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The invention is con-
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tube driver arranged to be 60{— | %
supplied by a direct voltage 1 g BAY

source (particularly a vol-
tage source less than 50
volts, preferably 24 volts ¥ 3
nominal) and having a tube

drive output in the range 10

to 100 watts of arc power w| s |

(preferably 10 to 40 watts) 50 L

tion in the range 15 to 50

with a frequency of oscilla- {

KHz (preferably 32 KHz
nominal), the driver com- — 558

prising an arc waveform ) I
transformer (22), the pri- T
mary winding (23) of which
is supplied with a variable
drive current derived from
the low voltage source (15),

I
32

and the secondary winding (25) of which is adapted to be connected to the electrodes (13, 14) of a fluorescent tube (12), such that
in use an alternating tube arc current will flow through the secondary winding and tube. The drive includes a closed loop control
system (31-44) provided for maintaining substantially constant the tube arc current by varying the amplitude of the arc current
waveform without varying the pulse width. This extends the tube life and reduces the wasted heat. The arc transformer driver (24)

-and arc current are selected to give a symmetrical arc waveform with a constant waveform duty cycle in the range 90 to 95 %, and

a tube arc power less than 90 % of the rated tube power, and to maintain at a constant value in the range 1.3 to 1.5 the arc crest

factor.
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FLUORESCENT TUBE DRIVER AND LIGHTING SYSTEM

BACKGROUND OF THE INVENTION

This invention relates to a fluorescent tube driver
and a fluorescent lighting system including such a driver.

The invention is concerned with a driver working from
a direct voltage supply, preferably but not essentially a low
voltage supply (less than 50 volts) and including an
oscillator circuit producing a relatively high frequency
oscillation (15 to 50 KHz preferably 25 to 50 KHz) and
including a transformer supplying arc current to the
fluorescent tube. Known circuits operating from a direct
voltage supply at a high frequency are described for example
in UK Patent Specifications 1010208, 1308578,
2126810, 2246034, 2244608, 2212995 and 2095930. However
these operate by controlling the current to the driver by
varying the pulse width.

The present invention particularly aims to provide a
driver capable of operating at high efficiency and which is
particularly suited for use in heat conscious and energy
saving environments. Additionally the invention aims to

produce a driver which will promote optimum tube life.

Summary of the Invention

The invention is particularly concerned with a
fluorescent tube driver arranged to be supplied by a direct
voltage source (particularly a voltage source less than 50
volts, preferably 24 volts nominal) and having a tube driver
output in the range 10 to 100 watts of arc power (preferably
10 to 40 watts) with a frequency of oscillation in the range
15 to 50 KHz (preferably 32 KHz nominal), the driver
comprising an arc waveform transformer, the primary winding
of which is supplied with a variable drive current derived
from the low voltage source, and the secondary winding of
which is adapted to be connected to the electrodes of a
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fluorescent tube, such that in use an alternating tube arc
current will flow through the secondary winding and tube.
The driver of the present invention is of the above type and
has a number of novel and advantageous features which may be
claimed independently or in any combination. These are as
follows:

A - closed loop control system is provided for
maintaining substantially constant the tube arc current by
varying the amplitude of the arc current waveform. This
preferably comprises means for measuring the arc current
flowing through the secondary winding and tube to produce a
measured signal representing actual arc current supply, means
for generating a reference signal representing desired arc
current, comparator means for comparing the measured signal
and the reference signal and producing an error signal, and a
current adjustment means responsive to the error signal for
deriving the drive current such as to maintain the tube arc
current constant. ,

A tube arc current constantly held at thé right level
extends the tube life. Insufficient arc current results in a
lack of anode fall voltage across the electrodes resulting in
insufficient electrode temperature, which in turn results in
much reduced electrode life-and hence reduced tube life due
to inefficient operation of the electrodes. Excessive arc
current results in electrode over dissipation and hence
reduced electrode life.

