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Factor Clarification of Initial Decay of OLED Devices with Blue Phosphorescent Emitters
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Abstract

Organic light-emitting diode (OLED) displays are now capa-
ble of practical use, and OLED lighting is expected to be the
next generation of lighting. In 2011, Konica Minolta commer-
cialized the world’s first all-phosphorescent OLED lighting
panel, the Symfos OLED-010K". In June of 2014, Konica
Minolta set a world record? when our white OLED prototype
achieved the highest luminous efficiency ever of 139 Im/W.

This high luminous efficiency, critical to practical applica-
tions, was achieved chiefly through the selection of the type
of phosphorescent material used. But OLED lifetime, just as
critical to practical applications, is still a problem with blue
phosphorescent OLEDs.

What is needed is a good balance between high luminous
efficiency and long lifetime. Striving for that balance, we
reported earlier that it can be achieved through a proper
combination of a light-blue phosphorescent emitter and the
host material® #. Although progress has been made, the life-
time of an OLED with a light-blue phosphorescent emitter
does not yet meet the demands of today’s market.

In this study, we analyzed changes in the physical proper-
ties of a thin film along with changes in the electrical charac-
teristics of an OLED device. We found that the initial decay of
the OLED correlates to a change in thickness of the electron
transport layer (ETL), and we succeeded in visualizing the
cause of the initial decay. We expect to improve blue phos-
phorescent OLED lifetime by using an electron transport
material (ETM) that has little change in thickness. We expect
our work will continue to advance the practicality and popu-
larity of OLEDs.
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Fig. 1 OLED layer structure and energy diagram.
(a) Layer structure of typical OLED device,
(b) Energy diagram, and
(c) Layer structure of the OLED device that was used in this study.
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Fig. 2 Layer structure of the electron-only device (EOD) used in our analy-
sis. Electrons, but not holes, are able to flow in the EOD, allowing
the evaluation of the stability of the ETM under electron flow.
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Fig. 3 I-V2 characteristics of an EOD. With this curve, electron mobility
can be obtained with mathematical formula (3-1) from the space
charge limited current (SCLC) region. Using an EOD, we evaluated
electron mobility, resistance value fluctuation, and a change of

layer thickness before and after applying the same current, up to
LT, of the OLED.
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Fig. 4 M-plots of an OLED device derived from impedance spectroscopy.
Each arch was derived from a different layer. The resistance and
capacitance of each layer can be calculated from the arch that
appears in the middle of each layer’s M-plot.
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Fig. 5 Using impedance spectroscopy, we measured the change in resis-
tance of each layer of our OLED device, before and after driving.
Only the resistance of the ETL increased significantly after driving,
indicating a change of conditions in the ETL. We took this change
as an index of the lifetime degradation of our OLED device.
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Fig. 6 Energy and electron transportin an OLED device. To reduce driving
voltage, the ETL must have (1) lower ALUMO (change in the low-
est unoccupied molecular orbital), and (2) higher electron mobility.
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Table 1 Material properties of five ETMs, including our own ETMs
(ETM-A to ETM-D). Our ETMs have higher T1 energy levels and
greater electron mobility than BCP (2, 9-dimethyl-4, 7-diphe-
nyl-1, 10-phenanthroline), which is commonly used as an ETM.
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Table 2 Properties of OLED devices using materials ETM-A through
ETM-D showed high EQE (external quantum efficiency) and low
DV (driving voltage), which were comparable to those of BCP.
However, lifetimes varied, especially in the initial period LT.

Device performance @ 2.5 mA/cm?
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Fig. 7 Initial decay slope and change in ETL resistance ratio at LTy. The
initial decay slope showed excellent correlation with the ETL resis-
tance ratio before and after driving. This figure indicates that
change in the ETL affected the initial lifetime of the OLED device,
and that the initial lifetime could be extended if change in resis-
tance was suppressed. (LT, initial resistance immediately after
application of current. LTy, resistance at 90% luminance.)
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Fig. 8 Initial decay slope and change in ETL thickness measured by XRR
(X-ray reflection). The thickness of the ETL decreased after driving,
and the smaller the change in thickness, the smaller the initial
decay slope.
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