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Overview, ultrasound signal path,
single channel
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sTransmit section «Coaxial cables *Transducer
*Preamplifier «Connectors *Tuning electronics
*A/D converter *Tuning electronics eInternal wiring
*TR switch (expander/limiter) *Electronics
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Overview, ultrasound transducer array
piezo composite.

element electrodes
/\ Piezo ceramic — diced

filled with polymer
New “equivalent material”
better mechanical matching

egeometrical shaping
eless lateral coupling
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Overview, ultrasound transducer array
piezo composite, cntd.
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Overview

* Plane wave propagation
— Mechanical waves
— Electro magnetic waves in coaxial cable
— Transfer matrix

* Piezo electric materials
— Constitutive equations
— Plane wave model (Mason)
— Signal model

Litterature:
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R.S.C. Cobbold, Foundations of Biomedical Ultrasound, ch. 1.5, ch.6

McKeighen, R.E., Design guidelines for medical ultrasonic arrays, pp. 2-18 in: Ultrasonic
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Plane waves

P., U,

Acoustical/mechanical

P=2U, , P=-ZU
Z,=pC , C= 1 , k=2
oC C
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Interface between two materials

Material 1 Material 2
o Il pt,ut Continuity in pressure and
|H > |H velocity at boundary:
o
fnur‘“ |H pi+pr:pt1ui+ur:ut
_ o Z,-27,1 N |
Wave amplitude R=_*—" Wave energy |, {Zz ‘le |
relations i 222 1; relations i Z,+Z, i
T %% | 42,2, |
! | r=1-r= I
| 22 +Zl | : |
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Interface between three materials

Continuity in pressure and

woert 1o, T waeia g, et o velocity at boundaries:
P p?.'uzt :_____________________________________i
I, T R p1++p1=p2++pz}f ]
I — 1:
p u1‘HH| P, Uy, ‘HlH H‘ » iu1+_|_u1_:u2+_|_u2_ i
’ ) P, + Py = i
‘H ‘H ip2+ p2— p3+} forZ: , i

_____________________________________

PsC; + ] P,C, tan (kz Lz)

: 2., =p,C : i
Impec!ance INto i 2 = P2t 0, + ipsC, tan (K,L, ) :
Material 2 =2, i
| 2 |
! C |
iZi2=(p2 2) ,fork2L2=—:>L2:ﬁi NN
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Transfer matrix — simple results

i v [l
: |2 Il a'21 a22 Il

Z
| |
S < , =, 1 -2
vV, Vi =
V, =V, - ZI, 0 -1
O— 4+— _ -
, | ) | :_(I _ﬁj 1 0
V, 7 V, ? ' z) = A=|1 .
V, =V, 7z
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2 port model, 1D layer (plane wave)

|
|
| |
u, U . Transfer coskL —jZ,sinkL i
| matrix [pz): jsin kL (plj
D, p i u, —coskL [{u, )
| 1 }
| |
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| : kL 1
i leijtaI’I? i
| |
e
i ii Z, =~ -pC i
| . i sin kL }
' Evaluation in layer m: ! ;
| I }
| — K Zp k. z , I ‘
I T e (N |
|
I
| . _jkmzm,l +jkmzm,1
i pm,l o pm,+e + pm,—e
|
|
I
I
I
I
|

NTNU
Norwegian University of
Science and Technology

www.nthu.no




A simple algorithm
Z, B
— . || :
N\ r T T T T T T T T Tt T TTTTTTTTTTTTTTTTT T
lkT/' Am Az A JZL ipl,l =-U,,Z,
- | a, .,
| 0 P11 d111P11 T P14
1. Compute impedance as seen into (um] =A| Py |= 3 ]
Am from Zg _ i - Z Ay P11 _%22 P14
1. Propagate Z through chain of i L
tr.matrices | a1,
2. Compute p,,, and u,,, at the i a1~ Z,
source izll = A, Z ,
3. Propagate p and u through chain | Ay 21 Z
: L

with tr.matrices. oot
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Piezoelectric materials, 3D properties