The closed loop arc current control system utilises a
true current servo system rather than a pulse width
modulation system. This has the advantage that the arc wave
form duty cycle is constant which in turn results in a
constant arc current crest factor irrespective.of the degree
of correction introduced by the error amplifier. The net
gain is that tube life variation due to varying crest factor
is eliminated.

The arc current crest factor is the ratio of peak to
RMS arc current. The greater this figure, the greater is the

stress to the tube electrodes during tube operation. Stress
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to the electrodes results in loss of electron emissive
material from the electrode surface which is deposited on the
tube wall and is observed as tube "end blackening". 1In a
preferred form of the present invention a crest current
factor of 1.3 to 1.5 is achieved, dependent upon the tube
type.

The driver is arranged to produce a fully symmetrical
tube arc wave form. This prevents the phenomena of mercury
vapour migration within the tube. Mercury vapour migration
ultimately results in light output reduction at one end of
the tube necessitating tube replacement. A fully symmetrical
arc wave form prevents mercury vapour migration and
ultimately results in increased tube life.

The closed loop arc current control system of the
invention holds the arc current constant over a wide range of
DC supply voltages (typically 22 to 33 volts DC for a nominal
24 volt supply).

As the tube volt-ampere characteristic is only
temperature dependent, it is inherent that holding tube arc
current constant results in constant tube arc power and hence
constant light output at a given temperature. Thus the
operating arc power and the light output can be selected to
suit the individual application.

For example, in an energy saving, heat dissipation
conscious application of the driver of the invention, the
selected value of arc current may be selected such that the
tube light output is a percentage, less than 100, (preferably
80 to 90%) of rated output e.g. 87 per cent. This allows one
to choose a required combination of tube radiated heat, tube
light output and unit power consumption. By selecting and
controlling the tube arc current one contols the tube arc
power. However the arc current selected should fall within
the tube preferred range.

The driver is particularly designed for temperature
sensitive situations, for example where the tube is to light
shelving) confined spaces or refrigeration units.
Independently of the closed loop control therefore the
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invention concerns a driver which is arranged to run a tube
at tube arc power of 80 to 90% of the tube rated power and at
a constant arc current crest factor below 1.7 and preferably
in the range 1.5 to 1.3.

The means for providing the reference signal
comprises a resistive, divider derived, voltage from a
reference voltage. Selection of the appropriate divider is
via a jumper link system. The tap position by which the tube
is connected to the secondary winding of the arc transformer
is preferably also selected by a jumper link selection
system. By these means a wide variety of tube types and
styles can be used and the exactly right conditions for each
can be selected in seconds. In order to adjust the driver
for the selected tube type, two header selections must be
made. The first selectioh is used to select one of a number
(six to eight for example) of resistor pairs which determine
the tube arc current. The second selection is used to select
one of a number of taps from the transformer secondary
driving the tube arc. This second selection is necessary in
order to‘ensure compliance with the tube operating arc
voltage. With this arrangement the design is capable of
driving tubes within the range 10 to 40 watts and all that is
required to tailor the system to a specific tube is the
correct selection of the arc current resistor pair and the
correct selection of the transformer tap position.

The arc current flow circuit includes no dissipating
device forming an arc current limiting element and this leads
to higher efficiency. Efficiencies in the range 80 to 85 per
cent are normally achieved with the circuit described.

The drive voltage adjustment means comprises a low
differential current source having a voltage output V2 and a
switched mode power supply unit, arranged to receive the
supply voltage V and having an output voltage V1 arranged to
be supplied to the low differential current supply unit. The
voltages V2 and V1 are measured by the switched mode supply
unit which is arranged to hold the current source

differential V2 minus V1 constant. The current source is
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brogrammed by the error signal and the switched mode supply
unit is programmed from the current Source. The switched
mode power Supply unit again gives high efficiency of
operation. The switched mode approach also allows the unit a
wide operating voltage range of 22 to 33 the volts DC for a
nominal input voltage of 24 volts.

The high efficiency enables the use of the driver in
confined spaces where excessive heat generation would be a
problem and in energy saving situations.

