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Abstract 
We report white OLED with high color temperature 
based on simple stacked structure for medical display 
applications. White OLED was fabricated with two 
emitting materials of fluorescent blue dopant and 
phosphorescent yellow dopant. We achieved luminance 
efficiency of 16.2cd/A and CIE color coordinates of 
(0.305, 0.317) at 10mA/cm2. In particular, the correlated 
color temperature was higher than 7,000K, enough for 
display applications. 

 
 

1. Introduction 
 

White organic light-emitting diode (WOLED) has 
been intensively researched in academic and business 
areas for large-sized display[1][2] and lighting 
applications.[3][4] For the lighting application, people 
have focused on WOLED devices showing warm 
white color with higher luminance efficiency up to 
100 lm/W by incorporating outcoupling sheets.[5] 
However, for the full color display applications, it is 
demanded that WOLED displays cool white color 
whose color temperature is more than 6,500K. It is 
because the power consumption becomes decreased as 
the color point of WOLED approaches the white point 
targeted for the display panel.[6]  

As a new application of WOLED, we pay attention 
to white-and-black (W/B) panels with ultra high 
resolution used for diagnostic equipments such as 
MRI, CT and X-ray. Compared to TFT-LCD prevalent 
in the medical display market, WOLED has the 
advantages of not only high contrast ratio but also 
luminous gradient at both low and high gray scales, 
which are key requirements for diagnostic display 
panels. In addition, WOLED for white and black 
panels does not need fine metal mask and color filter 
(CF), so that the manufacturing process can be more 
simplified.  

In this work, we have developed WOLED with high 
color temperature for medical display applications in a 
simple structure. The WOLED adopted two light 
emitting layers (EML) i.e., fluorescent blue EML and 
phosphorescent yellow EML between which an 
interlayer intervenes in order to balance charge 
distribution 

 
 

2. Experimental  
 

We fabricated the WOLED on glass substrate 
coated with 500Å indium-tin oxide (ITO). The surface 
of the substrate was treated with oxygen plasma. All 
organic layers were deposited in high vacuum 
chamber (under 1x10-7torr) by thermal evaporation.  
500Å aluminum was vacuum deposited on 10Å LiF 
for cathode. During the deposition, the thickness and 
doping concentrations of layers were controlled with 
an in-situ thickness monitor of ULVAC CRTM 9000. 

Electroluminescence (EL) properties of the device 
were measured using PR655 SpectraScan 
spectrometer and Keithely 236 source measure unit. 
The color was reported using CIE (Commission 
Internationale de l’Eclairage) coordinates. External 
quantum efficiency (EQE) was calculated with the 
assumption of Lambertian emission. Lifetime was 
measured using lifetime measurement system at a 
constant current density. 
 

 
3. Results and discussion 

 
Before fabricating WOLED devices with 

fluorescent blue and phosphorescent yellow dopants, 
we optimized device structure of the yellow mono-
color OLED which is built up in the order of 
ITO/HIL/HTL/Y-EML/ETL/EIL/Al. To control CIE 
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color coordinates of the yellow OLED, we changed 
the thickness of the hole transport layer (HTL) from 
850 to 1250Å. As the HTL thickness increases, the EL 
spectrum of the yellow OLED moves toward longer 
wavelength, shown in Figure 1. The inset in Figure 1 
illustrates CIE coordinates go to larger x, and smaller 
y, finally (0.463, 0.528) for 1250Å. The yellow OLED 
shows the luminous efficiency of 64cd/A. Such a shift 
in EL spectra and color point can be explained by the 
weak cavity effect.[2] The CIE coordinate of yellow 
OLED device with HTL thickness of 1250Å is 
suitable for matching our blue EML in order to obtain 
WOLED displaying cool white. 

Regarding blue EML, we tested two different blue 
dopants, normal blue and deep blue, in order to 
investigate the effect of the blue color on the CIE 
color coordinate of the WOLED. CIE of the normal 
blue dopant is (0.14 0.15) and that of the deep blue is 
(0.14 0.11). 

Figure 2 represents our WOLED structure 
involving fluorescent blue EML and phosphorescent 
yellow EML. The WOLED has the following 
structure of layers: ITO/HIL/HTL/blue-EML/ 
Interlayer/yellow-EML/ETL/LiF/Al. The interlayer is 
adopted to control exciton formation ratio of the two 
emitting layers. 

First, we discuss the case of the WOLED using the 
deep blue dopant. In order to obtain cool white, we 
attempted to change the HTL thickness in the 
WOLED structure from 950Å to 1550Å. As shown in 
Figure 3(a), the EL spectra of our WOLED have the 
two peaks located in the blue and yellow regions. 

