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(57) Abrégée/Abstract:

Conventional fluorescent discharge lamps can have a glow mode electrode extending along its length to extend its dimming range.
In the present invention, there are two glow mode electrodes wound around the lamp Iin a helical fashion. One circuit drives the
main electrodes at opposite ends of the lamp at high levels of brighthness. Another circuit drives the glow mode electrodes at low
levels of brightness, at about 10MHz. At intermediate levels of brightness, both the main electrodes and the glow mode electrodes
are driven, the two sets of electrodes being driven for alternate on and off periods with the glow mode electrodes being on when
the main electrodes are off and the glow mode electrodes being off when the main electrodes are on.
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ABSTRACT OF THE DISCLOSURE

Conventional fluorescent discharge lamps can have a glow mode electrode extending
along its length to extend its dimming range. In the present invention, there are two glow
mode electrodes wound around the lamp in a helical fashion. One circuit drives the main
electrodes at opposite ends of the lamp at high levels of brightness. Another circuit drives the
glow mode electrodes at low levels of brightness, at about I0MHz. At intermediate levels of
brightness, both the main electrodes and the glow mode electrodes are driven, the two sets of
electrodes being driven for alternate on and off periods with the glow mode electrodes being

on when the main electrodes are off and the glow mode electrodes being ot when the main

electrodes are on.
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GAS DISCHARGE LAMPS AND SYSTEM

Background of the Invention

This invention relates to gas discharge lamps and systems.

The invention is more particularly concerned with gas discharge lamps and systems

including control circuits for such lamps that enable them to be dimmed.

Gas discharge lamps, such as fluorescent lamps, have advantages of being able to
produce high intensity light with a low power dissipation, of having a relatively long life and
of being relatively robust. One disadvantage, however, with these lamps is that their
brightness cannot be well controlled over a wide range. Most commercially-available
fluorescent lamp dimmers operate by varying the mark-to-space ratio ot the drive signal
applied to the lamp and can only control brightness over a range of about 150:1, although
some dimmers for aerospace applications are capable of controlling light output in the range
2000:1. In US 5420481 there is described a fluorescent lamp system having glow mode
electrodes in addition to the two normal electrodes at opposite ends of the lamp. These
electrodes extend externally along the length of the lamp and are used to produce low level
light output, which enables the output range to be considerably increased. One problem,
however, with these glow mode electrodes is that any irregularity or miéalignment in the
walls of the lamp can lead to a non-uniform field from the glow electrodes and, hence, to a
non-uniform light output. Some fluorescent lamps used to backlight displays are bent into a

serpentine shape, so as to give a more even illumination over the surface of the display. This
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form of lamp presents substantial problems in achieving an

even l1llumination using the previous form of glow mode

electrodes.

EP-A-653903 describes a fluorescent tube in which

A

one of the discharge electrodes 1s connected to the end of a

single helical wire extending about the tube. As voltage 1is

increased, the discharge moves gradually along the length of

the tube.

F

Brief Summary of the Invention

It 1s an object of the present invention to

provide an improved gas discharge lamp and system.

Accordling to one aspect of the present invention
there 1s provided a gas discharge lamp comprising: an

elongate envelope filled with a discharge gas; a pair of

electrodes located at opposite ends of the envelope for

causing discharge within the envelope; and a pair of glow

mode electrodes extending a part at least of the length of
the envelope, wherein said glow mode electrodes are elongate
conductlve members wound helically about the envelope such

that any point on one conductive member has a corresponding

polnt located diametrically opposite on the other member.

The pitch of the helix of the two conductive
members 1s preferably approximately equal to twice the

external diameter of the lamp, and the conductive members

may be wires.

According to another aspect of the present
invention there 1s provided a gas discharge lamp system
comprising: a gas discharge lamp, said lamp having an
elongate envelope filled with a discharge gas, a first pair

of electrodes located at opposite ends of the envelope for
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causing discharge within the envelope; two glow mode

F

electrodes extending helically along a part at least of the

length of the envelope such that any point on one electrode
has a corresponding point located diametrically opposite on

the other electrode; a first alternating supply circuit;

means connecting saild first cilrcult to said first pair of
electrodes to drive salid electrodes and cause discharge
within said lamp; a second alternating supply circuit; and
means connecting sald second circult to said glow mode

electrodes.

