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Figure S1. Energy level diagram for the pristine PLED. The HOMO and LUMO levels of 

PEDOT:PSS and PFO are taken from the following references [1–4]. 

In the absence of Fermi level pinning and space charges, the electric field inside PLED is given 

by (V−Vbi)/D, where V is the applied bias, D the thickness of organic semiconductor layer and Vbi the 

built-in voltage. Vbi may be expressed as Vbi = (Wa − Wc)/e, where e is electron charge, Wa the anode 

work function and Wc the cathode work function. Vbi was taken as 0.7 V from the difference between 

work functions of ITO (5.0 eV) and Al (4.3 eV). Under a small applied bias V (V < Vbi), the internal 

electric field is negative (directed from cathode to anode) and the PLED behaves as a capacitor. 

When the applied voltage reached Vbi (V = Vbi), the internal field and stored charges vanished. If the 

applied voltage increased further (V > Vbi), the internal electric field became positive and carriers 

began injection. It is well known that the electron and hole injections are respectively controlled by 

the injection barriers ΦB,e and ΦB,h. In the Mott-Schottky limit, ΦB,e is defined by the difference 

between the cathode work function and the PFO LUMO (2.6 eV), and ΦB,h by the difference between 

the ITO work function and the PFO HOMO (5.8 eV). The smaller of the two barriers controls the 

initial J-V characteristics, and the larger one controls the J-V characteristics in the EL condition. In 

our case, the larger barrier, ΦB,e, is ~1.7 eV at the Al (4.3 eV)/PFO interface (The value may be a bit 

smaller for Al/LiF/PFO contact). For the ITO (5.0 eV) /PEDOT:PSS (5.2 eV)/PFO contact, ΦB,h is ~0.8 

eV. As a result, the expected bias at which injection starts may be expressed as V1 = Vbi + ΦB,h for holes 

and V2 = Vbi + ΦB,e for electrons. Moreover, the expected turn-on voltage may be expressed as V3 = Eg/e 

where Eg is the bandgap between the LUMO and HOMO levels of PFO. V1, V2 and V3 are exhibited 

as the dashed lines in Figure 1. 
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Figure S2. (a) Schematic of the sFIB technique for cross-sectional TEM sample preparation. In this 

case, a thin film (red) is tilted so that the surface is in the “shadow” of the ion beam. This geometry 

allows for the ability to cross-section a sample without using a sacrificial layer or long milling times. 

The ion beam is focused on either side of a corner of the sample, resulting in an electron-transparent 

wedge ending on the film surface. The angle of incidence of the ion beam can be varied depending on 

the circumstances, as long as it is directed from the back, substrate-side. (b) SEM figure of the 

cross-sectional PLED TEM specimen produced by the Shadow-FIB milling geometry. 

 

Figure S3. Experimental J-V characteristics of the pristine and LiF PLED with the theoretical SCLC 

curve on a linear scale. The J-V curves of both devices are not able to fit Mott-Gurney Law. 
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