
23.2 / K. Nishimura 

23.2: New Green and Red Phosphorescent Host Materials 
for Highly-efficient and Long-lifetime OLEDs 

Kazuki Nishimura, Yuichiro Kawamura, Tomoki Kato, Masaki Numata, Masahiro Kawamura, 
Toshinari Ogiwara, Hiroshi Yamamoto, Toshihiro Iwakuma, Yukitoshi Jinde  

and Chishio Hosokawa 
Electronic Materials Department, Idemitsu Kosan Co., Ltd., 1280 Kami-izumi, Sodegaura, 

Chiba, 299-0293, Japan 

Abstract 
We successfully found new phosphorescent host materials. Red 
host material PRH-01 with a red phosphorescent emitter achieved 
very high performance of 4.9 V, current efficiency of 20.2 cd/A 
and half lifetime of 150,000 hrs at an initial luminance of 1,000 
cd/m2. We designed new molecular structure of green host 
material focusing on electron transport property and newly 
developed material PGH-01 achieved very high performance of 
5.3 V, 71.9 cd/A and half lifetime of 150,000 hrs at an initial 
luminance of 1,000 cd/m2. It was confirmed by simulation that 
these host materials have great potential to reduce power 
consumption of full-color OLED displays. We also studied hybrid 
white OLEDs with combining the latest blue fluorescent material 
and the phosphorescent materials. High luminous efficacy of 
about 30 lm/W and long lifetime over 200,000 hrs at an initial 
luminance of 1,000 cd/m2 without any light outcoupling structure 
were successfully obtained. 

1. Introduction
Full-color Active-Matrix Organic Light Emitting Diode 
(AMOLED) displays have been rapidly developed and 
commercialized by some companies in 2007 [1]. In addition, 
some development projects for highly-efficient OLED lighting are 
now energetically proceeding in Europe. One of the main issues in 
order to glow the commercial market of OLEDs is the 
achievement of comparable power consumption to existing 
devices such as LCD or LED. 
Fluorescent emitting materials are mainly selected in practical 
OLEDs in the point of lifetime issue. The efficiency of fluorescent 
OLEDs has been successfully improved in some groups [2], and 
possibility to the further improvement such as triplet recycling by 
triplet-triplet annihilation process [3] has been reported. However 
the limit of the internal quantum efficiency of fluorescent OLED 
is less than phosphorescent one in principle because of the 
generation ratio of singlet/triplet exciton. Therefore it is very 
important for the improvement of power consumption of OLEDs 
to develop phosphorescent OLEDs with high efficiency and long 
lifetime. 
We have already reported a newly developed phosphorescent host 
material PRH-01 for red OLEDs [4]. In this report, we mention 
about the latest performance of phosphorescent red device 
combining PRH-01 with a red emitter. Very high performance, 
driving voltage of 4.9 V, current efficiency of 20.2 cd/A and half 
lifetime of 150,000 hrs at an initial luminance of 1,000 cd/m2 
were successfully achieved. At the same time, we designed new 
molecular structure of phosphorescent green host material 
focusing on the electron transport property of emitting layer. 
Newly developed material PGH-01 also achieved very high 
performance of 5.2 V, 71.9 cd/A and 150,000 hrs at an initial 
luminance of 1,000 cd/m2. In order to estimate the contribution of 

these host materials to the reduction of power consumption of 
full-color OLED displays, we estimated power consumption of 
2.0" QVGA full-color OLED by utilizing optical simulation. It 
was confirmed by the simulation that these host materials have a 
great potential to reduce power consumption. 
Furthermore we studied hybrid white OLEDs with stacking the 
latest deep blue fluorescent material and these phosphorescent 
materials. High luminous efficacy of about 30 lm/W and long 
lifetime over 200,000 hrs at an initial luminance of 1,000 cd/m2 
without any light outcoupling structure were successfully 
obtained. 

