University of Latvia

FACULTY OF PHYSICS, MATHEMATICS AND
OPTOMETRY

Katrina Laganovska

DEFECTS AND OPTICAL PROPERTIES
OF UNDOPED AND RARE-EARTH
DOPED HfO,/ZrO,

SUMMARY OF DOCTORAL THESIS

Submitted for the Degree of Doctor of Physics
Subfield of Material Physics

Scientific supervisor: PhD. Phys. Krigjanis Smits

RIGA, 2023



000 0O000ooooo boooie DOoo boooot boo 00 Doiotoot 0o Obhooot Ooooio oo
000000 000 0000000000 booooooo 00 bono bobot 00000 0000 Dombooon
000 0oioooor

0000 00 0O0Do0 0ooooootoiot 00 DO00ioo bo0ogio o0 Dooooitl 0000

00000000 000o0oiioo
000 00000 OOoioooo DOooooo Ibboior booobobooon 0obo oo 0boooooooo oo
(1000000000 000000000 00 000 Dooo0 000000 00iootoio 00 0eoomo

tooiboooo
ar
o
ar

000 DO000D O 00 0oitoood b0 0o 00000 tootioo 0o b0 0boooool boOOmwoeo
00 ODOoo0 oo 0ooobob0d Ooiootoo oo Dooooo 0o boo 0o 000 00 000
I 1 A
gooooor

000 00000 Do 00 0oomoooo 0o 000 Doooooo 00 000 Ooiootoooo o0 0000000
0000000 0000 0o Dooot Doooooo

00ooooo oo Doootoot 00O Omooo 000 000 0000l Coooo
Qoooooo
000000000 00 Do0oooon oo oo 0000C Ooooo

U 00000t DOoobobooooo ooog
0 000000000 00 Dojoooo 0000



Qjooopoog

I A
00I000CO00000R0000 D0o0oneCo0n o Oitoooitd bootiio I00tooo0oo Dmoooonar oo
(0 00IDCOoO OO0 DO oo Gooo 0oooboooio 0opooooor 0oobo booo booo tooooooo
00000t 000 000OD00n0mo 0o b0l 0o0oboiobool boo 0inoboooo 0o 0
(000CCIhO0oE DO0oD DOooobooo 0o 0ot bob bobooo 00 000 0o 00 boomnooooo
0000 00 J00CCoOIooooo booooOonoooto OoUooooD ooobeinoooid ooboinoohe ooo
000oonn
000 OO0 0000000 Ooootoooo 00 00ooio 0o 000 0oot0oootoo oot bobooo oo
0 M I
000000 000 DO0OII000 000000 00000 b00 bo0oooo Lo oo fob0o0ooooon booooo
000 DO0000 DO0O0D 000 00000o0tOIDoD oo Dooooooion 00 000 Coo0oom
0000 00000 bO000o000? [booooo bo boo boOobo Or 1hobiooio boobooo Jbooo o
000000 000 100 0O00 D000 0Ib00Do0D boi0o I00O0000thoo booooo 0o 0ooooo
1000000000 00000 000000 000000000000 bo0 boio0ton 0o Dom 00 0oi0t 0oooo
000 O000000000 00 Doo0hOonoo 0oo 0hoot 0ooo 00 bootolo Coooooo boo ooooo
000I00DIbD 0U00omtoD Doooboot 0O0OCoobo bobooooioo: (oO0ooo 0O 0oo tooooooo
0 00000000 0000niO0oool 000iot0oon 0bo Uoo 0ot 0000 0o0ioboooo
000 OO0 000000 00C0n00 10 0000 0ooooe booo

00 000000 00 bo0 0ioooio Doo bootoioooioo 0o 0boboo boooouiot 0o 0oo

000000000 0000oooooo 000 1000000000000

00 000 00 0000oCoot o0 Cooboo 0o 0 OO0 0o OO0meo boo bodocdeo
000000000 00 boooOIooog

00 00000C000on 0o 00000t Oooboor toooo 0 00boomonn toiomoo

00 0000000000 000 100000000000 0000000000ioioo 10 0000000 0o0o0oo
I A 0 A
0000000 000000 oo 000oboouoioono 0o fOooiboio DOooooo bOoooooo bobooooo o
000 0000000000000 0o 00O 0o IO 00000 bootoot 0oo 1000000 000 Doooom
0000000000 00 0000000 0bOo0o0 000 000moo 0o 000 Ooooooor oo oo 0ooo o
0000000000 boomoooooo



CONTENTS

0 00000Dooonod

[0  C00oooogy ocogooogoooogooooooooooopoonoo

[0 O} ocoogooogooopooopoooooooooooOOonOaO

0 0000000000 oooood]

bI0 D0ODmOmD Ooooood 0 0 0000000 00000000000 00¢00
bI000 0O0D000OIoD0 D0o000d 0 0000000000000 0000
fiDi0 Oo0OMOO00O0 000O00d 0 00 0000000000000
D0 DO00OIoO0o0o00od D 0 0000000000000 00000¢00
00 DO00OODIOOOD0oOong 0000000000 0000000010¢01
0 0000000 000 000ooooiod
DI0 000000 00000000000 00 00000q 000 0000000001000
boooo ooooooooood 000000000000 00C0000000
fI000 0000000 000 00000000g 0000 0000000001000
fioo0 Cooomomood 0000000 00000000000010¢01
000 0000 g o000000000000000000000¢00
fI0  0O0OOM00 00 00000100000 00000000000000 00000000 0ooooiig
fooo0 ooooooooood 00000000000 0000000000
b0 OO00o00 000 Omoooomogd 000000000000 010¢010
I0l0 0oODIoooog 0000000 0000000000000¢00
0 Ooomod 000000 00000000000000010¢00
fI0  DO000DI00000000000 00000 00 000000 000000000 00 0004

