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Perovskite solar cells have been expected to become 

an alternative to silicon solar cells

Challenges

The formation of PbI2 during long-term storage

The decrease in FF due to defects in the perovskite layer

Characteristics of rare earth elements

High localization of 4f orbitals

Strong Lewis acidity

Aim
Fabrication and characterization of 

lanthanide doped perovskite solar cell

CeCl3, ErCl3, NdF3, YbF3, GdF3 

DPPS:Decphenyicycyclopentasilane (Osaka Gas Chemicals, OGSOL SI-30-15)

Additive
JSC

(mA cm−2)
VOC

(V)
FF

Rs

(Ω cm2)
Rsh

(Ω cm2)
η

(%)
ηave

(%)
Standard 19.6 0.783 0.535 1.59 256 8.19 7.39

+ Ce 18.7 0.794 0.437 9.82 180 6.50 5.85
+ Er 20.9 0.832 0.638 2.23 992 11.1 10.2
+ Yb 20.4 0.811 0.607 2.33 394 10.1 9.20
+ Nd 20.0 0.805 0.566 2.97 398 9.10 8.52
+ Gd 23.1 0.842 0.640 2.22 8010 12.4 10.9

Additive
Lattice constant 

(Å)

Crystallite size 

(Å)
I100 / I210

Standard 6.289(1) 586 12.3

+ Ce 6.291(1) 696 21.5

+ Er 6.289(0) 657 16.2

+ Yb 6.293(1) 595 8.1

+ Nd 6.298(0) 548 26.1

+ Gd 6.284(2) 334 8.2

 J-V characteristics  External Quantum Efficiency

 SEM-EDX

 X-ray diffraction
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 First-principles calculation

Crystal model
Etot

(eV)

Eg

(eV)
m*e / m0 m*h /m0

MA0.75FA0.25PbI3 -3816 1.30 1.09 0.628

MAPbI3 -3808 1.34 1.09 0.655

MAPb0.875Gd0.125I3 -3340 1.57 1.29 0.772

✓ By adding Ce, crystal the size 

and orientation are increased.

✓ Increased conversion efficiency through

 the suppression of grain boundaries by adding Gd

✓ In the Gd1% doped device, suppression of 

    trap density leads to high shunt resistance,

    increased conversion efficiency, and 

    enhanced long-term stability

✓ EDX results confirmed Gd doping within the lattice
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