2. Results and Discussions
2.1. Phosphorescent red host material
In 2008 we reported a new red phosphorescent host material 
PRH-01 which shows lower driving voltage and longer lifetime 
than conventional materials such as Zn-chelate derivatives or 4,4’-
N,N-bis(carbazolyl)biphenyl (CBP) [4]. The obtained device 
performance was driving voltage of 5.2 V, current efficiency of 
10.4 cd/A and half lifetime of 72,000 hrs at an initial luminance of 
1,000 cd/m2 with the device structure as follows.  
   ITO/HT/HT-1/PRH-01:RD/ET-1/LiF/Al 
RD was a conventional red phosphorescent emitter and ET-1 is an 
electron transport material with high electron mobility developed 
for fluorescent OLEDs.  
However the performance was less than the latest fluorescent 
OLEDs. Therefore we studied the improvement of performance 
by combining PRH-01 with new red emitter (RD1). The device 
structures were as follows; 
   ITO/HT/HT-1/PRH-01:RD1/HBL/ET/LiF/Al 
The initial performance and half lifetime at an initial luminance of 
1,000 cd/m2 were summarized in Table 1. According to our 
empirical acceleration factor of 1.85th power, the lifetime values 
were estimated from the luminance decay curve at an initial 
luminance of 10,000 cd/m2 as shown in Figure 1. 

Table 1. Device performance of red OLEDs with PRH-01. 
Initial performance was at a luminance of 1000 cd/m2. 

EML HBL ETL Voltage
(V)

CIE
(x, y)

L/J
(cd/A)

EQE
(%)

Half lifetime
@1,000cd/m2

(hr)
PRH-01:RD none ET-1 5.2 (0.68, 0.32) 10.4 13.7 72,000

PRH-01:RD1 none ET-1 4.1 (0.67, 0.33) 19.2 18.6 87,000
PRH-01:RD1 HBL ET-1 4.6 (0.67, 0.33) 19.7 18.9 110,000
PRH-01:RD1 HBL ET-2 4.9 (0.67, 0.33) 20.2 19.5 >150,000
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01 at an electric field of 0.25 MV/cm were 10-6 cm2/Vs (hole) and 
6×10-4 cm2/Vs (electron). 
We evaluated the device performance with PGH-01. The device 
structure was; 
   ITO/HT/HT-1/Host:GD/HBL/ET/LiF/Al. 
The performance of PGH-01 was also shown in Table 2. PGH-01 
achieved high current efficiency of 71.9 cd/A at 1,000 cd/m2 (67.4 
cd/A at 10 mA/cm2) and long lifetime of over 150,000 hrs by 
combining with ET-1. The acceleration factor of 1.7th power was 
used. High efficiency and long lifetime indicate that the triplet 
exciton and carrier were successfully confined in the EML by 
applying PGH-01 as the host. Figure 3 shows the lifetime test 
results of green devices at an initial luminance of 10,000 cd/m2. 
We consider that degradation of ETL by hole was drastically 
decreased by using electron transport host material. 

2.3. Performance simulation of full-color 
display 

We estimated power consumption of full-color OLED displays 
with the newly developed host materials in order to confirm the 
effect on reduction of power consumption. Specifications of 
estimated display panel are as follows; Panel structure:2.0" 
QVGA and top emission type with polarizer (T = 45%), 
brightness:300 cd/m2 (100% ON, Aperture ratio 40%), color 
coordinate of white: (0.31,0.32), NTSC ratio:100% and operating 
voltage 5 V (R, G, B). Each pixel luminance is 565 cd/m2 (blue), 
3006 cd/m2 (green) and 1429 cd/m2 (red). The CIE coordinate and 
current efficiency of each pixel was estimated by optical 
simulation method by using experimental results of bottom 
emission devices [5]. 
Estimated results were summarized in Table 3. It was confirmed 
that both PGH-01 and PRH-01 can contribute the reduction of 
power consumption by 50 mW compared to the case of all 
fluorescent type display. However, the half lifetime of 
phosphorescent green pixels was estimated to be about 25,000 hrs 
which was much shorter than fluorescent green pixels of 126,000 
hrs. Furthermore, the lifetime of fluorescent blue pixel was the 
shortest and power consumption of that was the largest. In future 
we must try to improve materials for both phosphorescent green 
and fluorescent blue and contribute to the improvement of OLED 
display performance. 
 
