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Chapter 2: Technical Performance

Figure 2.8.2

GPT4 ∼1 trillion parameters
5,000 tonnes of CO2 emissions
1y of 1000 households

Figure from: Maslej et al, The AI Index 2023 Annual Report, Institute for Human-Centered AI, Stanford

How much energy does it take to train LLMs
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Bulk Si mobility: 1400 cm2/Vs

Left figures from: Tsutsui Hiramoto, IEEE Trans. Electron Devices 53, 2582 (2006)
Right figure from: Liu et al, Nature 591, 43 (2021)

Degradation of carrier mobility in ultrathin silicon
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Atomically
sharp
intarfaces

Figure from: Figure from: Radisavljevic, Kis, et al, Nat. Nanotech. 6, 147 (2011)

The promise of 2D semiconductors
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mobility ∼100 cm2/Vs

Left figure from: Dorow et al., IEDM 2022, doi: 10.1109/IEDM45625.2022.10019524
Right figure from: Liu et al, Nature 591, 43 (2021)

Current limitations of 2DFETs
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Example silicon

ab initio 1366 cm2/Vs @ 300 K
experiment 1350-1450 cm2/Vs @ 300 K

Poncé, Margine, FG, Phys. Rev. B 97, 121201 (2018)

Comparison between theory and experiment
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Theory vs. experiments for 2D materials
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Figures from: Materials Cloud 2D Datadase, Mounet, Marzari, et al, Nat Nanotech 13, 246 (2018)
See also: Computational 2D Materials Database, Haastrup, Thygesen, et al, 2D Materials 5, 042002 (2018)

2D Materials Databases
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Semiconductors, Eg > 0

Eff. mass w/o SOC m∗
e or m∗

h < 1me

Gap 0.1 < Eg < 3 eV

Eff. mass w SOC
m∗

e and m∗
h < 1me

µe, µh > 100 cm2/Vs

Emin mobility

258

171

95

50

12
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High-throughput screening workflow
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Pre-screening via effective masses
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SiHTl2O GeSe SnTeZrSe2HfSe2 TiBrN TiNCl Bi2TeSe2 h-BiGeS h-SbMoS2 WTe2 WSe2 WS2
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See also: Cheng et al, JACS 140, 17895 (2018); JACS 141, 16296 (2019); PRL 125, 177701 (2020)

Top 2D semiconductors from ab initio BTE
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Spin-valley locking in WSe2 boosts mobility

20/29



Left figures from: Joe, Kim, et al, Phys. Rev. Lett. 132, 056303 (2024)
Middle figures from: Pack, Dean, et al, Nat. Nanotechnol. 19, 948 (2024)

Recent measurements of high-quality WSe2 samples
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Successfully predicted by aiBTE

Left figures from: Joe, Kim, et al, Phys. Rev. Lett. 132, 056303 (2024)
Middle figures from: Pack, Dean, et al, Nat. Nanotechnol. 19, 948 (2024)
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Semiconductors, Eg > 0

Eff. mass w/o SOC m∗
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2007

v2.1.5 1,733 LOC

2010

v2.3.5 16,889 LOC

2016

v4.1 30,681 LOC

2025

v6.0 104,251 LOC

The EPW software project
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Electron scattering rates of MoS2

Implementation and scaling tests by S. Tiwari, UT Austin (2025)

Hybrid MPI/OpenMP in EPW and full-system runs on Frontera
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https://epwpy.org

silicon = EPWpy({’MatProjID’:’mp-149’,’pseudo auto’:True},code=QE)
silicon.scf(kpoints={’kpoints’:[8,8,8]})

• Materials are objects, properties are functions

• Interfaces with
◦ Quantum ESPRESSO
◦ VASP
◦ Abinit
◦ BerkeleyGW
◦ EPW

• Lightweight

• Intuitive for users and developers

https://epwpy.org, by S. Tiwary, UT Austin

Abstraction, automation, and interoperability with EPWpy
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https://matcssi.tacc.utexas.edu

A cloud-based portal for intuitive
materials modeling using JupyterHub HPC

Advanced workflows on the cloud
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