s 517

Ultrasonics, Ferroelectrics, and Frequency Control Society 3



2011 IEEE International Ultrasonics Symposium

Welcome from the General Co-Chairs

¥
Ken-ya Hashimoto Clemens Ruppel
Chiba University EPCOS AG,

-

The 2011 IEEE International Ultrasonics Symposium will be held in Orlando at the Caribe Royale from October 18 -
21, 2011. In March 2011, based on extensive uncertainty resulting from the M-9 earthquake that devastated part of
Japan, the IEEE UFFC AdCom approved the grave decision to move venue from the original choice (Kobe, Japan) to a
backup venue in the USA. The decision to shift the venue was supported by the central Conference Management
function within the entire IEEE and many of the local Japanese representatives associated with planning the meeting.
The IEEE UFFC society is committed to returning the conference to Japan in 2014, approval of UltraCom and AdCom is
pending though.

When you think of Orlando, the first thing that probably comes to mind is Disney. The Walt Disney World® Theme
Parks offer vacationers a magical and memorable experience. THE CARIBE™ provides complimentary scheduled
shuttle service to the parks, and evening shuttles to the Downtown Disney® area-both located 1.5 miles from the
hotel. But there are more theme parks like Universal Studios, and Seaworld.

Aside from the amusement parks and themed attractions, Orlando plays host to a wealth of significant cultural and
artistic events. Enjoy the selected works of prominent masters as well as local artisans at one of the many galleries,
museums and theaters located within the city. Delight your senses with a tour through a southern style garden at the
Harry P. Leu Gardens.

For a pre or post symposium tour we recommend Kennedy Space Center. The launching pad of America’s space
program, the Kennedy Space Center invites guests to experience the wonders of space firsthand at their state-of-the-
art facility near Orlando. Featuring a captivating array of informative exhibits and multimedia presentations, the
Center will delight visitors of all ages as it leads them on a journey from the very first space mission to next scheduled
shuttle excursion.

Florida and especially Orlando has a lot of attractions for everybody at every age.
Please come to Orlando and attend the 2011 IEEE International Ultrasonics Symposium, 18-21 October, 2011!

Ken-ya Hashimoto and Clemens Ruppel
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Welcome from the Technical Program Chair

Yook-Kong Yong,
Rutgers University

Ultrasonics is on the Move! We look forward to an increasing impact of Ultrasonics in numerous emerging technical
disciplines. The research community, the industry, and the universities are challenged to invent and develop
improved and innovative concepts to efficiently address and solve the many new problems associated with a growing
number of novel applications.

We welcome you to the 2011 IEEE International Ultrasonics Symposium which will be held in Orlando, Florida, USA,
October 18-21, 2011 to bring together experts in theory and techniques of Medical Ultrasonics, Sensors, NDE &
Industrial Applications, Physical Acoustics, Surface Acoustic Waves, and Transducers & Transducer Materials from all
over the world.

The IEEE International Ultrasonics Symposium has a tradition of fostering direct, personal contact among the
attendees thanks to its unique format with educational short courses, a plenary opening session, open forum
presentations, focused sessions, and five sets of parallel sessions. A special student paper competition will be held.
The Technical Program Committee will choose twenty-one student paper finalists to join the final competition at the
Symposium. Seven winners will be chosen to receive a Best Student Paper award.

Yook-Kong Yong

Ultrasonics, Ferroelectrics, and Frequency Control Society 5
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Symposium Organizing Committee

Finance Co-Chairs
Daniel Stevens, Vectron International

Short Course Chair
Pai-Chi Li, National Taiwan University

Proceedings Chair
Robert Weigel, Friedrich-Alexander University of Erlangen-Nuremberg

Exhibition Chair
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Web Co-Chairs:

Tsung-Tsong Wu, National Taiwan University
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Exhibitors

Exhibition Schedule:

Wednesday, October 19, 2011: 8:00 a.m. - 5:00 p.m.
Thursday, October 20,2011: 8:00 a.m. - 5:00 p.m.
Friday, October 21, 2011: 8:00 a.m. - 12:00 noon

List of Exhibitors at the 2011 IEEE International Ultrasonics Symposium, as of July 20, 2011:

1 Electronics & Innovation USA

2 Meggitt Sensing Systems Switzerland

[EEE Ultrasonics, Ferroelectrics and Frequency

3 Control Society
4 Imasonic France
5 Polytec USA

6 Shanghai Apex Electronics Technology Co., Ltd | China

7 Weidlinger Associates - PZFlex USA

8 Winprobe USA

9 Texas Instruments - Medical Imaging Group USA
10 | Lecoeur Electronique France
11 | Verasonics USA
12 | Precision Acoustics UK

13 | ONDA Corp. USA
14 | Sonic Concepts USA
15 | ALPINION US (formerly VimedUS) USA

Ultrasonics, Ferroelectrics, and Frequency Control Society 7
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Plenary Session

8:00 a.m. - 9:30 a.m., Wednesday, October 19, 2011
Carribean Ballroom

Welcome:
Conference organizers and others
UFFC-S President

Awards and Recognitions:

IEEE Awards:
IEEE Fellow Award 2011

IEEE UFFC Society Awards:
Achievement Award 2011
Distinguished Service Award 2011
Outstanding Paper Award 2010
2011-2012 Distinguished Lecturer Award

Ultrasonics Award:
Rayleigh Award 2011

Plenary Speaker:

Title of Presentation: Single Crystals for Medical Applications
Author: Bruce Chai

Crystal Photonics

Abstract: Single crystal is really not the desirable form of materials for any medical application unless there is really no other form
of material that can offer the same or comparable performance at lower cost. The reason is simple. Crystals are expensive to make
and it has limited physical dimensions. Still, single crystals are being used in both therapeutical and diagnostic applications.

The most common use of single crystals for therapeutical purpose is solid-state lasers. It is based on its unique property to deliver
high peak power, short pulses under either Q-switched or mode-locked conditions. Single crystals used for this purpose include
Nd-YAG, Er-YAG, CTH-YAG, Ruby, T-sapphire and Alexandrite. All these crystals are produced by CZ melt pulling technique under
high temperatures near and over 2,000°C. The primary usage is for surgery, ophthalmology as well as for skin treatment. Even
though the total number of laser systems is large, the total quantity (or net volume) of crystal materials used in these instruments
is relatively small.

Single crystals used for diagnostic purpose are based either on its piezoelectric properties or scintillating properties. Ultra-sound
scanner is one of the most common equipment in all hospitals PZT ceramics were the primary materials used as transducers in
these scanners in the past. In recent years, it is gradually replaced by the lead-based single crystals such as PZN-PT and PMN-PT
primarily for the high-end scanners. Both of these crystals were grown by vertical Bridgman techniques in sealed Pt-capsules.
Again, the total number of ultrasonic scanners can be very large, but the amount (or net volume) of material used in each scanner is
quite small.

The only medical application that uses fairly large quantity of single crystals is in medical imaging process based on the scintillating
properties for gamma-ray radiation detection. X-ray has such a low energy ( < 100 KeV) so that thin film (sub-mm in thickness) of
scintillating ceramics is more than enough to capture the radiation. Gamma-ray has much higher radiation energy ( > 500 KeV), it is
necessary to use thick (cm in thickness) and high density materials in order to have sufficient stopping power. Moreover, once the
gamma-ray is captured and scintillating emission is generated, it is needed to transmit the light to the photo-detectors. On cm scale
in thickness, the best material to have the least scatter and highest transparency is single crystals. Today, SPECT uses large size
(over 40 x 50 cm? in area) Nal(Tl) single crystal screen, while PET uses more than ten thousand cm long pixilated detectors to form
a detector ring for each scanner. While BGO has been the crystal for PET scanners in the past, the new generation ToF scanners
have all but replacing BGO detectors with LSO or LYSO detectors.

Single crystals will continue to be used in medical application but in constant threat to be replaced by other cheaper form materials.
It is a very uncomfortable position to be in this business. For the specific examples mentioned here, it appears that they may stay in
business for some time since there is really no known new materials on the horizon to replace them yet.
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Biography of the Author:

Bruce Chai
Crystal Photonics

Dr. Bruce Chai is currently the President and CEO of Crystal Photonics. He is also the founder of the company.

Dr. Chai was born in 1947 in Shanghai and then moved to Taiwan with his parents. He got his B.S. degree in 1969
from National Taiwan University major in Geology. He then went to Yale University in 1970 for graduate studies and
got his Ph.D. degree in 1975 major in Geology and Geophysics.

After a brief period as Post Doctor at Yale, he was recruited by Allied Chemical Corporation (now Honeywell
Corporation) and joined the company in 1977. At the company, he is responsible for the research on single crystals
for optics, acoustics and other applications. He was recruited again by CREOL (Center for Research in Electro-Optics
and Lasers) of University of Central Florida (UCF) in 1988 and joined UCF as Professor of Physics, Electric Engineering
and Mechanical Engineering in 1989.

In 1995, Professor Chai found Crystal Photonics, Inc. The Company is an OEM specialized in manufacture of optical
single crystals for sensors, detectors, lasers and electro-optical applications. Currently, the company’s primary
product is the customized gamma-ray scintillating detector for high-end PET (Positron Emission Tomography) and
PET/CT scanners. He also set up a plant in China for crystal fabrication and detector assembling.

Professor Chai is a Fellow of the Optical Society of America, a foreign member of the Russia Academy of Engineering
and a honorary Professor of Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences and also
Fujian Institute of Structural Matters, Chinese Academy of Sciences. Over his career, Professor Chai has published
more than 200 papers and has awarded over 35 U.S. patents.

Closing Ceremony
18:30 - 19:30, Friday, October 21, 2011, Carribean Ballroom

IUS 2011 will hold a Closing Ceremony on Friday, October 21, 2011, 18:30-19:30 in the Carribean Ballroom. The
Closing Ceremony will mark the official close of the contributed Technical Program of IUS 2011. We invite all
participants of the Ultrasonics Symposium to join us and enjoy some refreshments which are sponsored by PZFlex
(www.pzflex.com/). The highlight of the Closing Ceremony will be a presentation by Prof. Hunt from Georgia Tech on
Application of SAW Devices for Bio and Medical Sensing.

The Closing Ceremony presents an opportunity for the IUS 2011 Organizing Committee to thank all the attendees for
their contributions to making IUS 2011 a success. We will also introduce the IUS2012 Organizing Committee so that
they can tell you all about next year’s IUS 2012 in Dresden, Germany.

For updates on the agenda please check the symposium website (http://ewh.ieee.org/conf/ius 2011/).

Ultrasonics, Ferroelectrics, and Frequency Control Society 9
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Conference Venue

Caribe Royale All-Suite Hotel & Convention Center

The Caribe Royale is located on more than 53 lush, tropical acres. Guests will discover 1,218 spacious, well-appointed
one-bedroom suites, 120 luxurious two-bedroom lakeside villas, expansive state-of-the-art meeting and event
facilities, unmatched hospitality and service, and a wealth of desirable dining options and hotel amenities that will
appeal to both families and business professionals alike. And it all can be found just minutes from the area’s world
famous theme parks and attractions.

Caribe Royal Orlando

8101 World Center Drive

Orlando, FL 32821, USA

Tel. +1 407-238-8000

Fax. +1 407-238-8050
http://www.thecaribeorlando.com
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Conference Registration

Registration Type By Sept 18,2011 | After Sept 18,2011
IEEE Member $600 $750
Non-IEEE Member $800 $950
Student (Show Student $175 $275
ID at Conference)
Retiree $175 $275
One-Day Registration* $350 $425
Life IEEE Member** $90 $90
Exhibitor *** free free
Visitor for Exhibition $25 $25
Guests/Additional $100 $100
Exhibitors
A Registrant May Add:
- Additional DVD $75 each $75 each
Proceedings: ****
- Short Courses:
Regular $200 each $300 each
Student/Retiree $75 each $125 each

Notes:

® * One-Day Registration includes sessions for the day of registration only. The Wednesday Reception and the Thursday Dinner
are optional at $45.00 and $60.00, respectively. DVD proceedings are not included.

® ** Life Member is defined by IEEE as at least 65-year old and the age plus years of IEEE membership should be equal or
greater than 100. Life members should show their IEEE Life Member card or evidence of Life Membership when getting
registration materials. The Wednesday Reception and the Thursday Banquet are optional at $45.00 and $60.00, respectively.
(See the registration form).

® ***One Exhibitor per booth gets a full free registration for the symposium. Additional exhibitors (up to 4 per booth) have to be
registered, either as a full registrant or as an additional exhibitor.

® A Full Registration will also include The Wednesday Reception and Thursday Banquet (October 19-20, 2011).

® (Guest/Additional Exhibitors Registration includes the Wednesday Reception and three guest meetings. Guests are NOT
allowed to attend any technical sessions except for the Wednesday morning plenary session.

® For those who register for Short Courses Only, they will NOT get a badge or any conference materials such as books and
meal/show tickets, and will NOT be allowed to register for guests or to attend any technical sessions.

® As indicated in the table above, students are required to show their valid identifications (IDs) to the registration desks to
qualify for the student rates and get any registration materials.

® IMPORTANT NOTICE: Because arrangement for the Wednesday Reception and Thursday Banquet must be fixed one month
before the Symposium, late on-site registration may result in disable to join the occasion. Thus advance registration is strongly
recommended.

® ** A Full Registration (IEEE Member, Non-IEEE Member, Student, Retiree, or Life IEEE Member) will include one DVD
conference proceedings. If you need additional DVD proceedings, you may order them when you register. A printed version of
the Proceedings will only be available by ordering directly from the IEEE after the Symposium.

Introduction:

The deadline for early conference registration with discount registration fees is September 18, 2011 (midnight, Pacific Standard
Time). After September 18, 2011, attendees with credit cards (Visa, Master, or American Express) can continue to register on-line
at higher fees until October 1, 2011 after which on-line registration ends. Also, registrations via fax or mail will not be accepted
after October 1, 2011 (9:00 a.m., Eastern Standard Time), and these attendees are requested to register on-site.

Registration Cancellation and Refund Policy:

There will be a $25.00 USD service charge to process refunds for those who have pre-registered but who are unable, for whatever
reason, to attend the conference, or those who would like to make changes to the registration resulting in a refund. A letter
requesting the refund should state the registrant's name and to whom the refund check should be made payable. No refunds will be
given for requests RECEIVED after September 27, 2011 (9:00 am, Eastern Standard Time). FAX the letter to 2011 IEEE
International Ultrasonics Symposium at

1-410-559-2217

Online Registration Link:

https://www.yesevents.com/ius/

Ultrasonics, Ferroelectrics, and Frequency Control Society 11
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Visa Application

Visa requirements: The US has updated its visa policies to increase security, so it may take you 3-6 months to apply
for and receive your visa. For details that apply specifically to your country, please go immediately to your nearest US
Consulate or Embassy. Review your visa status now to determine if you need a US visa or visa renewal and to find out
how to schedule an interview appointment, pay fees, and other vital instructions. If you need a personal letter of
invitation to attend the Conference, contact the Conference Coordinators by email at: [lUSInfo@yesevents.com. Please
provide the following information: complete name, mailing address, and any other details that your country of
residence requires for your visa application. Only an original copy (not faxed or email version) of the letter of
invitation may be accepted with your visa application. The Symposium cannot contact or intervene with any U.S.
Embassy or Consulate office abroad on your behalf, so please begin your visa application process as soon as you
determine that you want to attend the 2011 International Ultrasonics Symposium. All nationals and citizens of
countries included in the Visa Waiver Program (VWP) who plan to travel to the U.S. for temporary business or
pleasure for 90 days or less are not required by law to obtain a Visa prior to initiating travel to the United States, but
must meet eligibility requirements to travel without a visa on VWP and, therefore, some travelers from VWP countries
are not eligible to use the program. VWP travelers are required to have a valid authorization through the Electronic
System for Travel Authorization (ESTA) prior to travel, are screened at the port of entry into the United States, and
are enrolled in the Department of Homeland Security’s US-VISIT program. This authorization can be obtained online
through the Electronic System for Travel Authorization (ESTA), an Internet application administered by the U.S.
Department of Homeland Security. For additional information about the ESTA please visit http://www.cbp.gov/esta.
Travelers from countries not in the VWP are still required to obtain a Visa prior to entry into the United States.

