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@ Grid controlled gas discharge lamp.

@ A low pressure gas discharge lamp (such as a
fluorescent lamp) which includes a wire mesh grid

disposed within the lamp envelope so as to intercept
the electrons flowing between the lamp electrodes. A '_u-llfz;‘
lead wire extends from the grid to the outside of the

g | o

lamp envelope, when the grid is provided with a
negative voltage with respect to the surrounding L
plasma the lamp may be switched off. The grid F|G3G
controlled lamp eliminates the need for a solid state

power switch in the lamp driving circuitry. As such,

the lamp current flows only through the lamp not

through the electronic ballast/lamp driving circuifry.

With the lamp current removed from the ballast

circuitry, power dissipation problems in the driver

circuitry are eliminated. The grid controlled lamp

design greatly facilitates circuit design.
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The invention relates to a low pressure gas
discharge lamp comprising an envelope, first and
second electrodes disposed within said envelope,
an ionizable gas filing said envelope, said gas
becoming a changed plasma when a current flows
between said first and second electrodes, and
comprising a conductive grid disposed within said
envelope, which lamp is provided with means for
electrical connection to said grid.

A lamp according to the preamble is known
from CA 685386.

Fluorescent lamps are in wide use because of
their relatively high efficiency, low cost and long
life. A fluorescent lamp is a low pressure mercury
gas discharge lamp. As with all gas discharge
lamps, fluorescent lamps have a negative resis-
tance characteristic and require ballast circuitry to
prevent current runaway. For many years the con-
ventional ballast has been a copper/iron choke.
However, in recent years, electronic ballasts for
gas discharge lamps have become increasingly
popular in the lighting industry. Apart from being
more efficient than the conventional choke, the
electronic ballast is lighter and offers the possibility
of adding additional control features to the lamp
such as dimming and lamp power stabilization. A
disadvantage of electronic ballasts is their high
price due in part to their requirement for the use of
relatively expensive solid state power switches isn
the control circuitry. A solid state power switch is
relatively expensive and must carry large amounts
of current. As such, the heat generated solid state
power switch is not inconsequential and must be
factored into the design of the ballast circuitry.

The present invention provides a lamp design
in which the lamp itself functions as part of its own
driver circuitry. The lamp itself operates as its own
active high current component eliminating the need
for high current devices in the electronic
ballast/driving circuitry.

The present invention is directed to a low pres-
sure gas discharge lamp (such as a fluorescent
lamp) which includes a wire mesh grid disposed
within the lamp envelope so as to intercept the
plasma between the lamp electrodes. A lead wire
extends from the grid to the outside of the lamp
envelope. When the grid is provided with a nega-
tive voltage with respect to the surrounding plasma
the lap may be switched off. The grid controlled
lamp eliminates the need for a solid state power
switch in the ballast circuitry. As such, the lamp
current flows only through the lamp, not through
the electronic ballast/lamp driving circuitry. With
the lamp current removed from the ballast circuitry,
power dissipation problems in the driver circuitry
are eliminated. Only low current switches in the
driving circuitry are required as the lamp current
flows only through the lamp and not to the grid.
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The grid controlled lamp design greatly facilitates
circuit design and integrated the lamp and its
switching function.

For a better understanding of the invention
reference is made to the following drawing which
are to be taken in conjunction with the detailed
specification to follow:

Fig. 1 is a sectional view of a first embodiment
of a grid controlled gas discharge lamp;

Fig. 2 is another embodiment of a grid con-
trolled discharge lamp;

Fig. 3a is a schematic diagram of the circuitry
which may be utilized to test the operational
parameters of grid controlled gaseous discharge
lamps, Figs. 3b and 3c illustrate the lamp voli-
age and current in response to the driving
pulses;

Fig. 4 is a chart of the minimum grid voltage
required to interrupt the discharge lamp current
of the lamp of Fig. 1 versus lamp currents; at
differing mesh sizes;

Fig. 5 is a chart of minimum grid voltage re-
quired to interrupt the current of the gaseous
discharge lamp of Fig. 2 versus lamp current for
a variety of mesh sizes;

Fig. 6 is a chart of grid current as a function of
lamp current for various mesh sizes; and

Fig. 7 is a circuit diagram utilizing a pair of grid
lamps mounted in a "half-bridge" like configura-
tion with the grid lamps operating as the control
components in their own driver circuitry.

Fig. 1 illustrates a first embodiment of a grid
controlled gas discharge lamp constructed in ac-
cordance with the invention. The lamp includes the
usual glass envelope 10 and a metallic end cap 12
which includes the usual connectors (not shown)
for connection to the source of lamp current. The
inner surface of envelope 10 is coated with phos-
phors which fluoresce in the presence of a plasma.
Conductive feed-throughs 18, 20 extend through a
glass stem 22 and are connected to a cathode or
electrode 24. This structure is a conventional flu-
orescent lamp. It should also be noted that the
invention is also applicable to other low pressure
discharge lamps such as a low pressure sodium
vapor lamp.

