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ABSTRACT: When the driving voltage of an ultrasound transducer is increased to improve the quality of
ultrasound images, heat is generated inside the transducer that can cause patient’s skin burn and degradation of
transducer performance. Hence, in this paper, a method to disperse the heat of the transducer has been studied. The
phased array transducer having 3 MHz center frequency and 32 channels was selected for analyses of the thermal
dispersion. First, mechanism of the heat generation was investigated in relation to the transducer operation through
theoretical analysis, and material damping and sound pressure amplitude were confirmed to be influential on the
heat generation. Further, we investigated the effects of the properties of the materials constituting the transducer
on the thermal dispersion through finite element analysis. Based on the analysis results, we determined the thermal
properties of the constituent materials that could facilitate the thermal dispersion inside the transducer. The
determined thermal properties were applied to the finite element model, and the results showed that the maximum
temperature at an acoustic lens contacting with a patient was decreased to 51 % of its initial value.

Keywords: Ultrasonic transducer, thermal dispersion
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Fig. 1. A finite element model of an ultrasonic phased array transducer with the points to measure the sound
pressure and temperature.

Table 1. Material properties of the transducer.

Description Specific acoustic Density [kg/r] Specific heat [J/kg/°K] Thermal conductivity [W/m/°K]
impedance [Mrayl] Basic Modified Basic Modified
Backing block (Epoxy) 3.10 1,710 880 1,760 0.23 0.46
Substrate (Epoxy) 3.16 2,120 1,070 2,140 0.32 0.64
PZT (PZT-5A) - 7,800 420 1.80

1* matching layer (Epoxy) 6.65 3,310 1,000 2,000 422 211
2 matching layer (Epoxy) 3.05 1,210 1,000 2,000 0.22 0.11
Lens (Silicon rubber) 1.25 1,300 1,140 2,280 0.27 0.14

EWAEA ] LR EFig 1o LR ot e A

A 0] FAIFTE 3 MHzo T AY A4

= 327}

olth. EflARAE A ARHPZT-5A), 2709] 4%
Z, 2711 9] S HZ(substrate & backing block), % X A| E
(ground sheet), 413 A1 Z(signal flexible printed circuit
board), Z|F(kerf) W SFFAZE o] Folx glo

S| R YA} AR 2

5 =0] gAE o]

ek 12|31 ERATE A AIZRA] g axAt A &bl AF
85 o ZA] H 2| (bond) 7} Z RO 2 whA L
o} g et =), o] Ft2 H=gtsto] EB““JOP"“‘EP
3|4 =129l PZFlex™

E Argatolct s mele 32kl o & A E o] 9)

Aol 48 e

ou, a4 mdlo] 71

=017] s 27] <] A

i)
p
ol
o
il
=
ﬂll
R
o~
N
2 >
m
o
i)
pugac

E
cl’
<.
g
. &
1
]I"r’ Jd
]I.O
ol
_|_4
lil
\S]
X

o mh w
O[l
T
>
H o
_L
0.9.
nﬂc? N
>
AL
oh
£l
D)

L ol
ulo

%am A A 1] %94

mm, 97 2=2}0] 7 = 320 pm, 12} 4
=160 um, 22} A §+=9] T4 =210 um, 4
300 m, X Z-2-40 um, 4~A}2] Z(elevation)
| 13.5 mm, S&FA= 2] F7:= 0.9 mm,
FEl =] HER]F-2 70 mm= 5T
A}2] =/d& Table 1of| ERH QL o, S3F

o] =42 ¢k

RS

o A1 AL mr rr & 4

=olo
4 rlr Dy
i“ lJl
FIO fr

D)

b

3 ]

o
oot

RE1o
o my
O

ic)

N
-
oX,
B o

[N
o
Thq

The Journal of the Acoustical Society of Korea Vol.34, No.3 (2015)



214 o] YA, =gl

300

=

100+

—
water|

Pressure [kPa]

-100
200 u V

-300 T T T T T T 1

Time [us]

Fig. 2. Sound generated from the transducer of the
basic structure.
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Fig. 3. Variation of the temperature at each node
inside the transducer of the basic structure.
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Table 2. Change of the transducer temperature when
the thermal properties of the constituent materials
were changed from those in Table 1 (basic) to those
in Table 2 (modified).

Material Lens Substrate

properties | High temp. |Final temp.|High temp.| Final temp.

Basic 523C 325C 3.28C 2.76C

Modified | 2.64C 1.95C 191C 1.58C
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Fig. 8. Variation of the temperature of each node
inside the transducer when the material properties
were modified to those in Table 2.
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