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Abstract: 

All-inorganic CsPbI2Br perovskite solar cells fabricated by thermal co-evaporation are attractive 

for scalable, solvent-free processing, but device performance is often limited by uncontrolled 

nucleation and random grain orientation on the hole-transport layer. Here we introduce ultrathin 

(3-7 nm) inorganic seed layers of CsI, CsBr, and PbI2 between a self-assembled monolayer hole-

transport layer (MeO-2PACz) and the evaporated CsPbI2Br absorber to template perovskite 

nucleation. Screening of chemically distinct seed materials at fixed thickness shows that only PbI2 

improves device behavior: CsI and CsBr instead introduce severe interfacial extraction barriers, 

collapsing fill factor by more than 30% relative to the control, while X-ray diffraction confirms the 

bulk perovskite remains phase-pure in all cases, thus localizing the failure to the seed/perovskite 

interface rather than the bulk film. Critically, PbI2 drives a pronounced (100) crystallographic 

texture in the CsPbI2Br film, with the I₍₁₀₀₎/I₍₁₁₀₎ XRD intensity ratio increasing from 0.97 (control) 

to 2.83, indicating that it acts not merely as a passivant but as a structural template that favors 

the orientation-controlled growth. Building on this result, we varied the PbI2 seed thickness (0, 3, 

5, 7 nm) to identify a processing window that preserves this templating benefit. The 3 nm 

condition reproducibly outperformed the control in FF and PCE with the tightest device-to-device 

distribution, while thicker seeds (5-7 nm) broadening variability and capping performance. On 

this basis, 3 nm PbI2 is identified as the optimal seed condition, combining the crystallographic 

templating benefit with the process robustness required for reproducible thermally evaporated 

CsPbI2Br devices. 


