PIEZOELEKTRICKA KERAMIKA
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e Struktura, fazovy diagram

e Chemickeé slozeni

e Feroelektrické vlastnosti
 Materialovée vlastnosti

e Limity pouzitelnosti
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Smes fazi na urovni zakladnich bunék krystalové mrizky

Koexistence dvou fazi na morfotropni fazové hranici
(MPB)

Obé faze maji feroelektrické vlastnosti

Dopovani — isovalentni nebo heterovalentni ionty
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A-pozice nebo B-pozice (A 2"’}122"'}{]31 4+Bg4+:}D3.
‘W O w isovalentni Ca%*, Sr?*, Ba?*
® o B4+ Sn%
O 02 1'5%

A l Table 4.2. Modification of PZT by substitution of Sr** jons in Pb;_,Sr.

Zrp 53 Tiu.a?}DE

T Tc, °C eaz’ /o ko,

0 J85 544 0.48
0.01 — hEd 0.49
0.05 360 1,002 0.50
0.10 J28 1,129 0.50
0.125 200 1,237 0.47
0.15 265 1,260 0.43
0.20 242 1,257 0.34

G.Helke, K.Lubitz: Piezoelectric PZT ceramics, in Piezoelectricity, Springer Verlag 2008
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Heterovalentni dopovani — generace kyslikovych nebo
olovnatych vakanci

Table 4.3. Substitution of heterovalent ions in the perovskite lattice

Designation Small ions: B**-positions Large ions: A%"-positions
lon [on radius® lon lon radius®

PZT Ti'* 0.68 PhH** 1.20
Zrit 0.80 Srt 1.13

Donors, “softener” Nb*+ 0.70 La** 1.22
Sh** 0.62 Bi** 0.96
Wwet 0.68 Nd** 1.04

Acceptors, “hardener”  Mn** 0.80 K* 1.33
Fe'* 0.64 Ag* 1.26
AP 0.50

“Ton radius in 107" m

G.Helke, K.Lubitz: Piezoelectric PZT ceramics, in Piezoelectricity, Springer Verlag 2008
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Dopovani heterovalentnimi ionty meéni materialové vlastnosti

Table 4.4. Modification of PZT with donor and acceptor material

Dopant Te, °C EggT,."En Tan &, 1073 ky, dsz, pC/m G

soft
(1)  Nb** 365 1700 15 0.60 374 85
(2)  Sb** ~350 1510 15 0.46 410 05
(3)  Na*t 330 1600 20 0.60 355 100
hard
(4)  Fe*t 300 820 4 0.59 240 500
(5)  Ni*t 330 1000 8 0.50 200 350

(1) Pbo.as(Zro.52Tio.4s8Nbo.o24) 04, (2) Pbo.oeSTo.0s(Zro 52T 465b0 02)0, [42],
(3) Pbo.orNdo.o2(Zro.54Ti0.46)04 [43], (4) Pb{Zro.s25Tio.a72Feo 002)]0, [44],
(5) Pbo.esSro.os[(Zro.52Tio.44)Nio.0a)]O4 [42]

G.Helke, K.Lubitz: Piezoelectric PZT ceramics, in Piezoelectricity, Springer Verlag 2008
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Tri a viceslozkové systémy

PbTi0; — PbZ10s — (PbB|__B" 403)

Table 4.6. Composition of complex compounds [1, 10, 54, 55, 62]

Complex compounds lons
[A1+1.-"2A3_|-1.-"2}T1D3 Al Li, Na, K, Ag
A Bi, La, Ce, Nd
Bi(B** ,2Mn, ;5) B*t Sr, Zn, Ni
ﬁ2+{Bl+1f4B5+3fd}TiD3 .;d!l.ﬂ+ Ph, Sr
B+ Li, K, Ag
Ph[Eﬂ"'l H3BE+2 1) Ti03 B2+ Mg, Ni, Zn, Mn, Co, Fe, Cu
Ph[B3+ 1 ﬂB‘E"‘ 172)Ti03 B3+ Mn, Sb, Al, Fe, Co, Yb, In
B+ Nb, Sb, Ta
Ph[:BS-l-gJ.rg BE+ 11,-'3} Tng BE+ W, TE, Re

Pb(B%*,, B®*, ;) TiOs
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BaTiO, (BT)

Lead metaniobate - PbNb,O,
Bi,Ti;O,, — Aurivilliovské struktury
(Nay/,Bi, ;) TiO; — NBT
(Ky/,Biy/,)TiO; — KBT

NBT-BT, KBT-BT

VVVVVV

keramik
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Ex)

Intenzita elektrického pole 2-4kV/mm, pfi teplotach
120-140°C
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Spontanni polarizace v zrnech — libovolna orientace,
ktera se preorientovava v poli

RELATIONSHIP BETWEEN IDEAL SINGLE CRYSTAL POLARIZATION Pg
AND EXPECTED CERAMIC POLARIZATION P FOR SOME
REPRESENTATIVE FERROELECTRICS.

