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Halid perovskites 
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 Properties and devices 

 Electronic structure 

 
 Electronic transport and quantum effects 
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Synthesis and stability :  
advantages and weaknesses 

 Easy process at low cost 

 But low resistance to moisture 

 Contains lead 

 Hysteresis problems… 
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Great electronic characteristics :  
 Absorbance, gap, mobility, lifetime 
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Low	  excitonic	  energy	  and	  unstable	  excitons	  at	  room	  temperature	  
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Direct X ray detection  
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ARPES measurements on MAPbI3  
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Tight-binding model 
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Charge transport,  
Mobility, mass, scattering time, mean-free path 

 µ=eτ/m 
 Mobility µ : 5-50 cm2/Vs  
 Band effective mass m : 0.1-0.5 me 
 Scattering time  τ = µ m/e is short of a few Femto seconds 
 Mean-free path (room temperature)  l=0.5 nm [m/0.2me]1/2 

(µ/100 cm2/Vs) 
 
 Very short mean-free path comparable to the unit cell size 

 
Polaron hypothesis : m= 4-12 me. Larger mean-free path 
but still smaller than the polaron size (Rp= 2-3 nm)  

 Semi-classical theory of transport seems not valid ! 
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Electronic structure modelisation 

  Tight binding with first neighbor 
interaction only 

 
  S and P orbitals of both iodine and 
lead are considered 

 
  Orbital couplings computed ab initio  

(Boyer-Richard et al. 2016) 
 
  The dipolar moment of the Ma 
molecule can generate disorder on the 
onsite energy of Pb and I 

  The coupling between orbitals can also 
be disturbed due to disorder on atomic 
position 

  Experimental basis for the intensity of 
the disorder 

(Lee et al. 2017) 
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Orbitals	  of	  the	  
primi0ve	  cell	  

Density	  of	  states	  as	  
a	  func0on	  of	  energy	  
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Impact of different types of disorder 
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Density	  of	  states	  as	  a	  func0on	  of	  energy	  for	  the	  
ordered	  system	  (blue)	  and	  with	  Anderson’s	  

disorder	  (orange)	  

Density	  of	  states	  as	  a	  func0on	  of	  energy	  for	  the	  
ordered	  system	  (blue),	  Orbital	  coupling	  

disorder(orange),	  and	  posi0on	  disorder	  (green)	  

Anderson’s	  disorder	  is	  discarded	  as	  it	  fills	  the	  semiconductor	  gap	  of	  the	  material.	  	  
Both	  disorders	  on	  orbital	  couplings	  and	  posi=on	  maintain	  the	  value	  and	  posi=on	  of	  

the	  gap	  and	  will	  therefore	  be	  studied.	  	  
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Electronic transport and diffusion 

  Temporal propagation of the wave 
function solved numerically 
  Computation of the mean squared 
displacement : ΔX² 
  Electronic diffusivity : 

  Electronic mobility observed 
experimentally : 5~50 cm²/V.s  

 
 
  Three different types of diffusion 
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Semi-‐classical	  predic=on	  

Quantum	  diffusion	  
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Electronic transport and diffusion 
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 Mobility in good agreement 
with experimental results 
for both models 
 Computed mean free 
path : ~0,5 nm 
 Mean free path smaller 
than the primitive cell 
→ Boltzmann’s model 
requirements not respected 

 Strong ratio classical µ/ 
computed µ at the top of 
the valence band 
  Important localizations 
effect 

Valence	  band	  
maximum	  
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Electronic transport and diffusion 
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Physical principle of solar cells 

19th  December 2017 
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Optical Thz conductivity and quantum diffusion 
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Optical conductivity 

08/11/2017 
 

25 

 Shape of the curves show 
clear signs of non classical- 
effects 
 Both model consistent for 
the high energy limit 
 Disorder based on position 
is the most coherent with 
the experimental results 
 Maximum of conductivity: 
–  ~8 meV 
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Optical conductivity 
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Message to take home 

Remarkable combination of properties of halide perovskite 
(small recombination of charges , relatively good mobilities, 
easy synthesis…) 

Complex systems which basic  physics is not so well 
understood : why small recombination, charge transport, 
role of organic molecules…  
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CONCLUSIONS 

P-n planar junction: mature technology. In particular silicon 
dominates the market. 

 
Perovskites look like a very promising PV solution with 
application in other domains of opto-electronic 

 
Excitonic solar cells with organic semi-conductors or dye solar 
cells attract less attention but…who knows ? 

 Photo-synthesis mechanisms attract much attention and are a 
source of inspiration : artificial photo-synthesis, solar fuels 
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