A strike oscillator is provided for providing a
strike voltage, higher than the arc drive voltage, to the
tube arc at start up. Additionally a heater Circuit is
provided for providing a current through the electrodes to
heat these for a short period before each strike up attempt.
For example a strike up attempt may consist of electrode
Preheating for 3 period e.gq. approximately 1.5 seconds
followed by the application of a high voltage strike pulse
across the tube arc. According to another feature of the
invention means are provided for detecting whether or not the
tube strikes. If the tube strikes the strike oscillator is
disabled and the arc transformer driver enabled and the
closed loop arc current control will become Operative. If
the tube fails to Strike the arc transformer driver continues
to drive but will be inhibited after a brief pause period of
for example approximately 2.5 seconds. The strike sequence
will then be reinitiated, that is the pPreheating followed by
the application of strike voltage is repeated. Means are
provided for repeating this sequence for a predetermined
number of strike attempts, for example 6 to 8, following
which the attempt sequence will be terminated. 1f striking
does not occur during this sequence the unit will shut down
and remove potential from the tube terminals, A shut down
would, for example, result with a worn out tube or if the
tube were absent. A shut down may be reset by removal and
reapplication of power.

Should a tube be removed during operation or become
extinguished for any other reason then the system is arranged
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to re-enter restrike mode whereby the strike attempt sequence
will restart. If the tube 1is replaced within the
predetermined duration (e.g. 25 seconds) then the tube will
be restruck. If the tube is not replaced the system will
shut down. This feature enables careful tube changing whilst
the system is running provided that one is aware of the

potential hazards involved.

Brief Description of the Drawings

One embodiment of fluorescent tube driver and
lighting system, in accordance with the invention, will now
be described, by way of example only, with reference to the
accompanying drawings of which:-

Figure 1 is a block circuit diagram of a driver and
tube, _

Figure 2 shows a plot of arc current and arc voltage
provided by the driver of Figure 1,

Figure 3 show details of the circuitry Tof Figure lv
and is divided into parts 3a to 3f which fit together as seen
in Figure 3,

Figure 4 shows the bobbin of the arc transformer of
Figure 1, and

Figure 5 shows the bobbin of the electrode
transformer of Figure 1.

Detailed Description of one Embodiment

Referring to the block diagram of Figure 1, a hot
cathode fluorescent tube 12 has electrodes 13, 14 and is
arranged to be driven from a 24 volt nominal DC supély 15 as
the power source. 1In order to preheat the electrodes before
strike up, respective electrodes 13, 14 are connected in
series with secondary windings 16, 17 of an electrode heating
transformer 18, the primary winding 20 of which has an
intermediate part 19 thereof connected to the DC supply 15.

The ends of the primary winding are connected to an electrode



WO 94/04011 PCT/GB93/01618

tranformer push/pull driver 21.

A tube arc waveform transformer 22 has a primary
winding 23 connecied across an arc transformer push/pull
driver 24 and has a seéondary winding 25 one end 26 of which
is connected via line 27 and a resistor Rs to the electrode
14 to provide the tuge arc current supply. An arc
transformer jumper tap selection unit 28 connects a selected
tap off pecint of the secondary winding 25 via line 30 to the
electrode 13.

Lines 31, 32 connected across the resistor Rs provide
an input measure of the arc current wave form to the input of
an RMS-DC convertor 33, the output of which, on line 34,
provides a DC voltage signal (representing the measured RMS
arc current which is normally in the range 230 to 285 mA) to
one input of an infegrating error amplifier 35. The output
from this circuit is a DC voltage proportional to the RMS
tube arc current on a l:1 basis ie one volt DC equals one amp
RMS of arc current. A reference voltage source 36 provides a
reference voltage of 15 volts and this is connected via a
resistor 37 to a jumper switch RMS arc current selector
header unit 38 with the connection between resistor 37 and
unit 38 connected to the other input of the integrating error
amplifier 35. The RMS arc current selection header unit 38
comprises a plurality of resistors in parallel connected to
earth and the jumper switch allows one of these dividers to
be tapped thus providing a selected RMS arc current programme
voltage (on the basis of one volt equals one amp) to the
other input of the integrating error amplifier. The output
(error signal) from the amplifier 35 is connected on line 40
to a prdgramme input 39 of a low differential current source
unit 41, the current output of which is connected by line 42
and diode 43 to an intermediate connection of the primary
winding 23 of the arc transformer 22. This current I is the
drive current to the arc transformer (1.2 to 2 amps). A
switched mode voltage source unit 44 has an input voltage V
(nominally 24 volts) on line 45 from the DC supply 15 and an
output voltage V1 on line 46 which is supplied as an input to
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the low differential current source unit 41. The voltages on
lines 46 and 42 are fed back to the voltage source unit 44
which is arranged to hold the current source differential V1
minus V2 constant.