Primérny

dipolovy

Symmetry Change Number of B
Associated with Polarization Equivalent ——
mome nt Ferroelectricity Directions Directions Ps
2/m — 2 (010} 2 0.5
m3m — 4mm {100} 6 0.831
m3m — mm?2 (110} 12 0.912
m3dm — 3m (111} 5 0.866

AL r.ﬁ &I I]I][Iﬂ
. LGNS
INVESTICE DO ROZVOIJE VZDELAVANI EVROPSKA UNIE. \ad¥ £ %j




9 @ Symetrie pro material keramiky

Obecné to muze byt libovolny feroelektricky material
Nejuspesnéjsi je perovskitova struktura
Mineral perovskit CaTiO,, druh m3m — 4mm

Perovskitova keramika — tuhé roztoky -Morfotropni
fazova hranice (MPB)

m3m — 4mm m3m— mm?2
m3m — 3m

2.12.2011
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Elektromechanické tenzory — trida symetrie eemm,

smer polarizace 3

0 0 0 0 d, 0y [% %2 S 0 0 0

0 0 0 ds 0 O S, S S3 0 0 0

dy dy dy3 O 0O O S3 S35 S 0 0 0

o 0 0 s, 0 O

€11 0 0 O O O O 544 O

e 0 © 0 p) 0 0 0 0 0 s
0 0 &g

Ses = 2(S11 — S12)
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o & Materialové vlastnosti PZT
©

Nejlepsi na materialové vlastnosti je slozeni
v blizkosti MPB, nejlepsi polarizovatelnost
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Table 7.14 Material data for selected piezoelectric ceramics available commercially. Pz24 and Pz29 are trademarks of Ferroperm Piezoceramics A/S
(Denmark); N-8 and N-10 (NEPEC@NPM) are trademarks of Tokin (Japan); Vibrit 1100 and Vibrit 202 are trademarks of Siemens (Germany); PZT5H
and PZTR are trademarks of Morgan Matroc, Ltd. (UK); APC841 and APC856 are trademarks of American Piezo Ceramics International, Ltd. (USA)

soft PZT hard PZT
Property Pz29 N-10 Vibrit 1100 PZT 5H APC 8§56 Pz24 N-8 Vibrit 202 PZT 8 APC 841
% 10-12pa~! 17.0 14.8 14.20 16.4 15.0 10.4 11.2 11.80 11.5 11.7
L) ~5.78 -3.70 —3.01 —4.50
& —8.79 —6.50 —7.58
&, 229 18.1 20.60 20.8 17.0 23.4 15.2 13.80 13.5 17.3
& 54.1 43.00 23.0 31.00
el £0 2440 5000 4750 810 1450 1290
ely 2870 5440 4500 3400 4100 407 900 1000 1100 1350
kp % 64.3 50 70 65.0 65 50.1 56 50 51.0 60
k, 52.4 62 50 52.0 52
k3l 36.96 34 42 39.0 36 29.8 34 28 300 33
ks3 75.23 68 71 75.0 73 66.9 67 60 64.0 68
kis 67.07 66 67 68.0 65 32.7 78 57 55.0 67
ds) 10-12cN-! —243 —287 —315 —274 —260 —57.8 —99 —90 —97 —109
daa 574 635 640 593 620 194 226 205 225 275
dis 724 930 895 741 710 151 652 295 300 450
dy 88.2 45 78.4 31
B¢ °C 235 145 177 195 150 330 320 330 300 320
P kgm 7460 8000 8100 7450 7500 7700 7720 7700 7600 7600
tans % 1.6 1.0 2.5 2.5 2.7 0.2 0.4 0.7 0.2 0.35
Om 1 49 70 50 65 72 370 1600 800 1000 1400

JTichy, J.Erhart, E.Kittinger, J.Privratska: Fundamentals of Piezoelectric Sensorics, Springer Verlag 2010
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Table 7.16 Material properties of selected non-PZT ceramic materials. Pz34, Pz35 and Pz46 are
trademarks of Ferroperm Piezoceramics A/S (Denmark)

Pz34 Pz35 Pz46
doped lead bismuth BaTiOs
Property PbTiO5 metaniobate titanate ceramics
st 10~"2pa~! 7.33 10.6 8.55
sh -1.61 —2.28 —2.61
sk, —0.536 —120 285
s 7.31 442 8.93
sy 26.2 233
el £ 127
el 208 219 124 1350/1700
ky % 7.4 33 3738
ke 40.9 336 24.9
kai 459 2.09 20.8
k3 39.66 8.67 493
kis 453 47.6
ds| 10~ 12cN-! —5.33 —226 —79
ds3 46.0 83.0 19.1 191
dis 7.79 270
dh 353 14.6 Y -
J.Tichy, J.Erhart, E.Kittinger,
Oc °c 400 300 630 130 J.Pfivratska: Fundamentals of
p kgm> 7550 5720 6530 Piezoelectric Sensorics, Springer Verlag
tans % 1.4 0.6 0.4 2010
Om 1 314 17 465
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M (@) rga n E I ectroceram |CS’ U K 070 Planar Coupling Factor vs Temperature
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e Teplota (T<T.) — depolarizace pyroelektrickymi naboji
e Mechanicky tlak
 Elektrické pole (E<E,)
- Paralelni

- Antiparalelni

- Kolmé

na smeér polarizace

INVESTICE DO ROZVOJE VZDELAVANI

Table 7.15 Applicability
limits for the electric field and
mechanical stress for selected
PZT types (PXE® is

registered trademark of
Philips)
Material grade E, [Vmm~!] T, [MPa]
PXE 59 350 5
PXE 5 300 2.5
PXE 52 100 —
PXE 41 300 10
PXE 42 400 25
PXE 43 500 35
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PIEZOELEKTRICKE KERAMICKE REZONATORY

