
Abstract
We demonstrate a high color gamut liquid crystal 
display (LCD) system (>100 %) by using a pre-
compensated tri-chromatic LED-backlight module 
over a temperature range of (25 to 70 oC), whose 
pre-compensated optical characteristic balances 
the spectral redshift and intensity decrease due to 
the temperature rising during operation.

1. Introduction

Using light-emitting diodes (LEDs) as the backlight 
of the liquid crystal display (LCD) has attracted a lot 
of attention due to the advantages of longer lifetime, 
lower voltage driving, and faster response time, 
compared to the conventional backlight module, cold 
cathode fluorescence lamp (CCFL). Optical 
characteristics of these backlight sources have to be 
optimized to match color filter (CF) spectrum.  As 
shown in Fig.1, the full width of half maximum 
(FWHM) of the emission spectrum of an individual 
LED is about 30 nm, which is much narrower than 
that of the CF, 80 nm, which provides a higher color 
gamut of LCD, compared with the conventional 
CCFL backlight with a continuous white-light 
spectrum [1]. 

The color gamut would be determined by the 
spectral match between the backlight and CF.  
Although red, green, and blue (RGB) LEDs has 
narrower spectra which match CF spectra better than 
CCFL, but the cross talk between RGB pixels 
decreases color gamut. For instant, B-CF spectrum 
covers a portion G-LED spectrum, which is a cross 
talk between GB pixels, decreasing color gamut of 
LCD system. 

Besides, the junction temperature of the LEDs 
increases which red-shifts the peak wavelength, 
decreases the optical intensity, and broadens the 
spectrum during operation [2-4]. It not only decreases 

the luminance, but also changes the color temperature 
(CT) and color gamut (in terms of National television 
System Committee (NTSC) value) of the LCD display 
system. In this paper, we have demonstrated a design 
rule to maintain the high NTSC over the temperature 
range of 25 to 70 oC by pre-compensating the spectral 
red-shift of the LEDs without any extra cost for 
heatsink design to get the stable color performance of 
LCD system. 
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Fig.1. spectra for color filter (RGB line), RGB 
LEDs and CCFL (dash line). 

2. Experimental Setup 

Experimental setup are shown in Fig.2, which 
includes a LED backlight module, temperature control 
system (TCS), a color LCD panel, a programming 
multi signal generator (VG-828), and a spectral sensor 
(Konica Minolta CS1000). The LED backlight module 
is fabricated with Lumileds Luxeon DCC light 
sources mounted on a cooper base, angular reflectors, 
folded mixing light guide, diffuser films and 
brightness enhance films, etc. This configuration of 
backlight module is the same as Ref. 4 and an 
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additional temperature controlled system, cooper pipe, 
mounted on the cooper base with a water recycle 
machine, which can heat or cool backlight module to 
achieve the anticipative temperature. The operation 
current of all R-LEDs are 385 mA at 2.2V and GB-
LEDs are 350 mA at, respectively. Brightness of RGB 
LEDs can be adjusted by using a pulse width 
modulation (PWM) chip to change their on-off 
frequency individually [3]. The mixed light of RGB-
LEDs was switched by the LC cell controlled by 
VG828. After passing through the CF, the final 
transmitted light is detected by CS1000 with 2o solid 
angle in front of panel at 1m to obtain luminance and 
CIE coordinates. The operation module temperature 
would also be set at expected temperature with small 
variation by TCS under experimental process. 
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Fig.2. Experimental setup for measuring color 
performance of LCD with tri-chromatic LED b
acklight

Fig. 3 shows the measured wavelength shifts and 
intensity variations with different temperatures. We 
can note the spectral redshifts and intensity decreases 
with increasing the module temperature. The slope of 
peak wavelength shift for RGB LEDs is 3.93nm, 
0.93nm and 1.22nm per 30oC and the intensity decay 
rate is 17.95%, 5.17% and 6.39% per 30oC linearly 
corresponding to module temperature. The full width 
half wave maximum (FWHM) of red, green, and blue 
LEDs are 22, 38 and 27nm, respectively.  
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Fig. 3. RGB-LEDs thermal optical characteristic, 
emitted intensity decay and peak wavelength shift  

3. Results and discussion 

The color performance of LCD with tri-chromatic 
LEDs can simulated with CIE 1931 xyY color system. 
Spectrum of S( ), emitted from display, can be 
calculated with the tristimulus power distribution X( ),
Y( ), and Z( ) to yield three scalar values X, Y, and Z 
values which determine x and y value. Color gamut of 
display can be calculated from x y of RGB images 
individually as follow equation: 

%100
rbbggr

rbbggr

xyxyxy
yxyxyx     (1) 

With slightly shifting emission wavelengths (+/-5 
nm), it is reasonable to assume the temperature 
dependences on optical intensity and spectral shift are 
identical to the measurement results as shown in Fig. 
3 since the emission wavelength of LEDs can be 
easily tuned by slightly changing the composition and 
layer thicknesses while the temperature dependence is 
not so sensitive to the two parameters, but to the 
material systems.  

