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MULTI-LEVEL PWM

Driving Large Scale LED
Panels Efficiently

Parallel to the introduction of LEDs for different lighting applications, critical voices argue that due to
lowered energy consumption new applications could be introduced and a change in user behavior
could lead to excessive use of LED based lighting products during the day, for example,

for advertisements. This would cause the predicted hopes for overall energy saving due to LED
technology to fail. It seems that this scenario is partially true. Therefore any amount of additional
efficiency gain is well worth considering. K.H. Loo, Y.M. Lai, and C.K. Tse from The Hong Kong
Polytechnic University examine and propose a new driving approach to achieve energy savings.

Figure 1:

Typical PWM (a)
and MPWM (b)
current waveform
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Nowadays, large-scale LED
display panels of various
shapes and sizes have become
a common feature in modern
architecture and interior design.
LED display panels can be
found on outdoor billboards,

in commercial buildings and
public facilities for advertisements
and information display.

These panels typically operate
for long hours and consume a
large amount of electrical power.
In some applications, they

are even required to remain
visible during daylight and thus
are designed to deliver light
output at high intensity that
further increases their power
consumption. A reduction

of power consumption or

an improvement in power
efficiency, therefore, becomes
a critical design issue of LED
display panels for both reduced
energy cost and environmental
friendliness.
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An Alternative LED

Driving Approach

Since a large amount of the total power
consumption of LED display panels
occurs in the LED pixels, driving them
efficiently has become a potential area
for energy saving. Due to its format
compatibility with the input video
signal, PWM (pulse-width modulation)
method is adopted for driving the
individual LED pixels. With the PWM
driving method, a constant DC current
is applied to a given LED pixel over a
duration known as the ON time, or ton,
and the current is removed over a
duration known as the OFF time, toff.
By using the ON and OFF times, the
dimming frequency fdim is defined as
1/(ton + toff), and the dimming duty
cycle D as ton/(ton + toff). By driving an
LED pixel using PWM current, its light
intensity can be varied by adjusting the
dimming duty cycle as represented by
the input video signal. When all LED
pixels are driven similarly, textual or
graphical information, and even motion
pictures, can be formed and displayed
by LED display panels.

Despite the advantages of linear
dimming and format compatibility with
video signal, LEDs illuminated by PWM
current generally suffer from
degradation in luminous efficacy due
to the nonlinearity in the light output
characteristic of LEDs, which causes
more consumed power to turn into
wasteful heat [1]. Not only that this will
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increase the power consumption of
LED disptay panels for attaining a given
intensity level, it will also lead to an
increase in heat dissipation and a more
expensive thermal design. Figure 1(a)
shows the typical PWM current
waveform having an average value of
lave = DI2; when 12 is fixed, the
average current or the pixel's intensity
can be varied by adjusting D. The
resulting light output characteristic of a
typical LED pixel driven by PWM
current resembles the blue dotted line
shown in figure 2. For a given average
current, the difference between the
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Figure 2:

Light output
characteristics
under three
driving methods

Figure 3:
Conventional
LED display
panel system
architecture
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solid black curve and the blue dotted Interestingly, by referring to figure 1(b),
line represents the efficacy loss dueto  the MPWM current can be thought of
PWM driving. being the superposition of two PWM

currents, one occurring between I1

It has been discovered that by adding and 0, and the other one occurring

current level(s) between 12 and 0, part between 12 and |1, which explains the

of the efficacy loss due to PWM driving  existence of two piecewise-linear
can be compensated [2]. An early sections in the light output

implementation of this driving
approach used one extra current level
I1 between 12 and 0, forming the

bi-level current [2], and it was later A Cost- Effec_tive .
generalized to an arbitrary number of |mp|ementat|orj without
current levels forming the multi-level System Rede8|gn

PWM (MPWM) current [3]. Figure 1(b) The basic PWM-based architecture of
shows a three-level MPWM current a typical FPGA (Field-Programmable
Gate Array)-controlled LED display
panel system (Figure 3) consists of four
characteristic as the green dotted line. main components, namely, the HDMI/

waveform and figure 2 shows its
piecewise-linear light output

It is clear that MPWM driving gives a DVI video signal decoder, FPGA

higher light output compared to PWM controller, external RAM, and the LED
driving with the same average current. display module. As the HDMI/DVI video

characteristic under MPWM driving.

