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1. Introduction fluorescent lamps for LCD backlightings are
becoming active. In the Society for Information
Recently, research works on mercury free Display International Symposium 2000 (California,
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USA), four papers out of seven in the backlighting
session were about mercury free fluorescent lamps.
There was none in 1999.

Liquid crystal displays are widely used as
information display devices for notebook/desktop
computers, car navigation systems, and TVs.
These displays need backlightings because the
Iiquid crystal materials are non emissive. The
backlighting for the notebook computers generally
uses a light guide plate with a cold cathode
fluorescent lamp(CCFL) as shown in Fig.1(a). For
the desktop computers and TVs, multiple number
of CCFLs are used with a reflector and a diffuser
plate as shown in Fig.l(b) because they needs
higher luminance. At present the CCFLs for LCD
backlightings employ mercury discharge because of
its good electro—optical characteristics. The use of
mercury, however, causes difficulty in igniting the
lamp under low ambient temperatures. Also a
relatively long build-up time is necessary for the
lamp to reach the saturated luminance level. In
addition, a use of mercury is not recommended for
environmental protection. In order to eliminate
these problems, mercury free lamps are developed.
The discharges utilized in the mercury free lamps
are roughly classified into three types, (1)
cylindrical discharge type, (2) micro-discharge

CCFL diffuser sheet

(@)

type, and (3) flat discharge type.

2. Cylindrical discharge type

The cylindrical discharge tube is identical to that
found in the typical Hg-CCFLs, since it is easy to
replace Hg with Xe. The positive columm has a
tendency to contract to a narrow channel and this
tendency is stronger for Xe than Hg. To avoid
this, a Xe CCFL with a new structure was
developed(1]. Figure 2 shows the structure of the
lamp. An inner electrode is positioned at one of the
edges of the glass tube, while a wire electrode is
colled around outer surface of the lamp. This
structure, together with pulse voltage drive
provides a cylindrical discharge without contraction.
To obtain uniform luminance distri- bution along
the tube axis, spaces between the wire electrode
are changed according to the distance from the
inner electrode as shown in Fig2 The total
luminous flux is over twice as much as that of the
conventional mercury free CCFLs.

3. Micro-discharge type

A micro-discharge is alternatively called a

liquid crystal display "
_—

plate s
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Figure 1. Backlighting System with CCFLs
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dielectric barrier discharge. In the backlighting,
micro-discharges are formed in the discharge
space for which insulating layers coat metal
electrodes. Flat light source is provide by a large
munber of micro-discharges in the discharge
space.

There are two types of barrier discharge lamps.
One of them utilizes the micro-discharges formed
between parallel electrodes covered by dielectric
layers{2,34]. Figure 3 shows the basic structure of
the lamp. The spacing of the two plates is
05-2mm. Pure Xe or Xe-Ne mixture is contained
at a pressure of 10-80[kPal. Phosphor is coated on
the dielectric layers. When the lamp is driven with
20-30[kHz] ac voltage of 1000[Vrms], many
micro-discharges with a diameter of about 0.lmm
are formed between the gap. Luminance of
3500lcd/m’] with luminous efficacy of 27[lmyW]
were obtained in a 35 inch diagonal lamp(2).

Figure 4 shows a structure of the other type of
the barrier discharge lamp[56]. Anodes and

inner electrode outer wire electrode

oo ek

Figure 2. Harison's Xe CCFL

dielectric layer
transparent electrode A

Figure 3. Xe barrier discharge lamp

F15FE F29 20014 47

LCDHDIZE 9Bt 942 HOWMHT

cathodes with projections are provided on the rear
glass plate. Distance between the anode and the
cathode is about 10[mm]. The electrodes are
covered with a dielectric layer. Front and rear
glasses are sealed with a gap of few millimeters
and Xe gas is filled at a pressure of 13[kPa] or
less. When pulse voltage is applied between the
electrodes, many triangular micro-discharges are
formed between the electrodes. Each vertex of the
discharge Lies at the projection. A diffuser plate is
employed to keep away the shape of discharges
from sight.

front glass

anode cathode
electrode

Figure 4. Osram‘s barrier discharge lamp

rear glass

Because the electrodes of the above two lamps
are covered with dielectric layers, it is expected
that they have a long life. In order to utilize the
Xe excimer which does not suffer from self-
absorption, the pressure of these lamps is kept
relatively high.

