Doc.Mgr.Jifi Erhart, Ph.D.
katedra fyziky
Fakulta pfirodovédné-humanitni a pedagogicka

« Historie piezoelektfiny

» Piezoelektrické materialy

» Aplikace piezoelektrického jevu
* Nova o¢ekavani

* Vlastni prace v oboru

» Koncepce vyuky v oboru

Technicka univerzita v Liberci o« Zavér
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+ Kovova membrana s ,nécim divnym* na Pyroelektfina

povrchu
* Rozsvéceni LED?

J.Erhart: Demonstrujeme piezoelekiricky jev,
Matematika, fyzika, informatika 20 (2010) 106-109

turmalin = lapis electricus
(Na,Ca)(Mg,Fe);B;AlsSig(0,0H,F),

Franz Ulrich Theodor Aepinus
(1724 — 1802) — polamni jev Tourmaline cysial. (LTI

David Brewster — nazev pyroelektfina 1824
pyros=oher

21.10.2010 profesorska prednaska FP TUL 3 21.10.2010 profesorska prednaska FP TUL ?‘672‘1 E'fgg;if 4
A.C.Becquerel William Thomson (Lord Kelvin) Krystal turmalinu, 1880
prvni méfeni pyroelektfiny teorie pyroelektiiny 2.4-_1,8?0 inéralogiaue de F

oclete mineralogique de France
1828 1878, 1893 24.8.1880

Antoine César William Thomson,
Becquerel Lord Kelvin
(1788 ~1878) (1824 - 1907)
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Académie des Sciences

P

AP=d-T

Pierre Curie Paul-Jacques
(1859 — 1906) Curie
(1856 — 1941)

Curie J, Curie P (1880) Développement, par pression, de Iélectricité polaire dans les cristaux hémiédres & faces

inciinées. Comptes rendus de I Académie des Sciences 91: 294; 383.

Curie J, Curie P (1881) Contractions et dilatations produites par des tensions électriques dans les cristaux hémigdres &
faces inclinées. Comptes rendus de 'Académie des Sciences 93: 1137-1140.
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Tenzory pro popis anisotropie krystalu 1890
Woldemar Voigt: Lehrbuch der Kristallographie, Teubner Verlag 1910

Prvni aplikace — elektrometr,
radioaktivita (Maria Sktodowska-Curie)

Woldemar Voigt
(1850 ~1919)

Curie's electrometer Maria Skiodowska-

urie
(1867 - 1934)
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Heckmannav
diagram

Piezoelektfina
S, =s;,T,+d,E,
D, =d,T,+¢E,;

S, =s,T,+d;D,

T
E =-d,T,+/5;D,
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Jonas Ferdinand
Gabriel Lippmann
(1845 -1921)

Joseph Valasek, 1920, Seignetteova stl NaKC,H,04.4H,0
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Hysteresis loop in Rochelle salt — dried crystal at 0°C

Valasek J (1921) Piezoelectricity and allied phenomena in Rochelle salt. Phys. Rev. 17: 475-481
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SiO, — pfirodni a synteticky

quartz clock
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Warren Perry

Eos

Mason
(1900-1986)

Quartz crystal

W.P.Mason: US patent No. 2,081,405 (1937) — prvni patent na rezonator pro hodinky
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W.G.Cady - prvni standard frekvence v US National
Bureau of Standards, 1921

1926 — stabilizace frekvence radiového vysilace

‘Walter Guyton Cady
(1874 -1974)
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PZT keramika —
Pb(Zr,Ti, )O,
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Pfed polarizaci po polarizaci

A |
AO

hystereze
Sy
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Elektrickym polem 2-4kV/mm, za zvySené teploty
(120-140°C)
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Objeveny v 60. letech, synteticke krystaly
Vysoka Curieova teplota 1195°C a 610°C
Pouziti pro optiku a rezonatory

LiNbO,
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PVDF (- CH, — CF, -, p-faze),

b Vore,
R N W

H/ \H H/C\H H/C\H

H.Kawai: The Piezoelectricity of Poly(Vinylidene Fluoride),

Heiji K Eiichi Fukada
Jpn.J.Appl.Phys. 8 (1969) 975-976 “eg‘l;uj;“‘ (1922)
Kopolymer P(VDF-TrFE)

Kost, kolagen, DNA,...
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(1-X)Pb(Mg, ;Nb,,,)O, — XPbTiO, (PMN-PT)
(1-%)Pb(Zn,;Nb,;)O, — xPbTiO, (PZN-PT)
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Radové zvétseni piezoelektrické;ho koeﬁcientuEvhodnou
polarizaci krystalu

’A\

-7 e g
Crystal cut dy,[PC/IN] kas[%]
PZN (111) 83 38
(001)eng 1100 85
PZN-8%PT (111) 84 39
(001)eng

J.Kuwata, K.Uchino, S.Nomura: Dielectric and Piezoelectric Properties of 0.91Pb(Zn1/3Nb2/3)03-
0.09PbTIO3 Single Crystals, Jpn.J.Appl.Phys. 21,9 (1982), 1298-1302
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Obraceny jev
-

[ Ultrazvuk

UZ sondy ““K‘"‘ hodinky | [ notektory plynd Ohybové
Sonochemie S e a chem. litek struktury
rezonditory
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- PZT deska

