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Figure S1. XRD patterns (a, d, g, j) and SEM top view images (b, e, h, k) of perovskite films, and SEM 

cross-section view images of complete devices (c, f, i, l), prepared by printing process using different 

MAI concentrations: (a-c) 5 mg·ml-1 MAI solution; (d-f) 10 mg·ml-1 MAI solution; (g-i) 15 mg·ml-1 

MAI solution; (j-l) 20 mg·ml-1 MAI solution. 
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Figure S2. J-V plots (All data were measured at AM 1.5 G with an intensity of 100 mW·cm-2.). 

Perovskite solar cell characteristics are summarized as follows: perovskite, MAPbI3, with PbI2 [Forward 

scan: Jsc = 20.0 mA·cm-2, Voc = 0.95 V, FF = 0.65, PCE = 12.4 %, Reverse scan: Jsc = 20.7 mA·cm-2, 

Voc = 0.99 V, FF = 0.67, PCE = 13.7 %]; pure perovskite, MAPbI3, without PbI2 [Forward scan: Jsc = 

21.8 mA·cm-2, Voc = 0.98 V, FF = 0.69, PCE = 14.7 %, Reverse scan: Jsc = 22.3 mA·cm-2, Voc = 1.00 V, 

FF = 0.69, PCE = 15.3 %]; pure perovskite, (MA)x(FA)1-xPbI3, without PbI2, [Forward scan: Jsc = 23.9 

mA·cm-2, Voc = 0.99 V, FF = 0.64, PCE = 15.2 %, Reverse scan: Jsc = 23.9 mA·cm-2, Voc = 0.99 V, FF 

= 0.68, PCE = 16.0 %]. As for pure MAPbI3 and (MA)x(FA)1-xPbI3 without PbI2, 10 mg·ml-1 of MAI 

solution and 8+2 mg·ml-1 of MAI+FAI mixed solution were utilized for printing process, respectively. 
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Figure S3. Summary of the performances of the printed perovskite solar cells (MAPbI3) depending on 

the MAI solution concentration: (a) Voc, (b) Jsc, (c) FF and (d) PCE. All the performance data were 

measured at AM 1.5 G with an intensity of 100 mW·cm-2 and average values of forward and reverse 

scan data. 
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Figure S4. (a-f) XRD patterns and (g-j) SEM top view images of perovskite films, prepared by printing 

process using different MAI+FAI mixed solution concentration: (a,g) 2+8 mg·ml-1; (b,h) 4+6 mg·ml-1; 

(c,i) 6+4 mg·ml-1; (d) 7+3 mg·ml-1; (e,j) 8+2 mg·ml-1 ; (f) 9+1 mg·ml-1. 
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Figure S5. XRD patterns of perovskite films, prepared by printing process using different MAI+FAI 

mixed solution concentration. Magnified view of the region 13.5 – 14.5o. The peak at 14.02o (MAI only) 

shifts to lower reflection angles with FAI intercalation. 
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Table S1. Fitted parameters of TRPL (the values of the goodness-of-fit parameter (r2) are all close to 
1.0) 

 A1 τ1(ns) A2 τ2(ns) τavg(ns) 

MAPbI3 with PbI2 94.67 % 2.12 5.33 % 11.32 2.61 

Pure MAPbI3 w/o PbI2 54.25 % 6.24 45.75 % 18.56 11.88 

Pure (MA)x(FA)1-xPbI3 w/o PbI2 73.67 % 14.75 26.33 % 42.22 21.98 

 
Where, I(t) = A1exp(−t/τ1) + A2exp(−t/τ2) 
 
 
 
 
 


