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Crystal Structure
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Establish design principles
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X-ray diffraction

⇒ MA3//FA3/DPPS and MA3/DPPS/(FA+Na)3/DPPS 

recorded high efficiency. 

Current density-Voltage characteristics and External Quantum Efficiency
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The alkali metal doped devices exhibited 

higher crystal orientation.

Stability

Thermal stability
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Device
JSC

(mA cm−2)

VOC 

(V)

FF RS

(Ω cm2)

Rsh

(Ω cm2)

η

(%)

ηave

(%)

MA3/FA3/DPPS 19.5 0.714 0.529 3.45 255 7.38 3.33

MA3/DPPS/FA3/DPPS 18.2 0.699 0.492 2.50 274 6.25 3.01

MA3/(FA+Na)3/DPPS 13.0 0.712 0.515 3.87 396 4.76 3.31

MA3/DPPS/(FA+Na)3/DPPS 16.4 0.712 0.583 1.16 296 6.82 5.00

MA3/(FA+K)3/DPPS 13.6 0.738 0.548 4.00 754 5.49 1.95

MA3/DPPS/(FA+K)3/DPPS 13.5 0.721 0.489 5.92 393 4.76 2.82

MA3/(FA+Rb)3/DPPS 12.8 0.665 0.350 7.01 79.3 2.98 1.24

MA3/DPPS/(FA+Rb)3/DPPS 10.7 0.494 0.321 5.54 67.2 1.69 0.76

MA3/(FA+Cs)3/DPPS 12.3 0.628 0.303 15.9 66.9 2.33 1.24

MA3/DPPS/(FA+Cs)3/DPPS 14.1 0.618 0.323 12.7 59.4 2.81 1.90 -6
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under air mass 1.5 light at 85 ºC and 20 % humidity 

〇Maintains initial efficiency even after one year.

⇒ Long-term stability approximately three times that of Spiro-OMeTAD.

Device
Lattice 

constant (Å)

Crystallite 

size (Å)
I100 / I210

MA3/FA3/DPPS 6.288(0) 457 4.10

MA3/DPPS/FA3/DPPS 6.292(1) 586 5.11

MA3/(FA+Na)3/DPPS 6.306(0) 616 27.3

MA3/DPPS/(FA+Na)3/DPPS 6.307(1) 497 26.4

MA3/(FA+K)3/DPPS 6.306(0) 556 18.7

MA3/DPPS/(FA+K)3/DPPS 6.308(0) 611 25.2

Thick DPPS layer

High efficiency

Thin DPPS layer

Low efficiency

⇒ Crystal growth is promoted in the thicker parts of the DPPS layer.

Optical microscope images
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DPPS characteristics 
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⇒ DPPS crystals are formed by rearrangement 

due to heat treatment

X-ray diffraction
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⇒Increase in photoactive layer.

⇒DPPS suppresses desorption of MA.

〇It was revealed that DPPS functions as a hole transport layer, providing 

 photoelectric conversion properties, and functions as a protective layer for the 

perovskite, improving long-term stability.

〇Examination of the microstructure on the device DPPS suggested that DPPS may 

 prevent the desorption of MA from the perovskite and promote crystal growth 

during the crystallization process of the perovskite layer.

In the future, we aim to achieve conversion efficiency equivalent to that of Spiro-

OMeTAD devices and even greater long-term stability with devices using DPPS as the 

hole transport layer.
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