Local Transportation

From Orland International Airport
Taxis, rental cars, buses, and shuttles are available for transportation between the Orlando International Airport
(MCO) to International drive. Please refer to the link below for detailed information.

http://www.orlandoairports.net/transport/local transporthtm

For Travelers arriving by Car
For individuals arriving by car, The Caribe Royale's website provides additional directions.

http://www.thecaribeorlando.com/area-directions

Local Shuttle Buses

After arriving at the conference hotel, the hotel provides a complimentary shuttle bus to near-by destinations. From

the nearby Orlando Premium Outlet Mall, the I-Drive shuttle service is also available for transportation to additional

local destinations for a low fee. I-Drive Shuttle passes for one to 14 days may be purchased in advance at the hotel. A
single fare may be purchased for $1.25 when boarding the trolley. Please provide exact change.

Nearby Food and Shopping

The area near the Caribe Royal offers many options for dining and shopping. The hotel is home to nine restaurants
and cafes, with additional dining options within walking distance.

http://www.thecaribeorlando.com/caribe-royale/dinin

The hotel's complimentary shuttle service, and the I-Drive Shuttle (see local transportation) provide transportation to
other dining options and popular shopping destinations.
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Orlando Weather

Typical Orlando Weather

The rainy season for Orlando is normally over by early October and temperatures begin to drop. Daily temperatures
typically vary from a low of 19°C to a high of 23°C (75F to 84F). Precipitation for the month of October is generally
light with fewer than 5 days having greater than 3mm (0.1in) of rainfall.

Wednesday Reception & Thursday Banquet

The Reception On Wednesday October 19th and the Banquet on Thursday October 20th are for all full registration
guests and others who paid separately for this event will be welcome with their ticket. The Reception and the
Banquet will be held in the Grand Sierra A-D and will start at 19:00 p.m. and 21:00 p.m., respectively. If you would
like a vegetarian menu please let the registration desk know.

Guest Program

Excursions to local attractions are available daily. Popular attractions include The Walt Disney World Magic Kingdom,
Epcot Center, Animal Kingdom, Sea World, Universal Studios and others. No reservations are required. Admission
tickets may be purchased upon arrival to the theme parks, or purchased at any of the four Guest Service Desks in the
hotel. A complimentary shuttle provides transportation, between the hotel and these destinations (See Local
Transportation above).

For a detailed list of excursion choices, refer to the link below.

http://www.thecaribeorlando.com/things-to-do/

A tour of the Kennedy Space Center is also available. You may register for the tour prior to or during the conference,
provided there are seats available on the bus. Tours are available each day. Registration may be done on line or by
phone. See the link below for further details.

http://www.kennedyspacecentertours.net/?event=offer.detail&offerld=5831

The tour includes transportation between International drive and Kennedy Space Center in Cape Canaveral, and
admission to the visitor center complex. The more convenient pick-up/drop-off location for the bus is the Crossroads
Plaza.

Crossroads of Lake Buena Vista
12521 St.Rd 535
Orlando, FL 32821, USA

The Crossroads of Lake Buena Vista is about 2.3 miles from the conference hotel. The hotel’s complimentary shuttle is
able to provide transportation to the Crossroads plaza. Seating on the shuttle is limited so please plan to arrive early.
The bus departs The Double Tree at 8:30 am, and returns at about 7:00 pm. Other pick-up/drop-off locations are
available. See the like below for more information.

http://www.kennedyspacecentertours.net/?event=page.pickup&offerld=5831

Other tours may become available. The hotel management is attempting to arrange for additional destinations.
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Speaker Ready Room

The schedule of the Speaker Ready Room (Regents Board Room) is as follows:

Tuesday (Oct. 18): 2:00 p.m. - 5:00 p.m. (for short courses)
Wednesday - Friday (Oct. 19-21): 7:30 a.m. - 5:00 p.m.

Please follow closely the instructions on the “Oral Presentation Guide” at the conference website to prepare your
presentation and to avoid any technical difficulties.

Oral Presentation Guide

The Oral Presentation Guide on the conference website provides detailed instructions, tips to avoid technical
difficulties, and good practices for your presentations. It is accessible via the link “Oral Presentation Guide” at the
conference website http://ewh.ieee.org/conf/ius 2011. It is the responsibility of authors to follow the guide closely.

Poster Presentation Guide

The Poster Presentation Guide on the conference website provides information needed to prepare your presentation.
It also gives a detailed description of poster labels and their use in finding the location of poster boards. The layout of
the poster boards is shown on the floor plan near the end of this booklet. Please check the link “Poster Presentation
Guide” at the conference website http://ewh.ieee.org/conf/ius 2011 for details.

Session Chairs / Session Summary Forms

Duties of Session Chairs of both oral and poster sessions can be viewed on the conference website via the link “Session
Chairs”. Session Summary Forms will be available at the Registration Desk. Session Chairs should fill out a form after
each session and return it to the Registration Desk.

Technical Program Committee

The Technical Program Committee consists of the following 149 members:
Group 1: Medical Ultrasonics

Vice Chair of TPC:

Jan D'hooge

Catholic University of Leuven
Leuven, Belgium

Members:

Olivier Basset: CREATIS, Université Lyon I, France
Ayache Bouakaz: INSERM, Université Tours, France
Lori Bridal : Univ. Pierre and Marie Curie, France
Charles Cain: University of Michigan, USA

Jean-Yves Chapelon: INSERM, France

Greg Clement: Harvard Medical School, USA

Paul Dayton: UNC Chapel Hill and NC State University, USA
Emad Ebbini: University of Minnesota, USA

9. Stanislav Emelinov: University of Texas at Austin, USA
10. David Evans: University of Leicester, UK

11. Kathy Ferrara: University of California Davis, USA

12. Stuart Foster: University of Toronto, Canada

PN UTE W=
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27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,

James Greenleaf: Mayo Clinic College of Medicine, USA

Anne Hall: General Electric Medical Systems, USA

Christopher Hall: Philips Research North America, USA

Peter Hoskins: The University of Edinburgh, UK

John Hossack: University of Virginia, USA

Kullervo Hynynen: University of Toronto, Canada

Jorgen Jensen: Technical University of Denmark, Denmark
Nico de Jong: Erasmus Medical Centre and University of Twente, The Netherlands
Hiroshi Kanai: Tohoku University, Japan

Jeff Ketterling: Riverside Research Institute, USA

Michael Kolios: Ryerson University, Canada

Elisa Konofagou: Columbia University, USA

Chris de Korte: Catholic Univ. of Nijmegen, The Netherlands
Nobuki Kudo: Hokkaido University, Japan

Pai-Chi Li: National Taiwan University, Taipei, Taiwan R.O.C.
Jian-yu Lu: University of Toledo, USA

Leonardo Masotti: Universita degli Studi di Firenze, Italy

Tom Matula: University of Washington, USA

James G. Miller: Washington University in Saint Louis, USA
Kathy Nightingale: Duke University, USA

Svetoslav Nikolov: BK Medical, Denmark

William O'Brien: University of Illinois, Urbana-Champaign, USA
Georg Schmitz: Ruhr-Universitdt Bochum, Germany

Ralf Seip: Philips Research North America, USA

Mickael Tanter: INSERM, France

Tom Thomas: Boston Scientific, Inc., USA

Kai Thomenius: General Electric's Corporate R&D, USA

Hans Torp: Norwegian University of Science and Technology, Norway
Piero Tortoli: Universita degli Studi di Firenze, Italy

Ton van der Steen: Erasmus Medical Centre, Rotterdam, The Netherlands
Kendall Waters: Silicon Valley Medical Instruments, USA

Keith Wear: US Food and Drug Administration, USA

Wilko Wilkening: Siemens Medical Solution, USA

Group 2: Sensors, NDE, and Industrial Application

Vice Chair of TPC:

Jafar Saniie

[llinois Institute of Technology
Chicago, llinois, U.S.A.

Members:

OO EWN =

Robert C. Addison: Rockwell Science Center, USA

Walter Arnold: Fraunhofer Institute for Nondestructive Testing, Germany
Michal Bezdek: Endress+Hauser Flowtec AG, Switzerland

Ramazan Demirli: Villanova University, USA

James Friend: Monash University, Australia

Eric S. Furgason: Purdue University, USA

David Greve: Carnegie Mellon University, USA

Edward Haeggstrom: University of Helsinki, Finland

Mitsutaka Hikita: Kogakuin University, Japan

. Jacqueline Hines: Applied Sensor Research and Development Corporation, USA
. Patrick Johnston: NASA Langley Research Center, USA

. Fabien ]. Josse: Marquette University, USA

. Lawrence W. Kessler: Sonoscan Inc., USA

. Pierre T. Khuri-Yakub: Stanford University, USA

. Mario Kupnik: Stanford University, USA

. Jun-ichi Kushibiki: Tohoku University, Japan
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17. Roman Maev: University of Windsor, Canada

18. Kentaro Nakamura: Tokyo Institute of Technology, Japan
19. Massimo Pappalardo: University di Roma TRE, Italy

20. Tony Sinclair: University of Toronto, Canada

21. Bernhard Tittman: Pennsylvania State University, USA

22. Jiromaru Tsujino: Kanagawa University, Japan

23. John F. Vetelino: University of Maine, USA

24. Paul Wilcox: University of Bristol, UK

25. William M. D. Wright: University College Cork, Ireland

26. Donald E. Yuhas: Industrial Measurement Systems, Inc., USA

Group 3: Physical Acoustics

Vice Chair of TPC:
Vincent Laude
Institut FEMTO-ST
Besangon, France

Members:

Manabu Aoyagi: Muroran Institute of Technology, Japan

Art Ballato: U.S. Army, USA

Jan Brown: /B Consulting, USA

Fred Hickernell: Retired from Motorola, USA

Takefumi Kanda: Okayama University, Japan

Eun Sok Kim: University of Southern California, USA

Yonkee Kim: U.S. Army, USA

Minoru Kuribayashi Kurosawa: Tokyo Institute of Technology, Japan
Amit Lal: Cornell University, USA

10. John Larson: Avago Technologies, USA

11. George Mansfeld: Russian Academy of Sciences, Russia

12. Roy H. Olsson III: Sandia National Laboratories, USA

13. Mihir Patel: Schlumberger-Doll Research, USA

14. Edgar Schmidhammer: TDK-EPC, Germany

15. Susan Schneider: Marquette University, USA

16. Bikash Sinha: Schlumberger-Doll Research, USA

17. Ji Wang: Ningbo University, China

18. Tsung-Tsong Wu: National Taiwan University, Taiwan R.O.C.
19. Yook-Kong Yong: Rutgers University, USA

20. Jiun Der Yu: Epson Research and Development, USA

O XN U W=

Group 4: Microacoustics - SAW, FBAR, MEMS

Vice Chair of TPC:
Karl Wagner
TDK-EPC

Munich, Germany

Members:
1. Ben Abbott: Triquint, USA
2. Robert Aigner: Triquint, USA
3. Ivan Avramov: Institute of Solid State Physics, Bulgaria
4. Sylvain Ballandras: FEMTO-ST, France
5. Kushal Bhattacharjee: RF Micro Devices, USA
6. Sunil Bhave: Cornell University, USA
7. Sergey Biryukov: [FW Dresden, Germany
8. Paul Bradley: Avago Tech, USA
9. Jidong Dai: RF Monolithics, USA
10. Omar Elmazria: Universié de Nancy--CNRS, France
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27.
28.
29.
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31
32.
33.
34.
35.
36.
37.
38.

Gernot Fattinger: Triquint, USA

Gerhard Fischerauer: University of Bayreuth, Germany

James Friend: Monash University, Australia

Ken-ya Hashimoto: Chiba University, Japan

Shitang He: IACAS, China

Chunyun Jian: Ericsson, Canada

Michio Kadota: Murata, Japan

Jyrki Kaitila: Avago Tech, Germany

Ilia Katardjiev: Uppsala University, Sweden

Kimmo Kokkonen: Aalto University, Finland

Jan Kuypers: Sands 9, Inc., USA

Ken Lakin: Consultant, USA

Don Malocha: University of Central Florida, USA

Natalya Naumenko: Technological University Moscow, Russia
Hiroyuki Odagawa: Kumamoto National College of Technology, Japan
Takeo Oita: Retired from NDK, Japan

Tuomas Pensala: VTT, Finland

Mauricio Pereira da Cunha: University of Maine, USA
Maximilian Pitschi: TDK-EPC AG, Germany

Viktor Plessky: GVR Trade SA, Switzerland

Leonard Reindl: Albert-Ludwigs-University Freiburg, Germany
Richard Ruby: Avago Tech, USA

Clemens Ruppel: TDK-EPC, Germany

Takahiro Sato: Panasonic Electronic Devices, Japan

Marc Solal: Triquint, USA

Masanori Ueda: Taiyo Yuden, Japan

Robert Weigel: Friedrich-Alexander University of Erlangen Nuremberg, Germany
Sergei Zhgoon: Moscow Power Engineering Institute, Russia

Group 5: Transducers and Transducer Materials

Vice Chair of TPC:
Paul Reynolds
Weidlinger Associates, USA

Members:

LNV W=

Sandy Cochran: University of Dundee, UK

Christopher Daft: Samplify Systems, USA

Levent Degertekin: Georgia Institute of Technology, USA

Charles Emery: Mirabilis Medica, USA

John Fraser: Philips Medical Systems, USA

Steven Freear: University of Leeds, UK

Jean-Francois Gelly: GE Healthcare, France

Reinhard Lerch: Friedrich-Alexander-Universitdt Erlangen-Nuremberg, Germany
Geoff Lockwood: Queen's University, Canada

. Richard O’Leary: University of Strathclyde, UK

. Omer Oralkan: Stanford University, USA

. Yongrae Roh: Kyungpook National University, Korea
. Ahmad Safari: Rutgers University, USA

. Mark Schafer: Sonic Tech Inc., USA

. Scott Smith: GE Global Research, USA

. Stephen Smith: Duke University, USA

. Wallace Smith: Office of Naval Research, USA

. Yasuhito Takeuchi: Kagoshima University, Japan
. Jian Yuan: Boston Scientific, USA

. Qiming Zhang: Pennsylvania State University, USA
. Qifa Zhou: University of Southern California, USA
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Short Courses

There will be 10 short courses offered on Tuesday, October 18, 2011. These are listed below. More information on the
course and on the authors can be found on the symposium web site at http://ewh.ieee.org/conf/ius_2011.

