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Abstract: OLEDs have been prepared using a p-doped layer poly (3, 4-ethylenedioxythiophene) : poly (styrene sul-
fonate) (PEDOT: PSS) for hole injection, whereby the effects of leakage (electron) current on the PEDOT: PSS and
device performances have been investigated. It is found that some injected electrons leak into PEDOT: PSS via the
shunt paths formed due to the inevitable cathode diffusion through device, reducing PEDOT cations to neutral
PEDOT molecules. This markedly decreases the conductivity of PEDOT: PSS, causing the saturations and even deg-
radations of the current density and luminance of devices at high driving voltage. Increasing the thickness of either
emissive or electron-blocking layer, using the smoother-surface electron-blocking layer and adopting n-doped elec-
tron transport layer all help suppress the diffusion of metal atoms and decrease the formation of parallel paths, which
will alleviate the electron leakage and thereby increase the width of exciton formation zone and the device stability.
The current research provides some useful and practical insights into the development of p-i-n organic light-emitting

diodes towards high-luminance applications, such as electrically pumped organic lasers and microdisplays.
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Fig.1 The equivalent circuit of OLED. The V, J, J, and J,
represent the applied voltage, device current, bimo-
lecular recombination current and leakage current,
respectively. The Rg and Rgy stand for the series and

shunt resistances, respectively
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Fig.2 The mechanisms of p- (a) and n-doping (b) of organ-
ic thin films. The curved arrows represent the sponta-
neous electron transfers. The vertical arrows and dot-
ted ellipses signify electrons and holes, respectively.
The hole in the HOMO of host and electron in the

LUMO of host perform as free charge carriers
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Fig.3 The molecular structures of PEDOT: PSS, CBP, NPB,
BCP and Alq3
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Fig.4 The J-V (a), luminance-V (b), and CE-J (¢) characteristics for devices A—C. The inset in (a) is the linear J-V plots of

devices A-C
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The dynamic behaviors of charge carriers for recombination (a) and leakage current (b) in the OLEDs. In picture (a) ,

Fig.5

the EFZ stands for exciton formation zone sandwiched between two yellow vertical dash lines, which lies within the Alq3

emissive layer; the 1, is equal to ,. In picture (b), the shunt paths are formed due to the cathode diffusion through organ-

ic thin films. The gradient green filling becomes decreased from cathode to anode, implying that the formation of shunt

paths due to Al diffusion becomes reduced from cathode to anode. The hole leakage (yellow dashed arrow) is neglected,

compared to the electron leakage (blue dashed arrows)
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Fig.10 The J-V (a), luminance-V (b), and CE-J (c¢) characteristics for devices B and E. The inset in (a) is the linear J-V

plots of devices B and E
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