5t2235K515|X| A33E AISS pp. 300~308 (2014)
The Journal of the Acoustical Society of Korea Vol.33, No.5 (2014) pISSN : 1225-4428
http://dx.doi.org/10.7776/ASK.2014.33.5.300 elSSN : 2287-3775

SiaH || al=2%F HAS 210t )10 X210} M 82|

R 2 T}

Fabrication and Evaluation of High Frequency Ultrasound

Receive Transducers for Intravascular Photoacoustic Imaging
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ABSTRACT: Photoacoustic imaging is a useful tool for the diagnosis of atherosclerosis because it is capable of
providing anatomical and pathological information at the same time. A photoacoustic signal detector is a pivotal
element to achieve high spatial resolution, so that it should have broadband spectrum with a high center frequency.
Since a photoacoustic imaging probe is directly inserted into blood vessel to diagnose atherosclerosis, the total size
of the photoacoustic signal detector should be less than 1 mm. The main purpose of this paper is to demonstrate
that PVDF can be used as an active material for the photoacoustic signal detector with a high frequency and
broadband characteristic. The photoacoustic signal detector developed in this study was a single element
ultrasound transducer with an aperture of 0.5 x 0.5 mm and the total size of 1 mm. In the design stage, the natural
focal depth was adjusted for an effective focal area to cover the region of interest, i.e., 1 ~ 5 mm in depth. This was
because geometrical focusing could not be used due to the small aperture. Through a pulse-echo test, it was
ascertained that the developed photoacoustic signal detector has the -6 dB bandwidth ranging between 40.1 and
112.8 MHz and the center frequency of 76.83 MHz.
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Table 1. Material properties of the PVDF film with a
9 um thickness.

Parameter Value

Longitudinal velocity (m/s) 1400
Density (kg/m) 1800

Clamped dielectric constant 12
Coupling coefficients 0.15
Piezoelectric voltage coefficient gi3 (v.m/N) 018

at 1 kHz
Acoustic Impedance (MRayl) 2.52
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Fig. 1. PzFLEX simulation results of the characteristics
of the PVDF-based IVPA receive transducer with the
aperture size of 0.5 X 0.5 mm.
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Fig. 2. Acoustic intensity of the PVDF-based IVPA

receive transducer with the aperture size of 0.5 X 0.5

mm along the axial direction, which was calculated by

Field Il simulation.
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e =
Signal wire

Fig. 4. Schematic diagram of the IVPA receive transducer (top), photographs of the finished IVPA receive transducer
(bottom left) and the active aperture (bottom right).

| 1. Backing layer |—)| 2.Single element |—)| 3. Inosculation |—)| 4. Signal connection |—)

0.5 mm x 0.5 mm 0.5 mm x 0.5mm
10 mm x 10mm PVDF and Epo-Tek single element and single element and
Epo-Tek 301 Sheet 301 adhesion Copper pipe Signal wire
(5 minute epoxy) (E-solder 3022)

Epo-Tek 301 top PVDF and Epo-Tek
Sputtering 301 Dicing

—)l 5. Insulation I—)l 6. SMA connector I—)l 7. GND connection

A 4 Y Y

Whole gap Signal wire and Copper pipe and
(5 minute epoxy) Copper pipe SMA connector

Fig. 5. Flow diagram describing the fabrication procedure for the IVPA receive transducer.
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Fig. 6. Experimental arrangement to measure the
pulse-echo response of the IVUS transducer.
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Fig. 7. Results of the pulse—echo test with the finished
PVDF-based IVPA receive transducer.
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Fig. 8. Acoustic intensity of the PVDF-based IVPA

receive transducer developed in this study, which was
calculated by a Field Il simulator.
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Fig. 9. Measured acoustic intensity of the developed
PVDF-based IVPA receive transducer along the axial
direction.

