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Fig. S1. ID-VG curves of a-IGZO TFTs for (a) 300 °C and (b) 350 °C O2 RTA devices, (c) 300 °C HPDA devices
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Fig. S2. ID-VG curves of a-IGZO TFTs as a function of different annealing ambients by log scale for O2 (a) 300 
°C, (b) 350 °C, D2 (c) 300 °C and (d) 350 °C: uniformity for sky blue, average for blue lines

Fig. S3. Box plots of electrical parameters at each temperature (a) VT and (b) SS



Fig. S4. ID-VD curves of a-IGZO TFTs for (a) 300 °C, (b) 350 °C O2 RTA devices, (c) 300 °C and (d) 350 °C 
HPDA devices

Fig. S5. Graph of width normalized RT-L obtained by TLM for (a) 300 °C and (b) 350 °C O2 RTA devices, (c) 
300 °C HPDA devices



Fig. S6. Partial density of states for the (a) W and (b) W (D doped) structures. (c-d) Side views of the optimized 
structures.

Amorphous indium gallium zinc oxide (a-IGZO) structures were generated using ab initio molecular 
dynamics (AIMD) based on a melt–quench procedure,1 as implemented in the Vienna ab initio 
Simulation Package (VASP). Starting from a cubic crystalline InGaZnO4 supercell with a lattice size of 
13.44 Å, we constructed a 4×4×1 supercell containing 112 atoms. The system was melted at 3000 K for 
6 ps to erase crystalline memory and then quenched to 100 K at a cooling rate of 200 K/ps, followed by 
equilibration at 300 K for 6 ps to obtain an amorphous configuration. This process yields structural 
characteristics such as coordination environments and radial distribution functions in close agreement 
with experimental scattering data for sputtered and PLD-grown a-IGZO films.2 For deuterium-doped 
amorphous IGZO (a-IGZO:D), ten D atoms were randomly inserted near oxygen-related sites to achieve 
~8.2 at% doping, resulting in a total of 122 atoms.

The tungsten electrode was modeled using α-W in a body-centered cubic (BCC) phase with an 
optimized lattice constant of 3.17 Å, consistent with previous reports. A 3×3×3 supercell was 
constructed with the (111) surface orientation exposed, resulting in a slab containing 72 atoms. For 
interface models, the W slab was placed in contact with the amorphous IGZO slab (with or without D), 
producing heterostructures composed of 184 atoms (W/a-IGZO) and 194 atoms (W/a-IGZO:D). A 
vacuum region of 15 Å was introduced along the surface normal to avoid spurious periodic interactions.



All AIMD and DFT calculations were carried out using the projector-augmented wave (PAW) method 
3 within the generalized gradient approximation (GGA) 4 using the Perdew–Burke–Ernzerhof (PBE) 
exchange-correlation functional. A plane-wave cutoff energy of 400 eV was applied, and the Brillouin 
zone was sampled at the Γ-point during AIMD simulations, while a 3×3×3 Monkhorst–Pack mesh was 
employed for static relaxations and density of states calculations. Structural relaxations were converged 
until the forces on each atom were less than 0.02 eV/Å. AIMD simulations were performed in the NVT 
ensemble using a Nosé–Hoover thermostat with a 1 fs time step, consistent with previous melt–quench 
simulations of amorphous oxides.

The interfacial adhesion strength was evaluated by calculating the interfacial energy, defined as:

Eint = [EW/a-IGZO−(EW+Ea-IGZO)]/S

where EW/a-IGZO is the total energy of the heterostructure, EW and Ea-IGZO are the energies of the isolated 
slabs with identical thicknesses, and S is the interfacial area. Negative values of Eint indicate stronger 
adhesion and improved interfacial stability.

To investigate ion migration, the climbing-image nudged elastic band (CI-NEB) method 5 was 
employed to compute minimum energy pathways for oxygen and deuterium diffusion across the W/a-
IGZO interface. Diffusion barriers were obtained from the energy difference between the initial and 
transition states along the identified pathways. Charge transfer analyses were carried out by calculating 
charge density difference (CDD) maps and Bader charge partitioning, allowing for a quantitative 
evaluation of electron redistribution across the interface. Additionally, the partial density of states 
(PDOS) was computed to identify orbital hybridization between W and IGZO atoms, while the d-band 
center of W was extracted to assess changes in bonding activity upon deuterium incorporation.

