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Design and Fabrication of a 2D Array Ultrasonic Transducer
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ABSTRACT: In this paper, a 48x64 channel 2D array ultrasonic transducer with piezoelectric single crystals was
designed, fabricated, and evaluated. Structure of the transducer was chosen to facilitate the electric connection on
the planar array, and then components were fabricated in accordance with the structure. Detailed structure of the
transducer was designed through finite element analyses. In order to improve the performance of the transducer,
the crosstalk between adjacent elements was reduced through the control of kerf width and material, and the target
frequency bandwidth was achieved through optimal design of the thickness of the single crystal and matching
layers. After fabricating a prototype of the transducer according to the design and measuring its characteristics,
the results were compared with those of finite element analyses to evaluate the performance of the developed
transducer.

Keywords: Ultrasonic transducer, 2D array transducer, Piezoelectric single crystal
PACS numbers: 43.38. Fx

LM B

A o] 28 F4I A2 ¢l CT(Computed Tomo-

eISSN : 2287-3775

graphy), MRI(Magnetic Resonance Imaging) X PET
(Positron Emission Tomography)+= ¢ A] A2 A5t
ok s A d 2] AR AL e o2

=25
14
o} AP = TR AR A B 5He ), o] T AL

TComresponding author: Yongrae Roh (yryong@knu.ac.kr)
School of Mechanical Engineering, Kyungpook National
University, 1370 Sankyukdong, Bukgu, Daegu 702-701, Republic
of Korea

(Tel: 82-53-950-6828; Fax: 82-53-943-8716)

)
)
lo
o Il
]
_}ir‘
)
2
QL
£
fol
A

A 33 220k ERARA 7} QI



394 ol YA, 5

EYaAE 23 O & wjd T 7 2xbE A7)
e -8kl A 98-S 253k 2D v

o=
@mhmJEUAE%a%Hﬂ qﬁ“ﬂﬂﬂ
WHA ARAE

T} Whgo] 2D uj g
Arsel B HH%‘_%
712 0.5 A ofate] 52 dynalmc focusing) 7} 1!
22} 0] (beam steering)OI 7he et ot uhEhA
2D i Ay EAWAFTA R o) ot ol Ao
Aol e G mak ok = QA G/ el Als ol 7hs
3t} ek Al e A2 7]z o) gl ofs) ARt ¢
A|ggel d5o] 7he st shAIRt g 2] 5
HaARSol Aot wA Woll A5 whzef] 422k
{5 (crosstalk)©] A, gL o o3l 7t
YA A% Bl AR e 7h Sab Bkl o
ml A o] 7] Aok Ee £y et A
717k 2robA] /1 F T E A7t 7] wfiel] S
AAp2]R1k0) o] of L, EfiAFA of =A%
E7h e A el olek c1eEa 7k axpe] A A
Te= ot 2AES VIAH o2 2R AR+ A
A2] 2ot iEstefof sk, 44k 7t BropbA]
AAo] v oA Frhz FAZE ATk whebA 2 51
axpol Az 8] Z7ke) A7) 2 A F o] 75t Axt
oS 2o PP SIS 7 e
=5 ‘

“
o] FUFH EAMAL A ] sfto]

_I

H o
aQ
<
£
g
oL
oL
ﬂa
HU
1
=
2
-

T2, ool oA
= “Pﬁkoi HH AH SYaAe] a7t 8= A2
1.75D ¥ 3 L3t EIAZAE A A751%
ok 2D e z%ﬂ}ELicxu FUIEEST
= ]}—xﬁﬂh 1.75D

HA«] Kol EOH

\'>

Astol 2 <l
STFEAL 71 5 YD Hj A 2 o0 EAA
A 9] FRAAS A

Wako 2 g7l W o) o
Y BECEECR R ERIES S BE
ol A FUT SFEAL AL HGAYY

ol WA 2E 4
2 EdARA Y FRE ARSI AYE 12
o G T2 AR ThS, AL 9
PZFlex(Weidlinger Associates, NY)& 0]%
2 S-S Bkl EAATA L] A3 T
ek EA A ] HAB L 6B 34251
3.5 MHz + 7.5 %0°]9, -6 dB H|tl & Z(fractional
bandw1dth)0] 60 %olAto|H, e o] SAILE
W dBelap 5 ol
wddEﬂA Hﬂﬂﬂﬁﬁ%“‘
25190t} Lol
Eﬂé%ﬁﬂuﬂﬁew&azgﬁ—*
3 Az} fetasajd] ATE v, /)
2DHiE Y 22t ENATA O] 5 7o)

it
>~

o[r
Eﬂib
X

(TP |V

8
I ox

o]
N =
flo ne
rH oft
2 B

NS
i
o
)
)

714 7h4 qhwﬂﬂaﬂﬁl
714 ddE 1% 7<)
7]—5{FPCB Flexible Printed
M Aed FEd
Fego] ok
AB A0 A7 &
4 540] 2 alr}

A )

o
o

fr 2 o4 K
oo
H1
L

o

i
ol
ol
oo
ro
=
ﬂ

a
g

7
5
ﬁ
o

o
7

= o
ol
-

& rlo rfr OE

(conductlve backer)E o]
o033 Fd A= 7|
Mol 4 o] 7 ] %
= 7&%lo] 7] wiiZofl, & ¢Atol A= o] FPCBE ©]
B AR S ARSIl T £ 4Bl =
7182 o] §-5to] Fig. 17} 72o] x647je] A2 -
A BES T S, BE 67]E s Foto] 48x64
(CEEDEEER L ERPEVEEEY
= Ak WA RES QLAY PYNPTE

