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Thin film hybrid organic-inorganic perovskite (HOIP) solar cells were 

identified to be a suitable alternative to conventional Si-cells. However, 

cells of this class showing the highest power conversion efficiency 

(PCE) of more than 20% [1] simultaneously reveal a high level of 

toxicity, since these record breaking cells contain lead. Recently it 

became apparent that replacing lead by tin is a promising approach [2]. 

Furthermore, the stability under illumination and humid conditions of the 

absorber material MAPbI3 is an unsolved issue that limits their usage to 

the bench-scale at the moment.  

For the most part performance instability and degradation in HOIPs can 

be attributed to ion migration and decomposition of the lattice structure 

due to illumination or exposure to moisture. It is assumed that photo-

generated holes react with iodide in the perovskite lattice forming a 

vacancy and a neutral iodine transferred to the interstitial lattice. This 

way more iodine is excorporated from the lattice than tolerable under 

equilibrium potentially leading to decomposition [3].  

In 2015 it was firstly demonstrated that metal-halide lead and tin based 

films can be grown by PLD [4]. In this project the strong non-

equilibrium conditions during pulsed laser deposition is used to 

supersaturate the perovskite phase with surplus iodine in interstitial 

positions to prevent decomposition.  

In contrast to the solution-based techniques we were able to grow closed 

and smooth films by PLD (248 nm, 25 ns, 5 Hz) (Fig. 1a). The structure 

of initial powder and the fabricated target is in good agreement to the 

reference values (b), while the deposited film shows epitaxial growth in 

several directions (c). For different substrate temperatures the 

decomposition to SnI2 was observed, while the absorber properties are 

qualified with spectroscopic Ellipsometry.  

After PLD 

MASnI3 

Fabrication and characterization of targets 

targets manufactured by solid state reaction of powders 

Structural and morphological analysis of thin films 

Impact of growth temperature 

compact layer  

𝟏𝟎−𝟔mbar 

Pulse frequency     5 Hz 

Energy density      0.33 J/cm² 

Growth rate           2.0nm/pulse 

Shirayama et al. Physical Review Applied  5, 014012 (2016) 

Thin film hybrid organic-inorganic perovskite (HOIP) solar cells were 

identified to be a suitable alternative, 

simultaneously revealing a payback period of less than half a year [2]. 

However, cells of this 

class showing the highest power conversion effciency (PCE) of more than 

20% [3] simultaneously 

reveal a high level of toxicity, since these record breaking cells contain 

lead (Pb), which is known to 

be hazardous to the health of living organisms [4]. 

The crystalline perovskite itself 
consists of a metal-halide complex and an 
organic compound2. Within the standard 
ABX3 perovskite 
structure of the absorber the metal (B 
site) is located in an octahedral 
coordination with the anionic 
halides (X) and the organic cations occupy 
the A sites., 
At the moment the most intensively 
investigated absorber is MAPbI3, 
resulting in an enhancement of 
the PCE from 3% up to 20% within only 
four years, approaching the upper 
theoretical limit of 30.5% 
very fast. 
In 2015 it was firstly demonstrated that 
metal-halide films can be grown by PLD 
[10]. For those 
lead-containing cells a PCE of 10.9% was 
reached from a standing start [11], while 
hysteresis in 
current-voltage measurements was still 
observed due charges trapped at internal 
interfaces such as 
grain boundaries [12] or ferroelectric 
polarization in the perovskite [13]. In 
detail, many/small grain 
boundaries/sizes limit the carrier 
diffusion lengths [14] and hence shorten 
their lifetime [15], because 
they act as pinning centers and foster 
recombination of differently charges 
species [16]. 
As stated earlier, the toxicity of lead 
drove research towards other materials, 
whereas is became 
apparent that tin (Sn) is a promising 
alternative [17, 18]. Here a difficulty lies 
in the oxidation of 
tin from Sn2+ to the Sn4+ state while 
oxygen and water act as reacting agents, 
again resulting in 
degradation of the material. This effect 
can be reduced or may even be 
prevented in total by replacing 
the organic cation MA by FA and/or BA 
[19]. 

We want to fabricate perovskite thin films that contain iodine in interstitial positions since their occupation 
by lattice iodine species is assumed to be the governing degradation channel [1]. The deposition of such 
supersaturated phases is enabled due to the strong non-equilibrium conditions during PLD and was firstly 
demonstrated in 2015 [2]. The optimization of the homogeneity is key for improving energy conversion since 
many/small grain boundaries/sizes limit the carrier diffusion lengths [3] and hence shorten their lifetime, 
because they act as pinning centers and foster recombination of differently charges species [4]. 

