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Wannier functions

• Localized, real-space picture of 
electronic structure

• Interpretation of chemical 
bonding 

• Polarisation and orbital 
magnetisation

• Efficient Brillouin zone 
interpolation and integration 

• Berry phase properties
• Electronic transport
• Constructing minimal basis-sets 

Si

GaAs

Marzari et al, Rev Mod Phys 84, 1419 (2012)



Maximally-localized Wannier functions

Electronic ground 
state from ab initio

calculation
Unitary transform of 

Bloch wavefunctions†
Maximally-localised 
Wannier functions in 

real-space

Minimize spread functional W wrt
arbitrary unitary transformations U(k)

†N. Marzari and D. Vanderbilt, Phys. Rev. B 56, 12847 (1997)
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Maximally-localized Wannier functions

Electronic ground 
state from ab initio

calculation
Unitary transform of 

Bloch wavefunctions†
Maximally-localised 
Wannier functions in 

real-space

Express W in terms of overlaps of the 
periodic parts of the Bloch functions

Initial U may be constructed from a set 
of localized projection functions g(r)

or using the SCDM method

g(r) are typically 
localised atom- or 

bond-centred orbitals: 
s, p, d, f, sp, sp2, sp3, 

sp3d sp3d2

See talk tomorrow by 
Anil Damle + tutorial

See also: Vitale et al, npj Comput. Mater. 
(accepted, 2020); arxiv:1909.00433



Wannier90: design philosophy

• Modular
• Written in modern Fortran
• Documented and commented
• Open source (GPLv2)
• Version control repository, integrated automatic 

testing
• Easy to add new functionality
• Easy to interface to generic electronic structure code
– only require matrix elements
– information about basis set and FFT grid not required



Wannier90: interfaces
Z2PackNanoTCAD ViDES

WannierTools

DMFTwDFT



Community-driven development model

Wannier
Developers Group 

(WDG)



WDG

Global community of
Wannier contributors

www.github.com/wannier-developers/wannier90

Community-driven development model



31 contributors and developers on most recent paper



Wannier90 v3.x distribution

• v3.0 released 27th February 2019
• v3.1 released 5th March 2020
• wannier90.tar – 173 MB distribution
– test suite: 85 MB
– examples and pseudopotentials: 40 MB
– documentation: 33 MB
– source code: only 1.6 MB (uncompressed)

• 40,000 lines     !!including comments



Wannier90 v3.x
• wannier90.x

– serial or parallel (MPI) executable
– spread minimization, MLWF visualisation, band interpolation, 

Fermi surface plotting, real-space Hamiltonian, quantum 
transport

• postw90.x
– serial or parallel (MPI) executable
– all other properties

• Requirements
– Fortran 95 compiler
– LAPACK and BLAS libraries
– MPI libraries (for parallel executables)
– Build with GNU make



Wannier90 v3.x: developer features

• git version control on GitHub; ‘fork and pull-request’ model

• Suite of tests using a modified version of testcode
– Code coverage of tests is measured with codecov
– Nightly automated build & test on a buildbot test farm

• Continuous integration with Travis CI
– Upon any commit, the test suite is run in serial and parallel
– Any failure is reported back and pull request is blocked

• Documented coding style guide; git pre-commit hooks with 
fprettify

• Improved command-line interface options, eg, -d ‘dry-run’ mode



Wannier90 v3.x: user features
• MLWF for isolated and entangled 

bands
– Symmetry-adapted WFs
– SCDM method

– Selective localization
– Constrained centres

– Preconditioning
– Parallelisation of core modules
– Spinor WFs

• Visualisation of MLWFS
– xsf, cube and povray
– Spinor WFs

• Wannier interpolation in the BZ
– Bandstructures
– Fermi surface

– Berry phase properties

• Efficient G-point-only algorithms
• Quantum and Boltzmann transport 
• DoS (fixed/adaptive smearing)
• Berry phase properties

– Berry curvature
– anomalous Hall conductivity
– spin Hall conductivity
– shift current
– gyrotropic effects
– orbital magnetisation

• van der Waals energies from MLWFs
• GW bands interpolation (via Yambo)
• AiiDA plugin (workflow management)
• Many interfaces (eg, EPW) 
• Checkpointing and restarts

• Extensive tutorial and solution book
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Enabled by:

Ø Zoom videoconferencing (zoom.us)

Ø Quantum Mobile Virtual Machine 
(www.materialscloud.org/work/quantum-mobile) 

Wannier90 School: Virtual Edition

http://www.zoom.us/
http://www.materialscloud.org/work/quantum-mobile


Wannier90 School: Virtual Edition



Future directions: library mode

wannier90.x
postw90.x

External 
program 

i/o via files



Wannier90 also has a library mode, but basic 
functionality only. Schematically:

program my_code()

call calculate_electronic_structure(...)
call wannier_setup(...)

call calculate_things_w90_needs(...)

call wannier_run(...)
call calculate_things_from_w90_results(...)

end program

Future directions: library mode

wannier90.x
postw90.x

External 
program 

i/o via files



• Major effort about to start to improve library mode
– 2 years manpower from UKRI (EPRSC) via UK CCP9 network

Future directions: library mode

• Challenges and next steps
– Collect “user stories”
– Prototype required 

parallelism behaviour
– Safe yet unobtrusive error 

handling



• Major effort about to start to improve library mode
– 2 years manpower from UKRI (EPRSC) via UK CCP9 network

Future directions: library mode

• Challenges and next steps
– Collect “user stories”
– Prototype required 

parallelism behaviour
– Safe yet unobtrusive error 

handling
– Restructure Wannier90 as a 

wrapper for its own library
https://en.wikipedia.org/wiki/Ouroboros