8:00 a.m. - 12:00 noon:

Short Course 1A (Boca Rooms 1V):
Ultrasound contrast agents: Theory and experiment
Nico de Jong, Erasmus MC, Rotterdam, The Netherlands

Short Course 2A (Boca Rooms V):
Ultrasonic Motors: vibration generation, friction drive and energy harvesting
Minoru Kuribayashi Kurosawa, Department of Information Processing, Tokyo Institute of Technology, Japan

Short Course 3A (Boca Rooms VI):
Medical Ultrasound Transducers
Douglas G. Wildes and L. Scott Smith, GE Global Research, Niskayuna, NY, USA

Short Course 4A (Boca Rooms VII):
Phonoic crystals
Vincent Laude, Institut FEMTO-ST, Université de Franche-Comté and CNRS, France
Tsung-Tsong Wu, Institute of Applied Mechanics, National Taiwan University, Taiwan, R.0.C.

Short Course 5A (Boca Rooms VIII):
Elasticity Imaging: Methods and Applications
Kathy Nightingale and Mark Palmeri, Department of Biomedical Engineering, Duke University, USA

1:00 p.m. - 5:00 p.m.:

Short Course 1B (Boca Rooms IV):
Acoustic Microfluidics: Microscale Acoustics and Ultrasonics for Driving Fluids
James Friend, MicroNanophysics Research Lab., Dept. of Mechanical and Aerospace Engineering, Monash
University, Melbourne Centre for Nanofabrication, Melbourne, Australia

Short Course 2B (Boca Rooms V):
Ultrasonic Signal Processing for Detection, Estimation and Compression
Jafar Saniie, Department of Electrical and Computer Engineering at Illinois Institute of Technology, IL, USA
Ramazan Demirli, Center for Advanced Communications, Villanova University, Villanova, PA, USA
Erdal Oruklu, Department of Electrical and Computer Engineering, Illinois Institute of Technology, IL, USA

Short Course 3B (Boca Rooms VI):
Processing and Characterization Challenges for Integrated Ferroelectric/Piezoelectric Devices
Glen Fox, Fox Materials Consulting, LLC, Colorado Springs, CO, USA

Short Course 4B (Boca Rooms VII):
Ultrasound Imaging Systems: from Principles to Implementation
Kai E. Thomenius, Diagnostics and Biomedical Technologies, General Electric Global Research, Niskayuna, NY, USA

Short Course 5B (Boca Rooms VIII):
Quantitative Ultrasound, Theory and Practice
William D. O'Brien, Jr., Department of Electrical and Computer Engineering, University of Illinois at Urbana-
Champaign, IL, USA
Timothy J. Hall, Medical Physics Department, University of Wisconsin-Madison, W1, USA
Michael L. Oelze, Department of Electrical and Computer Engineering, University of Illinois at Urbana-Champaign,
IL, USA
Timothy A. Bigelow, Departments of Eletrical and Computer Engineering and Mechanical Engineering, lowa State
University, USA
James A. Zagzebski, Medical Physics Department, University of Wisconsin-Madison, WI, USA
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Invited Speakers

There are 18 Invited Talks at this year’s Symposium.
Group 1: Medical Ultrasonics

1. “Contrast Ultrasound: Recent Developments and the Battle for Regulatory Approval,” Francois Tranquart
(Bracco, Switzerland)

2. “Dosimetry and Therapeutics,” Gail Ter Haar (Institute of Cancer Research, UK)

3. “Recent Advances in Blood Flow Measurement,” Jorgen Arendt Jensen (Technical University of Denmark,
Denmark)

4. “New Developments in CMUT Technology,” Pierre Khuri-Yakub (Stanford University, USA)

5. “Photo-Acoustics in Biomedicine,” Srirang Manohar (University of Twente, The Netherlands)

6. “Optimization of Delivery across the Blood-Brain Barrier,” Elisa Konofagou (Columbia University, USA)
Group 2: Sensors, NDE & Industrial Applications

1. “Acoustic Tomography: Promise versus Reality,” Neb Dunic (Wayne State University, USA)

2. “Ultrasonic Welding Using Complex and High Frequency Vibration systems,” Jiromaru Tsujino (Kanagawa
University, Japan)

Group 3: Physical Acoustics
1. “Ultrasonic Fields for Cell Levitation and Manipulation,” Martyn Hill (University of Southampton, UK)

2. “Guided Acoustic Waves Propagating at Surfaces, Interfaces and Edges,” Andreas P. Mayer (HS Offenburg,
Germany)

3. “Micro and Nano Fabricated Phononic Crystals: Technology and Applications,” Roy H. Olsson III (Sandia
National Laboratories, USA)

Group 4: Microacoustics - SAW, FBAR, MEMS
1. “Electrostrictive Thin Films: an Alternative to Piezoelectricity,” Emmanuel Defay (CEA-LET]I, France)
2. “Status of Temperature Compensated SAWs in Japan,” Ken-ya Hashimoto (Chiba University, Japan)
3. “Wireless Physical SAW Sensors for Automotive Applications,” Victor Kalinin (Transense Technologies, UK)
4. “Applying BAW Methods to Reduce Losses in RF SAW Resonators,” Marc Solal (Triquint, USA)
Group 5: Transducers and Transducer Materials
1. “Ultrasonic Inspection of Nuclear Reactor Primary Components,” Jean-Francois Saillant (Areva, France)
2. “Low Power Embedded Processors for Ultrasonics Signal Chain,” Murtaza Ali (Texas Instruments, USA)

3. “Growth of Relaxor Based Single Crystal by Continuous Growing Method,” Kazuhiko Echizenya (JFE Mineral,
Japan)
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Invited Clinical Speakers (Session 1E)

The 2011 International Ultrasonics Symposium will have a special clinical session to show how medical ultrasonic
technologies are used in clinical practices. This special session, which will take place on Thursday at 10:30 in the Boca
Room II-1V, consists of the following three invited presentations.

1. “IVUS and IVUS Elasticity Related Imaging,” Yoshifumi Saijo (Tohoku University, Japan)
2. “OCT, NIR/IVUS and Other Optical Techniques,” Evelyn Regar (Erasmus Medical Center, The Netherlands)

3. “Plaque Characterization by IVUS Tissue Characterization, NIR, FFR and Other Emerging Techniques,” Akiko
Maehara (Cardiovascular Research Foundation, USA)

Student Paper Competition

This is the 11t year of the Student Paper Competition. 19 Student Paper Competition finalists have been selected by
the Technical Program Committee. These finalists will present a Poster of their work (in addition to their scheduled
Oral presentation, if any) during the Poster Session on the Wednesday afternoon. Please refer to the Poster
Presentation Guide to see what is required. A team of judges will discuss the work with the student in attendance and
will select the winners of the Competition. The winners will be announced on Thursday evening. The winners of the
student paper competition will receive a cash prize and a certificate.

Group 1: Medical Ultrasonics

1. “In-Vivo Pulsed Magneto-Motive Ultrasound Imaging of Tumor Bearing Small Animals,” 'Mohammad
Mehrmohammadi, !Seungsoo Kim, !Min Qu, 'Ryan Truby, 2Pieter Kruizinga, Stanislav Emelianov
(1University of Texas at Austin, USA, 2Erasmus MC., The Netherlands)

2. “Generalized Bayesian Speckle Tracking Applied to Strain and ARFI Displacements,” Brett Byram, Gregg
Trahey, Mark Palmeri (Duke University, USA)

3. “Improving Shear Wave Speed Estimation Precision in Homogeneous Media by Tracking Shear Wave
Propagation in 3D Using a Real-Time Volumetric Imaging Transducer,” Michael Wang, Brett Byram, Mark
Palmeri, Ned Rouze, Kathryn Nightingale (Duke University, USA)

4. “Optical Characterization of Individual Liposome Loaded Microbubbles,” 1Ying Luan, Telli Faez, 2Erik
Gelderblom, 1llya Skachkov, 3Bart Geers, 3Ine Lentacker, !Antonius van der Steen, ZMichel Versluis, 'Nico de
Jong (1Erasmus Medical Center, The Netherlands, 2University of Twente, The Netherlands, 3University of Gent
, Belgium)

5. “In Vivo Monitoring of Nanoparticle Delivery Using Spectroscopic Photoacoustic Imaging,” Seungsoo Kim,
Geoffrey Luke, Yun-Sheng Chen, Stanislav Emelianov (University of Texas at Austin, USA)

6. “Intravascular Ultrasound Chirp Imaging of Atherosclerotic Plaque Pathology and Neovascularization,”

!David Maresca, 'Krista Jansen, 'Guillaume Renaud, 1Wijnand den Dekker, 1Gijs van Soest 2Xiang Li,

2Qifa Zhou, 2]onathan Cannata, ! Antonius F.W. van der Steen (lErasmus MC, The Netherlands, 2University of
Southern California, USA)

7. “Real-Time Handheld Optical Resolution Photoacoustic Microscopy,” Parsin Hajireza, Wei Shi, Roger Zemp
(University of Alberta, Canada)

Group 2: Sensors, NDE & Industrial Applications

1. “Precise Transportation of Single Cell by Phase-shift Standing Surface Acoustic Wave,” Long Meng, Feiyan Cai,
Qiaofeng Jin, Lili Niu, Hairong Zheng (Shenzhen Institutes of Advanced Technology, China)

20 Institute of Electrical and Electronics Engineers



Orlando, Florida October 18-21, 2011

2. “Guided Wave Temperature Compensation with the Scale-Invariant Correlation Coefficient,” Joel B. Harley,
Jos M.F. Moura (Carnegie Mellon University , USA)

3. “Acoustic and Optical Investigation of Microbubble Contrast Agents Designed for Oil Exploration at High
Pressures,” Aleksandr Zhushma, Natalia Lebedeva, Michael Rubinstein, Paul Dayton, Sergei Sheiko
(University of North Carolina at Chapel Hill, USA)

Group 3: Physical Acoustics

1. “Confined Acoustic Phonons in Ultra-Thin Silicon Membranes,” John Cuffe, 1Emigdio Chavez Jordi Gomis
Bresco, 'Pierre-Olivier Chapuis, Francesc Alzina, 2Andrey Shchepetov, 2Mika Prunnila, 2Jouni Ahopelto,
30livier Ristow, 3Mike Hettich, 3Thomas Dekosry, 3Clivia M. Sotomayor Torres (!Catalan Institute of
Nanotechnology, Spain, 2VTT Technical Research Centre of Finland, Finland, 3University of Konstanz,
Germany)

2. ‘“Experimental Evidence of Locally Resonant Sonic Band Gap in 2D Stubbed Plates,” 'Mourad Oudich, 2Matteo
Senesi, 'Badreddine Assouar, 2Massimo Ruzzene, 3Jia-Hong Sun, Brice Vincent, 4Zhilin Hou (1Nancy
University, France, 2Georgia Institute of Technology, USA, 3National Taiwan University, Taiwan R.0.C., *South
China University of Technology, China)

3. “Experimental Study on High Efficiency Ultrasonic Motors Using Lubricant,” Wei Qiu, Yosuke Mizuno,
Daisuke Koyama, Kentaro Nakamura (Tokyo Institute of Technology, Japan)

Group 4: Microacoustics - SAW, FBAR, MEMS

1. “A Modular SAW Filter Design Approach for Multiband Filtering,” 1Xiaoming Lu, ?Jeffery Galipeau, !Koenraad
Mouthaan (INUS, Singapore, 2TriQuint Semiconductor Florida, USA)

2. “Impact of High-Temperature Dielectric and Piezoelectric Behavior on LGT Acoustic Wave Properties up to
900°C,” Peter Davulis, Mauricio Pereira da Cunha (University of Maine, USA)

3. “C-axis Parallel Oriented AIN Film Resonator Fabricated by lon-Beam Assisted RF Magnetron Sputtering,”
Masashi Suzuki, Takahiko Yanagitani (Nagoya Institute of Technology, Japan)

Group 5: Transducers & Transducer Materials

1. “An All-optical Thin-film High-frequency Ultrasound Transducer,” Clay Sheaff, Shai Ashkenazi (University of
Minnesota-Twin Cities, USA)

2. “Radiation Impedance of an Array of Circular Capacitive Micromachined Ultrasonic Transducers in Collapsed
State,” Alper Ozgurluk, Abdullah Atalar, Hayrettin Koymen, Selim Olcum (Bilkent University, Turkey)

3. “Cell Characterization Using High Frequency Ultrasound,” Saurabh Bakshi, John Williams, Xiaoning Jiang,
Elizabeth Loboa (North Carolina State University, USA)

Student Travel Support

Some of the students will receive travel support to attend the conference. These students were selected based on
need, whether they received support last year, and their group affiliation. Students that receive this support must
register normally and will receive the monies at the conference. They must show proof of their student status and
of their membership in the IEEE and UFFC to receive their monies.
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Wednesday Oral Sessions

1A - Ultrasound Drug or Gene Delivery and Enhancement
Boca Rooms II-IV

Wednesday, October 19, 2011, 10:30 am - 12:00 pm

Chair: Christopher Hall

Philips Research
1A1

10:30 am Ultrasound drug targeting to tumors with thermosensitive nanoparticles

Mark Ernsting', Arthur Worthington?, Jonathan May', Tatsuaki Tagami', Michael Kolios?, Shyh-Dar Li'; 'Drug Delivery and Formulation, Ontario Institute for Cancer Research, Toronto,
Ontario, Canada, zPhysics, Ryerson University, Toronto, Ontario, Canada

Background, Motivation and Objective

Thermosensitive liposomes that release a drug when exposed to mild hyperthermic temperatures have demonstrated antitumor efficacy. A doxorubicin (DOX) formulation has
reached clinical phase III trials (ThermoDox®). However, a faster localized release of the drug is required for increased effectiveness. The objectives of the study were to couple a
novel fast release liposomal formulation with ultrasound heat triggering, and demonstrate efficacy in a mouse tumor model.

Statement of Contribution/Methods

Novel Hyperthermia-activated-cytoToxic (HaT) liposomes were made by replacing the function of lysolipid and DSPE-PEG currently used in ThermoDOX liposomes with a
polyethoxylated surfactant (Brij). Liposomes were loaded with doxorubicin (DOX) by a pH gradient method. EMT-6 cells (2 x 10° cells/50 pl medium) were inoculated into the
mouse footpad of female BALB/c mice. Mice (n=5 per group) were i.v. injected with 200 pL HAT DOX (10 mg/kg), free DOX (10 mg/kg), or saline (control), were anesthetised,
and were secured to a customized platform. The tumors were heated with a 10mm planar ultrasound transducer. A frequency generator sine wave output (TEK AFG, 3.9MHz)
was amplified by a custom RF amplifier to drive the transducer. Tumor and body temperature were measured by an Omega HH309 thermometer with type K thermocouples. The
tumor temperature was maintained at ~42°C for 20 min., after which the mice were placed in recovery. Tumor dimensions before heating and post therapy were taken by caliper
measurements.

Results

The data in Figure 1 demonstrate that the ultrasound system was able to rapidly increase the tumor temperature to the target temperature of 42°C, and maintain this for 20 minutes.
Treatment of mice with free DOX did not retard tumor growth compared to the control group. Mice treated with HaT DOX demonstrated a significant response, with complete
tumor regression for all mice.

