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Since 2012, the hybrid organic perovskites HOP of chemical formula (RNH3)2(CH3NH3)m-1PbmX3m+1 

(R: organic group, X: halogen) represents a “material breakthrough”, particularly for photovoltaics: in only 3 
years, the efficiency of HOP based solar cells has progressed from 12% to 22%. Several decisive properties of this 
material explain this spectacular breakthrough: good ambipolar transport properties, mobilities as high as several10 
cm2.V-1.s-1, large diffusion lengths of the carriers of the order of µm, a bandgap tuning easily performed by 
substitution of X or modification of the composition (m parameter). Since 2014, it appears that the properties of the 
HOP are very interesting also for light emitting devices because HOP combine strengths of the inorganic 
semiconductors and organic semiconductors, likely to solve the contradiction that high charge carrier mobility and 
large stimulated emissions are required for lasing devices. In recent studies 1-2, amplified spontaneous emission 
(ASE) in HOP thin layers has been demonstrated at room temperature, opening the way to HOP-based lasers and 
even to electrically injected lasers due to the good transport properties of this material. Additionally, these lasers 
will allow to address the problem of the “green gap” of the laser sources (the “green gap” refers to the fact the laser 
diodes emitting directly green light are rare and not performing) as a bandgap in the green range can be easily 
obtained by choosing the nature of X or the value of m. 3 

However performances of the HOP-based opto-electronic devices are limited by the low crystallinity of the 
thin HOP layers, which affects drastically the exciton diffusion lengths and the carriers mobility. LAC team has 
recently developed a synthesis method to obtain monocrystalline thin layers of HOP (fig 2): the “Anti-Solvant 
Vapor-assisted Capping Crystallisation” (AVCC method) 4. These thin layers present a thickness of several 
hundreds of nm and a very large surface of several millimeters, containing practically no defects, making these thin 
layers good candidates to realize HOP lasers. In a first step, we will realize lasing microcavities containing these 
thin monocrystalline layers as the active material (fig 3), the laser emission properties will be studied with pulsed 
and continuous optical excitation in cavity. In a second step, we will explore the possibility to realize an injected 
compact solid state laser source emitting directly in the green range.  

In all these configurations, carrier diffusion lengths, carrier dynamics, carrier-carrier interactions, 
characterization of the ASE threshold, optical gain, photostability above the ASE threshold, relation between 
morphology and luminescence will be investigated. These studies will be performed by means of 
photoluminescence, micro-photoluminescence, time-resolved photoluminescence and femtosecond pump-probe 
spectroscopy as function of temperature.    

LAC group has a huge expertise of hybrid perovskites for laser emission: optimization and optical 
properties of the material 3-4, introduction of the material in vertical microcavities working in the strong coupling 
regime in the framework of polaritons lasers 5-6, and of lasers as F. Bretenaker is a famous specialist of power lasers 
and very low noise lasers 7. 
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Fig 2 : A monocrystalline thin 
layer of (C6H5-C2H4-NH3)2PbI4 
obtained by AVCC method 

Fig 3 : Scheme of a 
compact HOP -based laser 

Fig 1 : Example of the molecular arrangement 
of a hybrid organic perovskite crystal 

Monocristalline	perovskite	film	
•  Thickness	:	1-4	μm	
•  Smooth	
•  RaHo	Surface/thickness	up	to	

2.105	µm	

«	AnH-solvent	vapor	capped	cristallisaHon	»	process	2. Additional experimental 

2.1. Optical micrograph 

 
Fig. S1. Optical image of a 2000 x 700 µm² PEPI crystal obtained by AVCC process 

 

2.2. Reflectivity spectroscopy 

 
Fig. S2: Specular reflectivity spectrum of a single AVCC crystal performed at incident angle 8°. 

 

 The presence of oscillations between 700 and 530 nm in the reflectivity spectrum of the 

AVCC crystal (Fig. S2) can be interpreted as interference patterns. Assuming the refractive index n is 

PEPI	monocrystalline	thin	films	

Low	T	µPL:	intrinsic	properHes	
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Since 2012, the hybrid organic-inorganic perovskites HOP of chemical formula (RNH3)2(CH3NH3)m-

1PbmX3m+1 (R: organic group, X: halogen) represents a “material breakthrough”, particularly for photovoltaïcs: 
in only 3 years, the efficiency of HOP based solar cells has progressed from 12% to 22,1%. Several decisive 
properties of this material explain this spectacular breakthrough: good ambipolar transport properties, mobilities as 
high as several10 cm2.V-1.s-1, large diffusion lengths of the carriers of the order of µm, a bandgap tuning easily 
performed by substitution of X or using mixed halide ion compositions. Since 2014, it appears that the properties of 
the HOP are very interesting also for light emitting devices because hybrid perovskites combine strengths of the 
inorganic semiconductors and organic semiconductors, likely to solve the contradiction that high charge carrier 
mobility and large stimulated emissions are required for lasing devices. In recent studies 1-2, amplified spontaneous 
emission (ASE) in HOP thin layers has been demonstrated at room temperature, opening the way to hybrid 
perovskites based lasers and even to electrically injected lasers due to the good transport properties of this material. 
Additionnally, these lasers will allow to address the problem of the “green gap” of the laser sources (the “green gap” 
refers to the fact the laser diodes emitting directly green light are rare and not performing) as it is very easy to play 
with the parameter m or the nature of the halogen X to obtain a HOP having a bandgap in the green range. 3 

However performances of the HOP-based opto-electronic devices are limited by the low crystalllinity of 
the thin layers, which affects drastically the exciton diffusion lengths and the carriers mobility. LAC team has 
recently developed a synthesis method to obtain monocrystalline thin layers of HOP (fig 2): the “Anti-Solvant 
Vapor-assisted Capping Crystallisation” (AVCC method) 4. These thin layers present a thickness of several 
hundreds of nm and a very large surface of several millimeters, containing practically no defects, making these thin 
layers good candidates to realize hybrid perovskite lasers. In a first step, we will realize lasing microcavities 
containing these thin monocrystalline layers as the active material (fig 3), the laser emission properties will be 
studied with pulsed and continuous optical excitation in cavity. In a second step, we will explore the possibility to 
realize an injected compact solid state laser source emitting directly in the green range.  

In all these configurations, carrier diffusion lengths, carrier dynamics, carrier-carrier interactions, 
characterization of the ASE threshold, optical gain, photostability above the ASE threshold, relation between 
morphology and luminescence will be investigated. These studies will be performed by means of 
photoluminescence, micro-photoluminescence, time-resolved photoluminescence and femtosecond pump-probe 
spectroscopy as function of temperature.    

LAC group has a huge expertise of hybrid perovskites for laser emission: optimization and optical 
properties of the material 3-4, introduction of the material in vertical microcavities working in the strong coupling 
regime in the framework of polaritons lasers 5-6, and of lasers as F. Bretenaker is a famous specialist of power lasers 
and very low noise lasers 7. 
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Fig 2 : A monocrystalline thin 
layer of (C6H5-C2H4-NH3)2PbI4 
obtained by AVCC method 

Fig 3 : A compact  
hybrid perovskite  
based laser 

Fig 1 : Scheme of the molecule HOP family 
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Fig. S1. Optical image of a 2000 x 700 µm² PEPI crystal obtained by AVCC process 

 

2.2. Reflectivity spectroscopy 

 
Fig. S2: Specular reflectivity spectrum of a single AVCC crystal performed at incident angle 8°. 
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