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Smart Dimming Control Algorithm
for Reducing Power Consumption of LED TV Backlight

Je-Seung Ryu1, Ju-Hee Park‘, Seong-Ho Lim1, and Tae-Woo Kim '

Abstract - In this paper, the new smart dimming algorithm which is mixed with PWM and PAM control
method is proposed for reducing the power consumption of LED TV Backlight. The proposed technique is

using the curve characteristics of LED forward voltage and current which is proportionally changing LED

forward voltage as changing LED forward current. Therefore, each PWM and PAM control method has
different LED forward voltage and current in the same brightness condition. The PWM control method
adjusts the brightness of LED TV Backlight by only varying the duty ratio of PWM and constantly
sustaining the amplitude of LED forward current and voltage. So, the level of LED forward current and
voltage in the PWM control method is relatively high and constant regardless of duty ratio of PWM. On
the other hand, the PAM control method adjusts the brightness of LED TV Backlight by directly varying
the level of LED forward current. So, the level of LED forward current and voltage in the PAM control
method is lowered according to the brightness level. For the above-mentioned reason, the PAM control
method has the advantage of reducing the total power consumption of LED TV Backlight at the brightness
condition of below 100%, compared with PWM control method. By implementing this characteristic to LED
driver circuit with control algorithm in MCU, the power consumption of LED TV Backlight can expect to
be reduced. The effectiveness of the proposed method, new smart dimming algorithm, CPWAM(=Conditional
Pulse Width Amplitude Modulation), has been verified by experimental results.

Keywords: PWM(Pulse Width Modulation), PAM(Pulse Amplitude Modulation), LED(Light Emitting Diode)
CPWAM(Conditional Pulse Width Amplitude Modulation), LCD(Liquid Crystal Display)
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Table 2 Power Consumption PWM vs. CPWAM in the
condition of standard videos, IEC 62087
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V Efficiency [%] | 11.96 | 1092 | 869 562
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Fig. 18 Acoustic Noise PWM vs. CPWAM

1% 18% LED DriverZ LCM HiHo] Z&35 2 otd
CPWAM 23 PWM W02 F5A] A% H=
HASHE ASFTS vludk efzelth @A LCM9
2252 LED Driver? tJ"z27(120[Hz] Fixed dimming
frequency)dll wel AL/EAL wHFHoZ A3
SAEY, /9 Z(0n/Off) Al7ko] WSdk S J9<l
40~60% Atolol Al gl =tk PWM W] iy
Aote CPWAM W2 fn Hxe d&5zo=
&/ AR O Foged] Agle]l ZPdg
LgTEo] MRS & 5 Uk

=

548 B

i)
o%

B =RdME 71E PWMIF PAM 8] %
% =

ee
e LR e 09 AES P9
CPWAME Aksgich Alohel 2uelZ g0z 7]
PWM Ao 8 LED A dfe few
g LED TV Welole 5 Zudeo] A A9

N i
olN

ol
Ol
2
S

olA 5~10% ol Azde

(== =1 [e} A= .
Aotd WAL 7]1E PWM % 32 9 IC W74 §lo]
Tdo] 7hsste] F7b b4 Adse] wAsA akow,
AR LED #7174 ko] Wil W3 AFE =4
AHEEE o 2 A7 a29E 7|dE ¢ o FH
LCD TVY tig@s}t F4 2 29 AgoA] A
o g AZE 72 A9 2 YR AstEa e
Aol B =EolA Alokek CPWAM W& LED##

el g A8 4 slvkar 71y €k



326

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

The Transactions of the Korean Institute of Power Electronics, Vol. 19, No. 4, August 2014

References

Mu-Shen Lin, Wen-Jung Ho, Fu-Yuan Shih, Dan Y.
Chen, Yan-Pei Wu, “A Cold-Cathode Fluorescent Lamp
Driver Circuit with Synchronous Primary-Side Dimming
Control,” IEEE Transactions on Industrial Electronics,
Vol. 45, No. 2, pp. 249-255, April 1998.

Chang-Hua Lin, “The Design and Implementation of a
New Digital Dimming Controller for the Backlight
Resonant Inverter,” [EEE Transaction on Power
Electronics, Vol. 20, No. 6, pp. 1459-1466, Nov. 2005.
Prathyusha Narra and Zinger. D. S, “An Effective LED
Dimming Approach,” in proceeding of IAS, Vol. 3, pp.
1671-1676, Oct. 2004.

Sung-Soo Hong, Sang-Hyun Lee, Sang-Ho Cho,
Chung-Wook Roh, and Sang-Kyoo Han, “A New
Cost-Effective Current-Balancing Multi-Channel LED
Driver for a Large Screen LCD Backlight Units,”
Journal of Power Electronics, Vol. 10, No. 4, pp.
351-356, July 2010.

S. W. Lee, D. Y. Ko, D. Y. Huh, and Y. 1. Yoo,
“Simplified control technique for LCD backlight inverter
systems using the mixed dimming method,” in
Proceeding of APEC, pp. 447-453, Mar. 2001.

Rich Rosen, “Dimming Techniques for Switched-Mode
LED Drivers,” https://www.ti.com/litv/pdf/snva605.

S. H. Lim, J. G. Lim, H. B. Shin, S. K. Chung, M. J.
Shin, S. G. Sohn, “Characteristic Analysis of RGB-LED
Backlight for Current and Temperature Variations,” 2007
Contérence of KIPE, pp. 244-246, 2007.

S. H Lim, J. G. Lim, H B. Shin, S. K. Chung, M. J.
Shin, S. G. Sohn, “Development of Wide-Range
Brightness Controller of LED Backlight for Avionic
Displays,” The Transactions of Korea Institute of Power
Electronics, Vol. 13, No. 4, pp. 287-294, Aug. 2008.

> J

FH S (W E K)

1984 3¢ 142M 20094 SAC| MRS
2009 ~#x| LG Display
MAE FldTY,

oS5 =
MZstnt .

TV Power

HI =35 (dh % E)

1986 128 124, 2011 SADH MXSA
&kt 2. 20113 ~8 A LG Display TV
Power AAE o7,

(
18 8. 20034 %—‘-’-IE
i, 20051 FACH o ER
AD. 20054 ~2008 LGH F FooAT
OO9~ X LG Display TV Power &H
olo el

0x
i = o
° W
S
2“,

(]
r>'I
>

k

L ey
]IO
N = W
_|_|. II

>

I'

Z el * (£ FHF)
197414 2l 240'@ 1997
Ze¢ 1999L4

o}n M

AiH o S =tut %o*(%“*). 20044 ~2006'4
AT, 2007 ~¥A LG



