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Figure S1. Energy-level diagram of a Pe-LED. These energy levels are taken from refs. 
S1 and S2.
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Figure S2. EL spectra measured under positive-voltage application to Pe-LEDs.

450 500 550 600 650
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4
N

or
m

al
iz

ed
 E

L 
in

te
ns

ity
 

(a
rb

itr
ar

y 
un

its
)

Wavelength (nm)

Voltage (V)
 3
 4
 5
 6



S4

Figure S3. Current density–luminance curve of Pe-LEDs under device operation with 
positive voltages.
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Figure S4. PL spectra measured when negative voltages were applied to Pe-LEDs under 
365 nm photoexcitation.
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Figure S5. Energy-level diagrams of (a) EODs and (b) HODs. These energy levels are 
taken from refs. S1–S5.
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Figure S6. J–V characteristics of EODs and HODs measured under the positive-voltage 
application.
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Figure S7. PL spectra measured from (a) EODs and (b) HODs under 365-nm 
photoexcitation and positive-voltage application.
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Figure S8. Original EQE–J curves of Pe-LEDs with different thicknesses of the TPBi 
ETLs.
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