The system 1s preferably arranged such that at

high brightness only the first circuit drives the lamp, at
low brightness only the second circuit drives the lamp, and
at intermediate brightness the first circuit drives the
first palr of electrodes for successlve periods separated by
spaces and the second circult drives the glow mode
electrodes only during the spaces between the periods when
the first pailir of electrodes are being driven. The first
circult 1s preferably arranged to reduce the space between
the periods of 1ts output, the second circuit being arranged

="
p—

to increase the space between the periods of its output when

'

an intermediate brightness of the lamp 1s to be increased.

The second circuilt 1s preferably arranged to drive the glow

mode electrodes at a frequency of the order of at least

5 MHz, which may be 10 MHz. The second circuit preferably
includes a transformer having a centre tap of a secondary
winding connected to ground, the two glow mode electrodes

-

being connected to opposite ends of the secondary winding.

The system may 1nclude a dc or low frequency supply also
connected to the glow mode electrodes so as to provide

heating of the lamp.

According to a further aspect of the present

invention there is provided a gas discharge lamp system
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comprising: a gas discharge lamp, sald lamp having an

elongate envelope filled with a discharge gas, a first pair

of electrodes located at opposite ends of the envelope for

causing discharge within the envelope; two glow mode

electrodes extending helically along a part at least of the
length of the envelope; a first alternating supply circuit;
means connecting said first circuit to said first pair of
electrodes to drive said electrodes and cause discharge
within said lamp; a second alternating supply circuilt at a
higher frequency than said first circuit; means connecting
sald second circuit to the glow mode electrodes; and means
controlling said first and second circults such that at high
brightness only said first cilrcuit drives said lamp, at low
brightness only said second cilrcult drives said lamp, and at
intermediate brightness said first circuit drives said first
pair of electrodes for successive periods separated by
spaces, and sald second circult drives the glow mode

electrodes only during the spaces between the periods when

sald first pair of electrodes are being driven.

Brief Description of the Drawings

Figure 1 1s a schematic side elevation view of the

lamp system;

Figure 2 1llustrates the outputs from the driving

circuit of the system at different brightness; and

Figure 3 1s a plan view of a part of the lamp in

greater detail.

Detailed Description of the Preferred Embodiments

With reference first to Figures 1 and 2, the
lamp 1 is shown, for simplicity as being a straight,

cylindrical tubular lamp although it could be formed into
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other shapes, such as serpentine or circular, to suit 1its
particular application. The lamp has two i1nternal
electrodes 10 and 11, one at each end of a cylindrical glass

envelope 12 of circular section and about
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10mm in diameter. The envelope 12 contains a conventional gas discharge mixture and is
coated on its 1nner surface with a conventional phosphor material. The lamp also has two
glow mode electrodes 15 and 16 extending around the outside of the envelope, in a manner
that will be described more fully later. The lamp 1 1s located behind a liquid crystal display 2

or some other similar transparent display

The system also includes a lamp driver unit 20. The unit 20 has two separate driver
circuits 21 and 22 connected respectively to the internal electrodes 10 and 11, and to the glow
mode electrodes 15 and 16. The first drive circuit 21 is an a.c. current source similar to those
used 1n conventional fluorescent lamp drive circuits. The circuit 21 supplies a fixed
frequency, square wave or sine wave output in the range 20-100 kHz. The output of the drive
circuit 21 comprises bursts of pulses separated by spaces without pulses, as shown in Figure
2A. The repetition rate of the bursts and spaces 1s chosen to be the lowest at which the eye

will not perceive a flicker.

The second, glow mode electrode drive circuit 22 1s a sine wave voltage source, which
produces a much higher frequency than that of the first drive circuit 21, of around 10 MHz
with a voltage of 200-300V rms. The drive circuit 22 has an output transformer 24 with its
secondary winding centre tapped to ground so that the glow mode electrodes 15 and 16,
connected to opposite ends of the secondary winding, are driven by balanced signals about
ground. This helps minimize the generation of electro-magnetic radiation from the glow

mode electrodes, which could otherwise cause interference.
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Both the first and second drive circuits 21 and 22 are connected to a brightness
control unit 25, which receives an input on line 26 indicative of the desired brightness of the
lamp. The control unit 25 appropriately controls the first and second drive circuits 21 and 22

to produce the desired level of brightness.