Discussion and Conclusions

An ultrasonic heating system was developed to achieve an intratumoral target temperature of 42°C to trigger the release of doxorubicin delivered in a novel HaT liposome
formulation. Heated tumors treated with HaT demonstrated complete regression in all cases. The data clearly demonstrate the potential of the approach, which is critically
dependent on the formulation stability at non-hyperthermic temperatures and rapid drug release at 42°C.
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1A-2

10:45 am Investigation of Image-guided Sonothrombolysis in a Porcine Acute Ischemic Stroke Model

William Shi', Thomas Porter?, Francois Vignon', Jeffry Powers®, Shunji Gao?, Jinjin Liu?, Feng Xie?, Lucas Drvol?, John Lof?, Carr Everbach®; ’Philips Research North America, Briarcliff
Manor, New York, USA, *University of Nebraska Medical Center, Omaha, Nebraska, USA, *Philips Healthcare, Bothell, Washington, USA, *Swarthmore College, Swarthmore, Pennsylvania,
USA

Background, Motivation and Objective

Stroke is the #3 cause of death and #1 cause of disability worldwide. Although the thrombolytic drug tPA (Genetech) is an approved treatment for acute ischemic stroke (AIS), less
than 5% of stroke patients actually receive thrombolytic therapy, due to concerns about the safety, efficacy, and the limited time window for its use. Ultrasound and intravenous
microbubbles (MBs) have been used in recanalizing intravascular thrombi which cause stroke, myocardial infarction, deep vein thrombosis, and other vascular occlusions, and this
non-invasive treatment modality may be especially useful in rapidly treating AIS patients. The objective of this study was to evaluate the effectiveness and safety of image-guided
sonothrombolysis in the presence of contrast MBs for AIS therapy. A porcine AIS model was employed because the ultrasound attenuation of the porcine temporal bone is similar
to that for human’s.
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Statement of Contribution/Methods

An ultrasound system (iE33; Philips Healthcare) was modified with the additional capability of transmitting 1.6 MHz long pulses (via a sector imaging probe S5-1) in new
thrombolysis modes. AIS was created in 24 pigs by thrombotic occlusion of bilateral internal carotid arteries. In addition to aspirin, pigs were randomized to 3 sonothrombolysis
treatment groups: high MI (2.3) short pulse (5ps) transtemporal ultrasound (TTU) alone, or a systemic microbubble infusion (2% Definity; Lantheus Medical) with guided high
MI (2.3) short pulse (5us) TTU and guided intermediate MI (1.7) long pulse (20ps) TTU. In the 2nd and 3rd groups, TTU impulses were delivered only when low MI imaging
detected MBs within the large and small vessels of the ipsilateral cerebrum. Treatments were applied for 30 minutes. Ascending pharyngeal angiography was performed to
examine for recanalization at 30 minutes into treatment.

Results

The 30 minute complete angiographic recanalization was 100% (8/8) for guided high MI short pulse TTU/MB treatment group, 38% (3/8) for guided intermediate MI long pulse
TTU/MB treatment group, and 50% (4/8) for the high MI short pulse TTU alone treatment group (p<0.05 for guided high MI short pulse TTU/MB group versus other groups).
There was no gross evidence of intracranial hemorrhage with any treatment.

Discussion and Conclusions

The study limitations are that neurologic outcome and infarct size were not assessed. Nonetheless, a modified diagnostic imaging system can be utilized with systemic MB infusion
to rapidly restore cerebral blood flow in AIS. Image-guided high MI TTU and intravenous MBs, combined with aspirin, may be an effective alternative of treating AIS, without the
need for fibrinolytic agents.

1A-3

11:00 am Chemo-thermal approach for efficient ultrasonic tumor treatment with phase change nano droplet

Ken-ichi Kawabata', Rei Asami', Shin-ichiro Umemura®; 'Central Research Laboratory, Hitachi, Ltd., Japan, *Graduate School of Bioengineering, Tohoku University, Japan

Background, Motivation and Objective

HIFU therapy is one of promising minimally invasive treatments of tumors and already used in clinical settings. To expand HIFU-applicable clinical situations, improvements in
therapy time, targeting, and real time coagulation monitoring are important. For developing such improved therapy, we are proposing a novel approach utilizing nano droplets
which turn into microbubbles by a phase change when exposed to triggering ultrasound pulses. The droplets and generated bubbles have been revealed to be capable of promoting
cavitation and further enhancing thermal effects of ultrasound. In this paper, ultrasound exposure sequences enabling simultaneous generation of chemical and thermal effects of
cavitation with our droplets for a tumor treatment with multidisciplinary mechanism is discussed.

Statement of Contribution/Methods

The nano-droplets which can provide microbubbles by ultrasound pulses were prepared by high-pressure (20 MPa) homogenizing of the mixture of phospholipid liposome and
volatile perfluorocarbon molecules. A reaction vessel consisted of very thin (0.03-mm thick) polyethylene film was used for minimizing the influence of standing wave fields. In
continuously degassed water kept at 37 °C, aliquots of aqueous solutions containing nano-droplet and indicators for radical generation were exposed to 1.1MHz ultrasound (200 —
500 W/cm?) generated with a focused transducer (F number: 1, diameter: 48 mm). Acoustic signals from reactants were monitored with a wideband focused hydrophone. For
generating microbubbles, triggering ultrasound pulses (1.3 kW/cm?, 50 cycles) were applied periodically during ultrasound exposure.

Results

The intensity of acoustic signals from reactants, a widely used measure of cavitation significance, was almost independent of the repetition frequency of the triggering pulse in the
range of 5 — 300 Hz. However, the induction of chemically active cavitation was highly dependent on the repetition frequency. The frequency was found to be more than 50 Hz to
yield radicals in the reactant. It was further found that about 10 Hz was enough for obtaining thermal coagulation of proteins in gels. The effects of other acoustic parameters will
also be discussed.

Di ion and Concl

Results obtained suggested that conditions for obtaining chemically active cavitation are more severe than those for thermally active one. Presumably, cavitating bubbles generate
radicals only immediately after they are born. From the required repetition frequency of trigger, the ‘active time’ of bubbles can be estimated to be approximately 20 ms. Our
results further indicated that an ultrasound exposure sequence for performing chemo-thermal therapy is possible by optimizing acoustic parameters.

Part of this work was supported by the Japan Society for the Promotion of Science (JSPS) through its "Funding Program for World-Leading Innovative R&D on Science and
Technology (FIRST program).

1A-4

11:15 am Antitumor effects of combining antiangiogenic therapy with the antivascular effects of ultrasound stimulated microbubbles

Margarita Todorova'?, Omid Mortazavi', Xuan Huo', Kullervo Hynynen'?, David Goertz'?; 'Imaging Research, Sunnybrook Research Institute, Toronto, Canada, *Medical Biophysics,
University of Toronto, Canada

Background, Motivation and Objective

Considerable effort is being directed towards investigating the use of ultrasound (US) approaches to promote the local delivery or uptake of anticancer agents in tumors. In this
study we investigate a different approach, which is to combine the vascular damaging effects of US stimulated microbubbles (MBs) with an antiangiogenic drug. In recent work we
demonstrated that clinically viable concentrations of microbubbles can, at relatively low intensities, cause vascular damage in tumours, shutting down blood flow and inducing
growth delays in tumour models. In these experiments, it was observed that the vascular shutdown was transient and by the 1 wk time point flow was re-established in tumours,
suggesting a vascular ‘rebound’ effect. Motivated by previous work combining antiangiogenic and vascular disrupting agents (VDAs), the purpose of this study was to determine if
the effectiveness of the vascular disrupting properties of US stimulated microbubbles could be enhanced by combination with an antiangiogenic treatment to suppress the apparent
vascular rebound effect.

Statement of Contribution/Methods

Tumor growth inhibition studies were performed with the MDA-MB-231 breast cancer xenograft model. The four experimental groups were: control, drug (cyclophosphamide),
US+MBs, and combined US+drug+MBs (n=4-6 per group). Cyclophosphamide was administered continuously in the drinking water, a metronomic dosing scheme that has been
shown to act through antiangiogenic mechanisms. US treatments were performed on a weekly basis for a total of 4 weeks and the drug was administered for up to 10 weeks. The
US treatment scheme (IMHz, 860 kPa) consisted of a series of fifty 100 microsecond bursts sent at 1ms intervals, repeated at 20s intervals for a duration of 2 minutes following
the bolus injection of Definity MBs (60ul/kg). These conditions were found to induce inertial cavitation. Blood flow within the tumors was monitored during the experiments with
an imaging transducer operating in contrast mode.
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Results

The exposure conditions were confirmed to induce a vascular shut-down within the tumors, as indicated by contrast imaging results. Control tumours grew rapidly and by the 3-4
wk point required sacrifice due to tumor burden (>700 mm3). Drug-only tumor growth leveled off between wks 3-6 before increasing, consistent with previously reported results.
US only treatments significantly reduced tumour growth until the 4-5 week stage, at which point growth accelerated. For the combined treatment group, growth leveled off by the
4-5 week point and then tumours began to shrink until the 10 week point.

Di ion and Concl

These results indicate that US stimulated microbubbles can be used in combination with antiangiogenic drugs to achieve pronounced antitumor activity. This approach would
obviate the need for systemically injected VDAs and their associated side effects, such as myocardial toxicities.

1A-5

11:30 am Targeted delivery of neural stem cells using MRI-guided focused ultrasound

Alison Burgess', Carlos Ayala-Grossoz'J, Milan ngguly‘, Jessica Jordao™*, Isabelle Aubert®*, Kullervo Hynyncnl'j; 'lmaging Research, Sunnybrook Research Institute, Canada, Brain
Sciences, Sunnybrook Research Institute, Canada, °5. Laboratorio de Patologia Celular y Molecular. Centro de Medicina Experimental, Instituto Venezolano de Investigaciones Cientificas,
Venezuela, “Laboratory Medicine and Pathobiology, University of Toronto, Canada, *Medical Biophysics, University of Toronto, Canada

Background, Motivation and Objective

Stem cell therapy is promising to treat neurodegenerative diseases, traumatic brain injury, and stroke. For stem cells to progress towards clinical use, the associated risks of current
methods for delivery need to be reduced. Here, we introduce focused ultrasound (FUS) as a novel method for non-invasive delivery of neural stem cells to the brain.

Statement of Contribution/Methods

Magnetic resonance imaging (MRI) was used to target the striatum and the hippocampus on the left side for disruption of the blood-brain barrier (BBB). Definity microbubble
contrast agent was injected intravenously at the onset of sonication using a 558kHz transducer (0.24MPa estimated in situ pressure, 10ms bursts, 1Hz pulse repetition frequency,
120 s total exposure duration). Following BBB-disruption, iron-labeled, green fluorescent protein (GFP)-expressing neural stem cells were injected into the carotid artery. MRI and
standard post-mortem immunohistochemistry were used to detect the cells in vivo.

Results

Contrast-enhanced T1 weighted images confirmed FUS can increase the permeability of the BBB and subsequent imaging detected the entry of the iron-labeled cells in the
targeted regions. Immunohistochemistry revealed that the cells crossed the BBB and that they were localized to the left striatum and left hippocampus. Twenty four hours after
sonication, GFP-positive cells exhibited a neuronal phenotype and expressed nestin, polysialic acid and doublecortin.

Discussion and Concl

Together these results demonstrate that MRI-guided FUS is an effective tool for delivery of cells to the brain. This technique may be the key to reducing the risks of cell
transplantation and leading to improvements in stem cell therapy in the clinical setting.

1A-6

11:45 am Release and monitoring of composite droplets in rats liver and brain with imaging pulses
Olivier Couture', Alice Bretagne?, Alan Urban?, Patrick Tabeling', Mickael Tanter®; \CNRS / ESPCI, France, >’ESPCI, France, *INSERM, France

Background, Motivation and Objective

Composite droplets formed by enclosing an aqueous nanoemulsion within a matrix of perfluorocarbon oil can carry a large payload (2/3 of their volume) [Couture et al., IEEE
2009 and Medical Physics 2011]. This payload can be released with low ultrasound power (short pulses at MI=0.75), attainable by conventional ultrasound scanners. Hence, with
the same clinical instrument, both imaging and drug delivery can be performed. A potential application would be to tattoo tissues to be resected under radiological guidance before
surgery. Our objective is to demonstrate the release of fluorescein in rats at sufficient concentrations to be macroscopically observable, along with its ultrasound targeting and
monitoring

Statement of Contribution/Methods

The femoral vein of Sprague-Dawley rats was catheterized and craniotomy was performed. A 5SMHz array was connected to an ultrasound system (Aixplorer, Supersonic Imagine,
France) and mounted over the liver or the brain. A bolus of 100 uL of composite droplets filled with fluorescein (monodispersed at 4 um in diameter) was injected in the femoral
vein. Then, a series of 5 cycle pulses were focused in three regions at a focal distance of 2 cm, interleaved with imaging plane waves at a frame rate of 6000 Hz. Monitoring of the
resulting hyperechoic regions was done for 60 minutes afterward. Then, the liver and the brain were harvested and fixed overnight in 4% PAF solution. The samples were sliced in
100 um slices and observed using confocal laser microscopy.

Results

The release within the liver and the brain was observable after a single 5 cycles pulses at a MI of 1.25. This observation was done by differential imaging between plane-wave
insonifications performed before and 150 ps after the release focused pulse (left figure), which showed a contrast of 27 dB. This hyperechoic region could be induced by the
conversion of the droplets to gas, which was then monitored using conventional Bmode for several minutes after the release (centre figure). After exposition of the liver, the most
superficial release site was observable by eye under blue illumination with orange filters (right figure).

Discussion and Conclusions

This study demonstrates that large amount of optical marker can be delivered within the brain and the liver with composite particles. Moreover, this release can be monitored
through ultrafast imaging even after a single release pulse.
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2A - Cardiac Visco-Elasticity and Strain Imaging
Boca Rooms VI-VII

Wednesday, October 19, 2011, 10:30 am - 12:00 pm

Chair: Jan D'hooge
Katholieke Universiteit Leuven
2A1

10:30 am In Vivo Open and Closed Chest Measurements of Myocardial Viscoelasticity through a Heart Cycle Using Lamb wave Dispersion
Ultrasound Vibrometry (LDUV)

Ivan Nenadic', Matthew Urban', Cristina Pislaru', Miguel Bernal', James Greenleat'; ‘Mayo Clinic, Rochester, MN, USA

Background, Motivation and Objective

Diastolic dysfunction accounts for half of heart failures and is accompanied by the stiffening of the left-ventricular (LV) myocardium. Our lab has been investigating the use of
Lamb wave Dispersion Ultrasound Vibrometry (LDUV), a technique for measuring mechanical properties of the LV myocardium. LDUV uses focused radiation force to excite
harmonic anti-symmetric Lamb waves in the medium of interest and a pulse-echo transducer to track the resulting deformation and measure Lamb wave velocity. Change in Lamb
wave velocity as a function of frequency (dispersion) is used to estimate the elasticity and viscosity of the myocardium by fitting the Lamb wave dispersion equation. In this study,
we report open and closed chest measurements of elasticity and viscosity of a porcine LV free wall myocardium.

Statement of Contribution/Methods

An open-chest and a closed-chest protocol approved by our Institutional Animal Care and Use Committee were used for in vivo studies of Lamb wave propagation in pig hearts. A
programmable ultrasound imaging platform produced by Verasonics (VSX), Inc. (Redmond, WA, USA) was used to excite and track mechanical waves. The VSX system linear
array transducer was used to excite 1 ms long impulse in the myocardium and to track the wave propagation using a flash imaging mode scheme with pixels on the order of tenths
of millimeters and frame rates of 6 kHz. Wave excitation from the VSX probe was triggered by the ECG R-wave and the data were acquired for 600 ms to capture an entire heart
cycles. The slope of impulse propagation as a function of time was used to calculate the group velocity through a heart cycle at every 50 ms.