A AKTUATORY
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e Vibracéni méd rezonatoru
e Nahradni obvod a impedance rezonatoru
- Staticka a dynamicka
 Rezonatory pro méreni materialovych vlastnosti
- tyCinka, deska, disk
- vibracni mody
e Jiné specidlni rezonatory
e Aktuatory
- Bimorf a unimorf
- jiné ohybové aktuatory
- mnohovrstveé struktury
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e Tvar rezonatoru

e Krystalograficka symetrie materialu (keramika comm)

e \zor elektrod

e Smér polarizace keramiky
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Elektromechanické tenzory — trida symetrie eemm,

smer polarizace 3

0 0 0 0 d, 0y [% %2 S 0 0 0

0 0 0 ds 0 O S, S S3 0 0 0

dy dy dy3 O 0O O S3 S35 S 0 0 0

o 0 0 s, 0 O

€11 0 0 O O O O 544 O

e 0 © 0 p) 0 0 0 0 0 s
0 0 &g

Ses = 2(S11 — S12)
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Priklad: piezoelektricky jev

E D
5u=5u T+d/(],lE/( SMZSMV7\-/+g/(].LD/(
D;=4d,T, +8/kEk Ei=-g;1, +ﬁ/7'/-(Dk
D/ = Ei Sv + e Ey E; =-S5, + B Dy
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0, Tenzorova a maticova notace

O
e Elastické vlastnosti Cop = Cjg WP =12,...,6
( Slj/(/ OL,B 21,2,3
SOLB =5 25{//(/ o = 1,2,3,B — 4,5,6
\45,'/'/(/ OL,B — 4,5,6
* Piezoelektrické vlastnosti 4 Oy =123
: 2dlj/( a = 4,5,6

6’,- — ifk OL=1,2,...,6

tensor 11 22 33 23,32 | 13,31 | 12,21
matrix 1 2 3 4 5 6

. e gy [[TLIITTT]
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Pohybova rovnice bez objemovych sil
or @Zu.
T+ h=p f,=0
0X ot
Maxwellova rovnice bez volnych ndbojul (izolator)
oD,
8)(,I =P free P free =0

+okrajové podminky a systém deformace a napéti
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Ex)

e Staticky — kapacitance

 Dynamicky — kapacitance ménici se na induktanci,

rezonance

paralelni vétve obvodu pro
7 C, ! kaidou rezonanci
[ .

v rezonance Y—>oo, 70
antirezonance Y—=>0, Z—>o°

Ry Ch L

5 19 90 e Efl\ ﬁ rﬂ' ® ‘Plumﬂ
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(1/t)* >10,(1/w)’ >10
P s

9 5 Std 176-1987
Piezoelectricity

a/t>10 IRE Std.1961

Measurements of
Piezoelectric ceramics

d/t> 40, pro harmonické

|/t >10

. e Efl\ ﬁ rﬂ' . ‘Plumﬂ
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Napétovy systém I =0, 7; =0

tan(n) } 2/ délka, 2w Sirka,

Y = j(D CO 1- k§1 + k§1 . 2t tloustka

Rezonance piezoelektricky volné

,overtones are harmonics”

tan(n,) > «©

Koeficient elektromechanické vazby

K — dy

511833
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o & Podélné vibrace tenké tycinky

I, #0,7, =0

Napétovy systém n D
Y T
Z T 2Wt

X3 Cp=és3
Z=— 1 {1_/(323 tan(n)} 2/ délka, 2w &itka, |
ijO(l—k§3) n

2t tloustka
Rezonance piezoelektricky vazané
,overtones are not harmonics”

ta”(ﬂr) — k];nr

33
2
Faktor elektromechanické vazby /(2 _ d33
3 E.T
533€33

2.12.2011
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0 & Tloustkové rozpinavé vibrace tenké desky

Napétovy systém hh,l;3;#0,7,=0,5#0,5, =0
X-
3
X n=owl %
[4, X | C33
s 2wl
JoC, oy 2/ délka, 2w Sitka,
Rezonance1 2t tloustka
tan _ = piezoelektricky vazané
(nr) k2 N ,overtones are not harmonics”
Faktor elektromechanické vazby 5
€33
ki = DS
€33€33

2.12.2011
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0 & Tloustkové stfizné vibrace tenké desky

Napétovy systém

n= (Dl‘x/9555
s 2wl

Co=¢n p
P 1 k2 tan(n) 2/ délka, 2w Sirka,
_/ooC n 2t tloustka
Rezonance piezoelektricky vazané
,overtones are not harmonics”
1
tan(n,) = n,
kis

Faktor elektromechanické vazby

2.12.2011
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Napétovy systém _
X 7,#20,7, =0

primér 2r, tloustka 2t

: J
Rezonance Y= jCOCO{Z(/(P)Z = 1(11) —l}
(1-0")J1(m)—nJy(n)
NJoMr) _ g s v
J(M,) P E_(ClB) p Oy
(1 =0 £ 61T £ g
piezoelektricky volné, (33 S11t S
,overtones are not harmonics” P \2
2.P P _ T P\ 2(931)
n=2nfr P c =T "= €33 —833(1—/(;)’(/( ) T PeF
011 2t 1©33

: o IIII[IJ
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Disc, PZT APC841, D=40mm, t=2,2mm
100000 2
—— impedance
10000 | —=—Pphase Yo s
X -1
1000 - 05 =
T | s
-= Tl
S 100 NN 0 §
N ol 05 &
10 '
l 1
1
-15
0.1 ‘ -2
10 100 1000
f[kHz]
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Jiné specialni rezonator
9 - P Y

Napr. tloustkove strizné vibrace tenkosténné trubky

(akcelerometry)
fZ

al b rezonance naprazdno
i

L seismic mass

|___ piezoelectric
element

!

