
Using Drift-Diffusion Modelling to Accelerate the Optimisation 
of Tandem Photovoltaics 

Tandem photovoltaics are set to be a key renewable energy technology on account of their 

potential to overcome the single junction Shockley-Queisser efficiency limit. In particular, 

organic and perovskite materials have the potential for bandgap-tuning, permitting the pairing 

of ‘red-absorbing’ and ‘blue-absorbing’ in a tandem stack to cover a wide range of the solar 

spectrum. As the number of layers grows, (including not just active layers, but also transport 

and recombination layers) as does the time, cost, and resources of optimising device 

performance. This optimisation process is made even more complex in two-terminal devices, 

where the active layer currents must be matched to avoid efficiency losses. 

Optical and electrical modelling of device performance has the potential to significantly 

accelerate the optimisation process, but there will necessarily be a trade-off between 

computational accuracy and computational cost. Numerous studies have utilized drift-

diffusion modelling to qualitatively investigate device behaviour, or to optimise devices for a 

given set of inputs, but to use drift-diffusion modelling to optimise real devices, there must be 

a quantitative characterisation of the materials involved. More complex models will have a 

larger list of metrics that must be experimentally measured or computationally fitted for, but 

fitted parameters come with higher uncertainties that undercut the precision gained from 

more scientifically complex modelling. On the other hand, the accuracy of a computational fit 

can be verified with further experimental data, and once a material has been fully 

characterised it can be used to computationally screen through a range of devices (both 

single-junctions and tandems) and determine the optimised architecture. 

Organic photovoltaics in particular require additionally complex models. Due to the low 

dielectric constant that is ubiquitous in organic semiconductors, direct photogeneration of 

free charge carriers is rare. Instead, electron-hole pairs (or excitons) are generated, and device 

architectures must facilitate their dissociation into free charges. Typically, this is done 

through the implementation of a bulk heterojunction (BHJ) active layer, in which electron-

donating and electron-donating materials are blended together. Here, excitons that diffuse to 

acceptor/donor interfaces may form charge-transfer (CT) states, which are energetically 

driven to dissociate into free charges. There is strong evidence that free-charges in BHJs do 

not directly recombine to the ground-state, but instead re-form into CT states which 

themselves have the potential to re-dissociate into free charges instead of decaying. 



Bimolecular recombination in organic photovoltaics is frequently observed to be much lower 

than predicted by the Langevin model, and it is a leading theory that this is why (I know that 

sentence was worded horribly I’m just in a rush sorry). 

Thus, to accurately model organic photovoltaics, measures must be taken to not only account 

for morphological inhomogeneity, but also the complex charge transfer dynamics. Single-

component (homojunction) active layers may also be utilised, which are currently less 

efficient than BHJ devices, but may be suitable for tandem architectures thanks to their 

narrower absorption ranges. 

In conjunction with the open-source optical modelling software Solcore, we have written a 

drift-diffusion model to simulate perovskite, organic homojunction and BHJ solar cells, as 

well as tandem devices that utilise any combination of these as active layers. We show that 

we can characterize organic materials using a hybrid-approach of experimentally measuring 

key parameters (such as carrier mobilities, refractive indices, or dielectric constant) and 

computationally fitting for others (such as effective density of states or density of trap states). 

We use this approach to optimize and fabricate all-organic tandem devices. 

To account for CT state re-formation and re-dissociation, our model utilizes the Braun-

Onsager approach, which keeps the number of free parameters to a minimum. For trap states, 

we implement a variation of the Shockley-Reed-Hall approach that accounts for the energetic 

and structural disorder present in organic semiconductors by treating them as Gaussian in 

nature. To validate the output of the model and the accuracy of the fits, we compared the 

output with measured devices. 

  



 

 

 

 

 

 

 

 

 

 

 

Figure 1: The drift-diffusion model is capable of fitting to experimentally measured J-V curves. These fits can 

help characterise the utilised materials. 

 

Well-characterized materials can be used to produce tandem J-V curves: 

 

Figure 2: The drift-diffusion model can also produce J-V curves for tandem devices. Though this, the 

importance of current-matching is made clear, as the tandem’s current output is limited by the lowest performing 

subcell. 



 

We will discuss the application of these tools towards the optimisation of solar cells and 

characterisation of novel materials.  

 


