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Methods and Device Structure
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1. Increase the grain size and crystalinity of organi-inorganic hybrid perovskite film. Schematics of the solvent annealing approach

2. Increase the carrier diffusion length of trilodide CHsNHsPbls perovskite up to >1
pm. !

3. Fabricate high efficiency device using thick perovskite film (up to > 1 pm ) ~ DALE o
Increase the thickness of the perovksite layer to increase the absorption of y
perovskite device in the red to infrared range.

4. Increase the high efficiency device yield for the scalable manufacture techniques
which the thickness of the film can not be precisely controlled like doctor blading,
printing et al.

Device structure (planar structure)
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Perovskite FiIlm Characterization
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go() 400 500 600 700 800 & . The average grain size of the solyent annealed perovskite film is alyvays larger than the _fllm
Wavelength (nm) N TN thickness, while the grain size of the thermal annealed perovskite film kept at around 250 nm.
g O a0 600 500 1000 1200 1400 2. The crystallinity of the perovskite film is increased.
N y Grain size (nm) 3. There is single grain along the vertical direction of the device, so that the photo-generated carriers

can be transported through single brain before collected.
Device Performances and Characterization
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The carrier diffusion length of the perovskite film was increased to above 1 pm. L ! o o
High efficiency of 15.6% was obtained using 630 nm thick perovskite film. The efficiency has a very high tolerance to the * The decreased trap density indicates that the grain boundary density in the solvent annealed film is decreased
perovskite film thickness using solvent annealing. . « The charge recombination lifetime of the solvent annealed device increased from 1.7 pus to 7.2 ps under 0.3 sun.
The device yield is very high. 85% of the devices have efficiency higher than 14%. e The charge extraction rate is decreased from 0.57 us to 0.25 us due to the higher mobility of the solvent annealed film.
Most devices have high fill factors around 80%. The high FF should be due to the uniform and continuous films fabricated S y

by the interdiffusion method and the device structure we used (passivation of fullerenes).
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