MW
ERJIRINUIIINNN

supporting Al - k?s AZ

post

f

2 2/.D

Az = xln(a/b)

N.T.Adelman, Y.Stavsky: J.Acoust.Soc.Amer. 57, 2 (1975) 356-360

Jl(g- x) Yl(% x)

b 1 [J"(% x)“’“(’"] ;"1(

2.12.2011 {t,.} Ef w%— ....
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Al = = 0
J1(x) Yl(x)
rezonance nakratko
a b
%)~ i)
[Yo(g— x) - Yo(x)] Yl(cbl x) - % Yi(x)]
Y&




L]

o

Moznost jejich pouziti pro méreni vlastnosti
Priklad: Tloustkoveé stfizné vibrace tenké desky

Rezonance VysSSi harmonické (overtone)
tan(n )zln Nr3 _ s tan(nr?,):lnr?,
’ /(125 ’ T‘ll’_l_ f/’.[ /(125
f f ks
3 r3
tan(- > ny) =" tan(n,)
fKI. fKI.

[TTITT
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o & Nestandardni geometrie rezonatoru

Tenka deska-tycCinka Ctvercova deska
Tloustkové strizny Obrysoveé rozpinavy
mod kmitu
—Z
4 7

IRE Standards on Piezoelectric Crystals: Determination of the Elastic, Piezoelectric, and

Dielectric Constants—The Electromechanical Coupling Factor, Proceedings IRE
(1958) 764-778

2.12.2011
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Tloustkové strizné vibrace
tenké desky/tycinky

X " .
3 X5 Pocatek souradnic
ve stredu rezonatoru
X

® =

S,=0,T,=0,1=12346 S5 = Uy 3
D2:D3:O,E2:E3:O Elzueja)t

S, #0,T,#0,D,#0,E, =0 2|

u, =u, =0,u,(x,) T = CSs — €55 Ey

S
D, =€,55; + &, E,

gty [[HIIIIIT]

2.12.2011 |
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Pohybova rovnice

u — P Ul u1(X3at) = [ACOS(kXB) + BSiI’](kX:g)]ej“’t
1,33 CE 1
55 o P
Css

Maxwellova rovnice
_ j ot
D1,1—0 D1 =C€Jw

Integracni konstanty A, B, C

[TTITT
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e Mechanicky volné hlavni povrchy desticky/tycinky
X,=2b T, =0
e Elektrické pole — konstantni uvnitr rezonatoru

X, = I Elzgle"‘“t

 Napéti na rezonatoru

[TTITT
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L]

Urcime z okrajovych podminek

A=0
u 1 €
B = 2 D
21 1-k;; c.k cos(kb)
_U &
21 1k}

INVESTICE DO ROZVOJE VZDELAVANI
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Posuvny proud

_0 b o it s 2Wb ks tan(kb)
"’ _atuj Dldxzdxg’)_ Jore (8“ Ij{lJrl—kfs kb

Admitance

k2 tan(kb)
1-k2 kb

** % ﬂ&lllll[l
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® @ Tloustkové stfizné vibrace
| tenké desky/tycinky

Napétovy systém Is #0, 7; =0
X. —ob P
3 =
‘ :’ X Cer
2wWb
g Co=én |
— , I
. K tan 2/ délka, 2w &itka,
Y = joC, 1+ ) g
—k? n 2b tloustka
15
Rezonance piezoelektricky volné
tan(n,) —> o0 ,overtones are harmonics”
Faktor elektromechanické vazby k2 B d125
15 JE T
Ss5€11

2.12.2011
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Rezonance Y—>oo

_Zﬂfbp_ﬂ'372'572' f_l Cer
r e 2 22 " 4b ) p

Antirezonance Y—=>0

2 —
an() =%, =2 2
15 C55

T
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1000000

100000

10000

impedance[Ohm]

1000

Bar APC850, 1I=12.2mm/w=6mm/b=1mm,
C=0.0087nF

—— impedance —= phase

|
1

=

(6]

|

1
o
&

| -2
100 1000 10000
frequency[kHz]

phase[rad]
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POd E| ny m Od H.Ekstein: Free vibrations of anisotropic bodies,
Phys.Rev. 66, 5 (1944) 108-118

T
1

o e - ———
e ———

Fic, 2, Longitudinal vibration of a thin square plate.
Mode 2:  Us=C[sin (r/a)y— (x/4)] cos (x/a)x,

‘Fi6. 1. Longitudinal vibration of a thin square plate. Va=CL—sin (x/a)2+(r/4) cos (v/a)y.
Mode 1: Ui=Ccos (v/a)xsin (wfa)y, Vi=Csin (x/a) Dotted lines—crystal at rest. Full lines—crystal vibrating.

