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Results and Discussions

Context

Ion implantation as a strategy to improve thermoelectric properties:

↓
Engineering of defects: Electrically active (doping) or not

↙ ↘
Optimization of carrier 

concentration

Reduction of thermal 

conductivity

Why Scandium Nitride (ScN)?

High Power factor: ~3 mW.m-1.K-2 [1]    ⇒ n-type degenerate semi-conductor

High thermal conductivity: ~12 W.m-1.K-1 ↪ due to oxygen incorporation [2]

→ ON is donor defect [2]

- Magnetron sputtering deposition

- NaCl type structure

- 𝑛 = 2.2 ± 0.2 × 1021 𝑐𝑚−3

- 𝜌300𝐾 = 0.06 𝑡𝑜 0.2 𝑚Ω. 𝑐𝑚

- 𝜇300𝐾 = 10 𝑡𝑜 40 𝑐𝑚2. 𝑉−1. 𝑠−1

- 𝑆300𝐾 = −20 ± 5 𝜇𝑉. 𝐾−1
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Sample

ScN thin films

Control of the process:

→ Energy, fluences, temperature, ion

→ Annealing steps

X+

Previous work on ScN: Mg+, Li+ and Ar+ [4,5,6]

→ 𝜿 decreased to 2 – 7 W.m-1.K-1 = phonon scattering increased

→ 𝑆 increased but 𝜎 decreased = DOS modified and carriers trapped
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❖ Point-like defects              

- Induce localized states near Fermi

level → electrical conduction 

mechanism modified

- Fully recombined at 700 K

❖ Complex-like defects

- Deep acceptor level in the band gap 

→ trapping of carriers + scattering 

centers

❑ Recombination of the defects:

- Partial recovery of all properties

→ Remaining defects after high temperature annealing

❑ Defect generated: Electrically not active → From ballistic effect

- Same behavior as He: change in 

conduction mode + trapping of carriers

- Higher magnitude = more defects 

created

→ Acceptor defects with higher formation 

energies (Oi, VSc complexes…)

→ Not only ballistic effect: also chemical 

effect

dpa = displacement per atom

❑ Complex-like defects: stable up to 750 K→ acts as scattering centers + carriers traps

❑ Evolution of defects → cluster to cavities

❑ Successful increase of zT by reducing 𝜿 → optimization TE properties with defects

❑ Optimization on oxygen implantation and understanding of 

defects induced

❑ Effect of initial doping of ScN
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