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Modified Piezoelectric Ceramics for Portable Ultrasonic Medical Probe Application
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Abstract: Ultrasound imaging by using piezoelectric materials, such as lead zirconium titanate (PZT) has been one

of the most preferred modes of imaging in the medical field due to its simple, low cost and non-ionizing radiation

in comparison to other imaging techniques. Recently, the market demand for portable ultrasound is becoming larger

with applications in developing countries, disaster area, military, and emergency purposes. However, most of

ultrasound probes used is bulky and high power consumable, so unsuitable for such applications. In this study, the

3 layered ceramic specimen consisted of 128 pitches of 420 x4 m in width and 450 #m in thickness were prepared

by using the Ti-rich PZT compositions co-fired at 1,050C. Their electrical and ultrasound pulse-echo properties

were investigated and compared to the single layer specimen. The 3 layered ultrasound probe showed 1.584 V of

Vp-p, which is 3.2 times higher than single layered one, implying that it would allow effectively such a portable

ultrasound probe system. The result were discussed in terms of higher capacitance, lower impedance and higher

dielectric coefficient of the 3 layered ultrasound probe.

Keywords: Portable medical ultrasound probe, Layered PZT ceramics, Impedance, Piezoelectric coefficient,

Pulse-echo property, Vp-p
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Fig. 1. Basic view of the ultrasound probe consisted of 3

layered piezo-ceramics.
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Table 1. Specification of the ultrasound probe.

Item Content
Primary element count 128
Frequency (MHz) 2.5
Primary pitch/kerf (mm) 0.48/0.06
Element passive/active aperture (mm) 11/61
Array curvature(mm) 60

Computer Ultrasound Probe
(Signal Processing & Analysis)
Setting Device
] N
Digital Oscilloscope Electric/Signal
{A/D conversion) 111 .
et MeB01A l | Distilled Water
‘ _ Ultrasound
Pulser/Receiver
(Pulse ion & Receive)

Olympus 5072PR Water Bath

Fig. 2. Pulse-echo characteristics measurement system.
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Fig. 3. XRD pattern of the sheet specimen.
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Table 2. Piezoelectric properties of the sheet specimen.

Multi-layer Single-layer

Capacitance (pF) 427 80.6
tan & 0.03 0.01
Impedance (%) 11.9 108
d;3 (pC/N) 1,550 461
kp 0.52 0.49
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7§j/‘\j%%k((:apacl‘[ance, C)_J %7}
z = Eﬂi’f‘iﬂ, AdoE A A
AL ol2gt o5+t
@7510] Z7teto]| e 9
, PZT ceramic 9Zof|o]E] |z
Shin 04 B [6loA = AAA stack F7toll
@ﬁ%eat_] Z717F H1 %3, R. L. Goldberg
2D £%&9°] XA array transducero]A] NZO]
o] H%, wEpxo] uste] Fyugape N
of wlstey, AmErol FQ 1/N’0| wat
et =2 A9 SNRYUS /=8 & AS
ATH [6]. HF5Fx0] ofsto] ol2{gh &
oA it A A 57
015 05 = I geof duxler 2
;u]uu e ab 271 Sa)ol The molrl &
HQl(domain)xt =Wl 7FH(domain wall)o]] tjsto] &
tt g{itRloz  AFRSH= A9 /(external electrical
signal) @atete ¥ Q1S Zlo=z AtgHct [8].

Do B O oy kX o
o
n N
L n
r\r

o rlo rfn —

=

||I>|
[‘OIAD OI_LI
L =2 b

ol

-
[25)
—_

1o oy
vy
H1 offt mo

_l;

I'Tlolx
LY

_g_i.‘z
0

5 = 487

Piezo-ceramic
Epoxy I
Epoxy I
(X100)

Fig. 6. Microscopic top and front view of the ultrasound probe

structure.
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Fig. 7. Receiving pulse signal characteristics for 3-layered (al,
a2) and mono-layered (bl, b2) probe specimens.

Table 3. Comparison of received signal properties for 3- and

1-layered piezoelectric ultrasound probes.

No. of Center freq.  Vp-p Pulse width BW(-6 dB)
array [MHz] [V] [us] [%]
3-array 2.23 1.584 2.068 63.01
1-array 2.29 0.488 1.764 56
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