DIOI0  000000OOoOg 000000000000000000000

0
0
0
0
0
0
0
0
0
0
0

0

0o
0o
0o

oo

oo
0o
0o
0o
0o
0o
0o
0o
0o
0o
0o
0o



I]DDDI] 0oooooo ooo DDDDDDDDD[I poooogooooooo
I]DDDI:I DI:II:I[IDEIDDI:II][I[DD]DDDDDDDDDDDDD[D
000 Ooocmgoooooooooopooooooooeototeo
I:IDI] 00000000 100 1000000000000 000000000000000 00 DDD;I 0
I]DDDI] DDDDDDDDDDD[IDD]UDDUDDDDDDUDD[D
I]DDDI:I 0ooooon ooo DDDDDDDDDEI poooogooogoono
I]DDDI] DDDDDDDDDD[I[DD]DDDDDDDDDDDDD[D
000 O0oooof ocoooogooopgoooooooeotito

[ 0000000

0ooood

I] 0000 00 00000000000 000 DDDDDDDDDDD[I
I]DD 0000000 00000000000 000000000 000 DDDD][ID togooeo
[0 0000 0OOWmO0000Oq 00000000000000000070
I]DD DDDDDDDDDD[IDDDD[DD]DDDDDDDDDDDDD[D

0 0000000000000

] 000000000

0
0
0

0o
0o
0o
0o
0o
0o
0o
0o

oo

oo

oo
0o
0o
0o

oo

oo



1.INTRODUCTION

1.1 Motivation

00o0iot Oo0ooo 0O 0o0b 00000 0o foo0ooetoo 0o 0O O0toobood booooo
0000000 b0Doo 00000 bO0 Dooooo bODoooo [ID 000 000000 0000 0o foeo
0000000 0o0Io0oeion 0oo [b0000io 000000 oo 00 0 000000 000 00 [O00b00 0oo0o
0 0 o
00000DIDOO CC000oD frmobo biooioo 000 booniotooot boiotooon boo bobomoo
(00000 0000000 00 bobo0Ioobil 000 too 0mo 10000000 bioooin I000oo0orrn
000 000I000O0000 00 00000 00ooo 00 nooooo 0oooooon

0000000 00 0obonot booooooo 000 0hooot 00O [boooo boC boootioo boooo
000000000 00 0000000 Drmoo0 0iboito Dooiotioitd Oooo DO 0000 0obo O oo
00000 00 000000 0 CDo0ionoot 0040 0iooo 0o 000 00000t oo toooiioo 1o
(0000 D000 1000000 booooooo 000 0o hoo 00oioo0 00bopoO 0oboomoo boooao
00 0000 000 0bObOo00 0oomoD bootoo Oionocootn oot D Doo0o0 Dooocoooio
00000000 00000000 000 0oioD 00oboooo 0o 0 DOoo 0o Doo 000 0000 booooioooo
0000000000 OOomo boobmbo 0oo bOoboooo boiooooon 00 00000 0o 0o D[

0000000 00 o0 boomboboo fooooooo tooo 0o 0 0oboo booo 0oo 0o biooboooo
00 000000 00 0o D 000 0 000000 000oo 0o 00 0Oo0oo Do D] 0ooooo
000 DO0DOO O 0O0Doot boouo booLoo o0 Diniooooio 0o0ooboo Cooooion oo
0O D000 O0mooo bt 000 ¢ bioboo 0oob 0o 0bOo0ioo bobo Ooon boo ooo 0oo
0000000 0000000 00O 000000IN0 oo bouooo 0o 0o 0o bOoo tooOoomo boo
00000000 0000mmn 0oooboo 0ooo 0000oo 0o 0000000 00oto boooooo coooom
(100 0000000000 Dooo 00 Dooo Doitioor oo 000 [Oomoo 0o0obool Oo0ie0emnor ood
(000000 OiU00Ooto 0o O inboooocotot CO0oo bhijotooo boo oo biooidoooooon
000000000 0000 0oioit 0 00000oo Coooeito 000 [oooboinooog 0oiooooooo
0000000000 000000 000 [00nboinoooid 000000000000t 000000 o044 oo boo
0000000 bOODo0oo oo oo D] 00000000 00 ooop0 bod, 000 0 00000t 0o
(000 00000000000000 Ooooibo o ¢ bioboo 0000t 0o 00oooo 000000 0obotiooo



(0000000 oo bOo booo 0botobou Cooobbor Uboibdo [orooooito Lo 0oooinoo oo
000 000000000 bOD000I boo boooooooooo boiooo (0000000t 000000000 0o 0o
00 00000 1000000000 0o 00000 0oo 0ointot 1o 00h, 000 00 0000 00000 000gl
00000 00 000 0o0oo 0o booo 0ooed

1.2 Aim
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2.LITERATURE REVIEW

2.1 Intrinsic defects
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2.1.1 Theoretical studies
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2.1.2 Experimental studies
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2.2 Photoluminescence
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2.3 Thermoluminescence
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3.METHODS
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4. RESULTS AND DISCUSSION

4.1 Charge compensation in hafnia
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4.1.2 Results and discussion
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4.1.3 Conclusions
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4.1.4 Thesis 1
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4.2 Formation of translucent nanostructured

zirconia ceramics
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4.2.2 Results and discussion
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