A strike oscillator 47 is connected via diode 48 and
line 49 to the midpoint of the primary winding 23 of the
transformer 22. A strike capacitor Cs is connected between
the line 49 and earth and is arranged to be charged up by the
strike oscillator.

A system control unit 50 includes a multi-strike
attempt timing circuit 51 and a "give up" circuit 52, each
connected to receive a start up signal on line 53 from a
power up reset/start switch unit 54. The timing circuit 51
has a phase 1 output on line 55A to enable the electrode
transformer driver 21 and the strike oscillator 47, and a
phase 2 output on line 55B to enable the arc transformer
driver 24. The give up circuit 52 has an output on line 56
arranged to give a shut down signal to the circuits 51, 21
and 24. The output of the error amplifier 35 is also
connected™on line 57 to an input of the multi-strike attempt
timing circuit 51 and the give up circuit 52 to indicate
whether or not the tube has been struck. A short circuit
overload shut down circuit 58 is connected across the lines
31, 32 and arranged to detect a short circuit and when so
detected to supply a shut down signal to the programme input
of the low differential current source 41.

As indicated at the top of Figqure 1 the circuit DC
supply 15 is derived from an original DC supply 60 via a
reverse polarity over current protection unit 61 and a
filtering unit 62.

The system operates as follows. On system power up,
the power up reset generator 54 issues a reset/start pulse to
the system controller 50.

Initially, the system controller enters phase one
which involves enabling the strike oscillator and enabling
the tube-end electrode pre-heat system. The strike
oscillator is a simple flyback convertor which is used to
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charge the strike capacitor, Cg, to approximately 91 volts
which is later stepped up by the arc transformer to generate
a high tension tube strike potential.

The electrode pre-heat system consists of a push-pull
step down transformer configuration generating two
galvanically isolated electrode pre-heat voltages.

During phase one which is of approximately 1.5
seconds duration, the main arc transformer push-pull drive
system is disabled.

During phase two, the strike oscillator and the
electrode pre-heat system are disabled and the arc
transformer push-pull drive is enabled. Initially, drive to
the arc transformer results in the voltage across Cg being
stepped up by the transformer ratio. This results in the
generation of a high potential across the tube arc resulting
in a tube strike. The result is a decaying alternating
voltage across the tube arc as the strike capacitor
discharges.

During initial strike period, a current flow is
established into the tube arc which has the effect of
activating the system arc current control loop.

Current flowing to the arc results in an alternating
arc current wave form across Rs, a measure of which is passed
to the RMS to DC convertor 33, the output from which is a DC
voltage proportional to the RMS tube arc current. The
voltage from the RMS output is compared in the error
amplifier 35, to a selected programme voltage (at input 39)
representing the desired tube RMS arc current. The amplifier
output (error signal) on line 40 is utilised to programme the
linear low differential current source 41, the resulting
output from which is fed to the arc transformer primary
winding.

The current flow in the primary winding is stepped
down by the transformer ratio to produce an arc current
which, in a matter of milliseconds, is adjusted to the value
set at the error amplifier programme input 39, by nature of
the arc current feedback taken from Rs (as described). This
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provides a closed loop servo control system maintaining
substantially constant the tube arc current by varying the
amplitude of the arc current waveform.

