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Abstract

As the screen size of LCD TV increases, an external
electrode fluorescent lamp (EEFL) has been suggested to
be applicable as backlight source for LCD TV. Since the
EEFL has non-linear characteristics, which makes the
analysis and design complicated. In this paper, the
characteristics of the EEFL are investigated and a
full-bridge RLC series-resonant inverter is analyzed and
designed for EEFL backlight of 32-inch LCD TV.
Finally, the experimental results are shown to validate
the analysis and design.

I. Introduction

Recently, as the demand of flat panel display (FPD) has
dramatically increased by the expansion of the digital TV
market, the large sized LCD TV has been replacing CRT
TV and competing with PDP TVs in the over 40-inch
ranges. As the screen size of LCD increases, the
backlight inverter become more important since the most
power is consumed in backlight.

Up to now, cold cathode fluorescent lamp (CCFL) is
widely used as the backlight source, due to the slim size,
high optical efficiency and so on. Fig. 1 (a) shows the
structure of CCFL. Since the electrodes of CCFL are
located through the tube as shown in Fig. 1 (a), the
current can be increased abruptly when the voltage is
applied to the lampll]. For a stable operation, a ballast
capacitor should be attached to the electrode of the
CCFL.

On the other hand, since the electrodes of EEFL are
insulated by the tube as shown in Fig. 1 (b), EEFL has
many advantages such that the life time of the EEFL is
longer than that of the CCFL, and the structure of EEFL
inverter is simple as shown Fig. 2. Especially,n large
sized LCD TV applications, compact design can be
realized. Since a single inverter can drive multiple EEFL
tubes, the cost of EEFL inverter would be much lower
than that of CCFL inverter(2]. EEFL inverter is relatively
simple and small comparing to CCFL inverter. Therefore,
it is one of the reasons -that EEFL has been suggested
to be a cost effective backlight source for applied for

LCD TV[3-4].

In this paper, the characteristics of full-bridge RLC
series-resonant inverter for the EEFL backlight are
analyzed and sinusoidal driving method is adapted to the
complementary full-bridge EEFL inverter. From the
characteristics of EEFL and the analysis of the driving
system, the optimal design can be obtained in 120V input
voltage specifications. The validity of this study is
verified by the experimental results.

(a) The Structure of CCFL

(b) The Structure of EEFL

Fig. 1 The structure of fluorescent lamp (a) CCFL,(b) EEFL
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Fig. 2 The structure of EEFL inverter
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(b} The Simple Equivalent Circuit of EEFL

Fig. 3 Equivalent mode! of the EEFL

Fig. 4 Full-bridge inverter for EEFL

Il. Operational Principles

CCFL shows a highly nonlinear load to the inverter{1].
In steady-state operation, CCFL can be simply operated
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as resistive load. The structure of EEFL is similar to the
CCFL except its extemnal electrodes: As can be seen in
Fig. 2 (b), glass barrier is located between a metal cap
(an external electrode) and EEFL tube, it can be modeled
as series connected capacitors and a resistor as shown in
Fig. 3.

To drive parallel connected 20 EEFLs for a 32-inch LCD
TV, a full-bridge inverter can be adapted as shown in
Fig. 4, since it can change the duty of the powering and
handle high power. An equivalent circuit for full-bridge
EEFL inverter can be expressed as a .simple RLC
series—resonant circuit as shown in Fig. 5. The inductor
represents a transformer leakage inductance due to a
separated bobbin used.
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(a) EEFL Inverter (b) Equivalent Circuit

Fig. 5 The EEFL inverter and the equivalent circuit
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Fig. 6 Voltage waveforms of the transformer primary side

In a RLC resonant circuit, its resonant frequency, fr, is
determined by Llkg and Ceq. the resonant frequency and
quality factor, Q, are expressed as following equations
1), @).
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Fig. 6 shows the voltage waveform of transformer
primary side, Vpri, and its fundamental component, V1,
with the amplitude of Vm. From Fourier series, the
amplitude of V1, can be expressed as

vV, = 4 V, cos(Dr) 3
7 .
where, D is duty ratio (0~0.5).

Therefore, V; can be expressed as

| 4 =%sin((ot—y/)

=¥Vdc cos(Dn)sfn(wt~y/) @

where, ¥ is the phase angle.

