
Mult i - layer  per ovski t es key t o 
optoelect r ical per for mance

Two-dimensional on three-dimensional 
(2D/3D) perovskite bilayer hetero-
structures have the potent ial to boost 
the performance and durability of many 
types of electronic and photonic devices, 
including photovoltaics, light-emitt ing 
diodes, photodetectors, lasers, and 
transistors, but maintaining this 
performance depends on the stability 
of the cell?s 2D interlayer. 

In this sandwich-like 2D/3D structure, 
the 2D interlayer consists of monolayer 
or mult ilayer stacks of hybrid organic?
inorganic halide perovskites. The 2D 
interlayer protects the 3D perovskite in 
the stack by reducing negative effects from 
defects in the material, controlling the 
movement of electrons or ions through the 

material, creat ing a built -in potent ial, 
prevent ing the movement of ions or 
electrons from the environment into the 
material, and blocking ion migrat ion. This 
interlayer improves power conversion 
efficiency and device stability. As the 
device ages, the 2D interlayer can evolve 
different ly, altering device stability.

St r engthening per ovski t e?s 
weak l ink

In this study, researchers developed a 
durable 2D interlayer to improve the 
efficiency and longevity of the 2D/3D 
perovskite bilayer heterostructures. 
At Lawrence Berkeley National 
Laboratory, the team prepared all of 
the chemical compounds used in the 
product ion of the 2D interlayer at the 
Molecular Foundry. In the experiments, 
they used four solvents based on 

methylammonium (MA), a cat ion 
commonly used in the product ion of 
perovskite solar cells. Each solvent 
composit ion increased in complexity?
octylammonium (Oc), OcMA (Oc ligand 
with MA addit ive in isopropanol (IPA)), 
OcMA:F (OcMA with mixed dimethyl-
formamide and IPA), and OcMA:S (OcMA 
with mixed dimethyl sulfoxide and IPA).

The researchers used a custom-built , 
spin-coat ing chamber at Beamline 12.3.2 
of the Advanced Light Source to crystallize 
each solvent as a 2D thin film interlayer on 
the 3D perovskite structure. As the thin 
film formed, the team collected grazing-
incidence wide-angle x-ray scattering 
(GIWAXS) data at the beamline. The 
researchers used the near instantaneous 
scattering data to evaluate the dynamic 
evolut ion of the crystalline structures 

Scient i f ic 
Achievement
Researchers opt imized t ime-
resolved, spontaneous thin-film 
deposit ion of 2D perovskites 
using a mixed solvent approach to 
produce phase pure, stable thin 
films with high crystallinity.

Signi f icance 
and Impact
This result  paves the way for 
commercially viable, high-
performance, and long-last ing 
electronic and photonic devices.Using an iterat ive, real-t ime, mixed solvent  approach, the team refined the product ion of perovskite 

thin films from init ial samples (top) to phase pure, highly crystalline samples (bot tom) for four 
mixed solvents.
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and phase purity of each thin film to 
understand the result ing funct ional 
propert ies of the samples. 

The researchers found that all of the mixed 
solvent strategies produced phase-pure 2D 
perovskites. These results allowed them to 
exclude phase purity as a contribut ing 
factor in the 2D interlayer degradat ion.

The team then turned their attent ion to 
crystallinity and found it  correlated with 
carrier lifet ime of the 2D/3D devices, 
before and after illuminat ion. In part icular, 
crystallinity increased with solvent 
complexity (i.e., Oc < OcMA < OcMA:F < 
OcMA:S). Samples composed with the 
solut ion OcMA:S spontaneously formed 
the 2D thin film during the init ial phase 
and had the highest final 2D crystallinity, 
phase purity, and durability.

Achieving a r obust  
2D inter layer

The researchers found that OcMA:S 
reached 25.9% efficiency, which is 
comparable to the best-reported, 
single-junct ion silicon solar cells. In 
accelerated tests at 85°C under peak 
power condit ions, the OcMA:S perovskite 
retained 91% of its init ial performance 
after 1,074 hours, one of the most stable 
for this type of perovskite device. This 
advancement tackles a key stability 
barrier to commercializat ion and offers 
design principles for building robust 
hetero-structures with broad applicat ions 
in optoelectronics.
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Schemat ic illust rat ing the format ion and t ransformat ion of 2D perovskite interlayers, represent ing 
the Oc (top) and OcMA:S (bot tom) 2D/3D perovskites.
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