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Optimal Design and Analysis of
a Medical Imaging Ultrasonic Array Sensor
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The performance of an ultrasonic array sensor is detcrmined by the properties of constituent materials and the effecls
of many structural parameters, In this study, with the finite element method, variation of the performances of an
ultrasonic array sensor was analyzed in relation to its structural variables, Based on the analysis result, the structure
of the ultrasonic array sensor was optimized (o provide the highest sensitivity while satisfying such requirements
as fractional bandwidth, center frequency and —20 dB pulse length, The optimization was carried out with the SQP-PD
method for a target function composed of the ultrasonic array sensor performance, The optimized ultrasonic array
sensor satis{ied all the required specifications to be applicable to medical imaging diagnosis, The design technology
in this paper can hc utilized for other ultrasonic array sensors of a similar structure,
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Table 1. Basic geometry of the ullrasonic array sensor.

Thickness of the 1st matching layer 7% um
Thickness of the 2nd malching layer 86 um
Thickness of PZT 188 um
Thickness of the Backing 1,000 zm
Ritch 400 gm
Kerf width 36.5 um
Thickness of the Lens 762 um
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Table 2. Material properiies of each part of the ultrasonic array sensor.
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‘0“9“""‘“3'”‘;:‘]"9 velocity 1,506 2.360 2589 1.228 1437 4500
shear Wan;’fs]"e“’d“ 753 1180 1295 614 718
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Fig. 1. Basic structure of a linear ultrasonic array sensor.
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Fig. 2. Ultrasonic wave transmission by a single element in
the array.

3. X230t KHPfo] MA{2| $4 BiS0) 2t tHE-S0| 813t ¥e|
Table 3. Structural variables of the ulrasonic array sensor,
and their variation ranges.

Structural variable Variation range
{zim)
Thickness of the 1st matching layer 63 ~ 95
{z,)
Thickness of the( 2ng matching layer 60 ~ 112
Zy)
Kerf width
(‘T.'S) 34.5 ~ 38.5
Pitch
{2) 394 ~ 406
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Table 4. Specification of the ultrasonic array sensor.

performance specification
sensitivity =-33 dB
center frequency 75 T 0.45 MHz
FBW = 50%
-20 dB pulse length < 035 us
number of element 128
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Fig. 3. Variation of sensitivity in retation o design variable change.



HEss AR 23 A2 oy 7hd £ F3gS
Holc}rt Azt FAY A4E sk A3E 29t
o) &4} Fut4r} 7.5 M T 2 7.8 MHz2 H3} 517]
ol Ao FFA} gl ALew PdEc

thSo& 19 3-(b)ol] vehd AXMY 22} FEEe
FAE 60 ymo) A 112 pm7tA] 13 e F7pA)7[AA
zo| Fg Yottt 2 A3E BY 2%} FES
FA7Y SIS die Tashe A Bedd. o
= QoA Bzt A FAE Vet 23S of
7V E2 ZYE Ro|BR 7|2 nHlo) 12} AEe F
A7b ot g1z, 34 Foert 7.5 MzRY Bl
7] wjEell W48} -2 213491 73 pmol| A} FZe] A3k
g Bo|n| L7} $A9 s Uer Adshs AR
Rl

kerf Z0| ¥ig} S 345 umoYA] 385 um7A] 1
um 7305 Wzt A7) 7o) digh Zzo) YL 2
& 3-{c)efl UER LY, o] = kerf®] £o] yojapHA 7
TRt WAL HAo] Zo|go] {tert Padhs AL
BorElh BBE pitch®] H715 394 1mof|A] 406 ym7h2]
3wt 052 HIR)Z|H AFAke] HA o} Frleke, ot
2tA 1% 3-(d)9] ATAMNH =t F7Ns Al
2 #ekEg

Center frequency [d3]
bed ~N ~ ~ ~N ~N b
g2 3N 2 8 o8 8
.
.
P
'/

fod
=
s

>
a

% 0 7 0 65 %0 % we
1st malching layer [uml]
{a) tst matching layer thickness vs. center frequency

800 -

796 - ..
N
T 780 4 -
E N
ns )
. S
o
o 1 R N
o 780 \
=1 ~
=3 N,
o s
=
- 2704
hut
S 765
()
TBO b m cp o mmmy e g b ap e et e =
M » » ” s n