This integrated computational framework—combining AIMD for amorphous structure generation, DFT 
for energetics and electronic structure, and NEB for diffusion kinetics—provides a consistent atomistic 
picture of how deuterium incorporation enhances interfacial adhesion, suppresses oxygen diffusion, and 
modifies the electronic structure of W/a-IGZO heterostructures.



S/D 
electrode Year [Ref] interlayer Structure Gate 

insulator Annealing temperature Channel 
deposition SS (mV/dec) µFE

(cm2/V·s)
RCW

(Ω·cm)
ΔL

(µm)

W

Our work - Back
gate

Al2O3 /
15 nm D2 350 °C 1 hr Sputtering 74 10.78 5.74 1.51

2022 [6] - Back
gate

SiO2 /
30 nm

air 400 °C 1 hr /
air 150 °C 30 min Sputtering 130 24.52 4 -

2024 [7] TiN Back
gate

Al2O3 /
15 nm O2 350 °C 1 hr PVD 76 4.65 14.9 -

ITO

2024 [8] IGTO/TiN Back
gate

SiO2 /
100 nm air 500 °C 1 hr ALD 100 45 0.7 -

2022 [9] - Top
gate

Al2O3 /
80 nm X ALD 200 36.9 1.8 0.4

2019 [10] W Back
gate

SiO2 /
40 nm N2 360 °C 30 min Sputtering - 8.5 2.7 0.04

2024 [11] AZO Back
gate

SiO2 /
100 nm air 500 °C 1 hr ALD 100 45.3 0.13 -

n+ IGZO 2023 [12] - Top
gate

Al2O3 /
40 nm UV irradiation ALD 181 23.43 8.5 1.17

Pd

2024 [13] Back
gate

SiO2 /
150 nm

300 °C 1 hr /
H2 200 °C 10 min Sputtering - 20 5.9 0.82

2018 [14] Ti Back
gate

Ta2O5 /
120 nm air 200 °C 30 min Sputtering - 18.2 9.53 -

Ti 2021 [15] - Back
gate SiO2 air 200 °C 30 min Sputtering 1200 4.25 430 -

Mo

2015 [16] - Back
gate

SiNx / SiO2
100 / 40 nm

N2 300 °C 1 hr /
UV irradiation Sputtering 210 6.7 27 0.4

2025 [17] - Top
gate

Al2O3 /
25 nm 180 °C 2 hr Sputtering 105 10.1 1.53 0.16

2021 [18] - Top
gate

SiO2 /
100 nm

vacuum 350 °C
2 hr / UV irradiation ALD 360 20.1 9.4 0.1

Au

2025 [19] ZnO/TiN Back
gate

SiO2 /
90 nm air 380 °C 30 min Sputtering 555 - 1.12 -

2024 [20] ITO Back
gate Al2O3

Rapid photonic 
annealing Solution 80 3.56 180 -

2022 [21] Ti Top
gate

Al2O3 /
30 nm air 180 °C 2 hr Sputtering 94.16 23.06 10.5 0.88

Cu

2018 [22] ITO Back
gate

Al2O3 /
200 nm

air 450 °C 1 hr /
Ar 300 °C 1hr Sputtering 200 11.5 18 -

2021 [23] MoTi Back
gate

SiO2 /
100 nm air 400 °C 15 min Sputtering 410 14.8 105 -

Al 2025 [24] - Back
gate

SiO2 /
100 nm 150 °C 1 hr sputtering 270 12.19 0.4 -

Ni 2019 [25] - Back
gate

SiO2 /
100 nm N2 400 °C 30 min Sputtering 220 11.76 1513 4.29

Pt 2007 [26] - Back
gate

SiNx /
200 nm Ar plasma treatment Sputtering 190 9.1 330 -

Table S1. Comparison of reported IGZO TFT performances
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