For high levels of brightness of the display, such as around 200 FtL, only the internal
electrodes 10 and 11 of the lamp 1 are energized, the control unit 25 holding the second drive
circuit 22 off. The control unit 25 controls the magnitude of light output from the lamp 1, in
the higher range of 1llumination, solely by changing the way in which the internal electrodes
10 an 11 are energized. More particularly, the ratio of the length of the bursts of pulses
supplied by the first drive circuit 21 to the length of the spaces between the bursts is varied.
For maximum 1llumination, the length of the bursts of pulses 1s long and there is only a very
short space between the pulses. For reduced illumination, the space between the bursts of
pulses 1s increased. Figure 2B shows that there is no output from the glow mode electrode

drive circuit 22 when a high level of brightness is needed.

When only a low level of brightness is needed, such as around 0.01 FtL, the control
unit 25 holds oft the first drive circuit 21, as shown in Figure 2E. For these low levels of
brightness, only the second drive circuit 22 1s operative, as shown in Figure 2F. This circuit
22 supplies bursts of the high frequency sine wave signal to the glow mode electrodes 15 and
16 separated by spaces. Again, the level of brightness at these low levels is varied by altering
the ratio between the length of the bursts of high frequency signal and the length of the spaces

between them.
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For medium levels of brightness, around 1 FtL, the control unit 25 enables both the
drive circuits 21 and 22, and more particularly, the control unit is arranged to ensure that only
one or other of these circuits 1s on at any one time, and that they are not both on together, as
shown 1n Figures 2C and 2D. To increase brightness within this range of medium brightness,
the length of the bursts of pulses from the first drive circuit 21 is increased and the length of
time for which the high frequency signals are supplied to the glow mode electrodes 15 and 16
1s correspondingly reduced. To reduce brightness, the length of the bursts of pulses from the
first drive circuit 21 1s reduced and the length of the bursts of high frequency signals supplied

to the glow mode electrodes 15 and 16 is correspondingly increased.

[t can be seen, therefore, that as brightness is increased from a minimum, the glow
mode will gradually increase until the normal mode comes into operation, following which
the glow mode will decrease as the normal mode increases. There may be a jump in
brightness when the normal mode first comes into operation but, by making the glow mode
peak drive level about ten times the minimum normal mode drive level, it ensures that the
jump in brightness is only about 10%, which is barely noticeable to the user. Alternatively,
the brightness of the lamp could be actively monitored in the different modes and the relative
width of the pulse bursts in the different modes altered to reduce the change in brightness at

the transition.

In the arrangement described above, the normal mode and glow mode drive signals

are never on at the same time. This is because it has been found that the lamp can flicker
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when both drive signals are on. However, it is possible to reduce flicker when both signals are
on 1f the high frequency signal applied to the glow mode electrodes 15 and 16 is synchronized

to the lower frequency supplied to the internal electrodes 10 and 11.

The glow mode operation gives a dimming range of about 150:1, whereas the normal
mode operation gives a dimming range of about 2000:1. Because of the overlap between the

two modes, which is about 10:1, this gives a total dimming range of about 30000:1.

The relatively high frequency drive signal supplied to the glow mode electrodes 15
and 16 of 10 MHz prevents the spectrum of the lamp being shifted towards the near infra-red
end ot the spectrum compared with the normal mode. At lower frequencies, of 100's kHz, the
glow mode spectrum contains high levels of near infra-red radiation, making a display
1lluminated with such a lamp difficult to use with night vision aids, which amplify radiation
in this range. Also lamps with a lower frequency glow mode would tend to look much pinker
at low brightness compared with the normal mode operation at higher brightness. It has been
found that, providing the glow mode drive signal is 5 MHz or greater, there is no noticeable

change 1n colour as the lamp i1s dimmed.

Turning now to Figure 3, the glow mode electrodes 15 and 16 are formed by two
resistance wires, which are uninsulated so that there is a maximum efficiency in the glow
mode. The electrodes 15 and 16 can also be used as heaters for low temperature

environments, by connecting them to a dc or low frequency supply via suitable electronic or
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electromechanical switching or blocking devices. The uninsulated nature of the wires also

increases the efficiency of the heaters.