A cylindrical support tube 26 has an opening
28 at its lower portion which is sealed to stem 22.
The upper portion of support tube 26 mounts a
support ring 30 which is used to support a conduc-
tive grid 32 so as to enclose the upper opening of
support tube 26. A spring clip 34 surrounds the
upper portion of support tube 26 and assures that
grid 32 and support ring 30 are held in close
contact with support tube 26. Spring clip 34 is held
in place by a circumferential indentation 36 dis-
posed in tube 36. A lead wire 38 provides electrical
connection through lamp stem 22 to grid 32. In this
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manner, the control voltage may be applied to grid
32.

As is discussed below, grid 32 is a square
mesh fungsten grid of about 70% open area, with
the fineness of the mesh being controlled by the
desired circuit and operational parameters. The
overall design of the support tube 26 is not critical.
The only important characteristic is that the elec-
trons flowing from electrode 24 must pass through
grid 32. If there was a path around grid 32, the
lamp would not function as grid 32 would be un-
able to interrupt the electron flow.

Fig. 2 shows an exploded view of a second
embodiment of a grid controlled fluorescent lamp.
In this drawing the same reference numerals are
utilized to indicate like structure as in Fig. 1. Lamp
envelope 10 includes an inwardly disposed inden-
tation 40 which serves as the upper limit and seal
for grid 32. The lower support for grid 32 is formed
by the lead wires 38. Lead wires 38, connected to
grid 32, run within hollow glass tubes 42, 44 for
electrical isolation from the plasma.

In operation a grid disposed in an ionized gas
plasma by virtue of its bombardment with charged
ions and electrons will be placed at a positive
voltage relative to the cathode which is at 0 volts.
In this application this voltage on the grid is re-
ferred to as the floating voltage (Vy). In order to
interrupt the current the floating voltage must be
overcome before driving the grid further negative.
Figure 3a shows the circuit that was used for low
frequency measurements of the grid controlled
lamp. Figs. 3b and 3c show the voltages and
current flowing in the grid controlled lamp in re-
sponse to the grid driving pulses (GDRV). The
lamp is operated from a voltage source, Vpg, bal-
lasted with a resistor, Rpc. Because of the constant
lamp current, the plasma is in a well defined state.
DC operation is convenient but not necessary. S1
and S2 are high voltage, low power solid state
switches (MOSFET), driven by a solid state level
shifter LS. 'GDRV' is the control signal supplied by
any suitable pulse generating circuitry. When the
drive signal (GDRV) is high, S2 conducts and S1 is
off. In this state, the lamp is on (l1,>0). As a resulf,
the grid is at the floating potential, Vy, and A is at
+AV,. The voltage across the grid capacitor Cg, is
(AV4-Vyy). To prevent shoot-through, turn-on of 1
and S2 is softened a bit by putting a 330 Q resistor
in series with the gates.

When 'GDRV' goes low, S1 turns on and S2
turns off, node "A" is connected to ground and
since the voltage across Cy is still (AVy-Vy), the
grid is pulled down to -(AV4-Vy). If this is negative
enough, the lamp current is interrupted (I.a=0).
During the negative pulse, the grid current Iy dis-
charges C,. Therefore, Cy must be large enough to
maintain a sufficiently negative voltage on the grid.
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When 'GDRV' goes high again, A is connected to
+ AV, and the grid has a voltage somewhat above
Vi1. As a result, the grid functions as an anode,
collecting electrons, until it is back at V. Because
this current is an electron current, it is much bigger
than the grid current, |y, which is a diffusion limited
ion current.

Figure 4 shows Vgnmin as a function of |y, for
lamps with 20, 32, 40 and 56 mesh per cm tung-
sten grids in the configuration shown in Fig. 1.
Figure 5 is a similar graph for lamps constructed
as shown in Fig. 2 with 40, 56 and 72 mesh/cm
tungsten grids. The polarity of the lamp was cho-
sen such that the grid is close to the cathode. The
curves represent the averages of 2 to 5 lamps. As
expected, Vg min is more negative at higher Ilq,.
Also, the finer the grid, the easier the switching.
The differences between the 40, 56 and 72
mesh/cm grids are relatively small. There are also
small differences between the results in this case
of the 40 and 56 mesh/cm grids of lamps of the
two different configurations. It is apparent from the
results, in particular those shown in fig. 4, that for a
mesh value smaller than 20 mesh/cm the required
value for Vg min becomes impractically large. Thus
the mesh of the grid should at least be 20
mesh/cm. The mesh used in the grids should be
regular (i.e. all the wires in the mesh are uniformly
spaced apart), if this is not the case the switching
capability of the grid can be greatly deteriorated
(V4 becomes too large). Figure 6 shows grid cur-
rent (lg) in milliamps as a function of lamp current
(ILn) for various mesh sizes. It is seen that the grid
current is much lower than that of the current
flowing through the lamp which permits the use of
low current switches in the grid control circuitry.