4. Flat discharge type

Flat discharge is generated in a flat discharge
type lamp. Initial flat discharge lamp was
developed for a car navigation LCD backlighting
and it contained mercury. Although a luminance of
30,00[cd/m’] and efficacy of S0[m/W] were
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Table 1. Specifications of mercury free flat achieved[7), there were problems caused by use of

discharge lamps mercury as mentioned earlier. We then developed

diagonal size [inch] | 05 | 18 | 25 | 28 | 32 | 52 | 05 3.2 in.- diagonal mercury free Xe flat discharge
active area [mm’] |13x10(37x29 51:4 57:4 108X 75 lamps[8,9].
elec.tmde Mop 8|82 & 4.1 Structure of lamps
separation [mm]
qaplmml] THERYEETEED 94 The structures of the Xe flat discharge lamps of
aas Ar 60 7 various sizes are basically similar. An example of
mixture | Ne 32 the 52-in-diagonal lamp is shown in Figb. The
(%) [k;(e] _83 1’;3867 lamp has a simple structure with a front glass
:::::m ;] 7] 7;' To7 | 25 l 1'90 plate and a rear glass vessel. The gap of the

discharge space is 24 mm On the inner side of

electrode 1% 108mm a the front glass plate (thickness 3 mm) is a couple
‘ : of thick-film Ag electrodes which are covered with
a 006 mm thick transparent dielectric layer.
Tri -color phosphor is deposited on both front and

rear glasses except for the regions above the

""" s W electrodes. Thicknesses of the phosphor layers are
electrode 2 % . phosphor
(@) plan view 0.0lmm for the front glass and 0.lmm for the rear

SR
5 y

phosphor

TR front glass plate glass. Vacuum ultraviolet radiation of wavelength
rear giass ./ |

vessel T : 147mm from Xe atoms excites the phosphor. Since

o S T the electrodes are insulated from the discharge by
N . . .

gap(2.4mm) the dielectric layer, sputtering of the Ag electrodes
(b) -sectional vi .

cross-sectional view by ion bombardments does not occur. The lamp,

therefore, is expected to have a long life.

v

dielectric layet

Figure 5. Structure of a 5.2-in. -diagonal Xe flat

discharge lamp.

(a) plan view, (b) cross-sectional view Specifications of the lamps are summarized in

at the circle of (a) Table L
_ bulse interval T 4.2 Driving of lamp
vi | : Y The clectrodes are driven with trains of

rectangular pulses V1 and V2 of Fig6. The pulses

e s o oV have an identical amplitude V, pulse width t, and
puise width = =8 %T s - pulse interval T, but there is a 180° phase
V2 difference between them Charges produced by the
ﬂ -—{ oV discharge are accurmulated on the dielectric layer at

- time the vicinity of the electrodes. Since these

Figure 6. Waveforms of drive pulses
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accumulated charges reduce the voltage across the
electrode gap, the discharge gradually weakens and
eventually terminates automatically along with
current flow. An electric field induced by the
following voltage pulse has an opposite polarity
and the discharge ignites again.

It is difficult to produce a uniform discharge in
a rectangular solid shaped discharge space such as
that of Fig. When the values of V, t, and T are
set properly, a uniform and stable discharge
extends over the entire volume as shown in
Fig8(a). If not, the power dissipation becomes so
large that it heats the gas, and as a result, the
discharge contracts to a narrow channel as shown
in (b). In this case, the current density at the
electrodes  sometimes becomes very high and
destroys the insulation of the dielectric layer.

4.3 Comparison of Hg and Xe lamps

Figure 8 compares the luminance and efficacy of
the 52-inAr-Kr-Hg and Ar-Ne-Xe lamps. Both
luminance and efficacy increase with voltage for
the Hg lamp, since the lamp temperature, and
hence Hg pressure increases. Ultraviolet radiation
in the Ar Ne-Xe lamps is the 147nm resonance
line, which is easily trapped by the surrounding
ground state Xe atoms. Because of the prolonged
effective life time of the excited Xe atoms due to
the trapping, free electrons have higher chances to
destroy the excited state of the Xe atoms when
the discharge current is increased. Therefore
efficacy decreases as the voltage is increased. The
peak luminance of the Ar-Ne-Xe lamp is one-third
that of the Hg lamp, and the peak efficacy of the
Ar Ne-Xe lamp is three-fifths that of the Hg
lamp. Efficacy of the Ar-Ne-Xe lamp exceeds that
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of Hg at low luminance levels.