The two wires are wound 1n a helical fashion along the outside of the glass envelope
12 of the lamp 1, the pitch P between turns of a wire being approximately twice the external
diameter of the lamp. The two wires 15 and 16 are wound in the same sense, but start from
points that are diametrically opposite one another, so that the distance between the two wires
along the length of the envelope 12 is half a pitch and the two wires are diametrically
opposite one another at all points along the envelope. The pitch may be varied to adjust the
luminous efficiency in the glow mode. The wires 15 and 16 are wound around a central part
along the length of the lamp 1 and do not extend over the region of the lamp occupied by the
internal electrodes 10 and 11, so as to avoid distortion of the glow mode electric field caused
by the internal electrodes. The wires 15 and 16 are secured to the outside of the envelope 12
by spots 40 of an adhesive every half revolution of the wire. The spots 40 of adhesive are
located where they will be inconspicuous, on the sides of the lamp, so that the front facing the
display to be 1lluminated is clear of adhesive. At one end of the resistance wires 15 and 16,
they are joined to insulated copper leads 45 and 46, which in turn extend to the drive circuit
22. Because the two wires 15 and 16 are equally spaced from one another along their length
and are diametrically opposite one another, the electric field between the wires always cuts
the lamp, whatever its shape, and does not radiate much outside the lamp. The electric field
produced by the glow mode discharge continually rotates in a helical fashion along the lamp,

leading to an even illumination when the lamp is used with a conventional diffuser. Such a
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diffuser will also help smooth variations in light output close to the helical wires 15 and 16.

The helical wires can be applied to lamps that are of circular, serpentine or other shape.

It has been found that the lamp system of the present invention can produce an even
1llumination over a wide range of brightness and can be smoothly faded or increased in

brightness.

The invention could be used with both hot and cold cathode lamps.



2185774

11

THE EMBODIMENT OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY

OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A gas discharge lamp comprising: an elongate envelope filled with a discharge gas; a
pair of electrodes located at opposite ends of the envelope for causing discharge
within the envelope; and a pair of glow mode electrodes extending a part at least of
the length of the envelope, wherein said glow mode electrodes are elongate
conductive members wound helically about the envelope such that any point on one
conductive member has a corresponding point located diametrically opposite on the

other member.

2. A lamp according to Claim 1, wherein the pitch of said helix of said two conductive

members 1s approximately equal to twice the external diameter of said lamp.
3. A lamp according to Claim 1, wherein said conductive members are wires.

4. A gas discharge lamp system comprising: a gas discharge lamp, said lamp having an
elongate envelope filled with a discharge gas, a first pair of electrodes located at
opposite ends of the envelope for causing discharge within the envelope; two glow
mode electrodes extending helically along a part at least of the length of the envelope
such that any point on one electrode has a corresponding point located diametrically

opposite on the other electrode; a first alternating supply circuit; means connecting

said first circuit to said first pair of electrodes to drive said electrodes and cause
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discharge within said lamp; a second alternating supply circuit; and means connecting

said second circuit to said glow mode electrodes.

A system according to Claim 4, including means for controlling said first and second
circuits such that at high brightness only said first circuit drives said lamp, at low
brightness only said second circuit drives said lamp, and at intermediate brightness
said first circuit drives said first pair of electrodes for successive periods separated by
spaces, and said second circuit drives said glow mode electrodes only during the

spaces between the periods when said first pair of electrodes are being driven.

A system according to Claim 5, wherein said first circuit 1s arranged to reduce the
space between said periods of its output and said second circuit 1s arranged to increase
the space between said periods of its output when an intermediate brightness of said

lamp 1s to be increased.

A system according to Claim 5, wherein said second circuit 1s arranged to drive said

glow mode electrodes at a frequency of the order of at least 5 MHz.

A system according to Claim 7, wherein said second circuit is arranged to drive said

glow mode electrodes at a frequency of about 10 MHz.

A system according to Claim 4, wherein said second circuit includes a transtormer

with a secondary winding, said secondary winding having a centre tap connected to
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ground, and whereiln saild two glow mode electrodes are

connected to opposite ends of said secondary winding.

10. A gas discharge lamp system comprising: a gas
discharge lamp, said lamp having an elongate envelope filled
with a discharge gas, a first pair of electrodes located at
opposite ends of the envelope for causing discharge within
the envelope; two glow mode electrodes extending helically
along a part at least of the length of the envelope; a first

alternating supply clrcult; means connecting said first

circult to said first palr of electrodes to drive said
electrodes and cause discharge within said lamp; a second

alternating supply circuit at a higher frequency than said

first circult; means connecting said second circuilt to the
glow mode electrodes; and means controlling said first and
second circults such that at high brightness only said first
circult drives said lamp, at low brightness only said second

circuit drives said lamp, and at 1ntermediate brightness

sald first circult drives said first pair of electrodes for
successlive periods separated by spaces, and said second
circult drives the glow mode electrodes only during the
spaces between the periods when said first pair of

electrodes are being driven.
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