¥ Cos {'r,"'_u}:,l'. Dotted lines—crystal at rest. Full lines—
crystal vibrating, :

* I-'j. &]III][I
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F1c. 3. Longitudinal vibration of a thin square plate. FiG. 5. Shear vibration of a thin square plate (calculated).
Mode 3: Us=Ccoskx, Vi=Ccosky. Dotted lines— U=cos (x/a)y, V=cos(r/a)x. Dotted line—crystal at
crystal at rest, Full lines—crystal vibrating. rest. Full line—crystal vibrating.

e Ef ° T
;’”: I.o 32
INVESTICE DO ROZVOJE VZDELAVANI EVROPSKA UNIE i j Il y S




Ex)

Dvourozmérny systém, plosna rezonance v obou smeérech pfri stejné frekvenci

esky

Souradny systém

KBy . x
2 ve stfedu rezonatoru
Pricny rozmér 2a

Tloustka 2b

T,=T,=T.=0

D1:D2:O,E1:E2=O E3:Ueja)t
D,#0,E,#0 2b

Uy (X1), Uy (X;),U3(X;3) E, = P
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T3=0 uvnitr rezonatoru
E E E P P P
T1 = CpUy; +CpoU, 5 +C5Us 3 €505 T1 = CpUy; +CLU, , +€50,

_ ~E E E AP P P
T, =CpU;; +CpUy , +Cpgls 3 + €405 T, =CpUy +Cil,, +€30,

_E E E B _
T, = CigUp; +C3U, , +Cg3U5 5 + €330 53 = 0 T;=0
B s _ P P P
D, = €31Uy 1 T €5U;y 5 +E€35U5 5 — 33005 D, €31l T 831Uy 5 = 3303
E \ E \2 P E
cP _CE_(CIB) P —cE _(C13) p_Cn _ Sp
11 = Cpq e v U =0 E + O = p =7
Cs3 Css Ciy S
E 2
C e
P 13 P S 33
€30 =63 €33 £ €33 =&+ ¢
c, c

33
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Pohybové rovnice

u, (X,,t) = Asin(kx,)e'*

: P
=C,,U . .
pou, 1; 11 u,(x,,t) = Bsin(kx,)e'”
pPU; =CpU, 0
. k = p
Maxwellova rovnice C,,
D3’3 — O

** % ﬂ&lllll[l
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e Mechanicky volné okraje desky

X, =xa,X,=ra  T,=0,T,=0

e Elektrické pole — konstantni uvnitr rezonatoru

X, = b E, = ;Jbe“"t

Integracni konstanty
U e 1

A=B=- P, P
2b ¢, +c,, kcos(ka)

[TTITT

INVESTICE DO ROZVOJE VZDELAVANI



i[lIHI Iﬂ
o8
Posuvny proud

o7 ¢ . - 2a° Z(eF’)2 tan(ka)
I, =— D.dx.dx, |=—joUe!| e, == |1 31
- o [Ton, o2 e 2T et

—a-—a

Admitance
I . 2”)  tan(ka)
Y :Uel:;a)t :_JwCO 1+ P((P31) P) k
€33\Cyp TCp5 a
2a°
C,=eh >
0 33 b
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enke ctvercove aesky

X3
X
‘é 2 k=24 7~
Cll
X

e 11
Admitance N 5, 1-0°
k2
Y = I?tzjwco 1+ pztan(ka)
Ue’” 1-k; ka
2a° 20 2
L S

P~ T(E
b €33 (511 +S
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Resonance Y—>oo

_Zﬂfap_ﬂ?wSﬂ 1 ¢
T = p T 20 123 p

Antiresonance Y—=>0

2 -1 p
tan(na) — k2 4 Ty = 27Zfaa P
p Cll

T
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APC850, square plate 20x20mm/0.35mm,

C=16.420nF
10000 2
——impedance —=— phase
+ 1.5
1000
= £e)
E S
5 100 ~ 3
N 1 <
o
10 EI
1 ‘ 2
10 100 1000
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@ = Toplowikaefelent rezonann rekvence.

Teplotni koeficient veliCiny x

TK(x) = (gg j

Ptiklad: rezonanc¢ni frekvence tloustkoveé rozpinavych vibraci
tenké desky
1 1

TK(1) = TK(,) =, aas + 0y =, TK(Cz3)

P TKm,) = 2k
C: TK(k) K (1-K)-

N, = nfrl‘

=

S A * Eflﬁrﬂ ||||1[|
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N=1,2,3,4,5 segmentl

S

1
tan( klj X1
Y, = jw(g; 't‘;") 1-K2 +2Nk2 i:\'

Rezonance >
1 T h >
7, =kl =71 o8, > <% polarization direction - electrode

J.Erhart, M.Franclikova, L.Rusin: Piezoelectric resonators with engineered domain structures, Ferroelectrics
376, 1 (2008) 99-115
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hard PZT, bar 17.4mm/0.8mm/1mm
homogeneous poling - 1 domain

——impedance —=— phase

1000000 2
= 100000
S =
= 10000 3
O =
:
€ 1000 8
o o
£ 100
10
10 100 1000

Frequency[kHz]

Ef i
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hard PZT, bar 17.4mm/0.8mm/1mm
nonhomogeneous poling - 2 domain

‘+ impedance —=—phase ‘

hard PZT, bar 17.4mm/0.8mm/1mm
nonhomogeneous poling - 4 domain

‘+ impedance = phase ‘

1000000 2 1000000 2
T 100000 [ 1, T 100000 T — ; 1,
[ \ = || & \ =
% 10000 N € || & 10000 g
g \, 0@ o 10 ©
< @ S 7}
° 1000 c S 1000 o
8 o (5} o
£ 1 - -1 g‘ 4+ 1
= 100 y W T = 100 . P

