
Electronic Transport Properties in PAOFLOW 2.0 
Anooja Jayaraj1, Ilaria Siloi2, Marco Fornari3, Jorge O. Sofo4, Marco Buongiorno Nardelli1,5

1Department of Physics, University of North Texas, Denton, Texas, 76203, USA
2Department of Physics and Astronomy, Università di Padova, Italy

3Department of Physics and Science of Advanced Materials Program, Central Michigan University,  MI, 48859, USA
4Department of Physics, The Pennsylvania State University, University Park, PA 16802, USA

5Santa Fe Institute, Santa Fe, NM, 87501, USA

Regardless of its success, the constant relaxation time approximation has 
limited validity. Temperature and energy dependent effects are important to 
match experimental trends even in simple situations. We present the 
implementation of relaxation time approximation models in the calculation of 
Boltzmann transport in PAOFLOW 2.0 and apply those to model band-
structures and thermoelectric materials. In addition, using a self-consistent 
fitting of the model parameters to experimental conductivity data, we provide a 
flexible tool to extract scattering rates with high accuracy. We also introduce a 
method to examine the importance of interband coherence on electronic 
conductivity and test the validity of the assumption that interband scattering can 
be ignored in transport..

Abstract

Electronic Transport

Introduction

CRTA vs RTA
Graphene Cubium

• Metals - Conductivity decreases as temperature increases.
• Semiconductors - Conductivity increases as temperature increases.
• This behavior is not captured by the CRTA.
• RTA models are able to capture the experimental behaviour by introducing
     relevant dissipation phenomena.

RTA in Semiconductors

• Quantifies scattering mechanisms and scattering trends in the system.
• Identify contribution of different scattering mechanisms - scattering due to optical
    phonons is the most dominant in this system, followed by acoustic phonons and
    then impurity scattering.
• Room for improvement  -

• Temperature dependence of dominant prefactors in the scattering model not considered.
•  Models do not include interband scattering.
•  Scattering has strong dependence to extrinsic factors like size of dopant, disorder, etc

• Introduced a self consistent automated
      relaxation time calculation method.
• Allows description of scattering
     mechanisms in specific experimental 
     samples.
•  Captures variations in scattering
     mechanism due to variation in 
     experimental conditions - useful for 
     scattering engineering.

Extraction of Relaxation times - Examples

• Tested on CoSb3, Si and Mg3Sb2. Models need to be modified depending on experimental sample.  
• The extracted relaxation times were able to successfully corroborate experimental observations.

Interband Transitions and Boltzmann Transport 

Usually ignored

Studies on Phosphorus and CoSb3 show 
that lnterband effect on  conductivity 
dominate at  low temperatures whi le 
intraband effects are important at higher 
temperatures.
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