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Abstract 

High efficiency deep blue and pure white 

phosphorescent organic light emitting diodes were 

developed using a new deep blue phosphorescent 

dopant, tris((3,5-difluoro-4-cyanophenyl)pyridine) 

iridium (FCNIr). A high quantum efficiency of 

9.1 % with a color coordinate of (0.15, 0.16) at 

1,000 cd/m2 was obtained in the deep blue device 

and a high quantum efficiency of 15.2 % with a 

color coordinate (0.30, 0.32) was obtained in the 

pure white organic light-emitting diodes. The 

quantum efficiency of the pure white device is the 

best quantum efficiency value reported in the pure 

white device up to now. 
 

 

1. Introduction 

 

There have been many studies about high efficiency 

white organic light emitting diodes (WOLEDs) for 

lighting and display applications. Sharp red/green/blue 

emission peaks are required for display applications 

with a color coordinate around (0.31, 0.31). Therefore, 

high efficiency pure blue device is necessary to 

achieve high efficiency in pure color WOLEDs for 

display applications.  

To extract pure blue emission peaks from the 

WOLEDs, deep blue materials should be used. The 

most effective method to get the deep blue emission in 

the WOLEDs is to apply deep blue fluorescent 

emitting materials. However, it is difficult to improve 

the light-emitting efficiency of the fluorescent blue 

based WOLEDs due to intrinsic low efficiency of 

fluorescent materials even though a triplet harvesting 

using the fluorescent blue materials have been known. 

Therefore, deep blue phosphorescent materials have to 

be adopted in the WOLEDs to improve the efficiency 

and to realize pure white emission. 

In this work, high efficiency deep blue 

phosphorescent organic light-emitting diodes 

(PHOLEDs) and pure color WOLEDs were developed 

by using a deep blue phosphorescent dopant, tris((3,5-

difluoro-4-cyanophenyl)pyridine) iridium (FCNIr).  

 

 

2. Experimental  
 

Deep blue PHOLED structure used in this work was 

indium tin oxide(ITO, 150 nm)/N,N’-dipenyl-N,N’-

bis-[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4’-

diamine(DNTPD, 60 nm)/N,N'-di(1-naphtyl)-N,N'-

diphenylbenzidine(NPB, 20 nm)/N,N’-dicarbazolyl-

3,5-benzene(mCP, 10 nm)/mCP:FCNIr(30 nm, 15%)/ 

electron transport layer(ETL)/LiF (1 nm)/Al(200 nm). 

The devices were named as Device I with a 2,9-

dimethyl-4,7-diphenyl-1,10-phenanthroline(BCP, 5 

nm)/tris(8-hydroxyquinoline) aluminium(Alq3, 20 nm) 

as an ETL and Device II 4,7-diphenyl-1,10-phenan-

throline (BPhen, 20 nm) as an ETL. The pure white 

device configuration of ITO/poly-3,4-ethylenedioxy-

thiophene:polystyrenesulfonate(PEDOT:PSS, 60 nm)/ 

NPB(20 nm)/mCP(10 nm)/mCP:FCNIr(x nm, 15%) 

4,4’,4”-tris(N-carbazolyl)triphenylamine (TCTA):1,3,5- 

tris-(N-phenylbenzimidazole-2-yl)benzene (TAZ): iri-

dium(III) tris(2-phenylpyridine) (Ir(ppy)3): iridium(III) 
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bis (2-phenylquinoline) acetylacetonate (Ir(pq)2acac) 

(30-x nm)/ nm)/4,7-diphenyl-1,10-phenanthroline (BPhen, 

20 nm)/LiF(1 nm)/Al(200 nm). Doping concentration 

of Ir(ppy)3 and Ir(pq)2acac were 10% and 0.7 %. The 

relativeratios of TCTA and TAZ in red:green emitting 

layers were 75:25 and the thickness of the blue 

emitting layer (x) was varied as 10, 15, 20 nm. Three 

devices were named as device III, device IV and 

device V respectively. In addition, device VI with 

TCTA between the NPB and mCP hole transport layer 

was also fabricated. Chemical structure and the device 

structures shown in Fig. 1. Electroluminescence(EL) 

characteristics and EL spectra of WOLEDs were 

measured with Keithley 2400 source measurement 

unit and CS 1000 spectrophotometer.  