The phase angle between the fundamental component of
the primary voltage and resonant current is 8 and can
be. calculated as

. 1
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where, o=27f and ©=27f;, respectively
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Obviously, 0 should be greater than a=2n(05-D)/2 so
that switches M1 and M3 turns on negative current, i.e,
ZVS of switches M1 and M3. :
The ac-to-ac voltage transfer function from the input of
inverter to the lamp is
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from which, the voltage gain can be expiessed as

®)

2 .
, 1+Ql(—“’—'J
Glo)|=2e L7 )
£ 1+Q1(3—5J
o, o

Using equation (7) calculated voltage gains with various
Q values are shown in Fig. 7.
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Fig. 7 Voltage gain of the SRC series-resonant inverter .

From (4) and (7), the magnitude of the de-to-ac voltage
transfer function for ‘the full-bridge 'series’—resoriar_lt
inverter can be expressed as ' -
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Ill. Design of EEFL Inverter

The EEFL is inherently a nonlinear load. However, it
can be assumed that the lamp impedance is constant at
steady-state. Fig. 8 shows the resistance and capacitance
characteristics of an EEFL at steady-state which is
obtained by the experiments. Table 1 shows the
specifications of an EEFL. The typical lamp current is
5mA, the rated power is 5W, and its maximum allowable
power is 6W. Typical operating lamp voltage is about
147071670V and its starting up voltage (firing voltage) is
1360Vrms at 25°Cand 1650Vrms at 0°C, respectively. For
a 32-inch LCD TV backlight system, 20 EEFLs are used
and the inverter delivers 120W of maximum output
power.
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Fig. 8 EEFL impedance characteristics for the lamp power

Table 1 Specifications of EEFL

. Requirement

Items Symbol Unit MIN. | TYP. | MAX.
Lamp curment ILrve mAms 3.0 5.0 6.0
1370£7% (IL:3.0mA)

Lamp Voltage | Viump Vrms 1470£7% (IL:4.0mA)
1570£7% (IL:5.0mA)

1670£7% (I1L:6.0mA)

Starting Up Ve | Vems 25T - - 1360
Voltage 0T - - 1650

Since the resistance is very high before EEFL is excited,
the lamp voltage can be decided from the transformer
tuns ratio and the input voltage. Therefore, in order to
ensure that the EEFL can be started, the transformer
turnsratio, n, determined by the lowest input voltage
Vde,min and the starting up voltage Vstart should be
satisfied with the following equation:

ey V2V, ©
N, 7V min

where, Np and Ns are the number of tums of primary
side and secondary side of transformer, respectively. Viemn
is the lowest input voltage and Vi is the starting up
voltage.

IV. Experimental Results

For validity verification, a full-bridge resonant inverter
with 120V input voltage is designed and investigated.
Two transformers are connected in series to reduce the
number of tuns on the transformer’s primary side. Table
2 shows the system parameters as results of
manufactured transformers. The resonant frequencies is

Table 2 System parameters of EEFL inverter ,

Vi leg CL.mp n ch Ceq f;
120V | 75uH 230pF 10 | 150uH 23nF 85.6kH

From the equation (5), the phase angles, 8, between V1
and Ipri is 094 rad. From the ZVS condition, 8>a=2n
(0.5-D)/2, the minimum duty ratio is 0.2. Therefore, the
inverter has wide rang of ZVS for the variation of duty
ratio, D.

Fig. 9 shows the experimental results. The inverter was
operated with a driving frequency f=97kHz, duty ratio
D=0.3125, phase angel 0=0.133(0.82rad), and a
=0.09375(059%rad). As a result of all switch's ZVS, the
inverter is achieved high efficiency over 7,000cd/m of the
luminance.
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Fig. 9 Experimental results

V. Conclusions

In this paper, the characteristics of the EEFL are
investigated and the complementary full-bridge RLC
series-resonant inverter is analyzed for EEFL backlight
of 32-inch LCD TV. From the characteristics of EEFL
and the analysis of the driving system, the optimal
design can be obtained in 120V input voltage
specifications. The wvalidity of this study is confirmed
from the experimental results.
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