10 Ly L 2 10 Ly L1 -2

10 100 1000 10 100 1000
Frequency[kHz] Frequency [kHz]
hard PZT, bar 17.4mm/0.8mm/1lmm hard PZT, bar 17.4mm/0.8mm/1mm
nonhomogeneous poling - 3domain nonhomogeneous poling - 5 domain
‘+impedance +phase‘ ‘+impedance +phase‘
1000000 2 1000000 2
T 100000 T~ 1, T 100000 T — al
< — = 1
<} RIRS i
3 10000 , =g 10000 =
1o @ o 1
c e 0 o
£ 1000 g8 1000 NC g
] o 3 <
Q € o
E 100 1 * E 100 i
SR = 1 ]
10 - T2 10 — e )
10 100 1000 10 100 1000

Frequency [kHz]

7 7z s
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US patent No.2,830,274 (1958), C.A.Rosen et al.
Piezoelektricky transformator Rosenova typu

LOAD

[TTITT
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Piezoelektrické transformatory

9 = .,
- — komercni produkty
Integrované s elektronikou — CCFL electronics

e Rosen-type (e.g. Fuji & Co., Japan)

e “Transoner” (Face Electronics, USA)

e Multilayer structures (e.g. Noliac A/S, Denmark)

A CCUFL Transoner is anly Jmm

Transoners Made in the Face Labe: 80 wais, Jweid, 15 watt, & 30 watt

|

2.12.2011
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Radialni polarizace - nehomogenni .

u 1

S TNT:

IN
ouT

- ceramics - electrode

[o

f polarization

ouT

0

- ceramics

- electrode

f polarization

L ]
* *
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Rectangular Rosen PT No. 2
APC841 14mm/7mm/th.1mm

‘ —&— Gain —e— Efficiency ‘

AN
ij / \ /—- 70
/ N/ %

\/ 1

: / X\
‘ / N
) / o

e 1:

100 1000 10000 100000 1000000
Load [Q]

B P
o N
N
(8]
o

Disc Rosen PT No. 1
APCB841 diam. 20mm/th.0.8mm

w
o

oY
o
Efficiency [%]

N
o

‘—I— Gain —e— Efficiency ‘

\ 4
=
o

Gain []

Efficiency [%]

P N W b~ 0O O N o

1000 10000 100000
Load [Q]

: : ® ’
.t 4 .
* 4ok ) M
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Rectangular Rosen PT

APC 841, | = 14mm, w = 7mm, b = 1mm,
V = 98mm?

fr = 113.85 kHz

Up/Uy), =22

fr = 113.05 kHz
fr = 113.05 kHz

(Uz/Ul)opT =3
nopt = 17%

Pin =56.5mW
Pout = 43.6mW

fr =113.10 kHz
fr = 113.08 kHz

P|N/V = 0.58Wcm’
Pout/V = 0.44Wcem™

| Inputand Outputimpedance |
Zin=167Q fr =112.9 kHz
Zin=92.2kQ fo=115.4 kHz
Zout = 1.68kQ2 fr =113.0 kHz
Zout = 14.5MQ fa=123.4 kHz

INVESTICE DO ROZVOJE VZDELAVANI

Disc Rosen PT
APC 841, r = 10mm, b = 0.8mm,
V = 251mm?

fr = 120.25 kHz

(UZ/Ul)oo =19

(Uz/U1)opr =5 | fr=119.60 kHz

nopT = 15% fr =119.60 kHz

Pin = 251.9mW

fr =119.63 kHz

Pout = 37.6mwW

P|N/V =1.00Wcm’

fr = 119.60 kHz

Pout/V = 0.15Wem™

Zin = 20.5Q fr = 120.25 kHz
Zin = 342kQ fa = 128.94 kHz
Zout = 1.2kQ fr =120.21 kHz
Zoyut = 54.0kQ fa = 120.48 kHz

.
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Hustota vykonu se znacné zvétsSila od prvni aplikace PT

--------

PW]la EE=
gl == g
100W STEP-UP I STEP-DOWN | — |
LOW POWER I HIGH POWER /BRI
30W |
|
20W I
|
LW R L L ||'u,n -
sW O ! I 20W/cm? 20W/cm? 40W/em®  20W/cm?
5W/cm? | 82% 89% 97% 95%
1954 Rosen L1092 NEC 1996 NEC|—1996 FACE]—{ 1000 NEC
Longitudinal Thickness  Longitudinal Radial Contour

K.Uchino: Piezoelectric motors and transformer, in Piezoelectricity, Springer Verlag 2008
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Ex)

Primy piezoelektricky jev — senzory

Obraceny piezoelektricky jev — aktuatory, generace ultrazvuku

Longitudinal

d;;- mode ‘S
3

Transversal

d;;- mode == -~
=>4

'—
S15 82 ‘: -
>

[TTITT
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Mechanicka deformace je primo umérna napeéti

X3
)—Xz 831 R
X, S
-

[

3 S, = d31 E,

= S, = d31E3

| 7 '/; , S; =dg;E;
Roeticionty d. E,=U/t

Typické hodnoty d;;=100-300pC/N (1012C/N=10"12m/V), d;3= 200-600pC/N pro PZT
keramiku

i
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Ex)

Ohybova deformace, provoz staticky, kvazistaticky nebo
dynamicky pro aktuator

. PZT plate

. Metalic
shim

Antiparalelni (sériovy) Paralelni (Zapojeni jednoho nebo obou
PZT element!)