If the grid is close to the anode instead of the
cathode, Vg min stays approximately the same. AV,
(the difference between Vi and Vg min), however, is
much higher as Vy is higher. This is not frivial,
because the thickness of the space charge layer is
a function of the voltage drop across it (Vi1-Vy).
However, when the current is interrupted, the po-
tential of the plasma around the grid changes. Thus
the grid must be made negative with respect to the
cathode to obtain switching. Vg min does not change
very much with the position of the grid in the lamp.
With the grid closer to the cathode AV, can be
kept smaller and this is desirable. However, the
grid must not be too close to the cathode since the
plasma is different in close proximity and switching
becomes very different. Distances of 6 mm to 13
mm from grid to cathode give satisfactory results.
Grids 32 were constructed from square mesh tung-
sten round wire usually used for chemical sieving.
The grids have about 70% open area and tungsten
is relatively sputtering resistant. However other ma-
terials may also be used (such as nickel or
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molybendum).

Figure 7 illustrates a practical grid lamp circuit.
As can be seen the grids are driven, by signals
GDRV; and GDRV: in a manner similar to that of
Fig. 3. The two grid lamps are connected in a
"half-bridge" like configuration with the grid lamps
forming one-side of the bridge and the other side
of the bridge being formed by capacitors Cy and
C.. As lamps L1 and L» need not be switched on
and off simultaneously, diodes Dy and D, which
are connected in parallel therewith provide alter-
nate paths for current flow when one or both of the
lamps are turned off. Bridging the lamps are reso-
nant elements C; and Lg which form a tuned circuit.
As is seen, each of the lamps replaces a solid state
power device. The grid driver elements (S1, Sz, Ss,
S4) consist only pf high-voltage, low-power de-
vices.

The circuit of Fig. 7, depending upon the op-
erating frequency and the values of resonant ele-
ments Cs and Lg may be operated in either the so-
called capacitive or inductive modes. In these
modes lamps L1 and L, may be turned off either
by the action of the grids or by the action of the
resonant circuitry. Operation in either of these
modes may at various frequencies prevent delete-
rious so-called "constriction™. Constriction occurs
when the electrons of the plasma fry to force their
way through one of the openings of the grid. When
this occurs the wires of the grid at the point where
constriction occurs can burn out, which causes
failure of the controlling grid. Such constriction may
be avoided by controlling the parameters of the
circuit elements of the circuit of Fig. 7 and by
controlling the speed of changes in lamp current
and grid voltage. Other possible circuit elements,
such as described in the copending application
referred to at page 1 may also be used in conjunc-
tion with the grid controlled lamp of the present
invention.

In the schematic of Fig. 7 the lamps are shown
being driven with Vps. However, as is known to
those skilled in the art, Vpc may be any DC source
such as rectified power line voltage. The circuit
may be operated at frequencies of at least 20 KHz
which is a standard operating frequency for solid
state lamp driver circuits. Accordingly, Fig. 7 illus-
trates that the grid controlled gas discharge lamps
constructed in accordance with the present inven-
tion form an integral part of their own driving cir-
cuitry without the need for high current switching
devices. This provides meaningful cost and heat
dissipation savings.

Although the present invention has been de-
scribed in conjunction with preferred embodiments,
it is to be understood that modifications and vari-
ations may be resorted to without departing from
the spirit and scope of the invention, as those

10

15

20

25

30

35

40

45

50

55

skilled in the art will readily understand. Such
modification and variations are considered to be
within the purview and scope of the invention and
the appended claims.

Claims

1. A low pressure gas discharge lamp compris-

ing:

an envelope, first and second electrodes
disposed within said envelope, an ionizable
gas filling said envelope, said gas becoming a
charged plasma when a current flows between
said first and second electrodes,

and comprising a conductive grid disposed
within said envelope, which lamp is provided
with means for electrical connection to said
grid, characterized in that said grid comprises
a mesh of 20 to 72 mesh/cm.

2. A lamp as claimed in Claim 1, characterized in
that said first and second electrodes comprise
an anode and a cathode, said grid being dis-
posed closer to said cathode than said anode.

3. A lamp as claimed in Claim 1 or 2, character-
ized in that said envelope includes an inwardly
disposed indentation, said grid being disposed
in contact with said indentation.

4. A lamp as claimed in claim 1, 2 and 3, wherein
the lamp is a fluorescent lamp.
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