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Abstract—This letter reports on the effect of the triplet
energy (Er) of the hole-blocking layer (HBL) on triplet exciton
quenching between the emissive layer (EML) host and the HBL
of phosphorescent organic light-emitting diodes (PHOLEDs).
Using different EML hosts and HBLs having different E+’s and
electron mobilities, the effects of the E+’s of the HBL have been
analyzed. When the Er of the HBL is lower than that of the
EML host, the PHOLEDs show significant dependence of re-
duced device performances. PHOLEDs having a 3-(4-biphenylyl)-
4-phenyl-5-tert-butylphenyl-1,2,4-triazole = HBL show 65%
improved external quantum efficiency (EQE) at 500 cd/m? with a
4,4’ 4" -tris(IN -carbazolyl)-triphenyl-amine host than that with an
N,N'-dicarbazolyl-4-4'-biphenyl host, while PHOLEDs having
a 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline HBL show 41%
reduced EQE. To solve the remaining key issue of developing
highly efficient PHOLEDs, the E+ of matching the EML and the
HBL is extremely desirable and is also explored.

Index Terms—Phosphorescent organic light-emitting diodes
(PHOLEDsS), triplet energy of hole-blocking layer (HBL), triplet
quenching.

I. INTRODUCTION

HOSPHORESCENT  organic light-emitting diodes
P(PHOLEDs) have been widely investigated recently
because of their high potential to realize perfect 100% internal
quantum efficiencies [1], [2]. Recent research based on efficient
triplet exciton confinement and reducing the triplet exciton
quenching has reported many accomplishments [3], [4]. These
results are based on controlling the triplet excitons in the
emissive layer (EML) because they are the main emissive
substance in PHOLEDs. From these results, it is possible
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TABLE I
ENERGY LEVELS AND ELECTRON MOBILITY OF ORGANIC MATERIALS
Materials HOMO, LUMO E* Ezlectron mobility
(eV) (eV) (cm™/Vs, at 0.5MV/cm)

TCTA -5.7,-2.3 [3] 2.92[12]

mCP -5.9,-2.4 [4] 2.98 7]

CBP -6.1, -3.0 [5] 2.64 [6]

BCP -6.5,-3.0 [8] 2.58 [6] 5.5E-6 [10]

TAZ -6.6,-2.6 [9] >>2.76° 1.0E-6 [11]

TPBi -6.3,-2.9 [10] 2.70[12] 3.3E-5[10]

*Triplet energy taken from the onset wavelength of the phosphorescence
spectrum

YIn this work, the triplet energy was calculated as 3.26eV>E1>>2.76eV; see
the supplemental for further details.

to presume that reducing the triplet exciton quenching by
triplet-energy (Er) matching of the EML and the HBL or the
HTL (depending on the location of the emission zone) is most
important in achieving highly efficient PHOLEDs. Although
Lee et al. [4] have reported that the electron mobility of the
HBL is more important than its E7, it is not clear whether
the dependence of the Ep of the HBL on the triplet exciton
quenching at the EML/HBL interface is significant or not
because all HBLs have much lower Ep’s than the EMLs in
their device configurations.

This letter investigates the relationship between the Er of
the HBL and the triplet exciton quenching at the EML/HBL
interface. To make a systematic analysis, different EML hosts
and HBLs with different Er’s are prepared and studied in
detail.

II. DEVICE STRUCTURE

The energy levels, including the highest occupied molecu-
lar orbital (HOMO), the lowest unoccupied molecular orbital
(LUMO), and the E7’s of various organic materials, are pre-
sented in Table I.

The device structures of the two batches of PHOLED de-
vices, where each batch has three subdevices employing differ-
ent HBLs, are shown in Fig. 1. The main difference between
the two batches is the emissive host materials, namely, the CBP
(Er = 2.64eV) and the TCTA (E7 = 2.92¢V). In addition, to
prevent the triplet exciton quenching at the HTL/EML interface,

0741-3106/$26.00 © 2010 IEEE

Authorized licensed use limited to: Korea University. Downloaded on April 23,2010 at 07:48:56 UTC from IEEE Xplore. Restrictions apply.



PARK et al.: ENHANCED ELECTROLUMINESCENCE EFFICIENCY OF PHOLEDS

Batch 2.: TCTA host devices
(T-series)

Batch 1.: CBP host devices
(C-series)

Al (Cathode: 150 nm)

LiF (EIL: 0.8 nm)
Bphen (ETL: 25 nm)
HBL (15 nm)
TCTA:Ir(ppy); (EML: 25 nm)
mCP (ExBL: 10 nm)
TCTA (HTL: 10 nm)
NPD (HIL&HTL: 20 nm)

Al (Cathode: 150 nm)
LiF (EIL: 0.8 nm)
Bphen (ETL: 25 nm)
HBL (15 nm)
CBP:Ir(ppy); (EML: 25 nm)
TCTA (ExBL&HTL: 20 nm)
NPD (HIL&HTL: 20 nm)
ITO (Anode: 150 nm)

ITO (Anode: 150 nm)
I Glass Substrate I
I Glass Substrate l
Fig. 1. Device structures of the fabricated PHOLEDs.
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Fig. 2. Current density and luminance as a function of applied voltage for
(a) C-series and (b) T-series devices.

different exciton-blocking layers (ExBL) of the TCTA and
the mCP (Ep = 2.98 eV) for batch-1 and batch-2 devices,
respectively, have been applied to confine the triplet excitons
into the EML.