Results

An impulse contains all the frequency components up to the inverse of the time length of the impulse. Two-dimensional discrete FFT of the displacement versus time data resulted
in the k-space whose axes are frequency (f) and wave number (1/1). Coordinates for the maxima at each frequency were divided by the wave number (¢ = A f) to obtain Lamb wave
dispersion curves through a heart cycle [3]. The frequency response of the myocardium was assumed to obey the Voigt model so that the shear modulus p = pl+iop2, where pl
and p2 are the shear wave elasticity and viscosity.

In vivo open chest measurements of the group velocity show an increase from ~ 1.5 m/s to ~ 4 m/s from systole to diastole. The shear wave elasticity (u1) and viscosity (u2) in an
open-chest experiment were ~1.0 kPa and ~2.0 Pa*s in systole, and ~9 kPa and ~6.0 Pa*s in diastole. In vivo closed-chest studies show the changes in group velocity and elasticity
(ul) and viscosity (u2) throughout a heart cycle. Group velocity changed from ~ 1.5 m/s in diastole to ~ 5 m/s at the peak of systole. The values of elasticity (u1) increased from ~
2 to ~ 8 kPa, while the values of viscosity (p12) increased from ~ 2 to ~ 12 Pa*s from diastole to systole.

Discussion and Conclusions
These results demonstrate the feasibility of using LDUV to quantify changes in myocardial mechanical properties through a heart cycle.

2A-2

10:45 am Intracardiac Shear-wave Velocimetry using Acoustic Radiation Force (ARF) excitations: In Vivo Results
Peter Hollender', Patrick Wolf', Gregg Trahey'?; 'Biomedical Engineering, Duke University, Durham, North Carolina, USA, *Radiology, Duke University, USA

Background, Motivation and Objective

Acoustic Radiation Force (ARF)-based methods are useful for imaging tissue elastic properties. Shear-wave velocimetry has been shown to be able to measure the stiffening and
relaxing of myocardial tissue. Dynamic stiffness is an indicator for cardiac disease like diastolic dysfunction and risk of heart failure, but obtaining this measurement has
previously required a thoracotomy, limiting clinical application. Intracardiac echocardiography (ICE) catheter-tip transducers, commonly used to monitor ablation procedures and
valve replacements, could make this measurement less invasively. While ICE probes gain proximity to the myocardium, their small size means that relative tissue motion may be
great. This work elaborates on the techniques used to overcome the challenges of intracardiac ARFI shear-wave velocimetry and presents in vivo canine and porcine data showing
the effectiveness of this method.

Statement of Contribution/Methods

Sets of shear-waves are generated at up to 40Hz in healthy animal subjects. Specialized imaging sequences minimize acquisition time and motion artifacts while maintaining
effective shear-wave tracking. Interspersed B-mode images guide motion compensation and direct the ROI for each velocity estimate.

Results

Repeated ARF-induced shear-waves are imaged in both septal and free wall myocardial tissue, with velocities tracking the cardiac cycle. In the figure are shown typical in vivo
results across three heartbeats, with velocities of 2.4 m/s in systole and 1 m/s in diastole. Catheter tip placement imposes a limit on how much motion can be compensated for.

Discussion and Conclusions

This work demonstrates the efficacy of using ICE to perform intracardiac ARFI shear-wave velocimetry in vivo, a viable alternative to the open-chest preparations. Enough views
are available that both global and regional estimates are possible. Velocimetry studies for pathology diagnosis are feasible in a minimally-invasive manner with this method.

This work is supported by NIH EB001040, NIH 5R37HL096023, and NIH RO1EB012484
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2A-3

11:00 am Direct In Vivo Myocardial Infarct Visualization Using 3D Ultrasound and Passive Strain Contrast

Brett Byram', David Bradway', Marko Jakovljevic!, Doug Giannantonio', Dongwoon Hyun', Anna Lisa Crowley?, Han Kim?, Lowie Van Assche?, Michele Parker?, Raymond Kim?, Robert
Judd?, Gregg Trahey'; 'Duke University, USA, *Duke University Medical Center, USA

Background, Motivation and Objective

Previously, methods have been developed to measure active myocardial strain during ventricular contraction. Strain estimates during this period correlate to current heart function
but only indirectly and approximately to the efficacy of myocardial tissue. In most clinical scenarios there is a mixture of stunned and infarcted tissue, which to date has not been
distinguishable using active strain. A method is evaluated that uses passive strain to directly visualize myocardial infarct.

Statement of Contribution/Methods

A new approach to cardiac imaging using atrial contraction as a passive mechanism for inducing contrast (instead of active ventricular contraction) between tissue types in the
ventricles was developed. The algorithm was tested on mongrel canines with chronic myocardial infarcts (MI). Three canines were scanned at volume rates between 80 and 240
Hz based on the anatomical constraint of the heart's location. All subjects also underwent contrast enhanced MR scans--the gold standard for MI visualization.

Ultrasound data were acquired as 3D volumes in baseband format and 30 receive beams-per-transmit configuration using a SC2000 and a 4Z1C matrix array (Siemens Healthcare,
Ultrasound Business Unit, Mountain View, CA, USA).

Displacement was estimated using a Bayesian speckle tracking algorithm coupled with a quality guidance algorithm similar to those described by others for use with elastography
displacement fields. The displacements are converted to axial strains, and the total normal and shear axial strain magnitude was used constract the ultrasound MI image.

Results

Results from 3 transthoracic scans of mongrel canines are reported. An example comparison of results from the largest canine subject is shown as side by side MR and ultrasound
images.

In the ultrasound image, the MI is mapped to dark pixels. The ceMR image maps the MI as bright pixels. The images show qualitative agreement. Additionally, an open-chested
canine subject with an ablation lesion (modeling a MI) was also scanned and showed contrast of 5.4 dB and contrast to noise ratio of 7.4 dB.

Di ion and Concl

The described approach for infarct visualization shows promise. A larger sample population and more sophisticated methods for MR and ultrasound registration will allow for
more comprehensive statistical analysis and make reporting ROC curves appropriate.
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2A-4

11:15 am Mapping Myocardial Structure using Shear Wave Imaging- Comparison with Diffusion Tensor Imaging
Wei-Ning Lee"?, Benoit Larrat"?, Mathieu Pernot'?, Mickael Tanter"?; 'Institut Langevin, ESPCI ParisTech, France, 2CNRS, UMR 7587; INSERM, U979, Paris, France

Background, Motivation and Objective

Shear wave imaging (SWI) has been demonstrated its feasibility to noninvasively measure myocardial fiber orientation in both in vitro porcine and in vivo ovine hearts and been
validated with histology (Lee et al., IUS 2010). In this study, we further compared SWI with Magnetic Resonance (MR) Diffusion Tensor Imaging (DTI), an extensively-reported
non-invasive imaging method for mapping fiber architecture.

Statement of Contribution/Methods

Fresh porcine myocardial samples (n=8; 20x20x30 mm?®) were studied. SWI (Pernot et al., JACC 2011) was firstly performed to generate shear waves and acquire the wave events
at ultrafast frame rate (8000 fps). A 8 MHz linear array probe (pitch= 0.205 mm), connected to a prototype ultrasound scanner, was mounted on a customized MRI-compatible
rotation device, which allowed both the rotation of the probe from -90° to 90° at 5° increments and co-registration between two imaging modalities. The fiber angle at each
myocardial depth was defined by the probe rotation angle at which the maximum shear wave speed occurred (Lee et al., IUS 2010). The myocardial sample was then placed inside
a 7T MRI scanner. Diffusion was encoded in six directions. A total of 270 diffusion-weighted images (b = 1000 s*/mm, FOV=30 mm, Matrix size= 64x60, TR=9 s, TE=19 ms, 24
averages) and 45 b0 images were acquired in 13 h. The fiber structure was analyzed by the fiber tracking module in the software, MedINRIA. The fiber orientation in the
overlapped myocardial region which both SWI and DTI accessed was therefore compared thanks to the co-registered imaging system.

Results

The figure below shows the transmural fiber structure of one porcine myocardial sample estimated by SWI in excellent correlation with that obtained by DTI. All experimental
data show good correlation between SWI and DTI fiber angle estimates (n=8, 1*=0.83+0.01, p<0.0001). The average difference of 8.7°+20.5° (n=316) in measured fiber angles
between SWI and DTI across the wall in all 8 samples was found.

Discussion and Concl

For the first time, we have demonstrated that the fiber orientation estimated by SWI, which assesses the shear wave speed (and thus the stiffness) of the myocardium, was
comparable to that measured by DTI, which evaluates the water diffusion rate within the myocardium. Further validation with histology is being investigated.

Transmural Fiber Map by SWI Transmural Fiber Map by DTI
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2A-5

11:30 am Non-invasive Electromechanical Imaging of Atrial, Supraventricular and Ventricular Cardiac Conduction Disorders in Canines and
Humans

Jean Provost!, Alok Gambhir?, Stephane Thiebaut’, Vu Thanh-Hieu Nguyenl, John Vest?, Hasan Garan?, Elisa Konofagou”; 'Biomedical Engineering, Columbia University, New York, New
York, USA, chdicinc, Columbia University, USA, *Biomedical Engineering, Columbia University, USA, 4Radiology, Columbia University, USA

Background, Motivation and Objective

Arrhythmias are a major cause of death and disability worldwide. However, no non-invasive imaging modality that can map the electrical activation is available to the physician.
Electromechanical Imaging (EMI) is a non-invasive imaging method capable of mapping the electromechanical activation in vivo, i.e., the transient deformations occurring in
response to the electrical activation of the heart. We have recently demonstrated the close relationship existing between the electromechanical and electrical activations in normal
canines and humans [1], indicating that EMI can be used to map the transmural cardiac activation sequence in real time and in all four chambers. In this study, EMI is performed
for the first time in patients with arrhythmias usually treated with ablation or pacing therapies.

Statement of Contribution/Methods

EMI was performed using a Sonix MDP system (Ultrasonix, Burnaby, Canada) with a 3.3 MHz phased-array. Axial displacements and strains were estimated at 350-500 Hz with a
4.6 mm cross-correlation window and a 10.7 mm least-squares kernel, respectively, in 3D bi-plane views constructed from 2 and 4-chamber views. In humans, normal sinus
rhythm (n = 5) and three types of arrhythmias were studied: (i) atrial flutter (AF, n = 1), (ii) Wolff-Parkinson-White syndrome (WPW, n = 1), and (iii) left-bundle-branch block
(LBBB) during cardiac resynchronization therapy (CRT, n = 3). In CRT patients, EMI was performed when pacing the left ventricle (LV), the right ventricle (RV), and during
sinus rhythm (SR). A fourth arrhythmia, i.e., ventricular fibrillation (VF, n = 1), was studied in canines induced by fast pacing.

Results

In normals, activation was initiated in the right atrium (RA), and propagated in the left atrium (LA) during the P-wave. During the QRS complex, activation originated from
multiple different locations in the ventricles. This corresponded to the expected, normal, synchronous transmural electrical activation sequence. In AF, activation originated at the
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LA, indicating the presence of an arrhythmic focus. In WPW, activation propagated from the LA to the ventricular lateral wall prior to the Q-wave, indicating the presence of an
accessory pathway. In CRT cases, activation originated from the pacing lead during both RV and LV pacing. In SR, the ventricles were asynchronous with the RV activated
before the LV. In VF, fast, small, oscillating deformations were mapped. Frequency analysis of such oscillations could be used to localize arrhythmia foci.

Discussion and Concl

Arrhythmia foci and pacing leads were successfully detected in all the cases studied, indicating the capability of EMI to reliably determine the ablation sites prior to treatment and
to optimize CRT, across all four cardiac chambers. EMI could thus be used for diagnosis of arrhythmias and monitoring and optimization of their treatment. Supported in part by
NIH RO1EB006042 and R21HL096094.

[1] Provost et al., Proc. Natl. Acad. Sci., 2011, in press.

2A-6

11:45 am In vivo passive elastic properties of normal and infarcted myocardium using shear wave imaging

Mathieu Pernotl, Wei-Ning Lee', Mathieu Couade', Emmanuel Mcssasz, Philippe Matco3, Bertrand Crozatich, Clement Papadacci', Alain Bc]z, Mickael Tanter'; Institut Langevin, ESPCI,
Paris, France, ZHapital Europeen Georges Pompidou, Paris, France, SINSERM U769, Chatenay-Malabry, France

Background, Motivation and Objective

Quantitative imaging of myocardial viscoelastic properties is essential for the evaluation of both passive and active cardiac functions. We have demonstrated previously in vivo
that Shear Wave Imaging can assess quantitatively the time-varying myocardial stiffness. Systolic myocardial stiffness was shown to provide non invasively an index of active
contractility. Passive diastolic myocardial properties are also important for normal cardiac function and myocardial relaxation. In this study, we investigate the change of passive
diastolic myocardial stiffness in ischemic/reperfused myocardium.

Statement of Contribution/Methods

Shear Wave Imaging was performed in vivo on five open-chest sheep using the ultrasound-based technique Supersonic Shear Imaging. A linear conventional ultrasonic transducer
(8 MHz, Vermon, France) was positioned on the anterior wall of the left ventricle. Shear waves were generated in the myocardium using the acoustic radiation force induced by the
ultrasonic probe. The shear wave propagation was imaged in real-time using an ultrafast scanner prototype (12 000 frames/s). The local myocardial stiffness was derived from the
shear wave speed. Each shear wave measurement was achieved in less than 20 ms and was repeated 12 times every 60 ms to measure the stiffness variation within one cardiac
cycle. Myocardial stiffness was also assessed invasively in the same region using the pressure-segment length relationship obtained by sonomicrometers (Sonometrics Corporation,
Canada). The ligation of one diagonal of the left anterior descending coronary artery was achieved to induce ischemia during 2 hours, and reperfusion was performed during 30
minutes.

Results

The diastolic stiffness was found to increase after 45 minutes of ischemia. The shear modulus increased from 0.7+0.3 kPa to 2.1+0.7 kPa and was stable between 45 minutes and 2
hours. After reperfusion, diastolic stiffness increased even more strongly and diastolic shear modulus reached 14.6+1.5 kPa. The stiffening was confirmed by the stiffness constant
of the exponential-fitted end-diastolic pressure-segment relationship which increased from 0.10 to 0.23 mm™. The peak diastolic strain rate decreased (from 2.43+0.35 s to
0.82+0.13 s) which showed impaired relaxation of the ischemic segment. Finally, TTC staining performed on the explanted myocardium confirmed the presence of a large
infarcted zone.

