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Silicon quantum dots and perovskites hybrid solar cells

研究の目的 実験

結果& 考察

結論
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Formamidinium Lead Iodide (FAPbI3) perovskite (PK) 
    limiting of thermally unstable methylammonium (MA).

 The performance of PK with FAPbI3 the fs laser 
     engineered silicon quantum dots (SiQDs) increased initial 
     solar cell performance. 

 The role of SiQDs in PK solar cell stability.
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 Initial SiQDs were prepared by electrochemical etching.

 fs laser treatment of SiQDs in colloidal solutions resulted 
     into  well separated SiQDs, better interaction with host PK  
     matrix
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 In previous works where Si- and other QDs without fs 
     treatment worsened solar cell performance. 
The performance of PK with FAPbI3  the fs laser 
    treated SiQDs increased initial performance. 

 Repeated experiment using the 17% efficient solar cells.
 The statistical distribution confirms the trend. 
 fs laser treated SiQDs result in an improved performance.

 SEM analysis that the film thickness remains the same after the formation of films.
 Incorporation of SE-SiQDs did not noticeably alter the grain size of the film.
 The typical grain size of the films ranges from approximately 500 nm to 1 µm. 

 TEM/EDX analyses confirm presence of 
SiQDs in the films.

 With the introduction of SE Si-QDs we 
      observe negligible changes in the energy 
      bandgaps.
The PL is significantly quenched by SE SiQDs 
    which indicates that the radiative  
    recombination is reduced possibly due to   
    lower defects in the film.
 The valence band was determined by XPS and 
     Fermi level by Kelvin probe
 Values for SiQDs produced in our laboratory 
     with varying degrees of oxidation which 
     influences the VB, CB, and EF positions for    
     the SE SiQDs.

A slight upward shift in the Fermi level 
    indicating a more n-type character
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 Improvement and gain in efficiency FAPbI3 
     with SiQDs hybrid SCs ( ~ 2%) for high 
     efficiency solar cells exceeding 20 %.
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as prepared 2 months in dry box Solar cells stored in dry box
(<1% RH, air, dark) 

0 h in HCh

110 h in HCh

FAPbI3 FAPbI3 + SE-SiQDs

Solar cells stored in 
humid chamber (HCh) under 
1 sun soaking (30 %, 28 C)
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 No visible color changes by naked eye after 2 months in dry box. 
 Devices stored in a dry box and after 2 months less efficiency 
     decreased for SE SiQD-FAPbI3. 
 Significant degradation in humid chamber < 24h  for both.
 Less color change in the case of SE SiQD-FAPbI3 hybrids for 110 h.

  Hybrid solar cells  based on SE SiQDs in limiting of thermally unstable  methylammonium in formamidinium lead iodide (FAPbI3) perovskites.

  Characteristics of SE SiQDs / FAPI3 hybrid films * The introduction of the SE-SiQDs does not impact the morphology, film thickness,   energy gap.
                                                                                           * The PL is quenched indicates that the radiative recombination is reduced possibly due to lower defects in the film.     
                                                                                           * Fermi level shifts (n type, negative built-in charges in SE-SiQDs).

  Characteristics of SE SiQDs / FAPI3 hybrid solar cells (SCs) * SE SiQDs increase the overall power conversion efficiency SCs (~ 2 % in average). 
                                                                                                             * Improved device stability not enough (pronounced degradation in humid chamber)
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