5 FPGA
P24 )
§ 24-bil RGB R
a Signel Serial Data
5 .
c
2
» N \
8 | sychronization)| Data \| Bit-Plane
g Signals Acquisition /| Separation
r 1

s ' /
o) A i
e — ..I\' T .-I
E Clockand Clock and
= | convolsignas Control Signals

o : )
T [ } l !

LED
Drver
Module

Current,

LED

| Display

Module

WC hC

SRAM2 SRAM1

61

signal cannot be displayed directly on
the LED display module due to format
incompatibility, it is required that the
video signal is first converted into
24-bit RGB signal, where the intensity
of each color is coded with 8 bits, thus
allowing the display of 256 intensity
levels per color. The decoded 24-bit
video signal is tfransmitted in parallel to
the FPGA controller where the bit
values having the same weight are
grouped together. For example, all
data bits corresponding to the weight
of 23 = 8 are grouped together and
transmitted to the LED driver module in
one batch, which will illuminate the
LED pixels for 8/256 of the line scan
period.

Although, in theory, the number of
intermediate current levels between 12
and O can be arbitrarily many, the
choice of one additional current level,
thus forming a three-level MPWM
driving scheme, is a reasonable one
given the proportional increase in
system complexity and cost despite
the diminishing percentage gain in
luminous efficacy with the increasing
number of intermediate current levels.
It is also necessary to maintain the light
output characteristic as linear as
possible.

To implement a three-level MPWM
driving scheme on LED display panels,
two LED driver modules can be
connected in parallel to provide two
constant-current drivers. It can be
easily shown that the percentage gain
in luminous efficacy is the maximum
when each LED driver module delivers
I1 =0.5%12 [5], and the corresponding
three current levels are O, 11, and 2*[1.
Although the number of LED driver
modules used is doubled in this case
compared to the conventional
PWM-based system, the additional
hardware cost incurred is not doubled
given that IC manufacturers can
redesign the existing LED driver
module ICs to house multiple driver
modules within one IC package.

With the use of two LED driver
modules, two separate bit-streams are
needed to activate them. In the
modified system architecture (Figure 4),
each of the two bit-streams is derived
from the original input video signal that
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Figure 4:
Modified
LED display
i panel system
architecture for
compatibility with
‘ MPWM driving
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is turned into two sub-video signals
by the data splitter unit in the FPGA.
An example of data splitting is given
here to illustrate the data conversion
process. Suppose that the original
input video signal is [1100 0101] in
binary form, or [197] in decimal form,
the equivalent duty cycle represented
by this signal is 197/255. In a
PWM-based system, the desired
average current is given by lave =
(197/255)12. Since 12 = 21, lave can
be rewritten as lave = (394/255)1, or

(255/255)11 + (139/255)I1. Therefore,
in a MPWM-based system, the same
desired average current can be
delivered by two LED driver modules,
one delivering I1 for the complete line
scan period, and the other one
delivering I1 for 139/255 of the line
scan period. For the first LED driver
module, the FPGA will output an 8-bit
data stream of [1111 1111] (= 255),
and for the second LED driver
module, the FPGA will output [1000
1011] (= 139). These simple arithmetic

Figure 5: Prototype of an LED display panel with 2 x 3 display modules
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calculations can be implemented
easily on the FPGA controller with no
additional cost.

In a prototype of LED display panel
(Figure 5) assembled with 2 x 3 display
modules, or 64 x 96 LED pixels, the
upper row (containing three display
modules showing blue, green, and red
color, respectively) is driven by PWM
current, whereas the lower row is
driven by MPWM current having the
same average value as the PWM
current. The differences between the
two driving approaches in the
generated light intensities for all three
colors are clearly visible from the
figure. To give a more quantitative
comparison between them, the
generated light intensities by the two
driving approaches were measured for
each color over the full range of
average current (from O to 255) and the
results are plotted (Figure 6). For all
three colors, MPWM driving
consistently produces higher light
intensities, as expected from the
previous analysis on LLED’s nonlinear
light output characteristic. The
piecewise-linear sections in the light
output characteristic resulting from
MPWM driving are also evident from
the figure. On average, the percentage
gain in luminous efficacy over PWM
driving is 12% for blue, 14% for green,
and 10% for red, respectively.
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