2o A o] Frub O] Zhaof] 2J3f] 100 MHz 12
2025 14 25 Fito] o= Ao R ol 4=

ol

2 e
Al F317] 7} AFA R 42 2851 7] ARl Zlo] 9]
WIS 7HAf 2t o7 o izl
7] 18l A F=ak71 76.83 MHz o wf SRgEe
o SFFEE Field T Al & o] & &
ke, 71 A3 Fig. 8o UER itk of 4t vieh
2 2 & o] ARbE]= 207} 328 mmE F7HE
o 4= Qltk. 212U DOF= 8 mmo [/ 0. & 57} o]
o, a2 e A= gr4AIRE 1 ~ 5 mm Z]
of| A 2] PSF2- 54l =1t=7161.27 MHz Y 1 &}-5-
2 Heltk tet-3dB W 29 Z-9- 1 mm Z o] o 4]
360 um© = 40 um Y= 7= Qlek 5FA9E 3.28 mm
Zo]et 5 mm Zl oo A= M FYUsHA -3dB Rl =
°] 240 umE A8k S FI e 4= QA ]lTk
Field [ Al &8 o] A AaHE Al 2kg ek o] 3
F s ST e =N Felstglon, T 4wt

[eAle] =

e
g
0
)
X
)
lo
oot
3

O %0 o

oot
AN
ol



Ll

=

0

O

<

i

o

=

xQ.

£

i1

jud)

o

do

%

jud

x

o

N rE
[o it

2 gAoln PAoT A5 S Este] SFU=
2 241k 7| H SFHE L Bl A o] 72 S
BAFgEZho| o). Fig. 95 2 2.75 mm ol A 7H
2 St UEhdS & 4= Qleh o] AL oF A AF
1.9k Eq.(1)7} Field I A -] o] 4 2 7KFig. 8)°]
A AL Ho SFHE Z0]9) 328 mm HrHs e
Zolo| A A 2tat wishy) o] Mo S Ay
< o u]ghe}. 1 o] G- A &BHE T ol A SH of| £
A2 H1S 3w PVDF L2 9|2 55 o] A7} &
Zhelgl s A2 Fig 40 A el 3t 4= gli=t], o] = )|
2 W3k7) o] AR FA o] Ao = AohE 28}
o] ZFAH 4 A2zl 0] 7} srobxl A o 2 weEch

B Ao A G20 W AT 5412 9Jgt
PVDF 7|4k} IVPA #1317] 2 A &etgl oLt E49
7He HE7) o] w44l BAS el daox
S H S B aatgih o] = A ZHEE W sy o]
o 54 Tl W o EHOR QlE 44 B
b wE Felste] B4 olo] 7P Al S
o] g3+ Ao|ch. skt Auka o2 W] o] $4l
2 524l A SEhe H|%dh mokg Zhethal v}
Aal7] gito] WA-om SHATS Bl 424l &
&2 AoelA| Bl S glout Sk GAare] 7
A= S AR Bl 0] 424 Fuby B L
H ool 3 S FAE Aol A3k E 4 ek

v. 8 8

B =Bo A s d B B4 2
Fh 23 4241 WSH7] 2 PVDF B4S o] g5}
of HA, A2 2 E457 S gk A g
T FSF 54 W0 1AL F 978 3
#50] 0.5 % 0.5 mmE 1901, 2% k7] o Ao
274 1 mm o|8}7} H == A st A stk
P03 S5 AL o AtE HEkr]) = 6dB
&l Z0]40.1 ~ 112.8 MHzo |, =4 Fu}4=7176.83
MHz9l 13ah4 1l o] Heky|ete AL ol

A dEsiRel & A

lo
I
2
rlo
AN
o
offt
=
oM,

20} 5240 W3] A2 9 %7} 307

a3 A9 A8 229 % BT U]
Aol 9 PVDF £2-2 o] 3] Bk 53 4
AT 2 WA ARSI B4 S Bk = &
SEF §UAR] AFo] Glo] PVDF B2
A 5 QLA st TEo|gle. AY A
W0 2 PVDF B8 o] 5t0] 283} 1l -84
B8 Gl AGA B A 2 Fe) B
S 44l W] Aol K5 TS BHl & 5 9
ok 5 o)A oA AEe 4 Gl Ba R
F$EE 239 U PG YU/ S PVDF B
2 o) gstol pste] 28t R HSF §F A
o] ZAE U815 Aeto] Glof A Anht 583
£ AgH R A o goltt

ZAe =2

14-1002) 3 AT F/3A 5 71 =S4 = A5
71E 7 EAFANO1150049, A3 W 22 ek
1=l (40 ~ 60 MHz) T8l e A 28 Yl 2

2H 7)& 7] A Y-S vhol = E Q)5
References

1. B.D.MacNeill, H. C. Lowe, M. Takano, V. Fuster, and I. -K.
Jang, “Intravascular modalities for detection of vulnerable-
plaque: current status,” Arterioscler. Thromb. Vasc. Biol.
23, 1333-1342 (2003).