 

 

 

 

 

 
Fig. 1. Chemical structures of the materials and 

device structures in this work. 

 

 

3. Results and discussion 

 

The deep blue PHOLEDs current density-voltage, 

efficiency-current density curves shown in Fig.2. 

Device II shows higher current density than device I. 

High electron mobility of BPhen leading to high 

current density at the same voltage. High electron 

mobility of BPhen can be beneficial to the quantum 

efficiency in hole transport type mCP based devices. 

Deep blue PHOLEDs with BPhen ETL performances 

were studied according to doping concentration. 

FCNIr 15% doped device shows high quantum 

efficiency of 9.1%. 
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Fig. 2. (a) Current density-voltage (b) quantum 

efficiency-current density curves (c) 

electroluminescence spectrum of blue single 

emitting layer devices 

 

Pure color WOLEDs were fabricated using the deep 

blue emitting FCNIr phosphorescent dopant materials. 

A red: green emitting layer was stacked on the deep 

blue emitting layer as shown in Fig 1. A mixed host of 

TCTA:TAZ was used as a host in the red:green 

emitting layer and common Ir(ppy)3 and Ir(pq)2acac 

were used as phosphorescent dopant materials. Fig 3a 

shows current density-voltage curves of pure color 

WOLDEs. The current density of the WOLEDs was 

dependent on the thickness of the blue and red:greed 

emitting layers. The device III with 10 nm thick blue 

emitting layer showed the highest current density, 

while the device V with 20 nm thick blue emitting 

layer showed the lowest current density. As the 
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thickness of the blue emitting layer increased, the 

current density was decreased. The low current 

density in the device with thick blue emitting layer is 

due to low electron mobility of the mCP layer 

In addition, device VI with TCTA interlayer 

exhibited higher current density than device IV 

without TCTA interlayer due to facilitated hole 

injection. The HOMO level gap between the NPB and 

mCP is 0.6 eV and the insertion of the TCTA can 

reduce the energy barrier, enhancing the hole density 

in the emitting layer. 

Table 1 summarized the current density, the effi-

ciency and the color coordinates of WOLEDs. There 

was a red shift of color coordinate and pure white 

color was obtained in the device IV with 15 nm thick 

blue emitting layer. The device structure was further 

optimized and a max quantum efficiency of 15.5 % 

was archived in the device VI with NPB/TCTA hole 

transport layer instead of NPB. The quantum 

efficiency of the pure color WOLED was 15.2 % at 

1000 cd/m2 and current efficiency was 27.9 cd/A. 
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Fig. 3. (a) Current density-voltage (b) quantum 

efficiency-current density  

 

 

4. Summary 

 

High efficiency deep blue devices could be developed 

using the FCNIr dopant and the world best high  

Table 1. Summary of WOLEDs characteristics 

 in this work. 

Blue EML 

thickness 

Quantum efficiency 

(%) at 1000 cd/m2 

Current efficiency 

(cd/A) at 1000 cd/m2 

Color 

coordinate 

10 nm 13.1 24.8 0.35, 0.34 

15 nm 11.4 20.5 0.32, 0.31 

20 nm 11.0 20.3 0.28, 0.31 

15 nm, 

TCTA HTL 
15.2 27.9 0.30, 0.32 

 
 

efficiency pure color WOLEDs were developed by 

combining red, green and the new deep blue 

phosphorescent emitting FCNIr dopant materials. The 

quantum efficiency of 15.2 % and the current 

efficiency 27.9 cd/A in the pure white device are the 

world record values as the efficiency of pure white 

devices for display applications without any tandem 

structure. Old record for the quantum efficiency in the 

pure white device was 22.0 cd/A. This work is 

important because we showed that high efficiency 

deep blue device could be fabricated using the new 

phosphorescent material and it was useful to improve 

the quantum efficiency of pure white OLEDs. We 

obtained world best quantum efficiency value in the 

pure white OLEDs.  
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