+ O—@

+ O

[TTITT
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e (Volna) Vychylka (free stroke)

* Blokovaci sila
e Rezonancni frekvence
e \lychylka pfi rezonanci

vychylka

* ¥ & ﬁ&]llll[l
Eflﬁr T
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(Volna) vychylka (paralelni bimorf)

_ 6"5‘1”170131(/74' tm)LZ
251”17(4/73 +6h°t, + 3/7[,2,,)+ sat

0= Vv

bez kovové desky

3y, L

S
Ah°

vV

T
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Blokovaci sila (paralelni bimorf)

Fp = Vv
2 51"-‘; [
Bez kovové desky
3 d,, hw
511

T
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e Rezonancni frekvence (s kovovou deskou)
] _xz,.(zhwm)J 1 1+301+28) + 4 AB°

=

4ml> | 3ppsi 41+ B (1+ BC)
Al piln o Pm
s 2h Pr

A, =1.8751, A, = 4.6941, %, = 7.8751
e V\ychylka pri rezonanci (bez kovové desky)

5 3d5, Vsin(QL)sinh(QL)
417 Q%(1+ cos(QL) cosh(QL))

0O = 27'Cf’ aZZE/’ /=1|/|//73
| a pA 12

** % ﬂ&lllll[l
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RO 6

Ag
Kovova electroda
membrana
PZT
keramika

Podobné jako bimorf
ale v kruhovém usporadani

V4 /7

Komplikované matematické
reseni

* % % I-'j. &]III][I
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(staticka) vychylka
- homogenni unimorf 6(r) = 3Vd231 (r* -a*)
- heterogenni unimorf 8(,)232%/2?,1[2 (2@) ](, 2%)

25 5
b4
3 20 < 4k
3 K, {2
Z 15 E) N I :‘_b\ ] hz Tl
&7 10f ~ |2 Ll — b—2a — FL
¥l o 5 ps
o O
”m
05k FEPIES 1k E:,“. c',,m
% M=oy -
0 c" ‘512} Ty *ey2
0 1 1 l 1
0 02 01. 06 08 1.0 0 02 04 06 08 10
hy/h
1 h,/h

: : ® y

.t 4 .

g 1[De
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Ex)

Ohybové elementy (bimorf, unimorf, moonie, cymbal,
THUNDER, Helimorph, RAINBOW)

Vychylky az 1-3mm a sily az 0.1N!

@ Unimorf (membrana)

| L Mg
INVESTICE DO ROZVOJE VZDELAVANI EVROPSKA UNE ¥ ;

| PzT Bimorf

|:| Kovova deska




o ™ Provozni omezeni pro PZT keramiku

Depolarizace — nezadouci zmény v usporadani
dipdlovych momentl, mozna ztrata piezoelektrickych
vlastnosti

Depolarizacni vlivy:

* Teplota (<1/2T,)

 Mechanicky tlak (zvlasté pak tah!)

e Elektrické pole opacné polarity nez polarizacni pole

2.12.2011 [T
W 179




Elektricke pole

. , , Electric field
- Unipolarni
0 time
. s ’ Electric field
- Bipolarni !
0 time

KAt Eflﬁr ﬁ T
;’”: .o ¢
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| o ¢ |Provesni Bodminky prokemmiki S

Mechanicky tlak — predpéti

Mechanical

- Bez predpéti Stress

stress
amplitude

v R

Mechanical
Stress

- S predpétim
(pouze tlaky)

** % ﬂ&lllll[l
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THin layer UNimorph DrivER and sensor
Specialni lepeni pri vyssi teploté — mechanické predpéti

Posunuti az 8mm a sila 100N!

— METAL TOP ALUMINUM
ADHESIVE (POLYIMIDE)

4—— PIEZOELECTRIC (PZT)

ADHESIVE (POLYIMIDE)

METAL SUBSTRATE STAINLESS STEEL

INVESTICE DO ROZVOJE VZDELAVANI mf‘smwegf
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| @ « HEUMORPH™
9

NS

Dvojita spiralni keramicka struktura

Velké posunuti 5mm a sila 1N!
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Ex)

Reduced And INternally Biased Oxide Wafer
Monolitickd keramicka struktura

Je vytvoren vnitrni gradient chemického slozeni ve sméru
tloustky desticky — gradient piezoelektrického koeficientu pak
vede na velmi vysokou pripustnou deformaci az 500%!

19 901 e Efl\ ﬁ rﬂ' . ‘Plumﬂ
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Moonie Cymbal

iww ' 125 115 N\
e Pl
%% o jﬁm\\ w0 '{@ ggkﬁg}ﬁ;; i

FIG. 1

(PRICR ART)

Kompozitni struktury — kovoveé cepicky a PZT disk
slepeny pevné dohromady; radialni pohyb keramiky se
transformuje na osovy pohyb stredu Cepicek

Vychylka az 50um, mala sila; velmi vysoka citlivost

EVROPSKAUNIEEf i : il LE L—%

=
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Direction of

increasing
voltage

;.:!'