With the HTL thickness increasing, the blue peak in 
the EL spectra increases while the yellow peak 
decreases. Figure 3(b) illustrates change in the color 
point of the WOLED devices with four different HTL 
thicknesses. Owing to the variation of the EL spectra 
by the HTL thickness, the color point moves toward 
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Figure 1. Normalized EL spectra of yellow device
with the various HTL thicknesses at 10mA/cm2. As 
the HTL thickness is raised, the EL spectrum of 
the yellow device moves toward longer wavelength.
The inset shows the shift of the CIE color
coordinates according to the thickness of HTL. 
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Figure 2. Schematic of WOLED 
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Figure 3. (a) EL spectra of the WOLED and (b) 
color coordinate of the WOLED with various 
HTL thickness conditions. 
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the lower x and the lower y, which results in the 
higher correlated color temperature.  

EL Properties of the WOLED with variation of HTL 
thickness is summarized in Table 1. As HTL thickness 
increases, the luminous efficiency decreases while 
CIE coordinate moves to cool white region. When we 
fabricated the device with HTL of 1550Å, the CIE 
color coordinate becomes (0.305, 0.317) which 
corresponds the color temperature of 7,080K, and the 
luminous efficiency of the WOLED device turns into 
16.1cd/A. 

To explain such variations in the EL spectra and the 
color points by the HTL thickness, two possible 
factors can be considered. The first possibility is that 
the increase of HTL makes the hole transfer into EML 
delayed, resulting in the relative decrease of the 
exciton formation in the yellow EML region. The 
other possibility is that the increase of HTL thickness 
enhances microcavity effect for the blue peak. We 
need more considerations in the view point of 
electrical and optical characteristics. 

In regard to the WOLED having the normal blue 
dopant, we optimized the device structure with similar 
scheme used in the case of the deep blue dopant. The 
performance of the two WOLEDs is compared in 
Table 2, and the EL spectra are displayed in the inset 
of Figure 4. WOLED with the normal blue dopant 
shows higher luminous efficiency, but has higher 
CIEy value which means greenish white light is 
emitted. Thus, adopting the deep blue dopant for 
WOLED has an advantage in achieving more cool 
white color.  

Figure 4 describes such behavior in more detail. 
Color points of the two blue dopants and yellow 
dopant are denoted with open circles. Two lines 
connecting yellow point and one of blue points are 
drawn. WOLED including the two dopants gets the 
color point located only on the line linking the two 

circles. In Figure 4, the curve of color point for 
blackbody radiation relying on the temperature is 
overlaid. It is found that the line for the deep blue and 
yellow dopants is located closely to the curve above 
6,000K. It is critical to choose appropriate dopants in 
two colors WOLED. Our combination of the deep 
blue and the yellow dopants is most suitable for 
WOLED with higher color temperature.   

Initial lifetime such as LT97 is very important for 
medical display applications, due to image sticking. 
Lifetime of our WOLED with high color temperature 

Table 1. EL Property of WOLED with variation of
HTL thickness at 10 mA/cm2 

Table 2. EL Property of WOLED with different
blue dopant at 10mA/cm2 
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Figure 4.  CIE coordinates of three dopants used 
in this study; deep blue, normal blue, and yellow 
dopants are denoted with blue, red, and black 
circles, respectively. Blue line (solid) is connecting 
deep blue and yellow points, and red line (dot) is 
connecting normal blue and yellow points. Inset: 
EL spectra of the WOLED. 
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Figure 5. Lifetime of WOLED at a constant 
current density of 25mA/cm2 
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is shown in Figure 5. Lifetime was extrapolated from 
accelerated measurement conditions where the 
WOLED was driven at the constant current density of 
25mA/cm2. LT97 of our WOLED is estimated 890 hrs 
at 1000 nit. If we consider a 20.7” W/B panel with 5 
megapixels (QSXGA: 2560 x 2048), it is estimated 
that we could achieve aperture ratio more than 45% in 
bottom emission. Thus, 1000nit of the area device is 
equivalent to about 200nit of the panel integrated with 
a circular polarizer. 
 
 

4. Summary 
 

We demonstrated a method to obtain white organic 
light-emitting diode with simple structure process and 
high color temperature. By optimizing the layer 
structure in the WOLED adopting two EMLs of 
fluorescent blue and phosphorescent yellow, we 
achieved the luminance efficiency of 16.2cd/A and 
external quantum efficiency of 8.2% with CIE (0.305, 
0.317) and color temperature of 7,080K at 10mA/cm2. 
This suggests the possibility that our WOLED system 
will be able to be applied to the specialized medical 
display applications. 
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