Kerf width [um)
{c) kerf width vs. center frequency

TR 4. AAMSE) W W2 FY Fuktol wy

SIZ PYTCHE E3ul 2N0] WM HEMA S FMHA 267

V. B4 FRo] D= E Wh) Y
o

z} A AE0| S Fukpo]| D\ A= Wk 245t
7] Sk AARES W37 BA AS ke
o 12 A 22 A $AE & 30l Yehd A
A 242} 8 um@} 13 um¥) F7F A7 A s)Ag it
Y 4~(a)2} 4—-(b)7} 2o F5o] 12} T 221 A
50| FA7} F7FskAA 4 Fapr) Ak A
S Bt o HEF FAZE F7Etel et A
ERAFA ) A} F7Iet B4 Fobe) 24d A
oF gt}

b0 2 kerfo] Z-E BISRA|HA F4 Fuafeo) W
315 S| Msf AR, kerfo Fo] S7HRE 4 T3
T sk %S B9, ol kerfe] o] F7)st
H PZTS] £0] 20150} aspect ratio”} &5k )4
QI 74o] AAE A Fol FH FHgrt Fadhe A
o8 Aden] AnE I% 4-(c)ol] ERHSIT)

19 4-(d 9 A4 Aas B ST kst
£, oh= pitch® 277} F7} 5FH PZTS) £o| 5713t
Al €lo] ERAFAL] ARA]} 7H9L F7rec) whet
A piteh7} 74T S4 SR SR A0=
ket

1

I

~ ~ ~ L3
a - - a
.

Center frequency .MHz,

~
o

®  wm @ .  wm  m
2nd malching layer fuml
{b} 2nd matching layer thickness vs. center frequency

795

=
B

&

Cemer requency .MHz)
B ¥ 3 OB

[ P VN P P VI Y
Pitch [uml
{d) pitch vs. center frequency

Fig. 4. Variation of center frequency in relation to design variable change.



268  EERSEBINX| HI27¥ MeZ (2008)

V1. -20 dB pulse length¢] OJx]=
PXY0] F

Axof| x| Zt A 50] 20 dE pulse lengthol} 7]
A FES Yohiy| Hall BAEES Sl [HA
A AN E st BA 12 et 23 B
29 72 F7EA oS Bkt 1 2 12} A
22} 27} 52 242 71 umét 73 umollA -20 dB
pulse length?t 7Hg 2h2 ZH-& Uebyiglct, ol 3=
A Argst 2zt Zo] Aol 71 2 o] 3 7] wigo|ct,
ANE 19 5-(@2k 5-(byei viehl it

Kerf¢| £} pitch®) 27]o) ©}2 —20 dB puise length
£ YobE =, kerfQ] Z3t pitch?] 27|15 H3HA|7]
H 322 aspect ratio”} H3ISHA) €t} kerf2] £o]
Z7}5}H aspect ratio’} 743G —20 dB pulse length
7} 2745 &1, pitch:= aspect ratio7} 7151 —20
dB pulse length7} a0 & Fthele], AME 7}
2} 23 5-{c) & 5-(d) vehi i

VI Thio] Dlk TE el G o

0512
0504
E .
5 0496 /
R .
S 0488 - /
) .
E 0.480 - -\ /
o ) -
§ oam
5
A, 0464 -]
0456
T T T 3
& 70 80 20 100

1st malching layer [um]
(a) tst matching layer thickness vs. -20 dB pulse length

/.

E o] /'
2 »
< —
o 0499 /
E -
o J
2 0an2
3
a,
0.464
il | T T T 1
£ » - E » »

Kerf width lum)
(c) kerf width vs. -20 dB puise length

2 5 A4S0 Yislef LIS -20 dB pulse iengthl] H&}

7} $istod & 3ol Vet S 2hebo) MRS Wsh
7IHA a4 sigick, 9A 14 FdSa 23 A £
AE HEAIZIHA FBWE 29l slo| 1 Axs 1Y
6—{a)¢} 6-(b)oll Lebliglet, FAI7E F7ttol mhel 1}
32 FBW2 gh2 S7HAH 3, 23F S 244
7l %S UERHQIch 13 AT AE e Eo 7
aegol B)3)| 4 Fafpe &
Fako| W]l FBWE 7k 202 g, Sa
T AHEY oA 22} ARSL FA7t 7} S
P31 Frmoko] ohel ®1ej7] moko) HAo] Eof
W Zo| sl A KAt dety QYgZ3 F
Agutao| viQl FBWE Zasks 43S Bl Jes
gt