Discussion and Concl

Shear Wave Imaging was able to quantify the increase of passive diastolic myocardial stiffness in infarcted myocardium. The passive diastolic stiffness was found to increase after
only 45 minutes of ischemia and to increase strongly after reperfusion. Quantitative mapping of the passive elastic properties could have important clinical applications for early
diagnostic of diastolic dysfunctions.
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3A - Scattering and Attenuation
Carribean Ballroom VII

Wednesday, October 19, 2011, 10:30 am - 12:00 pm

Chair: Ernest Feleppa
Lizzi Center for Biomedical Engineering
3A-1

10:30 am Ultrasound Backscatter Spectral Analysis Provides Image Feedback for Histotripsy Tissue Fractionation
Kuang-Wei Lin', Tzu-Yin Wang', Ronald E. Kumon', Cheri X. Deng', Zhen Xu', Timothy L. Hall', J. Brian Fowlkes'?, Charles A. Cain'?; ' Department of Biomedical Engineering, University
of Michigan, Ann Arbor, M1, USA, *Department of Radiology, University of Michigan, Ann Arbor, M1, USA, *Department of Electrical Engineering and Computer Science, University of
Michigan, Ann Arbor, MI, USA

Background, Motivation and Objective

Spectral analysis of backscattered ultrasound is a procedure that can evaluate the scatterer size and acoustic concentration (CQ”"2, where C is scatterer concentration, Q is relative
acoustic impedance of the scatterers to the surrounding medium). Our hypothesis is that the scatterer size and acoustic concentration will decrease as the level of histotripsy-
induced tissue fractionation increases, affecting the corresponding spectral parameters. Therefore, spectral analysis may provide image feedback on the degree of tissue
fractionation during therapy.

Statement of Contribution/Methods

Excised canine livers were degassed, dissected, embedded in agar gels, and treated with 10-cycle histotripsy pulses generated by a custom 2 MHz 7-element transducer at PRF =
100 Hz (P+/P- > 25/17MPa). The number of treatment pulses varied from 100 to 2000 to produce varying levels of tissue fractionation. The specimens were then scanned using an
ultrasound system (Vevo 770, VisualSonics, 15dB bandwidth: 7-40 MHz). Spectrum analysis of the radiofrequency data was performed using a custom-developed algorithm. The
differences of average spectral parameters between treated and background regions were computed along with the effective scatterer size and acoustic concentration. After the
scan, the specimens were fixed and processed into histology sections. The number of remaining intact cell nuclei within treated region (nuclei density) was counted by a custom
program. [Wang et al, UFFC, 56(5): 995-1005]

Results

1) As the number of treatment pulses increased (N = 3, each), the spectral midband fit and intercept decreased while the spectral slope increased. The corresponding effective
scatterer size and acoustic concentration decreased.

2) Cell nuclei density (N = 3) decreased as the treatment pulse number increased.

3) The nuclei density was highly correlated with the acoustic concentration.

Di ion and Concl

The scatterer size and acoustic concentration decrease as the level of tissue fractionation increases as demonstrated by the decreasing nuclei density, suggesting that spectral
analysis may be a useful image feedback approach for estimating the degree of tissue fractionation. High frequency ultrasound imaging was employed to provide high spatial
resolution in this feasibility study. Future work will extend the study to lower frequencies used in diagnostic ultrasound imaging.

(a) Scatterer Size (b) Acoustic Concentration (c) Nuclei Density
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3A-2

10:45 am Three-dimensional Quantitative High-frequency Characterization of Freshly-excised Human Lymph Nodes

Jonathan Mamou', Emi Saegusa-Beecroft?, Alain Coron**, Michael L. Oelze®, Tadashi Yamaguchi®, Junji Machi’, Masaki Hata?, Eugene Yanagihara’, Pascal Laugier™*, Ernest J. Feleppa'; 'F.
L. Lizzi Center for Biomedical Engineering, Riverside Research, New York, NY, USA, *University of Hawaii and Kuakini Medical Center, Honolulu, HI, USA, *Laboratoire d'Imagerie
Paramétrique UMR 7623, CNRS, Paris, France, ‘Laboratoire d' "Imagerie Paramétrique UMR 7623, UPMC, Paris, France, 3 'Department of Electrical and Computer Engineering, Bioacoustics
Research Laboratory, University of Illinois, Champaign, IL, USA, °Research Center for Frontier Medical Engineering, Chiba University, Chiba, Japan

Background, Motivation and Objective

High-frequency quantitative ultrasound (QUS) permits characterization of tissue microstructure using system-independent estimates. In this study, freshly-excised lymph nodes
from cancer patients were evaluated using specifically designed QUS methods. The long-term objective was to develop 3D QUS methods for detecting metastases. Detection of
metastases is critically important for staging and treatment planning.

Statement of Contribution/Methods

A custom laboratory scanning system was used to acquire radio-frequency data in 3D using a 26-MHz center-frequency transducer. A 3D algorithm based on the watershed
transform segmented saline, fat, and nodal tissue. Overlapping 1-mm cylindrical regions-of-interest (ROIs) were processed to yield 13 QUS estimates associated with tissue
microstructure. Spectral intercept, spectral slope, scatterer size and acoustic concentration were estimated from system-corrected attenuation-compensated power spectra. Four
QUS estimates were obtained by fitting the Nakagami distribution or the more complex homodyned-K distribution to the ROI envelope distribution. Finally, the last 5 estimates
quantified how the ROI envelope distribution differs from a Rayleigh distribution. 3D QUS images were generated by expressing QUS estimates as color-encoded pixels and
overlaying them on conventional 3D B-mode images

Results

QUS estimates were obtained from more than 250 nodes from more than 120 gastrointestinal- or breast-cancer patients. Classification performance was assessed for individual
estimates and linear combinations of estimates. ROC results demonstrated excellent classification. For gastrointestinal nodes, the areas under the ROC curves (AUCs) were above
0.95 (combination of 6 estimates). Slightly poorer results (AUC ~0.89) were obtained for breast nodes (combination of 4 estimates). Images based on QUS parameters also
permitted the localization of cancer foci in some micrometastatic cases (Fig. 1).

Di ion and Concl

These encouraging results suggest that QUS methods may provide a clinically valuable means of detecting small metastatic cancers in dissected lymph nodes that might not be
detected using standard pathology procedures. This capability will enable pathologists to more efficiently focus histological effort on cancer-containing regions of nodes.

(Supported in part by NIH grant CA100183.)

b)

Figure 1: lllustrative breast axillary node containing micromestatic foci. a) QUS image showing regions in red with a
detected likelihood of cancer greater than 50% based on linear-discrimnant analysis. b) Coregistered histology image
with cancer foci demarcated in green by a pathologist. (Scale bar is 1 mm.)

3A-3

11:00 am computer-aided ultrasound (caus) to determine liver fat content applied in an animal model and in patients

Gert Weijers', Geert Wanten, Johan Thijssen®, Marinette van der Graaf >#, Chris de Korte?; 'Clinical Physics Laboratory, Radboud University Nijmegen Medical Centre, Nijmegen, Gelderland,
Netherlands, ZGastmentemlogy, Radboud University Nijmegen Medical Centre, Netherlands, 3Clinical Physics Laboratory, Radboud University Nijmegen Medical Centre, Netherlands,
“Radiology, Radboud University Nijmegen Medical Centre, Netherlands

Background, Motivation and Objective

Obesity is related to our Western World life style and is a growing problem. In obese people, fat is not only accumulated subcutaneously but also in the liver (steatosis). Steatosis is
one of the main causes for developing diabetes type-2 in obese populations. Patients on Home Parenteral Nutrition (HPN) are also at risk for developing hepatic dysfunctioning
due to steatosis. Developing a cost effective, non-invasive technique for the assessment and follow-up of hepatic fat content in HPN patients.

Statement of Contribution/Methods

We developed and tested a quantitative ultrasound technique (CAUS) for the staging of steatosis using Ultrasound Tissue Characteristics Parameters (UTCPs) from B-mode
images. Pre-processing in short: linearization of the Look Up Table (LUT); Back-Scan conversion; correction for the combined skin, fat and muscle layer thickness and
attenuation; automatic gain correction (AGC) and finally automatic image segmentation for the removal of large hepatic arteries and portal veins. The following UTCPs were
estimated; Mean echo level (Mu), Standard Deviation of mean echo level (SD), Signal to Noise Ratio (SNR), Residual Attenuation coefficient (ResAtt), Axial (Ax) and Lateral
(Lat) speckle size.

This method was validated with an extensive animal study in 151 post-partem cows. Transcutaneous images were obtained with a Toshiba PowerVision 6000 with a curved array
transducer (C7, fc = 4.2 MHz). Since also biopsies were taken, correlation with triacylglycerol (TAG) content could be investigated. Furthermore, data have been obtained from 15
human patients (3 males) on Home Parenteral Nutrition (HPN, administrated at least 6 times per week) with a mean age of 42 yrs. Five independent US liver images per patient
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were acquired using a SONOS 7500 (Philips Ultrasound, Andover, MA, USA) with a linear array transducer (L11-3, bandwidth 3-11 MHz) at an inter-costal position. These data
was validated using an absolute quantification of liver fat concentration by proton Magnetic Resonance Spectroscopy (MRS, 3T Trio MR system, Siemens, Erlangen, Germany) at
the same day.

Results

In the bovine study, high UTCP correlations were found (Mu r=0.7, ResAtt r=0.81, SNR r=0.74) with TAG. The ResAtt parameter was the only selected UTCP in stepwise
multiple linear regression analysis, and revealed high predictive values (ROC, Area Under the Curve: AUC=0.95; Sensitivity: 87% and Specificity: 87%) for the classification of
the liver fat content into several risk groups. In patients, positive and significant (p<0.05) correlations were obtained between several UTCPs and MRS derived liver fat content
(Mu r=0.71, ResAtt r=0.84, Lat r=-0.62).

Discussion and Conclusions

In conclusion, high correlation between CAUS parameters and histology (cows) and MRS (patients) were found. Therefore, CAUS has potential in staging and possibly even
screening of hepatic steatosis in human liver, thus preventing taking biopsies..

3A-4

11:15 am The impact of different estimator algorithms when obtaining effective diameter estimates from populations of scatterers of different
sizes

Roberto J. Lavarello’, Michael L. Oelze?; 'Seccion Electricidad y Electronica, Pontificia Universidad Catolica del Peru, Peru, 2Department of Electrical and Computer Engineering, University
of Illinois at Urbana-Champaign, USA

Background, Motivation and Objective

Quantitative ultrasound using backscatter coefficients (BSCs) is a potentially powerful tool for estimating micro-structural properties from tissues. However, most scattering
models assume distributions of identical scatterers even though actual tissues exhibit different levels of spatial variations. It has been experimentally demonstrated that the use of
single-size scattering models may yield effective scatterer diameter (ESD) estimates that are not physically meaningful, i.e., ESDs that do not correspond to the size of actual
structures present in the analysis medium. The objective of this study is to analyze three different estimator algorithms when estimating ESDs from media with populations of
fluid-like spherical scatterers of different sizes.

Statement of Contribution/Methods

All estimator algorithms used a single-sized fluid sphere scattering model for ESD estimation. The estimators corresponded to minimizing (1) the variance of the ratio in decibels
between the estimated BSCs and the scattering model, (2) the root mean square error (RMSE) between the estimated BSC and a scaled version of the scattering model, and (3) the
RMSE between the estimated BSC and a linear transformation (allowing for an intercept) of the scattering model. In simulations, the input to the ESD estimators was obtained
using band-limited portions of the theoretical BSC (neglecting multiple scattering and coherent scattering terms). The bands were defined by taking a 100% fractional bandwidth
of simulated sources with center frequencies between 1 and 40 MHz. BSCs were calculated for several scatterer size distributions ranging between 25 and 100 pm. In experiments,
BSCs were estimated from a gelatin phantom with Sephadex spheres ranging in diameter from 70 to 130 pm and 5-, 7.5-, 10-, and 13-MHz focused transducers.

Results

In simulations, ESD estimates obtained with Estimator 1 were approximately inversely proportional to frequency and mostly independent of the underlying scatterer size
distribution for sufficiently large analysis frequencies. Estimator 2 also converged to physically meaningless solutions for sufficiently large frequencies, but generally converged at
higher frequencies than Estimator 1. Estimator 3, in contrast, produced meaningful estimates for all studied analysis frequencies and all simulated media. In experiments, Estimator
1 produced ESD estimates lower than 70 um when using both the 10 and 13 MHz data. However, Estimators 2 and 3 produced ESD estimates between 80 and 100 pm from the
same experimental BSCs.

Discussion and Conclusions

The results of this work demonstrate that ESD estimates are highly dependent on the algorithm used to produce them. Results from both simulations and experiments suggest that
single-size scattering models may produce meaningful ESD estimates for moderately large ka factors with the use of a proper estimator algorithm. This work was supported by
NIH Grants R21-CA139095 and RO1-EB008992.

3A-5

11:30 am Performance of various spectral estimation methods on acoustic Backscatter Coefficient estimation under data size limitations
Ivan M. Rosado-Mendez', Kibo Nam', Timothy J. Hall', James A. Zagzebski'; 'Department of Medical Physics, University of Wisconsin-Madison, Madison, Wisconsin, USA

Background, Motivation and Objective

The in-vivo estimation of the acoustic backscatter coefficient (BSC) can be performed with clinical ultrasound scanners by applying a Reference Phantom method. This involves
comparing the power spectra of the radiofrequency (RF) echo signals from a homogeneous region of interest within the sampled tissue to the echo signal power spectrum from the
same depth in a reference phantom with known acoustic properties. However, when tissue is highly heterogeneous, the power spectra must be estimated over short duration
windows and averaged over a limited number of independent realizations, possibly leading to biased and noisy BSC estimates, particularly when its dependence on frequency is
not smooth. Our goal is to compare the performance of various spectral estimation methods when performing imaging system-based estimations of the non-smooth BSC of a
previously characterized custom-made phantom under severe constrains of the gating window size.

Statement of Contribution/Methods

The phantom consists of a spherical inclusion (1.58dB/cm-MHz, 75-90um diam. glass bead scatterers) within a homogeneous background. It was scanned with a SIEMENS S2000
system (Siemens, WA, USA) equipped with the Axius Direct research interface, at a 10 MHz central frequency. The backscatter coefficient was determined offline by applying the
Reference Phantom method to the RF echo data supplied by the interface and using the phantom background as the reference. Echo signal power spectra were estimated using four
different methods: Short-time Fourier transform with Hann (FT-H) and Blackman-Harris (FT-B) windows, Welch periodogram (WEL) and Thomson’s Multi-Taper method
(MTM). Spectra were computed for gating window sizes ranging from a maximum of 7mm down to a minimum of Imm. The performance of these methods was evaluated by
computing the Mean Square Error (MSE) relative to predictions from Faran’s theory for spherical scatterers, using BSC estimations from 9 randomly scanned frames of the
inclusion to get expectation values.

Results

Good agreement was obtained between imaging system-based BSC estimates and predictions from Faran’s theory. Below the 2mm window length, the narrower (spectral) main
lobe of the FT-B and the FT-H window functions led to smaller MSE values as a result of the smallest bias (by a factor of approx. 0.5 from the MTM and WEL methods). Above
the 2.5mm window length, the smaller variance obtained from the MTM and WEL methods (approx. by a factor of 0.7) resulted in smaller MSE than the FT-B and the FT-H
methods.
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Discussion and Conclusions

Our results indicate that implicitly-averaging spectral estimation methods such as the Welch periodogram and Thomson’s multi-taper method can be used to reduce the variance of
BSC estimates when using gating windows longer than 2mm. For shorter window lengths, the Short-Time Fourier Transform with either Blackman-Harris or Hann windows could
be used instead to reduce the bias at the expense of larger variance.