Materials system 

Before PLD 
  

After PLD 

I/Sn : 2.64 I/Sn : 4.89 

MA0.2FA0.8SnI3 

Process sequence 

formation of SnI2-d during irradiation 

Outlook: 
□ studies on phase transitions via TGA and 

DSC and in-situ XRD 
□ further increase of organic component 
□ annealing at low temperatures 
□ detailed structural analysis 

 𝑪𝑯𝟑𝑵𝑯𝟑𝑰 +  𝑺𝒏𝑰𝟐  −→ 𝑪𝑯𝟑𝑵𝑯𝟑𝑺𝒏𝑰𝟑 
200°C 

Larger Spotsize better Sn/I ratio >2 for maSnI3 

Shirayama et al. Physical Review Applied  5, 014012 (2016) 

Bansode et al. J. Phys. Chem. C 119, 9177−9185 (2015) 

nonstoichiometric single target 

Hao et al. Nature Photonics vol. 8, 489–494 (2014)                
1 Noel et al. Energy Environ. Sci. 7, 3061 (2014) 

bandgap of 1.3 eV bandgap of 1.3 eV PCE = 6%1 PCE = 6%1 

tetragonal structure tetragonal structure 

degradation due to incomplete coverage degradation due to incomplete coverage 

Sn oxidizes from +2 to +4 state Sn oxidizes from +2 to +4 state 

oxygen vacancies acting as traps oxygen vacancies acting as traps 

Kim et al.  Advanced Materials 29.23 (2017) 

defects shorten 
carrier lifetimes 
defects shorten 
carrier lifetimes 

grain boundaries 
limit diffusion length 

grain boundaries 
limit diffusion length 

traped charges 
cause hysteresis 
traped charges 

cause hysteresis 

However, it is well known that the 

stability of the 2+ oxidation state 

decreases when moving up the group 
14 elements 

It has been demonstrated that when 

the Sn2+ ion is oxidised to Sn4+, the Sn4+ 

acts as a p-type dopant within the 

material in a process referred to as 

“selfdoping”.14 

Noel et al. 
Energy 
Environ. 
Sci., 2014, 
7, 
3061 

PCE=6% 

The low power conversion efficiency (PCE) of tin-based 
hybrid perovskite solar 
cells (HPSCs) is mainly attributed to the high background 
carrier density due 
to a high density of intrinsic defects such as Sn vacancies and 
oxidized species 
(Sn4+) that characterize Sn-based HPSCs. 
The improved ambient stability of the 2D/3D-based device is 
probably due to higher resistance to oxygen and moisture as 
a result of the improved crystallinity and the higher 
hydrophobicity of the perovskite film. 
near single crystalline FASnI3 PCS=9% 

Shao et al. Adv. Energy Mater. 8, 1702019 (2018) 

1:4 mol 
Bansode J. Phys. Chem. C 2015, 119, 9177−9185 

Energy Environ. Sci., 2017, 10, 710—727 Correa-Baena 

appropriateGoldschmidt 
tolerance factor [t ¼ ðrA þ rIÞ= 
ffiffiffi 2 
p 
ðrPb þ rIÞ, 

Dang et al Angew. Chem. Int. Ed. 2016, 55, 1 – 5 

Optical properties examined by spectroscopic ellipsometry 
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SnI2 dominates crystalline structure 

I/Sn ratio of target and film incorrect 
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increased 
temperatures up to 
120°C lead to loss of 
organic component 

120 mJ 

5 µm 

reduced energy density: I/Sn ratio in film 2.42              

residuals of non-perovskite target-structures 

large crystallites mainly of organic-rich phase 

MASnI3 MASnI3 MA0.2FA0.8SnI3 (MA0.2FA0.8)4SnI3 (MA0.25FA0.75)4SnI3 

1.30-1.37 eV [5] 1.3 eV 1.4 eV 1.48 eV 1.4 eV [6] properties change with film thickness 

MASnI3 MA0.2FA0.8SnI3 (MA0.2FA0.8)4SnI3 

  60 nm 
160 nm 
180 nm 
280 nm 

Forouhi-Bloomer model  Outlook: structure-property relations 

Lead-free hybrid organic-inorganic perovskite solar cells represent an 
economically and environmentally viable alternative to conventional 
photovoltaic modules. Although, there is a mayor drawback of photo- and 
humidity-induced degradation attributed to ion migration and decomposition 
of the lattice structure in the absorber layer.  

MA: methylammonium (CH3NH3) 
FA: formamidinium (HC(NH2)2) 
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