Table of Contents

CHAPTER 1 ..ottt e e e e s s ettt e e e e e e s s s bbb e e e e e e e e s naaneees 1
O R O 1V T VT SRS R 1
1.2 p-type SEMICONAUCEING OXIAES ...c.vecveiveeieiieieeie e 3
1.3 Conductivity Limitations and Improvements in Delafossites..........ccccccovevvereiiennenn, 6

1.3.1  Chalcogenides and OXychalCOgenides...........ccocvriiiiiiiiiiieieiese s 8
1.3.2  Nitride DelafOSSItES. ....cvuieierieriiiisiesiieee et 9
IR T B @ )4V 1) Y/o [ £0) o[- SR 10
1.3.4  Highly Conductive Metallic DelafoSSites ..........ccccoviririeiieieieiceeeeeeeee, 10
1.3.5  Applications of DelafOSSIteS ..........ccuiiiiiiieiiiiiesere e, 11
1.4 Goal of the Thesis and ODJECLIVES..........ccovereiiiiicie e 14
1.5 Organization of DISSErtation ...........cccccvveiieerieiiieiieie e 14
RETEIBINCES ...ttt et te st e s b e e beene e e re e teeneeare e teeneenres 18

CHAPTER 2 ..ottt e s er e e e e s s s et e e e e e e e e ssnsbbanaeeeaeeenaas 22
2.1 A summary of Density Functional Theory.........cccccccviieiieie i, 22
2.2 Wave Function-based Methods to Solve Many-body Problem ............ccccoovevinneen. 24

2.2.1  The Born-Oppenheimer APProXimation...........ccoovvieeerierienenieseseseseseenee e, 24
2.2.2  Hartree APProXiMation ..........cccciueiieiieiiiiese e se e nre s 25
2.2.3  Hartree-Fock (HF) ApproXimation...........ccccveiueiieieene e sie e 26
2.3 Density Based Method; Density Functional Theory ..........cccccoeverenenininiceicnee, 27
2.3.1  Hohenberg and Kohn ThEOIEM.........coiiiiiiiiiiisieeeeee e, 27
2.3.2  The Kohn-Sham EqUAtiON..........c.ccceeiiiiiiicse et 28
2.3.3  Exchange and Correlation FUNCLIONAIS ...........cccccoveiieriiiecicce e, 29
2.4 Density Functional Perturbation Theory ...........cccoiiiiiiiiniicie e, 30
2.5 ElaStiC PrOPEITIES ...cviiieiieciie ettt 32
T O o 1 or: U o o] o 1=T o {1 OSSR 34
2.7 Experimental TEChNIQUES ......cc.oiiiiieiieieeee e 36
2.7.1  SamPle Preparation ........cc.ooueiiieiieccec st 36
2.7.2  Characterization TECNNIQUES........c.eciiiiiiieiie it 37
RETEIBINCES ...ttt et e s te et e st e e te e s e e re e teeneeane e teeneennes 40

CHAPTER 3t e e et e e e s s st e e e e e e e e e eanarbanneeaaeeenans 42
X 20 A {01 oo [F T 4 o] o PR RTR PP 42
3.2 Computational MEtNOAS ...........ooiiiiiiiie e 43

3.3 RESUIES N DISCUSSION ... .cceeeeeeee e 44



3.3.1  SHruCLUral PrOPEITIES. .....eiieeiiieieeiectee sttt ettt re e sneene e 44

3.3.2  Electronic Band StrUCTUIE .........ccoviiiieiieie et 46
3.3.3  Vibrational Properties .........ccocuciiiiieieieie s 48

3.4 EIQSHIC PrOPEITIES. .....iiiiiiieieeieeete et 54
3.5 CONCIUSIONS ...ttt bbbttt bbbt b et 57
RETEIBINCES ...ttt e et e b e e be s e s re e beenteebe e beeneenres 57
CHAPTER 4 ...t e e e e e s s bbb e e e e e e e s s s nbbbbeeeeeaeeeeaas 60
4.1 INEFOTUCTION .ttt ettt b 60
4.2  Computational MethOGS ............ooiiiiiiiii s 62
4.3 RESUILS ANU DISCUSSION......iiiieiierieiiiesieeieseesteeseessee s e este e steeaesreesseesaesseesreeseesseenseans 63
4.3.1  SHruCtUral PrOPEITIES.......civieie ettt 63
4.3.2  Electronic Band StrUCIUIE ........c.uiiiieiiieiesie e 64
4.3.3  Phonon DiSPErsion CUIMVES..........ccuiiiieiieieniesiesiesiesiesieeeeee et 67
4.3.4  OPLICAI PrOPEITIES. .....cueiiitiieiteiti ettt 70

A4 CONCIUSIONS ...ttt ettt bbb e e s e e e e 79
RETEIBNCES ...ttt et b e bbbttt bbbt 80
CHAPTER S e e et e e e e s s e e et e e e e s sansbbaneeeeeeeenaas 83
TR A 1011 7T [FTox {To] o ISP PRRRP 83
I |V [~ 1 0o 0] [0 ) USROS 85
5.2.1  Sample Preparation and CharaCterization .............ccccevvevereneieneneseseeeeee e, 85
5.2.2  Computational Details ...........cccoiiiiiiiie e 85

5.3 ReSUILS @N0 DISCUSSION........cviiiiiiiiiiesiieieeie ettt sttt 86
5.3.1  Structural PrOpPertiES.......cooiiiiiiiiiiieieier e 86
5.3.2  X-ray Photoelectron Spectroscopy (XPS) and Electronic Properties................ 88
5.3.3  Phonon Dispersion Curves and Raman SPeCtra..........ccccoevveveiieieeieeieeseennnn, 91
5.34  MagnetiC PrOPEITIES ...c.vecvviivieie ettt 94
5.3.5  OpPLICAI PrOPEITIES. ....c..iiiiiiiitiiieieeeeee et 95

5.4 CONCIUSIONS ...ttt sttt ste e e e et e s e sreesteeneesraeteeneesseenteeneennens 101
RETEIBINCES ...ttt sttt b ettt e e b e bt e nee e b e e 102
CHAPTER 6.ttt ettt e e s s bbb e e s e st e e e e e snbreeeeans 105
6.1  CONCIUSIONS ...ttt ettt e e st e s e sreeteenaesreeaeeneesseenteaneenneas 105

6.2 FULUIE SCOPE....eeitieitiite ettt sttt b e 108