Operating point
optimized to
produce
maximum work

Deflection Xf

* % % I-'j. &]III][I
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Mnoho tenkych vrstev PZT keramiky
Mnohovrstvé segmenty se skladaji na sebe

s mechanickymi zesilujicimi rameny
(Cedrat Technologies, Francie)

Vysoka blokovaci sila (kN), velmi nizké posuvy (=1-10pum) bez mechanického
zesileni

Eflﬁr fu'
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Piezo-Electric Diesel Injector

Piezo actuator module

Source: Automotive Industries November 2003

Eflﬁr )
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Ex)

Cedrat Technologies, Francie

wooe
33; 30 a4
\ . v
IR
i
e
[ <
: 05 ./
: -~
165 .
=L
14 ,
L
22
i 15
e i B
o R
Patent EP1070844A1

=

B S Eflﬁr : _Plum
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Nizka vychylka — vysoka blokovaci sila

10°

10% 7

-
—
—

-—

I".Ilulti—LEl;.p'n:ar‘“I

Thunvdnta-rcB
10° 4

10° 1

Displacement { im)

10" 4

1[F T T T
107 10° 10° 107 10
Force (N)

Craig D. Near, Piezoelectric Actuator Technology, Presented at SPIE Smart Structures and Materials Conference,

February 27, 1996

* I-'j. &]III][I
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0, Zesileni vychylky piezoelektrickych aktuatoru

O

Vychylka vétSinou neni pro primeé pouziti dost velka

Zesilovani vychylky — pakové mechanismy nebo hydraulika

Lever —» —X.

\ \)1
| ~—
Piezostack
FT7777777777

2.12.2011

Piston

/

.= -

_ Hydraulic
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Kulickovy ventil Kuzelkovy ventil
piezo-stack 2x THUNDER
Prestress during
assembly

~1—— Prestress block

Piezo stack

— Half stee! ball

— Inlet

[TTITT
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Davkovani malych objemu tekutin — ohybové elementy
maji vhodné parametry

o] Bimorf jako aktivni

ﬁimurph actuators

Upmm%ﬂ)uwnmm prVEk Ve ntl I U
valve valve

P F2
Upstream buffer Downstream buffer %

** % ﬂ&lllll[l
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ECY

(a) pricny nebo (b) podélny mdéd piezoelementu -membrany

piczoe lectric disk
\ polarization §
_ —

2}

I:d-azna]acr:iic disk polarization ...

o
[ — [ |

Ly

** ok L T
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Skrtici klapka plynu ovladana ultrazvukovym piezoelektrickym
motorkem - US patent No. 4,915,074

** % ﬂ&lllll[l
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@ . Utmnvukovjmotorek

—TNE

Ultrazvukové piezoelektrické motorky — bézici vina
Shinsei motor

Elastlc body ""Eearingg

Piezn Electrlc ]_
ceramic Stator

Obr. z www.krazytech.com

R Cr Y e
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Ex)

Ultrazvukovy piezoelektricky motorek — elipticky pohyb povrchu
statoru — treni o rotor

Priklad: primér 30mm

Motor characteristics

Traveling Wave NN I e Torque

1. Stator \ / .\ —=_Power |+ 700

Torque [Nmm]
= n =
|
[ A
B 8 B
[= T =] [= T =]
[

h
]
T

0 0,5 1 1,5 2 25
Speed revis

www.pcbmotor.com

il IIII[I.
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LangevinUv meénic

rotor

stator

PZT keramika

Paul Langevin
(1872 -1946)

AL r.ﬁ &I I]I][Iﬂ
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| o @ |Uiirsavkovy motorekPikines S

Elipticky pohyb hrotu upevnéného na PZT keramice

WWW.Pi.WS

L

M
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Ex)

Aplikace Iékd na sliznice v malinkych kapkach
Zvlhcovani vzduchu
Nanaseni kapek na povrchy vlaken atd.

N7

Velikost kapek se da
definované ridit — um
Pro frekvence 1-2 MHz

| L Mg
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o & Ultrazvukové rozprasovani

Povrch kapaliny se pohybuje diky ultrazvukove viné
Fs

Stredni velikost Castic

A Fp P

Uzké rozdéleni velikosti ¢astic
Da se snadno kontrolovat atomizované mnozstvi tekutiny a
velikost Castic

2.12.2011 S e L [ LTI
_ EVROPSKA UNIE el

201



| © w [Atomizace kapalin SRR
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e Ultrazvukové zvihcovace
e Inhalatory Iéku
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Atomizér uvnitr cigarety

Tlakowy spinad Dohijeci baterie  Prichodka vzduchu F'arnl’ki:umnra Araomaticko-nikatinoswa

napln
|

LED dioda Cidlo wzduchu Tlakowy spinac  “aporizer Inhalator
[Eervend)

Copyright @ 2007 E-Cigareta.com
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Ex)

e Lékarsky — diagnosticky, [éCebny

e Technické pouziti pro svarovani, NDT, sonochemii, ...

Sonotroda

Konvertor
Booster
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Ex)

Vyboj mezi elektrodami, naboj vznika piezoelektricky
uderem kladivka mechanickym tlakem

Piezo keramika (uvnitr)

Elektrody
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Senzory sily, tlaku, zrychleni (napf. Kistler, Svycarsko)
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Deformace piezoelektrického prvku se seismickou
hmotou

AN oowm———— Kyt
A Pruzi
\ :, K o N / ruzina
N Seismicka hmota Seismicka hmota
N /' Piezo keramika N . .
// N Desik N Piezo keramika
™ =2 i Sroub
\ f
Koicktor Konektor
— ,
\ — Zakladna Zakdadna

Tieci vazba
_— Kryt

ss=~— Piezo keramika

Pruzina
Seismicka hmota
a tlumici pist

v Zékladna
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e |C senzory pro dalkova ovladani

e Proximity sensor — ovladani dveri, strezeni prostor
e NocCni vidéni — kamery
e Méreni rozdéleni teploty - termokamery
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