LI

21.10.2010 profesorska prednaska FP TUL 20

HELIMORPH® (1 Ltd.)
- Bimorf “smotany“ do spiraly

- Velké posunuti (nékolik mm) a relativné velka sila

(1N)
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THin layer UNimorph DrivER and sensor
Specialni technologie lepeni s mechanickym ptedpétim
Vychylky az 8mm a sily 100N!
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Mnoho tenkych vrstev PZT keramiky
Mnohovrstvé sektory naskladany na sebe

s mechanickymi zesilovacimi rameny

Vysoka blokovaci sila (kN), mala vychylka (=1-10um) bez
mechanického zesileni
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Piezo-Electric Diesel Injector
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Mensi vychylka — vyssi blokovaci sila
w

w oW oW w w
Forom W)
Craig D. Near, Piezoelectric Actuator Technology, Presented at SPIE Smart Structures and Materials Conference, February 27,

1996
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» Lékarsky — diagnosticky, |éCebny
» Technické pouziti pro svafovani, NDT,
sonochemii, ...

Baastar
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« Tfeni mezi rotorem a statorem

» Povrch statoru se pohybuje diky bézici
ultrazvukové viné

Langevintv

o rotor
ménic
sonar
stator
PZT keramika
Paul Langevin
(1872 -1946)
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« Ultrazvukové zvlhéovace

+ Inhalatory IékU

I |
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Atomizér uvnitf cigarety

Tiakovy spinais Dnhﬁec\"hatena Priichodka vzduchu  Parni komora Aromaticko-nikotinova
= népli
-

Copyright © 2007 E-Cigareta.com

LED dioda Eido vzduchu Tiakowy spinaé  Veporizér Inbalétor
(ervend)
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* Nové lepsi materialy (bezolovnaté, vy$si vykony,
nelinearity)

» Vyssi piezoelektrické vlastnosti (citlivejsi
senzory,...)

» Aktuatory s vétSim rozsahem posunuti vs. sila

» Miniaturizace piezoelektrickych struktur a jejich
integrace s polovodi¢ovou technologii (MEMS) —
tenké vrstvy

» Pokles ceny u mnohovrstvych piezoelektrickych
struktur — material elektrod

« Feroelektrické domény —
symetrie, doménové inzenyrstvi
» Materidlové vlastnosti
mnohadoménového krystalu

«  Piezoelektrické transformatory Fundamentals
a rezonatory (teplotni zavislost) of Piezoelectric
« Aktugtory (bimorfy,unimorfy) Sensorics| -

+ Aplikace piezoelektrickych prvki al Dile

* Vibrace a tlumeni
piezoelektrického prvku

« Didaktické aktivity v propagaci

piezoelektfiny
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J.Erhart: Domain wall ori i in ics and ics, Phase Transitions 77 (2004) 989- J.Erhart: Domain wall ori ions in tics and ics, Phase Transitions 77 (2004) 989-
1074 1074
TABLEXY i ization vectors for all domai in tetragonal
species TABLEXV  {1) Domain wall orientations for species 2m — m,,
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J.Ethart, W.Cao: Permissil {es of multi-domai ons in

crystals, J.Appl.Phys. 94(2003) 3436-3445
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Piezoelectric mode SFM scan on PZN-8%PT (001) crystal. Added white diagonal lines correspond to
the preferred orientation of the ferroelastic (110) domain walls. Topography (left) and normal
piezoelectric response (right) is displayed.

w1y

M.Abplanalp, D.Baroova, P.Bridenbaugh, J.Erhart, J.Fousek, P.Giinter, J.Nosek, M.Sulc:
Ferroelectric Domain Structures in PZN-8%PT Single Crystals Studied by Scanning Force Microscopy,
Solid State Communications 119 (2001) 7-12
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hard PZT, bar 17.4mm/0.8mm/1mm
N=1,2,3,4,5 segmentl‘] X homogeneous poling - 1 domain
r
tan| Lk[ X1 1000000 2
¥, = jol &l D) 1-k2 4 2nks 22N n
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n, =kl=af1psh { & polarization direction E  clectrode 10 100 1000
J.Erhart, M.F L.Rusin: Pi with engi domain 3 FrequencylkHz]
Ferroelectrics 376, 1 (2008) 99-115
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25 . s A
P.Pulpan, J.Erhart: Parametry piezoelektrickych Ten ky keram|cky disk
bimorfu, Elektro 3 (2002) 4-7 —_
E 15
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2xg [(L <1 +2x{x+xg )} P.Puilpan, J.Erhart: Transformation ratio of ring-dot” planar piezoelectric transformer, Sensors
2 . and Actuators A140 (2007) 215-224
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Ring-dot disk PT, r; = 3.4 mm, r,=12.5mm, t=2mm
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Planarni médy kmitd

IN OUT
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* Odborné znalosti (krystalografie, tenzory,
mechanika kontinua anizotropnich latek, termodynamika,
elektrotechnika, experimentalni techniky)

« Aplikace piezoelektfiny (testovani viastnosti
materiald, prvky)

* Interdisciplinarni aplikace
* Poctivost a naro¢nost

» Dosahovat znalosti na Urovni ,umét
aplikovat®
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Piezoelektfina je interdisciplinarni obor,
vhodny pro celozivotni vyzkumy!
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