Fig.4 shows the simulation results with different 
LED peak wavelengths shown in Table I. Case 1, 2 
and 3 are in the order of LEDs peak wavelength from 
shortest to longest. We can see that case2 has the 
maximum color gamut 102% and minimum variation 
3% over module temperature range from -20 to 100oC.
With rising temperature, case3 has the decreasing 
trend of color gamut and its maximum peak 
102%NTSC happens at 10oC. That means the extra 
expensive cost of heat sink to make this module 
temperature cool down to 10oC, otherwise the color 
performance of display is getting worse with rising 
temperature. Case 1 has an increasing trend, and its 
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maximum peak 102% NTSC happens at 70oC.  

Table1. Three simulation peak wavelength series of 
RGB-LEDs 

peak wavelength case 1 case 2 case 3
lp(R-LED) (nm) 640 643.93 647.86
lp(G-LED) (nm) 521 521.93 522.86
lp(B-LED) (nm) 461 462.22 463.44

The simulation results mention the optical 
characteristic for temperature relative color gamut 
variation of LCD can be anticipated and controlled by 
choosing peak wavelength and FWHM of tri-
chromatic LEDs and this LCD display is suitable 
applied in any abominable climate with best color 
performance by well setting LED’s pre-shifting peak 
wavelength.  
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Fig. 4. Calculated color gamut variations for  
three case tri-chromatic LEDs backlight spectrum 
with different temperatures. 

Fig.5 (a) and (b) shows the experimental results for 
two tri-chromatic LED backlight samples with 
different p B-LED spectrum, respectively. Sample#1 
has a 4-nm longer peak wavelength ( p=4nm) than 
sample#2. In other word, sample#2 is a pre-blueshift 
case corresponding to sample#1. They were applied to 
the same LCD panel at 6500K CT at RT initially and 
then cool down their module temperature to starting 
point 10oC. A big difference between fig.5 (a) and (b), 
a turning point at RT of fig.5 (b) could be detected 
obviously, which means the best color performance of 
LCD, and the highest color gamut is 102.5%NTSC. In 
this situation, the tri-chromatic backlight spectrum 
would match CF spectra of LCD perfectly. It is 
difficult to obtain the perfect color performance of 

LCD module with sample#1 backlight source over 
actual operational module temperature form 10oC to 
70oC and become worse while more than 70oC

The curve with tail slope 1.77 and 0.9%NTSC per 
30oC for decreasing color gamut with rising module 
temperature could be observed for sample#1 and 
sample#2 respectively from Fig.5(a) and (b). 
Comparing to simulation results, the smaller tail slope 
implied that the whole system is close to the 
optimized situation, the highest color gamut turning 
point. According to small tail slope evidence, it could 
help to design an optimized condition of the whole 
LCD system. The CT variation is 1925K and 2600K 
for sample#1 and sample#2, respectively. Increasing 
CT with rising module temperature is due to R-LED 
intemsity decay and spectrum shift drastically. The 
higher CT variation of sample#2 could be observed, 
which caused to pre-blueshift B-LED with stronger 
blue tristimulus while RG-LED’s optical 
characteristic affected by rising module temperature.  

6.0

6.5

7.0

7.5

8.0

8.5

10 20 30 40 50 60 70
99

100

101

102

N
TS

C
 (%

)

Module temperature oC

Color gamut
 CT

(a) Sample#1

C
T 

x1
00

0(
k)

5

6

7

8

9

10 20 30 40 50 60 70
101.4

101.7

102.0

102.3

102.6

N
TS

C
 (%

)

Module temperature oC

Color gamut
CT

C
T

 x
10

00
 (k

)
(b) Sample#2

Fig. 5. The color gamut and color temperature 
variation with rising module temperature for (a) 
sample#1 and (b) sample#2. 
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Fig. 6 shows the relation between color gamut and 
color temperature of the whole LCD system with 
sample#1 operated at RT. Briefly, no intensity decay 
and spectrum shifting functions should be considered 
in this condition due to their operational module 
temperatures were set at RT. The increasing color 
gamut could be observed clearly when the color 
temperature raises from 5000K to 11000K, and the 
saturated color gamut could be obtained more than CT 
11000K. 

The rising CT from 6500K to 9000K would increase 
color gamut of LCD system without thermal optical 
characteristics of RGB-LEDs. Nevertheless, this 
evidence could not be observed at Fig. 5(a) since 
intensity decay and spectral shift of RGB-LEDs 
dominate the color gamut variation of LCD 
system, which exceeded the increasing color 
gamut from rising CT.
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Fig. 6. The color gamut variation with rising color 
temperature operated at RT. 

4. Summary

We have demonstrated a design rule for a high 
color gamut LCD with pre-compensated tri-chromatic 
LED backlight without spending extra cost in 
expensive solutions of heatsink and a complicate 
feedback circuit. By choosing the RGB-LED chips 
with the peak wavelength of the LEDs pre-blueshifted, 
the NTSC value increases then decreases slightly and 
its value is always higher than 100% within the range 
of 25 to 70 oC.
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