2. T.Sawada, J. Shite, H. M. Garcia-Garcia, T. Shinke, S.
Watanabe, H. Otake, D. Matsumoto, Y. Tanino, D. Ogasawara,
H. Kawamori, H. Kato, N. Miyoshi, M. Yokoyama, P. W.
Serruys, and K. Hirata, “Feasibility of combined use of
intravascular ultrasound radiofrequency data analysis and
optical coherence tomography for detecting thin-cap
fibroatheroma,” Eur. Heart J. 29, 1136-1146 (2008).

3. J.CYin, H. C. Yang, X. Li, J. Zhang, Q. Zhou, C. H. Hu, K.
K. Shung, and Z. P. Chen, “Integrated intravascular optical
coherence tomography ultrasound imaging system,” J.
Biomed. Opt. 15, 010512 (2010).

4. X Li, J. Yin, C. H. Hu, Q. Zhou, K. K. Shung, and Z. Chen,
“High-resolution coregistered intravascular imaging with
integrated ultrasound and optical coherence tomography
probe,” Appl. Phys. Lett. 97, 133702 (2010).

The Journal of the Acoustical Society of Korea Vol.33, No.5 (2014)



308 NES

. H. C. Yang, J. C. Yin, C. H. Hu, J. Cannata, Q. Zhou, J.
Zhang, Z. Chen, and K. K. Shung, “A dual-modality probe
utilizing intravascular ultrasound and optical coherence
tomography for intravascular imaging application,” IEEE
Trans. Ultrason. Ferroelectr. Freq. Control. 57, 2839-2843
(2010).

. J.Yin, X. Li, J. Jing, J. Li, D. Mukai, S. Mahon, A. Edris, K.
Hoang, K. K. Shung, M. Brenner, J. Narula, Q. Zhou, and Z.
Chen “Novel combined miniature optical coherence tomo-
graphy ultrasound probe for in vivo intravascular imaging,”
J. Biomed. Opt. 16, 060505 (2011).

. B. Wang, J. L. Su, A. B. Karpiouk, K. V. Sokolov, R. W.
Smalling, and S. Y. Emelianov, “Intravascular photoacoustic
imaging,” IEEE J. Quantum. Electron. 16, 588-599 (2010).

. J. Kang, E. -K. Kim, J. Y. Kwak, Y. Yoo, T. -K. Song, and J.
H. Chang, “Optimal laser wavelength for photoacoustic
imaging of breast microcalcifications,” Appl. Phys. Lett. 99,
153702 (2011).

. J. Kang, E. -K. Kim, G. R. Kim, C. Yoon, T. -K. Song, and J.
H. Chang, “Photoacoustic imaging of breast microcalcifica-
tions: a validation study with 3-dimensional ex vivo data and
spectrophotometric measurement,” J. Biophotonics. DOI
10.1002/jbi0.201300100 (2013).

. W. Wei, X Li, Q. Zhou, K. K. Shung, and Z. Chen, “Integrated
ultrasound and photoacoustic probe for co-registered
intravascular imaging,” J. Biomed. Opt. 16, 106001 (2011).

. X Li, W. Wei, Q. Zhou, K. K. Shung, and Z. Chen,
“Intravascular photoacoustic imaging at 35 and 80 MHz,” J.
Biomed. Opt. 17, 106005 (2012).

. F.S. Foster, K. A. Harasiewicz, and M. D. Sherar, “A history
of medical and biological imaging with Polyvinylidene
Fluoride (PVDF) transducers,” IEEE Trans. Ultrason.
Ferroelectr. Freq. Control. 47, 1363-1371 (2000).

vt o arote|x] 33 M52 (2014)

| XX} oF

» 0| & £(Junsu Lee)

20104 22 ZRCHBIm FAKRSAR
EIEN)|

20131 28 MZCHstn HO| @887 &
SSIH(AMAD

"

<EAIE0P OB AST} U BEH &
48 wa| M7 2 N, g3t ol
SIRTPS

» Zf ®I S(Jin Ho Chang)
2000 22 MZCHShn MXEZStal(SAL
20023 22 MZChEh HXZ S MAL
’)g- 2007 122 University of Southern California,
» {:i Biomedical Engineering(2tA}
g 2010 ~ S MZistue MZoli7 s
oiRHl0| QS By HIX I B} Hing
<Bl2op B3 SN U ANZSE 1
Ot ZSTEN UAAY, £
Hety | HAl L HE, STz gy
NS