Ch&O 2 kerfO] £Z WT}A7|HA FBWS] A4S
siAdstlet. 1 6-(c)7t BoF50| kerfY Fo| 571
ol ozt FBWS] 27]%= oF7F F7lsiglou HEE2
vlujateiet, Hzte} W7t 22 Z10) olo|sh wste] o
dd + ey o2 59 wslol vletH kerfZ2
FBWo|| 2 93-S 4] o= 705 ke 9he pitch
€ S7HIESE FBWZL 3718k e R o=
pitch7} 71845 aspect ratio?} $718t] 712 F&
H18¢) 0.5~ 0,6 Al0)9) ZES 71A]A E|o| A FRWZ 3
715t Zlog ghdsig

pulse length [us]

038 T

o % © ) %o 10 120
2nd matching layer fuml

{b) 2nd matching layer hickness vs. -20 dB pulse length

0.498
0.492
- a
E T—
3 e e—
- T
] T
0.480
[:"]
=
L
— 0.474
[+
®
g 0.488
0.462 -
k2 E E 00 402 04 200
Pitch [um)

(d) pitch vs. =20 dB pulse length

Fig. 5. Variation of -20 dB pulse length in relation 1o design variabie change.



VI £} of2fo] MM FX9] X%}

B ATk 23] AR AT DL A WA
4ol 45 B3t eisp] Sietel vE A2l
ofaf 242" R2AIE (n = A 49 WS Wsle] 497
o /% AR SRS, o] RS Hgos 418 2
2719 55 9.1 ol gotol M 7he] ul 4R el
e S 28 4 —-5~7-ilz*7l*ﬁ 27} o} Bt
N CICEEY L ES-E Pt e S e
9] %‘#ﬂ.—% spich 110-13). SF1EA A ’**ﬁl*l
219 3 HEZ sl4laly) Sfsiel A7 v

537 dbFgsto] & 59 ‘-}"-MP":’r
2 qldoll A ARREE 3R (y)> A4}t gan,
<‘>f°=l°¥ ah= 3| Al 2070
= ax” + o+ a2 + b+ + bexg
T axie t oo+ Coraxy + diXgRexs + oo {4)

+ dixaxsx) + enixexaxa + ep

of7|A, a~ay, b~ b 4 AARIS SR FEkl| 9
S HAT, o ~a, di~dy, @, e AARPTR R
o] ok S HAG o)1, x; ~ xiaz Zh2t 47]2) A
olch, ool Son UE. F4 Fuba, ez o
-20 dB pulse lengthol] oIt S| A2lE e, 42
o} AR A= 0.9769, 0.9830, 0.9587 B 0,93455 1}k
ek,

& o] KA o)) A AEE Mgl
Aol g B4 ghe A5)2h Zo] BHSIN, AT £
72 Ae)et 2ol L%'i’rlﬂ?dﬂr EAgE HAstsl]
Ad) 4 B ol el 4= SQP-PD (Sequential Quadratic
Programming Method of Phenichny and Danilin) }gﬁo_
o| g3l o (11-16), Az} AWML F 6off VERAL
L g (LR B o R TR o712 R e Il g s o _‘E‘.J.H

5. &3} o2 MA HHM-SO| BEFES 44
Table 5. Normalized factors of the design variables for the
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Table 6. Analysis result of the basic and optimized models.

Structural variables and - o
pesformanca Basic model | Optimized model
xy (um) 79 63.16
£y {um) 86 68.19
Xy (um) 36.5 34.50
xy (um) 400 405.94
_____ Sensitivity (dB) -33.20 -31.94
Center frequency (MHZ) 7.81 764
FBW (%} 418 504
~20 dB pulse length (5} 0.485 0316
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Fig. 7. Result of analysis.
(a) time domain response,
(b) frequency domain response.
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