Table 3. Estimated results of 2.0" QVGA display 
performance. The power by TFT is not included. 

CIEx CIEy L/J
(cd/A)

Voltage
(V)

Power
(mW)

Half
lifetime

(hr)
All fluorescence

Blue 0.13 0.08 5.1 5 91 19,000
Green 0.21 0.69 37.1 5 67 126,000
Red 0.67 0.33 20.8 5 57 230,000

total 215
Blue:Fluorescence, G,R:Phosphorescence

Blue 0.13 0.08 5.1 5 91 19,000
Green 0.24 0.71 77.5 5 32 25,000
Red 0.67 0.33 26.9 5 44 >600,000

total 167   
 

Table 4. Device performance of fluorescent blue device and 
phosphorescent red/green stacked devices (type A, B) at  
10 mA/cm2.   

Device Voltage
(V) 

CIE 
(x,y) 

L/J 
(cd/A) 

EQE 
(%) 

Blue 4.9 (0.14, 0.11) 6.6 6.8 

R/G type A 3.9 (0.45, 0.53) 43.9 15.7 

R/G type B 3.9 (0.41, 0.57) 66.5 20.1 
 
Here it should be noted that the estimated structure in this paper 
was no optimized one and the joint development between Sony 
and Idemitsu has already contributed to highly efficient and long 
lifetime fluorescent deep blue device with optimized structure [6]. 
 

2.4. Fluorescent/phosphorescent-stacked 
hybrid white OLEDs 

In recent years we have developed all fluorescent type white 
OLEDs and achieved very high efficiency of over 16 lm/W and 
long lifetime of 88,000 hrs at 1,000 cd/m2. However the external 
quantum efficiency of the device has reached to 8.4%, which is 
close to the limit of all fluorescent system in principle, and further 
improvement of efficiency has been desired in order to improve 
performance of white with CF full-color display or OLED lighting 
system. 
Therefore, we studied both fluorescent and phosphorescent 
stacked hybrid white OLEDs with PGH-01, PRH-01 and the latest 
fluorescent blue materials. The performance of fluorescent blue 
material used for the white OLEDs is CIE coordinate of (0.14, 
0.11), voltage of 4.9 V, current efficiency of 6.6 cd/A and EQE of 
6.8% at 10 mA/cm2. Desirable color coordinate of red/green 
phosphorescent device was estimated to be (0.44, 0.53) in order to 
achieve good white color by combining with (0.14, 0.11) of blue. 
We developed two types of phosphorescent red/green stacked 
devices type A and B as shown in Table 4. We note that both 
green and red phosphorescent emitters in white OLEDs are 
conventional materials. Type A device achieved the CIE 
coordinate of (0.45, 0.53) which is very close to the ideal value 
for white. The color of type B turned slightly greenish but the 
EQE of over 20% was observed. 
Finally we made some trial fabrications of hybrid white OLEDs. 
We developed two types of hybrid white OLEDs type I and II that 
are based on Type B structure for the red/green component due to 
its high EQE. The estimated device performances at a luminance 
of 1,000 cd/m2 without any light outcoupling structure were 
summarized in Table 5. Lifetime was estimated from the results at 
an initial luminance of 10,000 cd/m2 by using the acceleration 
factor of 1.7th power (Figure 6). 
 
Table 5. Device performance of hybrid white OLEDs  
(type I, II) at 1,000 cd/m2. 

Structure CIE 
(x, y) 

Efficacy 
(lm/W) 

Lifetime 
(hr) 

Type I (0.37, 0.40) 27.4 >200,000 

Type II (0.32, 0.42) 35.8 94,000 
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