3A-6

11:45 am Ultrasonic Attenuation Imaging Using Spectral Cross-Correlation and Reference Phantom

Kayvan Samimi', Tomy Varghese?®; 'Electrical Engineering, Medical Physics, University of Wisconsin-Madison, Madison, WISCONSIN, USA, *Medical Physics, University of Wisconsin-
Madison, Madison, WISCONSIN, USA

Background, Motivation and Objective

Estimation of ultrasonic attenuation properties of soft tissue provides an additional diagnosis tool that can help distinguish benign from malignant tumors and detect diffuse
disease. Previously introduced methods of obtaining attenuation slope estimates using medical ultrasound include the spectral difference method, the spectral shift method, and the
hybrid spectral domain method which combines the ideas of using a reference phantom with known attenuation and backscatter properties and using the spectral cross-correlation
for frequency downshift estimation from the first two methods respectively. The hybrid method reduces the impact of system dependent parameters including diffraction effects by
normalizing the sample power spectrum by the reference power spectrum. Although the hybrid method provides improvements with regard to estimation accuracy and indifference
to backscatter level changes, it has resolution limitations when used to produce 2-dimensional attenuation images of the sample.

Statement of Contribution/Methods

In this paper we modify the hybrid attenuation estimation method by using the information from the entire normalized power spectrum to determine frequency downshifts more
robustly in smaller ROIs, and using an L1-norm linear regression to fit frequency downshift estimates versus depth to a sloped line with minimum susceptibility to outliers; thus
enabling us to construct attenuation maps with better resolution which provide better separation of regions with different attenuation levels.

Results

Attenuation images obtained from phantoms with cylindrical inclusions of different backscatter levels (0, 1, 2, 3 dB with respect to background) and different attenuation levels
(0.5, 0.8 dB/cm/MHz with background at 0.5 dB/cm/MHz) indicate that this method provides a better 2-D attenuation map with distinct boundaries between the inclusions and the
background material. Figure-1 is an example of a cylindrical inclusion with same backscatter level as background and higher attenuation of 0.8dB/cm/MHz

Di ion and Concl
The improved resolution of attenuation maps obtained using this method allows for pathological interpretation of such images and may provide an additional tool for diagnosis of
diffuse diseases.
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4A. Physical and Biological Acoutic Sensing
Carribean Ballroom |

Wednesday, October 19, 2011, 10:30 am - 12:00 pm

Chair: John Vetelino
University of Maine
4A-1

10:30 am Integrated ultrasound sensor for microwave heating and radiometry in medical applications

Yngve Birkelund', Frank Melandse'; 'Physics and Technology, University of Tromso, Tromso, NO, Norway

Background, Motivation and Objective

Microwaves heating have been proposed in different medical applications like e.g. hyperthermia treatment of recurrent breast cancer and heating of urine in a pediatric bladder to
detect vesicoureteral reflux of urine into the kidney. Common for these applications is that the skin temperature needs to be kept low to avoid painful burns and/or blisters, which is
normally obtained through the use of colder water circulating through a water bolus placed between the microwave heating antenna and the patient skin. To control the applied
microwave power, a microwave radiometry can be used to non-invasively measure the tissue temperature in the illuminated volume. The deposited microwave power into the
patient tissues is strongly dependent of the water bolus thickness, as the inversion techniques for measuring the temperature using a microwave radiometer is very sensitive to
changes in the thickness. To increase the safety for the patient, a dynamic measurement of the water bolus thickness has to be implemented.

Statement of Contribution/Methods

We have investigated the use of an integrated ultrasound sensor to measure the water bolus thickness. The microwave heating in this study is a planar dual concentric conductor
microstrip antenna produced on RO4350b hydrocarbon ceramic laminate, and the ultrasound sensor implemented as a PVDF film are fitted under the antenna laminate. An
experimental setup with a pulser/receiver card configured in single transducer mode (pulse/echo) and a standard match filter are used to estimate the thickness of the water bolus.

Results

Numerical simulations of the microwave heating system will illustrate the need of an accurate thickness measurement of the water bolus. An experimental setup of the integrated
ultrasound measurement system is presented. In-situ results using cheek tissue to mimic the triple-layered skin-fat-muscle tissue outside of the pediatric bladder, shows both the
accuracy and limitation of the current ultrasonic sensor setup.

Discussion and Conclusions

The integrated ultrasonic sensor can be used to measure the water bolus thickness. This leads to better control of deposited microwave power in medical applications, and it may
improve the non-invasive temperature measurements using microwave radiometry. To avoid electromagnetic interference, the ultrasound and microwave system can be activated
separately using an on-off duty cycle. This allows for pseudo-continuous measurements of thickness, and improves the safety of the heating system in case of patient movement.
The spatial shape of the PVDF film can be shaped to fit a specific antenna layout, but its size should be optimized to improve acoustic power without interfering with the
electromagnetic fields during the microwave mode.

4A-2

10:45 am Acoustic sensor for rapid detection of bacteria in water

Aba Priev', Lev Ostrovsky?, Yechezkel Barenholz'; 'Biochemistry Department, Hebrew University-Hadassah Medical School, Jerusalem, Israel, Israel, >Zel Technologies, University of
Colorado, Boulder, Colorado, USA

Background, Motivation and Objective

Ultrasonic standing waves can be used to concentrate trace quantities of particles and bacterial cells into equally-spaced bands, thus enhancing real-time water quality monitoring.
Particles and bacteria denser than water are driven to a nearby pressure node by acoustic radiation force. This procedure, based on plane standing waves, is restricted to cells of at
least a few microns; the larger cell will move faster in the standing wave field than the smaller one (velocity of particles, v, having the same acoustic properties is proportional to
the square of the particle radius, R). There are some cells, like bacteria, that are smaller than a micron; such submicron particles cannot be efficiently separated and concentrated
using plane standing waves.

Statement of Contribution/Methods

This paper presents the possibility of using acoustic radiation force produced by cylindrical standing waves for rapid detection of submicron-size bacterial cells and particles in
drinking water. The cylindrical standing wave system performance was evaluated using E. coli bacteria; the results were compared with the latex test kit for E. coli O157 (Denka
Seiken Co., Ltd., Tokyo, Japan).

Results

Theoretical calculations of the acoustic radiation force acting on the suspended particles in the cylindrical ultrasonic chamber show that the main maximum of the force dragging
the particle to the central node can exceed the force maximum at the periphery of the cylindrical chamber by about 50 times (Figure 1). Radiation force in a standing acoustic wave
field may induce movement of E. coli bacterial cells (density 1.160 g/cm3) with a speed of the order of a few mmy/s at a frequency of 2 MHz and ultrasound pressure amplitude of
100 kPa, whereas the speed of bacteria in the plane standing wave does not exceed 0.2 mm/s under the same conditions. Such small forces cannot exceed the viscous drag force on
the particle in the flowing buffer solution (Fvisc = kvR).

Discussion and Concl

Acoustical radiation forces in the cylindrical chamber were able to concentrate very dilute suspensions of bacteria (100 CFU/ml) by at least two orders of magnitude. Ultrasonic
detection of the presence of an indicator microorganism, such as E. coli, in drinking water can be made more sensitive by the enrichment procedure using ultrasonic standing
‘waves.
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4A-3

11:00 am Numerical analysis of causal and noncausal lossy impulse responses in the far field for a circular piston
Christopher Johnson', Robert McGough'; 'Electrical and Computer Engineering, Michigan State University, East Lansing, MI, USA

Background, Motivation and Objective

Accurate models of attenuation and dispersion are required for simulations of transient linear and nonlinear ultrasound propagation. Ideally, these models should be causal,
although several models of ultrasound propagation that incorporate the effects of loss are noncausal.

Statement of Contribution/Methods

To determine causality, the arrival time of the lossy impulse response is evaluated on-axis in the far field and compared to the arrival time of the lossless impulse response.
Noncausal lossy impulse responses are indicated by nonzero contributions prior to the arrival of the lossless impulse response, whereas causal lossy impulse responses occur
strictly after the lossless impulse response arrives. This approach is motivated by the limiting form of the lossless on-axis impulse response for circular and rectangular pistons,

which is represented by a delta function in the far field. The delta function describing the on-axis lossless impulse response represents a moving time reference, differentiating
between causal and noncausal impulse responses.

Results

This approach is demonstrated for a circular piston with a radius of 37.5 um using time- domain Green’s functions derived previously for the power law wave equation. The lossy
impulse response is numerically evaluated by superposing point sources, where the corresponding Green’s functions are computed in space and time to obtain the impulse
response. The Green’s functions are evaluated with the stable toolbox. The results are compared to the analytical lossless impulse response evaluated on-axis in the far field, 10
cm from the piston face. For power-law exponents 0<y<1, the lossy impulse response begins after the arrival of the lossless impulse response. For power-law exponents 1<=y<=2,
the lossy impulse response begins before the lossless impulse response arrives. Results are shown in Figure 1.

Discussion and Conclusions

The power law wave equation, which is closely related to Szabo’s wave equation, is causal for 0<=y<1 and noncausal for 1<=y<=2. Noncausal behavior, which was previously
observed in the nearfield, is also identified in the farfield. By comparing the arrival time of the lossy and lossless impulse responses, causal models of lossy ultrasound propagation
are readily distinguished from noncausal models.

Fig 1: Impulse responses of a circular piston evaluated in tissues with power-law attenuation.
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4A-4

11:15 am Design Of Acoustic Lenses For Ultrasonic Human-Computer Interaction

Tobias Dahl', Joao Ealo?, Konstantinos Papakonstantinou'; 'Elliptic Laboratories, Norway, *School of Mechanical Engineering, University of Valle, Colombia

Background, Motivation and Objective

Gesture recognition systems in general and touchless gesture systems specifically are gaining popularity in the consumer electronics world. The launch of Microsofts Kinect
system, a 3D optical touchless system, is an important driver in this respect. Several less costly and complex systems are approaching mass markets. Some are based on IR or
capacitive sensors, yet others on using echo-location ultrasound.

A particular advantage of ultrasonic systems over its competitors appears during product design. It involves creating a flat, robust and aesthetically pleasing front face, while
simultaneously creating a wide field of view (=180°). This is important for end users and designers alike, since one can avoid the dead zones normally associated with optical
solutions. Moreover, a flat front end is close to a requirement for most small and medium-sized screen-based consumer devices, like handsets, tablets and notebooks.

Statement of Contribution/Methods
We show how off-the-shelf ultrasonic transducers can be turned into field-of-view maximizing components while keeping a flat front end.

The general idea is derived from the point source model for transducers, i.e. by noting that the behavior of disc-shaped transducer can be modeled by considering every surface
point as a point source. A large value of /A yields a strongly directive transducer. However, if the point sources further away from the centre could artificially be given a larger
delay than the ones closer to it, a more spherical and omnidirectional wavefront arises.

Results

We show that precisely this effect is obtained simply by placing a perforated, twisted, thick lens in front of a disc-shaped transducer (see figure). Excellent directivity
characteristics is demonstrated by simulation, and initial verifications provided by building a small-scale prototype. Specifically, using a torsion angle for the twisting lens between
66 and 75 degrees gave the best results for frequencies between 20 and 50 kHz.

Discussion and Conclusions

Most commercially available transducers are highly directive. Whereas custom ones can be envisioned having much lower directivity, we propose to equip off-the-shelf transducer
with a twisted, perforated lens made of plastic. This gives a low-cost alternative to designing and manufacturing new transducers from scratch.

ACOUSTIC
LENS

DISC-SHAPED
ULTRASONIC
TRANSDUCER

4A-5

11:30 am Quantitative Analysis of Liquids and Emulsions by means of High-Frequency Ultrasound (15-35 MHz)

Michael Vogt'; 'Dept. of Electrical Engineering and Information Technology, Ruhr-University Bochum, Bochum, D, Germany

Background, Motivation and Objective
The analysis of homogeneous liquids and immiscible mixtures of different liquids (emulsions) is of interest in many industrial processes. Ultrasound based methods enable the

measurement of various parameters (speed of sound, acoustic impedance, frequency-dependent attenuation), which are suitable to quantitatively characterize liquids and
emulsions.

Statement of Contribution/Methods

In this work, a high-frequency ultrasound (HFUS) measurement cell working in the 15 to 35 MHz frequency range is presented. Design considerations for an optimum design of
the cell are discussed based on an analytical one-dimensional model for propagating ultrasound waves. Appropriate echo signal processing strategies for parameter extraction and
calibration techniques have been investigated, and results of the evaluation of the implemented system are presented.

Results

A HFUS piston transducer (6.3 mm aperture diameter, 25 MHz center frequency, 13 MHz bandwidth) is utilized in the implemented measurement cell. Ultrasound waves are
coupled through a water path into a coplanar structure consisting of an acoustic delay line (quartz glass), a measurement chamber for the fluid to be analyzed, and a reflector
(stainless steel). Highly sensitive echo measurements of the transducer’s reflectance are performed with an overall dynamic range larger than 100 dB by frequency-domain
sampling with a frequency-swept continuous wave (CW) excitation signal by using a 10 Hz to 40 MHz network analyzer. Ultrasound waves, which are reflected at the glass /
liquid interface and at the reflector, are separately assessed by time-gating of echo signals obtained by spectral windowing and inverse Fourier transform of the measured
reflectance.

In a first implemented measurement approach, echoes from once and twice double-transmissions through the measurement chamber are taken into consideration. As an alternative,
a second concept, which advantageously only includes the echo from the first double-transmission, but requires measurements from the liquid to be analyzed and from a reference
liquid with known properties (distilled water), is presented and discussed.

Speed of sound (SOS) and dispersion are assessed by cross-correlation of echo signals and analyzing the phase of signal spectra. Furthermore, the acoustic impedance and
quantitative parameters describing the frequency-dependent attenuation are calculated from the magnitude of echo signal spectra. The implemented system has been evaluated by
measurements with different solutions of water and germ oil, glycerin, ethanol, and salt-water of different concentrations and salinity.

Di ion and Concl

A broadband spectroscopic measurement system for quantitative analysis of liquids and emulsions in the 15 to 35 MHz frequency range has been designed and successfully
implemented. Highly sensitive measurements are enabled by employing a network analyzer for frequency-domain sampling.
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4A-6

11:45 am Acoustic and Optical Investigation of Microbubble Contrast Agents Designed for Oil Exploration at High Pressures

Aleksandr Zhushma', Natalia Lebedeva', Michael Rubinstein', Paul Daytonz, Sergei Sheiko'; 1Chemistry, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA, “Biomedical
Engineering, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA

Background, Motivation and Objective

Imaging of underground fluids in porous media is important to the field of petroleum exploration. Microbubbles are widely used as acoustic contrast agents for imaging in
medicine, but at physiological conditions. Microbubbles in pressurized microporous systems, e.g. rock formations in subsurface oil reservoirs, exhibit low microbubble stability
and poorly understood response to hydrostatic compression. More stable microbubbles are needed, along with acoustic-optical experiments to investigate microbubble
echogenicity and stability at high pressures. We present soft and hard shell bubble formulations, a high-pressure cell for simultaneous acoustic and optical imaging under
simulated borehole conditions, and finally perform acoustic, optical, and pressure-volume tests on the bubbles under high pressure, high salinity, and varied viscosity.

Statement of Contribution/Methods

Soft and hard shell pressure-resistant microbubbles stable to pressures above 1000 psi were formulated. A steel chamber was designed to withstand 7,000 psi pressure, at
temperatures exceeding 100 °C, under a variety of solution conditions. Transparent windows made of sapphire or acrylic polymer provide visualization of material inside the
chamber. Acrylic windows are semi-transparent to ultrasound, allowing for acoustic analysis of the contents. During simultaneous acoustic/optical measurements, a still image
camera imaged the microbubbles. During optical-only experiments, a microscope was used to image bubbles with higher magnification.