The net effect is that the tube strike is initiated
by the discharge of the strike capacitor but maintained by
the arc current control loop. By nature of the fact that the
tube volt/ampere characteristic 1is fixed, the desired arc
current results in a fixed arc power.

If the tube arc fails to strike on application of the
strike voltage, then a signal from the output of the error
amplifier, on line 57, which signal is indicative of a strike
failure, is utilised to force the system control circuit to
re-enter the phase 1 of the strike procedure and thus restart
the strike sequence.

Repetitive strike failure is measured by the give up
circuitry 52, which after a predetermined period
corresponding to a predetermined number of failures commands
a system shut down on line 56, whereby both the electrode and
arc drive systems are disabled. This action wilI occur after
approximately 6 to 8 strike attempts or approximately 25
seconds.

The arc transformer programmable current source 41 is
of linear design and is designed to operate at low
differential voltages to attain low dissipation. As the
output voltage V2 from this current source will be
determined by the tube arc voltage as set by the transformer
ratio (V2 is typically about 18 volts), and the current
source differential will be hundreds of millivolts (V1 minus
V2 is typically about 0.38 volts), the switched mode power
supply 44 is employed to efficiently reduce the 22 to 33 volt
(nominal 24 volts) supply 15 to the voltage attained at V1.
The switched mode power supply unit monitors the current
source differential voltage (V1-V2) and holds this value
consta.it irrespective of the voltage of V2 dictated by the
tube.

It is important to realise that the current source
41 is programmed by the error amplifier 35 and the switched
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mode power supply 44 is programmed from the current source in
that order.

The ratio of the arc transformer is selected such
that Vp is placed in the optimum operating range of 13 to 18
volts.

The arc transformer push-pull driver 24 is chosen to
produce a 90 to 95 per cent duty cycle, symmetrical arc
voltage wave form of a frequency 32 KHz nominal. An example
of an arc voltage wave form and resulting arc current wave
form plotted against time, as achieved by the Figure 1
circuit is shown in Figure 2. The fixed duty cycle of 90 to
95 per cent, attains the low arc current crest factor of
typically 1.3 to 1.5 dependent on the tube type. The wave
form has sharply defined on off characteristics.

The electrode drive push-pull system results in the
production of two electrode drive voltages which again are
symmetrical and of frequency 36 KHz nominal.

This system is designed to cope with a wide range of
standard "off the shelf" tubes and for this purpose it has
the ability to deliver tube arc powers of between 10 and 40
watts and is quickly confiqurable to the desired tube style
by the appropriate placement of the two printed circuit style
jumper links 38 and 28 which are used to select tube arc
current and tube arc voltage. For example, eight dividers

. may be provided for generating the arc current programme
voltages required for six popular tubes with provision for
two spares and four arc transformer tap selection positions
are provided in the unit 28. By utilisation of the jumper
link selection system, it is possible to select the tube type
within seconds. The first selection is used to select one of
the number of resistor pairs in the unit 38 which determine
the tube arc current. The second selection is used to select
one of a number of taps (for éxample four) from the
transformer driving tube arc in the system 28. This second
selection is necessary in order to ensure compliance with the
tube operating arc voltage. In the circuit described six

tubes are catered for with two spare uncommitted tube types.
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The six tubes are 18 watt two foot (6lcms), 30 watt three
foot (91.4cms), 36 watt four foot (121.9cms), 36wpl, 38 watt
three foot six iﬁches (106.7cms) and 40wpl. It should be
emphasised however that the design is capable of driving any
tubes within the range 10 to 40 watts and is by no means
limited to the above types.

Figure 3 shows the implementation of the described
system which may be related to the block diagram of Figure 1
by reference to the following circuit section descriptions.

