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Abstract

The brightness of LED changes according to the
current flowing through LEDs. The current mirror
was used to drive LEDs effectively. The reference
current of the current mirror was usually controlled
by the resistor but the size of this resistor is very
large and this resistor consumes too much power
for high power LED backlight driving. The refer-
ence current of the current mirror LED driver was
controlled by using flyback converter at small size
with low power consumption in this paper. The
concept of active current source was presented.

1. Introduction

The cold cathode fluorescent lamp (CCFL) has
been used as the light source with reliability for
more than thirty years. Recently, the external elec-
trode fluorescent lamps (EEFL) and light emitting
diode (LED) emerged as the counter part of CCFLs.
The multi-lamp EEFL backlight needs only one
inverter and replaces CCFLs. The flat fluorescent
lamp (FFL) was introduced as another light source
for LCD backlight but the production cost is not
low enough to replace CCFL or EEFL backlights.
But CCFL, EEFL, and FFL use Hg and the request
for Hg-free light source is imminent. Therefore,
LEDs now receive a lot of attention as the next
generation light source for LCD backlight.

The LED generates light as the voltage is applied
to the input. Currently, big outdoor signage displays
for advertisement and traffic lights are using LEDs.
Now it is time to discuss about using LEDs as a
light source for LCD backlight. But the LCD back-
light using LEDs are now much more expensive
than that of CCFL or EEFL so that it is necessary to
find the ways of reducing LED backlight cost.
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Sony started to use LED backlight for its LCD
TV names as QUALIA. Samsung Electromechanics
started volume production of LED backlight since
the second half of 2006.

LCD TV can have much wider color gamut than
that of the CRT if LED backlight is used. LED
backlight does not use Hg so that it is RoHS free.
The life time of LED can be extended up to
100,000 hours if the LEDs are operated in optimum
condition.[1]

But LEDs have lots of problems to be solved.
Low optical conversion efficiency, high heat dissi-
pation, and high production cost need to be re-
solved in order for LED to be used as a major light
source of LCD backlight.

The luminance of LED depends on the current
flowing through LED. Small change of current
generates big difference in brightness. Therefore,
the method of current control will be important for
operating LED backlight with reliability. The volt-
age increases and the current decreases when driv-
ing LEDs connected in series. Current mirrors are
now used to drive the LEDs connected in series and
parallel but reference current generation needs high
power resistor with big size. In this paper, a new
driving method using current mirror with flyback
converter was suggested to drive LED backlight
with parallel arrays of LEDs connected in series.

2. Current Mirrors
The constant current sources are used in biasing
MOS IC amplifiers. Fig. 1 shows the basic current
source circuit, current mirror. The drain of transis-
tor Q1 of the current source is connected to the gate
so that the transistor is in saturation mode as in eq.

(1).
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The drain current of Q1 is supplied by Vpp
through R. The drain current of QIl, Ip;, is de-

scribed as in eq. (2).
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Ip; in eq. (2) is the reference current, Izgr, which
flows through resistor R.

The drain current /, of Q2 has the same Vs and
is assumed to be in saturation mode so that it can be
described as in eq. (3).
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Therefore, the relationship between 7, and Izgr is
described in eq. (4).
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It is easily understood that I,= Izgr if Q2 is the
same transistor as Q1.[2][3]

Fig. 1 Basic current mirror circuit

The reference current in current mirror is decided
by selecting resistor R in the circuit. This current
mirror is used as a current source for small signal
operation in ICs. It is difficult to decide the refer-
ence current in the current mirror circuit if there are

many loads requiring high voltage and large current.

It is necessary to design current sources for driving
high voltage at large current if the loads are com-
posed of many LEDs connected in series.

A new current mirror with different method of
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setting the reference current is suggested. The fly-
back topology in DC/DC converters can be used as
the method of deciding reference current in the
current mirror.

The basic operation principle of flyback con-
verter is that current will flow through the primary
winding of transformer if Q is turned on and the
voltage will be generated. The voltage with oppo-
site polarity will be induced at the transformer out-
put so that the diode DF will be turned off. There-
fore, the inductive energy will be stored in the pri-
mary side of the transformer. The current will flow
through Df due to the voltage induced at the output
of transformer if the transistor Q is turned off.

The maximum average of the input current of the
flyback converter is described as in eq. (5).[4]

Iimax = PO (5)
nv.

imin

The input current of the flyback converter will be
the reference current of the current mirrors. It is
possible to control the reference current by using
sense resistor and feedback to PWM circuit. The
change of reference current is possible by control-
ling the gate signal of switching FET.[5][6] The
secondary output voltage can be reused as the input
of the current mirror so that energy saving will be
achieved at the same time.

3. Proposed LED BLU’s Composition

The new circuit for LED backlight control is
suggested as in Fig. 2 using flyback converter. The
flyback converter was used instead of the resistor in
the reference current circuit. The sense resistor
connected to the source of the switching FET
Switch was chosen to control the reference current.
The input current is limited by controlling FET gate
signal by feedback of the current sensed by the
sense resistor to the input of PWM control. The
secondary output of flyback converter is applied to
the input of current mirror.

Fig. 3 shows the current mirror using converter.
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Fig. 2 Block diagram of LED backlight control

using flyback topology
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Fig. 3 Current mirror using flyback converter

4. Experimental

The LED backlight driving circuit and module as
shown in Fig. 4 was assembled and tested as sug-
gested. The LED backlight module as shown in
Fig. 5 was assembled using 1.2W white LEDs.
The 20 LEDs were connected in series as a unit
and 5 units were arrayed in parallel. Therefore, the
input voltage and the current of the assembled
LED module will be 70V (3.5V x 20) and 1.75A
(0.35A x 5). The switching frequency was set at
41.67kHz.

Active Current Source

k converter

Fig. 4 LED module assembled for test
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Fig. S LED module

Fig. 6 shows the waveforms of the reference
current from active current source and LED driving
current. There is about SmA difference in LED
driving currents of LED1 unit and LED2 unit. The
difference between reference current and LED cur-
rent is greater than 100mA before filtering but the
difference will be very small after filtering.

Master Current

(Reference Current)

lavel Current
(LED 1 Current)

lave2 Current
(LED 2 Current)

Fig. 6 Reference current and LED Current be-
fore filitering
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Fig. 7 Reference current and LED current
after filtering



The reference current and LED1 current, and
LED2 current are almost the same without any big
difference. The small difference is due to the dif-
ference in LED and MOSFE characteristics. Fig. 8
shows the LED backlight composed of several LED
modules.

Fig. 8 LED backlight in operation

5. Conclusion

A new current mirror circuit using flyback con-
verter was suggested to drive LED backlight. An
LED backlight was assembled by using several
LED module composed of parallel array of 5 units
of LED strings. A string of LEDs was composed of
20 LEDs. The input voltage and current of an LED
string was 70V and 350mA.

The big size and high power resistor should be
used if the driving current for LED strings are high.
The reference current resistor was replaced by fly-
back converter to control the voltage and current
for LED module with small size and at a low power
consumption.

The reference current of the current mirror and
the LED current of the current sources found to be
the same during the operation. It was shown that
the current mirror with flyback converter would be
very useful in driving high power LED backlights.
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