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Figure S1 (a) Current (J)-voltage (V) plot of hole only devices. Cross-sectional SEM images 
of the hole only devices employing (b) spiro-MeOTAD, (c) spiro-MeOTAD with Li-TFSI and 
tBP, and (d) spiro-MeOTAD with Zn-TFSI2 and tBP. Scale bars in (b)-(d) represent 500 nm.

Figure S2 Cross-sectional scanning electron microscope (SEM) images of devices employing 
(a) Li-TFSI and (b) Zn-TFSI2 as a dopant for spiro-MeOTAD.



Figure S3 Statistical box charts for the photovoltaic parameters ((a) JSC, (b) VOC, (c) FF and 
(d) PCE) of the devices with respect to the dopant of spiro-MeOTAD (black for spiro-
MeOTAD with Li-TFSI and tBP and red for spiro-MeOTAD with Zn-TFSI2 and tBP). Vd=400 
ms.

Figure S4 (a) I-V curves of the devices depending on the concentration of Zn-TFSI2 in 
comparison to the spiro-MeOTAD. Statistical box charts of (b) JSC, (c) VOC, (d) FF and (e) 
PCE as a function of the concentration of Zn-TFSI2. The additives of tBP and FK209 were also 
included in the spiro-MeOTAD layer. Vd=500 ms.



Figure S5 IPCE spectra of the best efficiency device with Zn-TFSI2 in the presence of FK209.

Figure S6 Stabilized power output of devices based on Zn-TFSI2 with respect to the inclusion 
of FK209.



Figure S7 I-V curves of devices based on Li-TFSI or Zn-TFSI2 (a) in the absence of FK209 or 
(b) in the presence of FK209. The I-V curves were recorded in RS. Vd=500 ms. The devices 
were prepared and measured in a same manner for comparison. [TFSI-]/[spiro-MeOTAD]=0.5 
mol/mol. 

Figure S8 Nyquist plots (dots) and fitting curves (line) (Vapp=0.0 V) of the devices with Li-
TFSI (black) and Zn-TFSI2 (red) as a dopant for spiro-MeOTAD. 



Figure S9 Long-term stability of photovoltaic parameters, (a) JSC, (b) VOC, (c) FF and (d) PCE, 
under one sun at 25 oC with respect to the dopant for the spiro-MeOTAD in the presence of 
FK209. Black and red represent Li-TFSI and Zn-TFSI2. The devices were maintained at the 
maximum power point (mpp) under the N2 atmosphere. The initial values of the device with 
Li-TFSI were 24.3 mA/cm2 of JSCi, 1.126 V of VOCi, 0.74 of FFi and 20.2% of PCEi under 
0.998 Sun. The initial values of the device with Zn-TFSI2 were 21.7 mA/cm2 of JSCi, 1.082 V 
of VOCi, 0.73 of FFi and 17.2% of PCEi under 0.998 Sun.



Figure S10 Shelf stability of device employing Li-TFSI or Zn-TFSI2 in the absence of FK209. 
The device was stored in dark at room temperature. Photovoltaic parameters of (a) JSC, (b) VOC, 
(c) FF and (d) PCE obtained from RS (Vd=400 ms).

Figure S11 Cross-sectional scanning electron microscope (SEM) images of devices after long-
term stability measurements at mpp under one sun and N2 atmosphere. Device with (a) Li-TFSI 
and (b) Zn-TFSI2 after 600 h at 25 oC. Device with (c) Li-TFSI and (d) Zn-TFSI2 after 100 h 
at 50 oC. Scale bars represent 200 nm.

Figure S12 Differential scanning calorimetry (DSC) curves of (a) pristine spiro-MeOTAD, (b) 
spiro-MeOTAD with Li-TFSI, FK209 and tBP, and (c) spiro-MeOTAD with Zn-TFSI2, FK209 
and tBP. The compositional ratio of HTM was exactly same with the one for devices. The DSC 
curves were obtained from first heating.



Figure S13 Microscope images (200x magnitude) of spiro-MeOTAD with (a) Li-TFSI and (b) 
Zn-TFSI2 after the thermal stability test for 100 h at 50 oC.

Figure S14 X-ray photoelectron spectroscopy (XPS) depth profiling of the device with Li-
TFSI after the thermal stability test for 100 h at 50 oC.