Results

At constant microbubble concentration, confirmed with optical images, as pressure increased (tested up to 5,000 psi) the acoustic scattering signal of soft and hard shell
microbubbles decreased. Optical observation experiments on soft shell microbubbles show that during repeated compression/expansion of bubbles, the pressure-volume P(V)
relationship of these microbubbles deviated from ideal-gas-law predictions as such: initially microbubbles resisted compression because of shell elasticity, but after some pressure I
reached, they shrank much quicker than initially, suggesting gas effusion out of the bubble. This P(V) relationship changed depending on the viscosity and salinity of the solution.

Discussion and Conclusions

Analysis of hard and soft shell microbubbles shows that those with rigid shells (glass) can withstand high pressure, but lack echogenicity; whereas, microbubbles with ultra-soft
shells (such as monolayer lipids), are echogenic, but are destroyed at high pressure. We present data on prototype formulations which compromise on these characteristics,
demonstrating both echogenicity and the ability to survive high pressures. This is a new application of microbubble acoustics for underground oil exploration.
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5A - TCF Reduction

Carribean Ballroom Il

Wednesday, October 19, 2011, 10:30 am - 12:00 pm

Chair: Ben Abbott
Triquint
5A-1

10:30 am Suppression of Transverse-mode Spurious Responses for Zero Temperature Coefficient of Frequency SAW Resonator on a
SiO,/Al/LiNbO; Structure

Hidekazu Nakanishi'?, Hiroyuki Nakamura', Tetsuya Tsurunari', Joji Fujiwara', Yosuke Hamaoka', Ken-ya Hashimoto?; 'Panasonic Electronic Devices Co., Ltd., Kadoma City, Osaka, Japan,
2Graduate School of Engineering, Chiba University, Chiba City, Chiba, Japan

Background, Motivation and Objective

Band II, III and VIII systems have narrow duplex gap in UMTS. To realize the duplexers for these applications, the SAW resonator having moderate effective electromechanical
coupling coefficient (K?) and small temperature coefficient of frequency (TCF) is required. The authors demonstrated that the SAW resonator with a moderate K2, a zero TCF, and
no Rayleigh-mode spurious response can be realized by optimizing the SiO, shape and the SiO, thickness 4 (=0.351) above the IDT on a SiO,/Al/LiNbOs structure, where X is the
SAW the wavelength[1]. For practical use, it is also necessary to suppress the transverse-mode spurious responses.

Statement of Contribution/Methods

First, we directly applied the SiO, selective removal from the dummy electrode region to the current device structure. The technique has already been successfully applied to the
resonators with #=0.20A for the Band I SAW duplexer with wide duplex gap[2]. The experimental result indicated the technique is not effective for the current case: transverse-
mode responses remained and spurious responses newly appeared at frequencies lower than the main resonance. Then we investigated to use thinning of SiO, on the dummy
electrodes and studied how the transverse-mode responses change with remaining SiO, thickness H on the dummy electrode region.

Results

Fig. 1 shows measured admittance characteristic of the resonator when A=0.20. It is seen that spurious resonances including transverse-mode ones are completely suppressed.
Measured TCF was unchanged and almost zero because no structural modification was given to the IDT region.

Di ion and Concl
It was demonstrated that the selective SiO, removal is effective to suppress transverse-mode responses for SAW resonators employing the SiO,/Al/LiNbO; structure for wide range
of SiO, thicknesses, provided that the SiO, thickness at the dummy electrode region is adjusted properly.

References
[1] H. Nakanishi, et al, IEEE Ultrasonics Symp., 2010. (to be published)
[2] H. Nakamura, et al, IEEE Ultrasonics Symp., 2010. (to be published)
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5A-2

10:45 am Application of Fluorine Doped SiO; Films for Temperature Compensated SAW Devices

Satoru Matsuda'?, Motoaki Hara', Michio Miura', Takashi Matsuda', Masanori Ueda', Yoshio Satoh', Ken-ya Hashimoto?; 'Taiyo Yuden Co.,Ltd., Hyogo, Japan, ’Graduate School of
Engineering, Chiba University, Japan

Background, Motivation and Objective

Temperature compensation techniques are demanded for RF SAW filters to fulfill stringent specifications for a wide temperature range. For the purpose, use of the SiO, overlay
has been extensively studied, and the SiO,/LiNbO; (LN) structure is widely used in mass production. This is owed to a distinctive feature of SiO,, i.e., positive temperature
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coefficient of elasticity (TCE). In Ref. [1], the authors pointed out that TCE of SiO, films is strongly correlated with peak frequencies and full width of half maxima (FWHM) of
the absorption peaks detected by the Fourier transform infrared spectroscopy (FT-IR). Namely, larger TCE is achieved when the peak frequency w4 is higher and its FWHM is
narrower. This result implies that FT-IR can be used to identify the most appropriate SiO, preparation technique and/or to find the most appropriate dopant for developing high
performance temperature compensated SAW devices.

Statement of Contribution/Methods

This paper proposes use of fluorine-doped SiO, (SiOF) for the temperature compensation of RF SAW devices. The FT-IR measurement indicated that SiOF films exhibit higher
@4 and narrower FWHM than undoped SiO, films, and they change monotonically with the fluorine content ». Thus SiOF was expected to offer better temperature compensation
ability than undoped SiO,. Then we fabricated a series of SAW devices using the SiOF-overlay/Cu-grating/LN substrate structure, and their device performances including the
temperature coefficient of frequency (TCF) were evaluated.

Results

The experiments confirmed that TCF increases with 7, as we expected from the FT-IR measurement. In comparison with the pure SiO, case, F inclusion of 7=8.8 at. % improved
the TCF by 49.5 ppm/°C when the film thickness 4 was 0.3 wavelengths (A). It should be noted that the SAW resonance frequency and effective electromechanical coupling factor
K? decrease considerably with r. This indicates that better energy confinement in the overlay also contributes to the TCF improvement. When / was set to 0.2 A so that K> was
larger than the undoped case with #=0.3 A, TCF improvement was reduced but still better by 6.5 ppm/°C. Although the Q factor at the antiresonance decreases with r, its tendency
is not so obvious.

Di ion and Concl

It was demonstrated that the SiOF film is effective for the temperature compensation of RF SAW devices. Of course, SiOF films can be also applicable to the temperature
compensation of RF bulk acoustic wave devices. We also showed that the Si-O-Si atomic structure measurable by the FT-IR governs the TCE of SiO, films even when dopant is
added.

[1] S.Matsuda et al., Proc. IEEE Ultrason. Symp. (2010) [to be published]

5A-3

11:00 am Recent Development of Temperature Compensated SAW Devices

Ken-ya Hashimoto', Michio Kadota?, Takeshi Nakao®, Masanori Ueda*, Michio Miura*, Hiroyuki Nakamura®, Hidekazu Nakanishi®, Kenji Suzuki®; ' Graduate School of Engineering, Chiba
University, Chiba, Chiba, Japan, *Murata MFG Co. Ltd., Nagaokakyo, Kyoto, Japan, *Murata MFG Co. Ltd., Nagaokakyo, Japan, *Taiyo Yuden Co. Ltd., Akashi, Hyogo, Japan, *Panasonic
Electronic Devices Co., Ltd., Kadoma, Osaka, Japan, °NGK Insulators Ltd., Nagoya, Japan

Background, Motivation and Objective

Although SAW antenna duplexers are mass-produced and widely used in mobile phones, improvement of their temperature stability is strongly demanded without degrading the
other performances.

Achievable performances of SAW devices are inherently limited by the employed piezoelectric substrate. On the other hand, use of new piezoelectric materials is not desirable
from industrial points of view because long years and investments are necessary to develop technologies and equipment to produce large size homogeneous wafers applicable to
the mass use. Their inhomogeneity may badly influence the production yield. Thus possible solutions are limited for this request, and use of a single crystal LiNbO; or LiTaOs; is
mandatory as a member of the device structure.

Statement of Contribution/Methods
This paper reviews current status of research and development of temperature compensated RF SAW devices for the use in antenna duplexers.

Results

Currently two strategies are extensively studied. First one is based on deposition of a SiO, layer on IDTs fabricated on a traditional LINbO3/LiTaOj; substrate. Since the SiO, layer
influences not only the temperature characteristic but also the SAW excitation and reflection, the device configuration must be chosen properly. Two device structures were
proposed: one employs a SiO, film with the flattened top surface deposited on heavy electrodes, and another one employs a SiO, film with the corrugated top surface deposited on
relatively light Al electrodes. When LiNbO; is used as a substrate, strong spurious resonances are observed, and proper structural design is necessary for their suppression. Another
strategy is based on the wafer bonding of a single crystal LiNbO,/LiTaOs; with a stiff substrate having small thermal expansion coefficient. Since influence of the stiff substrate is
small except the temperature stability, we can directly apply design and production tools established for conventional SAW devices using a LiNbO,/LiTaO; wafer to the current
purpose. After tight wafer bonding, LiNbO3/LiTaO; should be thinned as much as possible to make the influence of the stiff substrate obvious. This is the most important hurdle
for the device realization. Another important issue is suppression of plate modes caused by the bulk wave reflection at the boundary between the LiNbOs/LiTaO; layer and stiff
substrate.

Di ion and Concl
We will show what kinds of technologies are used to satisfy various W-CDMA specifications and how high performances are achieved using these technologies.

5A-4

11:30 am Performances of Monolithic Micro-Oven Heated SAW and STW resonators
Pierre Dufilie', Joe Adler', Andrew Sawyer'; ' Phonon Corp., Simsbury, CT, USA

Background, Motivation and Objective

Frequency stability of resonators used in low noise oscillators is typically achieved by encasing the resonator or the complete oscillator in a temperature-controlled oven. This
method is preferred over electrically pulling the resonator which results in a lower loaded Q. The oven approach introduces long warm-up time, increased size, and adds
considerably to the total power dissipation of the oscillator. The objective is to develop an oven structure which drastically reduces both warmup time and power dissipation.

Statement of Contribution/Methods

A novel micro-oven heated resonator structure will be presented. The structure includes the resonator, resistive heaters and temperature sensors all formed with the same
fabrication process as for a resonator alone. The temperature sensor is formed by meander-connection of groups of reflective grating strips resulting in a direct temperature
measurement of the active part of the resonator die.
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Results

The micro-oven heated resonator structure and characteristics of both SAW and STW resonators and performances in oscillators will be presented. Warmup times of less than 1
minute at —40C are achieved.

Di ion and Concl

Direct heating of the active surface of the SAW resonator chip drastically reduces warmup time and heater power consumption over previous ovenized resonator approaches. The
micro-oven electronics requires little additional space resulting in a compact oscillator.

5A-5

11:45 am Design of Surface Acoustic Wave Filters using Layer Diamond Structures with Zero Temperature Coefficient of Delay

Ruyen Ro', Ru-Yue Lee!, Chia-Chi Sung?, Sean Wu?, Yen-Hsun Liao*; 'Electrical Engineering, I-Shou University, Kaohsiung, Taiwan, Engineering Science and Ocean Engineering, National
Taiwan University, Taipei, Taiwan, *Electronics Engineering and Computer Science, Tung-Fang Institute of Technology, Kaohsiung, Taiwan, *Electronics Engineering, National Kaohsiung
University of Applied Sciences, Taiwan

Background, Motivation and Objective

Piezoelectric films, such as ZnO and AIN, were combined with diamond to be a novel composite surface acoustic wave (SAW) substrate showing high phase velocity, large
coupling coefficient, and small temperature coefficient of delay (TCD). Propagation characteristics of SAWs in the (100) ZnO/interdigital transducers (IDTs)/(100) AIN/diamond
structure were evaluated using the finite element method (FEM). The extracted coupling-of-mode (COM) parameters were employed to design RF filters for the long term
evolution (LTE) wireless communication applications.

Statement of Contribution/Methods

The resonance and anti-resonance frequencies obtained using the FEM are employed to calculate the effective phase velocity, reflectivity, and coupling coefficient of SAWs in the
(100) ZnO/Cu IDTs/(100) AIN/diamond structures. A low-dispersion region of zero TCD with high phase velocity and large coupling coefficient is obtained. RF filters using the
proposed structure are designed.

Results

The (100) ZnO/Cu IDTs/(100) AIN/diamond structures is presented in this study to retain a zero TCD along with a larger coupling coefficient and a higher phase velocity such that
it can be employed for the design of wide-band RF filters. The contour plots of the calculated TCD versus AIN and ZnO films thickness-to-wavelength ratios is presented in the
figure. With the optimized AIN and ZnO films thickness ratio of 2.357 and 0.16, and Cu electrode thickness ratio of 0.093, respectively, Sezawa mode in the (100) ZnO/Cu
IDTs/(100) AIN/diamond structures possesses the phase velocity of 5753.9 m/s, coupling coefficient of 6.6%, and reflectivity of 0.075. The tailored ladder filter using these COM
parameters yields a RF filter operating at 2535 MHz with 3 dB bandwidth of 70 MHz, insertion loss of 2.5 dB, and sidelobe suppression of 55 dB.

Di ion and Concl

SAW characteristics in the (100) ZnO/Cu IDTs/(100) AIN/diamond structures were analyzed using the FEM. The composite substrate can be employed for the design of wide-
band SAW filters with zero TCD for the LTE wireless communication applications.
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6A. CMUTs | Applications

Carribean Ballroom VI

Wednesday, October 19, 2011, 10:30 am - 12:00 pm

Chair: Omer Oralkan
Stanford University
6A-1

10:30 am Interdigitated CMUT Arrays for Low Intensity Focused Ultrasound Drug Delivery

Paul Cristman', Omer Oralkan', Mike Mandella?, Olav Solgaard', Christopher Contag?, B. (Pierre) T. Khuri-Yakub'; 'E. L. Ginzton Laboratory, Stanford University, USA, *Pediatrics
Department School of Medicine, Stanford University, USA

Background, Motivation and Objective

Early stage cancer detection is critical for successful treatment. For this reason there has been a continued effort to detect early stage cancers. One promising advance has been the
creation of molecular contrast agents. There is a need to improve the delivery, activation, and uptake of these contrast agents. One option is to apply low intensity focused
ultrasound directly to the region to be imaged. Low intensity focused ultrasound has been used for years to aid drug delivery. Here an interdigitated capacitive micromachined
ultrasonic transducer (CMUT) array is being combined with a miniature dual axis confocal (DAC) microscope. The DAC microscope is used to image fluorescent contrast agents
that bind specifically to cancer cells. The field of view the DAC microscope is limited to a depth of 300 um making the application of ultrasound energy difficult. In order to
overlap the acoustic pressure field with the optical field and not interfere with the lens optics surface waves must be exploited.

Statement of Contribution/Methods

Interdigitated CMUTSs have been used for a range of applications including, sensing, mixing, and pumping. For this application a circularly symmetric interdigitated CMUT is used
to focus the surface waves into the field of view of the optics. The circular CMUT transducer has the center removed creating a ring shape allowing a clear path for the optics.
Finally, the CMUT will be packaged at the end of the miniature DAC microscope inside of a commercial endoscope. The initial purpose of the CMUT was to provide low intensity
focused ultrasound for sonophoresis of fluorescent contrast agents. The same interdigitated 