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Motivation

• Dies for hot metal extrusion

ZrO2 Applications

• Dies for hot metal extrusion
• Oxygen sensors
• Tooth crowns
• Deep well valve seats
• Marine pump seals
• Thermal-barrier coatings of turbines
• Solid oxide in fuel cells

Phase transformation from monoclinic to tetragonal and then cubicPhase transformation from monoclinic to tetragonal and then cubic
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Motivation

• Thermal-barrier coatings of turbines (about 8

Y-Stabilized Zirconia

• Thermal-barrier coatings of turbines (about 8
• Solid oxide membrane in fuel cells (more than 

Vacancy formation and local distortion

8% of Zr is replaced by Y)8% of Zr is replaced by Y)
Solid oxide membrane in fuel cells (more than 16% of Zr is replaced by Y)

Vacancy formation and local distortion
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Structures

Cubic

ZrO2

ZrO + 50%Y

Tetragonal

(11 atoms)ZrO2 + 50%Y

ZrO2 + 6.25%Y

(11 atoms)

(96 atoms)

Primitive

Conventional

(3 atoms)

(12 atoms)

Primitive

Conventional

Conventional (12 atoms)

(6 atoms)

(12 atoms)
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G0W0 Implementation in Implementation in FHI-aims

6



G0W0 Implementation in Real Space

Phys. Rev. Materials 5, 013807 (2021) 7



G0W0 Implementation in Real Space

Phys. Rev. Materials 5, 013807 (2021) 8



Cubic Primitive Cell: PBE band-stucture vs G

How to obtain the G

stucture vs G0W0

PBE

G0W0

5.172 eV

How to obtain the G0W0 band gap …
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Convergence Convergence Test
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Convergence Test

One-electron Orbital Basis Sets Auxiliary Basis Functions

Frequency Mesh Grid

Basis Functions k Mesh Grid
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Convergence test with respect to one-electron orbital basis sets

1. Very Light (tier1, tier2, tier3)

2. Light (tier1, tier2, tier3)

Basis Settings defined in FHI-aims

2. Light (tier1, tier2, tier3)

3. Tight (tier1, tier2, tier3)

4. Really Tight (tier1, tier2, tier3)

The list of radial functions and their angular momenta

The number of points per radial shell near the nucleus

The maximum number of angular grid points used outside a given radius

The key physical choice to ensure converged results in FHI

electron orbital basis sets

momenta

The number of points per radial shell near the nucleus

The maximum number of angular grid points used outside a given radius

The key physical choice to ensure converged results in FHI-aims
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Convergence test with respect to the auxiliary basis functions

OBS: the standard Orbital Basis Set

1. for_aux 4f(Z)

OBS: the standard Orbital Basis Set

OBS+: an enhanced OBS with additional functions used only for auxiliary basis functions

 Hydrogen-like function, generated with an effective potential

2. for_aux 4f(Z1) 5g(Z)

3. for_aux 4f(Z1) 5g(Z2) 6h(Z)

A. C. Ihrig, J. Wieferink, I. Y. Zhang, M. Ropo, X. Ren, P. Rinke, M. Scheffler

Convergence test with respect to the auxiliary basis functions

OBS+: an enhanced OBS with additional functions used only for auxiliary basis functions

with an effective potential

4f(Z1)

r

Z

Scheffler, and V. Blum, New J. Phys. 17, 093020 (2015)

4f(Z1) 5g(Z2)

4f(Z1) 5g(Z2) 6h(Z3)
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Convergence test with respect to the number of frequency points

frequency_points = 20, 40, …

Convergence test with respect to k-points

• 4x4x4

• 6x6x6• 6x6x6

• 8x8x8

Convergence test with respect to the number of frequency points
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ZrOZrO2
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G0W0@PBEsol (Really-Tight)

16



G0W0@PBEsol (6x6x6 Really-Tight:tier2)

Hydrogen-like Effective Charge

4f(3.0)5g(3.0) is selected to continue the calculations
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) is selected to continue the calculations



G0W0@PBEsol (6x6x6 Really-Tight:tier1)

Frequency points:60

Frequency points:80

Frequency points:40

Frequency points:20

Frequency points:40
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G0W0@PBEsol (6x6x6 Really-Tight:tier1)
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G0W0@PBEsol (6x6x6 Really-Tight:tier1)
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G0W0@PBEsol (6x6x6 Really-Tight:tier1)
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G0W0@PBEsol (6x6x6 Really-Tight:tier2)

6x6x6 vs 8x8x8

∆E=0.023 eV

6x6x6

8x8x8

5.172 eV
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G0W0@PBEsol (6x6x6 Tight:tier2)

Hydrogen-like Effective Charge
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G0W0@PBEsol (Tight)

4f(3.0)5g(3.0) is selected to continue the calculations
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) is selected to continue the calculations



G0W0@PBEsol (Tight vs. Really-Tight)
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G0W0@PBEsol (Tight vs. Really-Tight)

Abinit G0W0 (plasmone pole) 

Abinit G0W0 (contour deformation) 
26

(plasmone pole) г-г band gap = 5.461 (eV)

(contour deformation) г-г band gap = 5.527 (eV)



G0W0@PBEsol (Tight vs. Really-Tight)
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G0W0@PBEsol (Tight vs. Really-Tight)
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G0W0@PBEsol (Tight)
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Zr2O77Y2
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Zr2O7Y2 : G0W0@PBEsol (Hydrogen-like Effective Charge)like Effective Charge)
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Zr2O7Y2 : G0W0@PBEsol (4x4x4 Tight:tier2)

Hydrogen-like Effective Charge

4f(3.0)5g(3.0) is selected to continue the calculations
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) is selected to continue the calculations



Zr2O7Y2 : G0W0@PBEsol (Tight vs. Really-Tight)Tight)
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Zr2O7Y2 : G0W0@PBEsol (Tight vs. Really-Tight)

Abinit G0W0 (plasmone pole) 

Tight)
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(plasmone pole) г-г band gap = 4.020 (eV)



Zr2O7Y2 : G0W0@PBEsol (Tight vs. Really-Tight)Tight)
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Zr2O7Y2 : G0W0@PBEsol (Tight vs. Really-Tight)Tight)
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Summary and ongoing calcultions

We could achieve ∆E < 0.02 eV according to the agreement between different groups

We should continue our calculations for 50% Y stabilized Zirconium Oxide using Tier We should continue our calculations for 50% Y stabilized Zirconium Oxide using Tier 

We are going to do scaling calculations to see the performance of the GW implementation

according to the agreement between different groups

% Y stabilized Zirconium Oxide using Tier 2% Y stabilized Zirconium Oxide using Tier 2

We are going to do scaling calculations to see the performance of the GW implementation

37



Thank you for your attention
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