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Abstract 

Metal halide perovskites have emerged as the most attractive materials for photovoltaics and 

optoelectronics because of their superior optoelectronic properties and low-cost fabrication. Quick 

increased conversion efficiency of solar cells as well as high performance of LEDs, detectors and 

lasers ensure halide perovskites the most promising for next generation of photovoltaic and 

optoelectronic industry for flexible and low-cost devices. Relative to the quick progress in devices of 

photovoltaic, optoelectronic and photonic applications, however, the fundamental understanding for 

material and device physics is significantly lagged. Previously people considered the general 

properties, such as long carrier lifetime and long diffusion length, high absorption and low binding 

energy, can be responsible for their superior performance. Obviously, these are not sufficient. The 

fundamental difference of halide perovskites from the conventional semiconductors is their mixed 

ionic-electronic properties which make perovskites superior in photovoltaics and photonics. Ionic-

electronic interaction in halide perovskites is intimately correlated with their performance and stability. 

The anomalous phenomena observed in halide perovskites, such as current-voltage (I-V) hysteresis, 

defect tolerance and phase segregation, have been intensively investigated and suggested to be relevant 

to mobile ions. To date, the most fundamental question still keeps elusive: what makes perovskites so 

superior to the conventional semiconductors? The comprehensive fundamental understanding on the 

interaction between mobile ions and charge carriers is critically important for commercialization and 

further improvement of halide perovskite photovoltaics and photonics but is still not available so far. 

In this talk I present our recent investigations for the dynamics of mobile ions in halide perovskite by 

combining steady state, time-resolved spectroscopy and micro-spectroscopy. Advanced time-resolved 

ON OFF

mailto:xwen@swin.edu.au


   

 

© International Association of 
Advanced Materials 

Vid. Proc. Adv. Mater., Volume 3, Article ID 2203269 (2022) [2 of 2] 

 

www.iaamonline.org 

 

www.proceedings.iaamonline.org 

 
micro-spectroscopic techniques are powerful tools to investigate the energy relaxation processes of 

the excited carriers and mobile ions in various material systems. It is confirmed that mobile ions have 

significantly impact on the carrier dynamics, with much slow timescale up to hours, which provides 

an effective method to investigate the interaction between mobile ions and charge carriers. Mobile ion 

activation, migration and accumulation result in a much slow process in milliseconds to hours, which 

is closely relevant to the characteristic hysteresis in I-V measurement and light soaking effects [1,2]. 

We monitor nanoscale PL/TRPL evolution in fully operational solar cells under the light soaking 

condition. Using highly sensitive micro-spectroscopic techniques, we also image the mobile ion 

diffusion and substitution in mixed halide perovskites [3,4]. 
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