III. RESULTS AND DISCUSSION

Figs. 2 and 3 show the electroluminescence (EL) charac-
teristics of batch-1 devices (CBP host devices, C-series) and
batch-2 devices (TCTA host devices, T-series). The summarized
performances of devices are presented in Table II.

The overall EL characteristics depend on the HBL material.
From Fig. 2(a) and (b), in both of the C-series and T-series de-
vices, the driving voltages are increased on the order of TPBi <
BCP <« TAZ, in the same order of the electron mobilities and
the hole-injection barrier at the EML/HBL interface. Because
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Fig. 3. EQE as a function of current density for (a) C-series and (b) T-series
devices. The inset shows current efficiency as a function of applied voltage.

TABLE II
PERFORMANCE OF THE FABRICATED PHOLEDs BY HBLs

Efficiency BCP ‘ TAZ. TPBi
cd/A, EQE(%) cd/A, EQE(%) cd/A, EQE(%)

Coserics . Peak 362,126 352,11.7 337,113
at 500cd/m>  31.9, 10.6 17.7, 6.0 17.6,5.9

serics Peak 24.1,8.2 40.8,13.6 26.9,9.2
at 500cd/m?  23.3,7.9 32.1,10.7 26.9,9.2

a peak -35% +16% -19%
AEQE at 500cd/m? -41% +65% +33%

* AEQE = (T-series/C-series — 1)

the devices with a TAZ HBL have the highest carrier-injection
barriers at both of the hole-injection barrier of the EML/HBL
interface and the electron-injection barrier of the HBL/ETL in-
terface, the TAZ HBL has the highest driving voltage. From the
aforementioned result, it is seen that the carrier-injection barrier
determines the overall driving voltage of the fabricated OLEDs.
Comparing the C- and the T-series, the overall driving voltages
are increased in the T-series. These increased driving voltages
come from the increased electron- and hole-injection barri-
ers at the TCTA host/HBL interface (ALUMOrcTA_cBP =
0.7 CV, AHOMOTCTA_CBP =0.3 eV).

In Fig. 3(a), among the C-series devices, the overall ex-
ternal quantum efficiency (EQE) at the high-current-density
(> 20 mA/cm?) region are on the order of TAZ (3.26 eV >
Er>>276 eV)>TPBi (Er =270 eV)>BCP (Er=
2.58 eV), which suggests that they follow the order of the
E7, not the order of the electron mobility or the hole-injection
barrier at the EML/HBL interface. In contrast, PHOLEDs with
a BCP HBL show the highest EQE at low current densities
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(< 20 mA/cm?). These EL characteristics of the low-current-
density region depend more on the carrier-injection prop-
erty, i.e., the lowest electron-injection barrier of BCP at the
HBL/ETL interface results in the highest EQE at low current
densities.

In Fig. 3(b), the T-series shows a clearer dependence on
HBLs; the EQEs are on the order of the Ep that is the
same as for the C-series, but the differences between HBLs
are much bigger. However, the EQE of the T-series devices
(BCP and TPBi HBL) decrease more than that of the C-series
devices, except that the TAZ HBL devices show improved
characteristics in lower current densities (< 9 mA/cm?). The
BCP HBL device shows the greatest reduced peak EQE of
—35%, while that of the TPBi and TAZ devices are —19% and
+16%, respectively. The BCP and TPBi devices have lower
E'7 than the TCTA device. Thus, triplet quenching between the
TCTA host and the HBL is increased, and as a consequence, the
performances of the BCP and TPBi HBL devices in the T-series
are reduced. On the other hand, the TAZ has a higher £, which
is enough to confine the excitons into the EML, than the other
HBLs, thereby preventing triplet quenching between the EML
host and the HBL. As a result, the T-series TAZ HBL device
shows the highest improved performances in the lower current
density region (< 9 mA/cm?) among all of the C- and T-series
devices.

Because the TAZ HBL devices of the T-series show the
most improved EL efficiencies at lower current densities
(< 9 mA/cm?), the overall EQEs of all the T-series devices
(BCP, TAZ, and TPBi) in the high-current-density region
(>9 mA/cm?) are reduced. In addition, compared to the
C-series devices, the T-series devices show higher efficiency
roll-off that arises from the lower recombination rate re-
sulting from the disappeared electron-injection barrier at the
ExBL/EML interface in the T-series [4]. Because the mCP
ExBL has a slightly lower LUMO than the TCTA host, the
electrons could easily penetrate from the TCTA into the ExBL
without generating the excitons in the EML. Despite this effi-
ciency roll-off of the T-series devices, the effect of the Er level
of the HBL is clearly shown by the order of the EL efficiency.

IV. CONCLUSION

When the Ep of the HBL is lower than that of the EML
host, triplet quenching becomes the dominant nonemissive
quenching process. Considering the Er of organic materials:
comparing the CBP host devices with the TCTA host devices,
the TCTA host devices with BCP and TPBi HBLs show sig-
nificantly reduced peak EQEs (—35%, —19% reduced), while
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that of the TAZ HBL devices show a +16% improved EQE.
In particular, a luminance of 500 cd/m? for the TAZ HBL
device with the TCTA host shows the highest improved EQE
(465%) than that with the CBP host device, while the BCP
HBL device shows significantly reduced EQE (—41%) with
the TCTA host. These results suggest that the exciton-blocking
property of the HBL should be considered in developing highly
efficient PHOLEDs in order to prevent triplet quenching. The
matching of the Er of not only the HTL/EML interface but also
the EML/HBL interface is an important key issue in developing
highly efficient PHOLEDs.
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