(a) uniform and stable discharge

(b) contracted discharge
Figure 7. Examples of discharges

30000 50
Hg 5.2in
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Figure 8. Luminance and efficacy vs. drive pulse
voltage. For Ar-Ne-Xe lamps, pulse
width: 1(us). pulse interval: 60(us].
For Ar-Kr-Hg lamp, pulse width: 30
{us), pulse interval: 60(us].
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Figure 9. Luminance and efficacy vs. applied
voltage of a 5.2-in. Ar-Xe lamp for
various pulse widths. pressure:
5.3kPa, pulse interval: 40[us)

4.4 Optical characteristics of 5.2-in.Ar-Xe

lamp

Figure 9 shows the luminance and efficacy at
various pulse widths as a function of drive voltage
for 52-in. Ar-Xe lamp. The pressure is 5.3[kPa]
and pulse interval is 40[ms). Broken lines indicate
the limitations of the drive electronics. Above the
maximum drive voltage for each pulse width
except for 2 and 25ms, the discharges contracts
because the current density becomes too high. The
shorter pulse width gives wider operating voltage
margin because it can keep the current density
low. Therefore high luminance can be obtained
with shorter pulse widths., Also high efficacy can
be obtained with shorter pulse widths provided
that the luminance is kept constant.

Figure 10 shows luminance vs. efficacy at
various pressures. The pulse width is 2ms. The
curves are obtained by varying the drive voltage
and pulse interval The higher pressure needs
higher drive voltage and shorter pulse interval.
The higher pressure gives high efficacy when the
luminance is kept constant. The maximum
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Figure 10. Efficacy vs. luminance of a 5.2-in.
Ar-Xe lamp for various gas pressure.
pulse width: 2[us)

luminance  of 9200[cd/m’  with efficacy of
204[lnyW] was obtained at the pressure 6.7[kPal,
drive voltage 1,130[V], and drive pulse interval
25'ms]. Power consumption of the lamp under
these conditions was 11.7IW]. The maximum
efficacy of 34.1[lm/W] was realized with luminance
of 1,080[cd/m’] at the pressure 27[kPal, drive
voltage 1,120[V], and drive pulse interval 120[ms].
Input power was 0.8(WI.

Figure 11 is an example of the luminance
distribution at nine regions of the lamp. Upper and
lower numbers indicate, respectively, luminance in
cd/mt® and their percentages with respect to the
maximum luminance. Luminance uniformity defined
by the ratio of the minimum to maximum
luminance is 87.2[%].

4.5 Lamp size dependence

The shadowed region of Fig.l2 shows an
operating voltage window for various diagonal
sizes. As the size increases, the operating voltage
becomes higher due to slower build-up time of the
discharges. The width of the voltage margin,
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Figure 11. Luminance distribution in a 5.2-in.

Ar-Xe lamp.
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Figure 13. Luminance vs. diagonal size for
Ar-Ne-Xe lamps. Pulse width: 1

(us), pulse interval: 60(us).

however, is independent of the diagonal size.
Dependence of luminance and efficacy on the
diagonal size are shown in Figs.13 and 14. The
smaller size gives higher luminance and lower
efficacy, provided that the drive voltage is kept
constant. Since the discharge current required to
sustain the stable discharge does not depend on
the diagonal size very much, the current density
increases as the lamp becomes smaller. This leads
to higher luminance, but lower efficacy due to the

imprisonment effect.
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Figure 12. Voltage-diagonal size windows for obtainig
flat discharge for Xe lamps. Pulse width:
2(us), pulse interval: 60(us).
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Figure 14, Efficacy vs. diagonal size for
Ar-Ne-Xe lamps. Pulse width: 1(us),

pulse interval: 60{us].

Table II. Maximum performances of Ar-Ne-Xe flat
discharge lamps

diagonal size linchl | 05 | 18 | 25 | 28 | 52
ma laninence [ed ]| 5000 | 6100 | 6600 | 6600 | 10200
witmi ) |8 @ | w & |
max dfficacy [m W | 127 | 202 | 287 | 305 | 319

Table I summarizes the maximum performances
of the Ar-Ne-Xe flat discharge lamps. The drive
pulse amplitude, width, and interval are different
for each condition. The 52-in. lamp yields the
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highest luminance, since the voltage can be made
higher than the rest of the lamps. Maximum
efficacy can be achieved at lower voltages, shorter
pulse widths, and longer pulse intervals. The
luminance decreases when the efficacy s
maximized,

5. Conclusions

At present, the optical performance of the
mercury free Xe lamps is poor compared with the
mercury lamps. However they are improving
gradually. The most important for obtaining the
good optical characteristics on the mercury free
lamps is to diffuse the discharge in the discharge
space without contraction. In order to obtain the
diffused discharge, the optimizations of the lamp
structure and driving method are required. Also Xe
excimer radiation is obtained in various lamps by

Increasing gas pressure.
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