N oz

~F



2D vy 283} =

SEaAtE ARSI o, SE Al S (backer),
A 3t(matching layer) 2 2| Z(kerf) .2 LA FH ]
PZFlex o] :310] A 20| B4} Uu)7h 277 4}
S0l H)R e oJEke HAE 5 Ol—z-h:]—ﬁx%_ﬂ]-
AE5-2 FAl whE SAl et vt o % 0] &
SEEA] S H

1 Al T S FERE
j :
o

i

N

Srsfato] gL ES ol gako] HlrjelEo] 2
7t H =5 HAHAE s o] Wl AREE E
224}2] /42 Table 13 2o A A1 50 53
544837 MHzS] SAFTHRE 7HA o] v o 22
802 %, 2= A1 ZHE = 62,6 dB, AF 5 7H4]2- 306 dB, 4=
3-7H(acceptance angle)2- 40.9° & Table 29} 7t 1w
B0 FA A Q1 A 2 AEL AR = Ref.[10]0]] AHA]
3] UepL g,

ol RESS vjodste] 2D MjAY EAAFA
FHE FATE R AT E BE 22150 1
71 A4 ¢]3F GRS(GRound Sheet)2} -5 214 3]
2 7|5o] A A of sl at ofsiH off §A|5k=
o, o] A7 |G 7w B e o 2 )
49 TS Lo AL, 3, ol o

3=l 2D EMATA AH Q] 3,072719] ATAE
FREEo] Hats W Ao] 2 wiAvel Eala

Sk

]I

flo m
N

e

«— Lens

2% matching layer
1* matchinglayer
Single crystal
Backer

GRS Signal FPCB Kerf

Fig. 1. Schematic structure of the 2D array ultrasonic
transducer.

AT HA L AR

A RS2 BE e =
AR HEIL T HE
of, BA2] 2aeE et ko
o WA o5 REsa vl dste
4 7= 2D 8 Y 251}
7] $18ted, &2t 712 (gap) ol
ZAIZJ]_/\ ol E]E]-]Oﬂ:-’:-_J H3

o 2@ 250 EfATA 2] A 2
FEAS VA= J A nETF 7

HE A e SFE5AE=
Fig. 1o e mele Algsto] 5
= Flg 19] E‘ﬂloﬂ/\i SFHl =

_a m
HNE

=

19 o |o
d
S N E
X
2
o}i -
T oox 1o
nllo ol
NN
22
)
ol ol
2o
i
oo gjﬂ

Ir
1;?
ln
=2
jad

o
9
T
N

o o g

glo Mo

o
of

5

I =

Ar &
4 = i{)g i
N il
0

i M alo
o rlo P gy mlﬁ g WP o=

T

i

of
il

R
e ALY
go F1IN E fr
@ o M I
Rt o6 [N @ o Ay om ofh ok

ok
o [t

oot

o
o

§

Qﬂ1&%*°ﬂ§¢%£§
FAE AR 9o o] 8= I mm=
ok freta s BEls g gl Q1o A s Ak

395

3}

oot L &

7 S ol

(R
oy

(]
N _—
Bomogy NG M e
:%ﬂlﬁjgﬁmeﬂ
ol & o oo o o £
do S

i)
2

2

Table 1. Properties of the acoustic materials for the

module.
Material Impedance Densitzy Lo\rlle%i(:zgi;al
Mrayl] | k] | T
Backer 5.5 3,230 1,710
1st matching layer 7.4 2,430 3,020
2nd matching layer 2.0 1,030 1,960
Kerf 1.3 1,430 960

Table 2. Design performance of the module.

Description Value
center frequency [MHz] 3.7
fractional bandwidth [%)] 80.2

Sensitivity [dB] -62.6
crosstalk level [dB] -30.6
acceptance angle [°] 40.9
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Fig. 5. Photograph of the fabricated 2D array ultrasonic
transducer.
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calculated beam patterns.

i

U,

[>

2

S

o
;2
N
SL

2

to

224
rE

e

offt
p‘L

o &
B
o st
o

i3

o

o

o

ol

ol

2

o

N

o

lle

o

2

1o

2

o L 4o

Nt o)

e

2

o
o>

o _;; oo

ol
PO
52
o 1
~No&
= o
Mo =
(o]

2 Lo
£ r_?L' r_E l‘lo
=

12
I
s
B~
B
N
ox
U
()
12
o
u
r—o‘
%
Jo
ot
ko
> b
o 9 -
o &
HE o 2 2

ol
Hoom
*?#
4
I_>‘ J
|m
o™
rlo
=

(S

by

N
o
R
]
l‘IF
pasy

lo

0.5 Fig 6] A4 413 AL 1Al
5lo] E =2 Z(ONDA HNR-0500)2 AH2bslo] EgiA
A9] wpak ) RS S stk EdAsA )
= ko 2 087 Ao YEA A5 FAl 2
F¥oto] ZguhE WAIA| A, o] uhel WA

A
22 o ERES | gt 02 o] 54170

PR EERIX] H32@ M5 (2013)

Table 3. Result of the 2D array transducer design and
measurement.

Description Measured
center frequency [MHz] 3.7 3.7
fractional bandwidth [%] 80.2 76.4

focal depth [mm] 60 62
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