3(2)

o6
C > 2(Y)
T1 Cl[i Cl[; C1D3 0 0 0 Sl 0 0 h13 :
T,| |cy ¢ ¢cg 0 0 O |S,| |0 0O hy 5
T|_|es e ca 0 0 0]S) [0 0 hyf~
= - 1(X)
T, 0 0 ¢c& 0 0|S,||0 hy OF_° _
D D stiffn nsor
T,/ |0 0 0 0 ¢ 0S| |hs O 0O} Cij- St es_ste >0
T.)lo o 0 0 0 c2)S;) (0 0 o0 h; p.e.strain coeff.
g;;> dielectric perm.
JNE 0 0
S By .
E) (0 0 0 0 h O & 1 D, T — tension
E,|I=-/0 0 0 h, 0 O 53 + 0 — 0 |D, S —strain
4 €2 .
E, hg My hy 0 0 0 S| lo o L D; D — elec.displacement
S £ E — elec.field

(2]
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Piezoelectric material 1D material equations

T3 = Ceg,ss — h33 D3
1

E3 - —h33S3 +—S D3

E33
o(z.) = -2 Y@Y b

K
E(zt)=-h2¥EY  1h0
E

Wave equation

V(t) = I E(z,t)dz

= —h {w(L, t) —w (0, t)} +CiCI(t)
L)+ MU 0)=U0.0))
oC, Jo

V(w) =

K@p(z,t) ~ou(z,1) :Kahq(t) ]
ot 6z ot |_ opt) 10°p(@zt)_ o°hq(t)
; ou(z,t) op(z,t) _ 9 0z° cc ot ot’
ot 0z
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Mason electrical equivalent model

3 port model, (2 mechanical, u % Z, U
lelectrical) o] ' st
o Z g
etransmission line describe
Vlbratlon '1/h2C0::
O
emechanical and electrical —
variables can be extracted from | la
the material equations 1 vl
1
. KL A
L =1L,tan— |, C,=¢—
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plezo
backing layer

|:> load

port
piezo 21 z1
layer 1
zL 70 7B
Zb d
-1/h2C0
C’—[\MJ_
2
- Y O\
| | I
port 1 l o
o
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piezo  piezo  ™Malch. match

backing layer 1 layer2 layer1layer 2
load
port 1 port 2
piezo piezo match. match.
layer 1 layer 2 layer 1 layer 2
Zh Zl

N NN
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AdMmittance matrix modael

Transmit Receive




AdMittance Mmatrix moael
(xTrans )

Transmit ceive
Zel
[, I
T V1 i :) V@ﬂ V
S Z ! z
> - 1 S
| I | -

L] Y Y Heo [V, ] U _
! . D | Hion=— , V,=0,i=n
. . . Vn
MR Y H, .. |lV | |
N N1 NN tt,s,N N Httsn: n | Vi =O,IE[1,N]
_U ] _Htt,s,l Htt,s,N Yo __2Pi_ " 2Pi




| Y H, YV
u) (HI Y, 2P

U :
Htt,S,n:\/_n y VJ:O, J?’—'n
I .
H =—— , V. =0,]€[1,N
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Reflection coefficients DL L)

5 u) \HI v, 2P
RS — Er — 1_ 2YM ZL Receive

! I,
|=-Y rV z oy TV, | Z,

Y.V =YV+H,2P ; ¢

V=—(Y+Y,) H,2P
TV | Z

U =(-HE(Y+Y,) " Hy +Y,, 2P

U, =U-U, :(ZYM —2HI (Y +Y,) H, —Zini
R, =(1-2%,Z +2Z HL (Y +Y,) " H,|

R, =(R,+2Z HL (Y +Y,)" H,|
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2| [Ohrn]

[deq]

arg(z)

p.e.

backing

EX. Pz29 no matching

h el gy Z C L
108 MRayl m/s mm
Vim
backing 3 Inf
p.e. 19.6 | 1220 | 33.6 | 4440 |0.78
tissue 1.65 Inf

1000

500

Im[zl] [Ohrn]

Re[zi] [Dhrm]




Ex. Pz29 no matching, cont.

max H, - = 0.0083703
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oo f N A BWiy.-age = 16%
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