Contents

1 Crystallographic Aspects of Interfaces in Ferroelectrics

and Related Materials ...................oi i 1
1.1 Domain Structures and Interfaces
Between Polydomain Regions ........cooooviiviiiiiiiiiiiiciieanan, 2
1.1.1 Formation of Domain Structures in Ferroelectric
Single Crystals .....cooviiiiiiiiiii e eeas 2
1.1.2  Elastic-Matching Concept and Its Application
to Domain Boundaries ............ccooiiiiiiiiiiiiiiiiieiae. 4
1.1.3 Classification of Domain Boundaries
in Ferroelectric Single Crystals...............ccociiiiiee i, 8
1.1.4 Crystallographic Interpretation of Interfaces
in the Case of Complicated Domain Structures............... 8
1.2 Phase Coexistence at First-Order Phase Transitions.................. 12
1.2.1 Elastic Matching of Phases and Zero-Net-Strain Planes ..... 12
1.2.2 Stress Relief and Conical Interphase Boundaries............. 16
1.3 Polydomain/Heterophase Ferroelectrics..........c.cooeeviiiiiiine. 18
REFEIeNCES .. eeiietineiie e 19
2 TWo-Phase States........cocviiiiiiiiiiii ittt i it eeaieerenraaeen 23
2.1 Elastic Matching of Morphotropic Phases in Pb(Zr;_,Ti,)Os....... 25
2.1.1 Tetragonal-rhombohedral Phase Coexistence
and Crystallographic Interpretation .............c...coooaeen. 25
2.1.2 Elastic Matching and Stress Relief in the Presence
of the Intermediate Monoclinic Phase......................... 28
2.2 Phase Coexistence in (1 — x)Pb(Mg/3Nb,/3)03 —
xPbTiO; Near the Morphotropic Phase Boundary ................... 32
2.2.1 Phase Coexistence Without the Monoclinic Phase ........... 32
2.2.2 Phase Coexistence in the Presence of the Monoclinic
Phases ..ouveeetiereieeee e iateeriaeeeateeanrenraaees 36
2.2.3 Effect of Non-180° Domains on Phase Coexistence ......... 39
2.2.4 Different Scenarios of Stress Relief ........................... 44
ix

Bibliografische Informationen digitalisiert durch Al ,‘?"E
http://d-nb.info/1012892395 BLI

E


http://d-nb.info/1012892395

Contents

2.3 Model of Interpenetrating Phases: Application

to (1 — x)Pb(Mg1/3Nb2/3)03—beTiO3 Near

the Morphotropic Phase Boundary ............ccooooiviiiniiiiian, 49
2.4 Domain and Heterophase States

in (1 — x)Pb(Zny;3Nby/3)0;-xPbTiO3 Near

the Morphotropic Phase Boundary ...........ccoovvviiiiiiiiiiinann, 53
2.4.1 Phase Transitions and Intermediate Phases ................... 53
2.4.2 Crystallographic Study of Elastic Matching

of Morphotropic Phases...........oceiiiiiiiiiiiiiiiiiiann, 55

24.3 Interpenetrating Phases
in 0.90Pb(Zn1/3Nb2/3)O3—0.10PbTiO3

Single Crystals ...o.vevreiiiieienii e e aieeeaes 57
| 1S (S 21 (o= S 60
Phase Coexistence Under ElectricField ....................ccoooiiiinn. 65

3.1 Heterophase Pb(Mg, ;3Nb;/3)O; at the Induced Phase Transition ... 65
3.2 Domain State: Interface Relationships at Electric

Field E|| [001]. ... e 68

3.2.1 Heterophase (1 — x)Pb(Mg;/3Nb;/3)03—xPbTiO; .......... 68

3.2.2 Heterophase (1 — x)Pb(Zn;3Nb;/3)03—xPbTiOs............ 79
3.3 Domain State: Interface Relationships at Electric

Field E[[ [110].ceieritii ittt 83
3.4 Domain State: Interface Relationships at Electric

Field £ [T e 87
3.5 Role of Intermediate Phases in Heterophase States................... 92
References .. ....vveiiniii i e e 93
Three-Phase States........ ... e, 97
4.1 Model of Three-Phase Single Crystal .............ccccoovviiiinin.. 97
4.2 Application of Model Concepts to PbZrO;

and Pb(Zr1—;Tiz)O3(x & 0.22) ceoneiiiiiii i 100

4.2.1 Phase Coexistence in PbZrO; Single Crystals................ 100

4.2.2 Phase Coexistence in Pb(Zr;_, Ti,)Os Single

Crystals (x 22 0.22) ..o 101

4.3  Application of Model Concepts

to (1 — x)Pb(Mg./3Nb2/3)03—beTiO3 .............................. 102
4.4  Three-Phase Coexistence and Complete Stress Relief

in (1 - x)Pb(Zn1/3Nb2/3)03—beTi03 ............................... 103
4.5 Thermodynamic Description of Three-Phase States

in Ferroelectric Solid Solutions .........c...cooiiiiiiiiiiinini.... 108
4.6 Crystallographic and Thermodynamic Studies

of Three-Phase States ..........c.ooviiiiiiiiiiiiiiiiiiiieiaee e, 114

R ereNCeS o e 115



Contents xi

5 Overlapping Structures and Transition Regions ......................... 119
5.1  Overlapping Structures in Pb(Zn;;3Nby/3)O03......cccooiiiiiiin. 119
5.2 §;: Interface Relationships in Pb(Zn;/3Nb2/3)03 ....ccoovininnnii. 121
5.3 Transition Regions in (1 — x)Pb(Zn;;3Nby;3) O3—xPbTiOs ........ 124
5.4  Stress Relief at Variable Unit-Cell Parameters........................ 128
RESOICNCES ...ttt et 129

6 ConCluSIONS ...ttt ee e en e ereranas 131
6.1 A Way from a Unit Cell to Morphotropic

Polydomain/Heterophase Structures..............c.ccoveiieiii.. 131
| 5 (0 (& 1L RN 133

A Methods for Description of Heterophase and Polydomain

Single Crystals..........oooiiiiiiii e 135
A.1 Concepts on the Zero-Net-Strain Plane ..................c.oooiinii. 135
A.2 Comparisonof Data .........cooevviiiiiiiiiiiiiiiiiii i 141
References ......ouvvneiit i 147

B Optimal Volume Fractions in Terms of Angles

Between Spontaneous Polarization .........................o L 149
B.1 Optimal Volume Fractions and Polarization Rotations ............... 149
1S 155 101 1= O 152
) 1T () O P P PN 153



