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Disclaimer:  The information, data, or work presented herein was funded in part by an agency of 

the United States Government.  Neither the United States Government nor any agency thereof, 

nor any of their employees, makes any warranty, express or implied, or assumes any legal 

liability or responsibility for the accuracy, completeness, or usefulness of any information, 

apparatus, product, or process disclosed, or represents that its use would not infringe privately 

owned rights.  Reference herein to any specific commercial product, process, or service by trade 

name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its 

endorsement, recommendation, or favoring by the United States Government or any agency 

thereof.  The views and opinions of authors expressed herein do not necessarily state or reflect 

those of the United States Government or any agency thereof. 
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Figure S1. Top-view SEM images of bare FTO (top), CdS film on FTO using a 5 min deposition time 

(middle), and a 6 min deposition time (bottom), indicating a gradual increase in the thickness and coverage 

of the CdS films with time. At 5 min, the CdS films are mostly conformal, as evidenced by the increased 

roughness of the surfaces of the FTO crystallites, indicating growth of the CdS there, but occasional sharp 

edges indicative of the bare FTO surface remain. By 6 minutes, although the topography of the surface is 

similar to that of the bare FTO, the crystallite faces and edges alike are totally covered with the rough 

nanocrystalline material, indicating completely conformal coverage of the CdS. 
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Figure S2. Histogram of stabilized efficiency of solar cells fabricated using 6 min CdS deposition time. 
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Figure S3.  XRD patterns of perovskite on CdS annealed at different temperatures. The peak at ~12.5o 

belonging to PbI2 does not grow substantially when annealing temperature is increased from 100 to 125oC, 

but there is considerable growth with an increase of anneal temperature to 150oC, indicating decomposition 

of the perovskite. This decomposition may be mitigated by covering the perovskite film during the anneal 

to prevent loss of the volatile methylammonium iodide.  
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Figure S4. SEM images of Cd-containing perovskites fabricated on CdS (main images) and on glass 

(insets): a) undoped, b) 0.5% Cd, c) 1% Cd, d) 2% Cd, e) 5% Cd. 
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Figure S5. Etching of the blob-like secondary phase in the Cd-doped perovskite films. Panel a: initial SEM 

image of blob, which already exhibits some damage evident by the pattern of circular holes. Panel b: the 

same blob, after about a minute’s exposure to the electron beam. The blob displays significant ablation, 

particularly in the center, where the beam was focused at higher magnification for several seconds. Panel 

c: low magnification SEM image of a region of secondary phase. Panel d: EDX map of the same region as 

c), showing enhancement of the Cd L-alpha emission. 
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Figure S6. XRD patterns of the undoped and Cd-doped perovskites, compared against that of (MA)2CdI4. 

No (MA)2CdI4 peaks are evident in the 0.5% Cd films, but as Cd content in the precursor increases 

thereafter, the intensity of (MA)2CdI4 peaks increases, to the point at which these peaks dwarf those of the 

perovskite (perhaps due in part to preferred orientation for the (MA)2CdI4 materials). 

 