Section 1 Switched mode voltage source

Section 2 Low differential current source

Section 3 Integrating Error Amplifier

Section 4 RMS to the DC convertor

Section 5 System control

Section 6 RMS arc current selection header and resistors
Section 7 Arc transformer push-pull driver

Section 8 Strike oscillator

Section 9 Electrode transformer push-pull driver

Section 10 Electrode transformer

Section 11 Arc transformer

Section 12 Arc transformer tap selection
Section 13 Power-up reset circuit

Section 14 Short circuit/overload shut-down

With reference to Figure 3, the 24 volt nominal DC
supply is applied to J1-1(+VE) and J1-3(0V). D1l provides
pProtection from reverse connection of the 24 volt supply.
The four terminal connection to the tube is made at J2. One
electrode should be connected to J2-1 and J2-2 whilst the
second electrode is connected to J2-3 and J2-4,. The
connections and types and values of the parts are shown on
the Figure.

Section 1 of Figure 3 forms an efficient step-down
switched mode voltage source and Section 2 forms a low
differential linear current source. The function .of the
switching regulator is to hold the current source
differential voltage, TPl4 to TPl5, constant at 380mV thus
maintaining low current source dissipation. The switched
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mode voltage source operates at approximately 72KHz and is
based arcund a pulse width modulation control device, U4 type
IP494,

A voltage of 380mV greater than the voltage at TP15
is generated at U4 pin 2 by the network R27, D11, D10, 04,
R23, U3, R24, R25. This voltage is utilised to program the
switched mode supply to issue an output voltage at TPl4 of
TP15 + 380mV thus maintaining 380mV differential from TP1l4 to
TP15.

The controlled pulse width output from U4 pin 8 and
11 drives the main switching mosfet Q19 via buffer stage Q5
and Q6. Ql9 forms the switching element of a flyback Step~
down configuration which consists of a flyback inductor L2, a
back emf catch diode D15 and a storage capacitor C30.

A voltage waveform representative of the tube arc
current waveform and derived from R85 is fed to the RMS to DC
convertor (Section 4) via the sense + and sense - lines. The
convertor is not a true RMS to DC conversion circuit but a
quasi design which operates sastisfactorily provided that, as
in this case, the input waveshape and duty cycle are fixed.
The convertor operates by first of all buffering the signal
via voltage follower U7 and removing front edge waveform
overshoot via low pass filter R55/Cl9. The resulting
waveform is then applied to the peak detector consisting of
U6/D12/R37/C22 and R59 which results in a voltage being
developed across C22 which is representative of the peak arc
current. A voltage representative of the RMS arc current is
then generated by passing the peak voltage via a buffer amp
(USA) to a potential divider R33/R34 which attenuates the
signal by the arc waveform duty cycle factor (95% or X 0.95)
resulting in a voltage representative of the RMS arc current
at TPS.

The integrating error amplifier (Section 3) compares
the voltage representing achieved RMS arc current at TP5 with
a voltage representing the required RMS current which is
formed by the RMS arc current selection header system
(Section 6). The header HD1 allows the selection of any one
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from eight possible potential dividers.

Both the achieved RMS arc current voltage and the
required RMS arc current voltage utilise a scaling factor of
1 volt DC = 1 Amp RMS of arc current.

The output from the error amplifier, USD pin 14, is
used to program the current source (Section 2) which in turn
issues a current to the arc transformer primary which is
stepped down by the arc transformer to form the arc current.

Section 7 is the arc transformer push-pull driver
stage. U9 (an IP494) is a pulse width modulator driver IC
but configured to deliver a fixed push-pull duty cycle of
95%. The 95% duty cycle resulting in 5% dead time when
neither push or pull drivers are active, ensures that there
is no possibility of both push and pull drivers being
energised simultaneously due to drive signal overlap. The
push-pull signals originating from U9 pins 9 and_ 10 are
buffered via Q15/16/17/18 and passed to the drive mosfets Q21
and Q22 which drive the two arc transformer primary windings.
Note that the two driving mosfets Q21 and Q22 drive the
primary windings in opposing phase to generate the push-pull
operating mode. U9 operates at a frequency of 62 KHz as
determined by 1.1/R73 C24 which due to the push-pull drive
nature, results in an arc waveform of half this value ie
31KHz.

The electrode transformer push-pull drivers (Section
9) is of similar design to the arc transformer push-pull
driver stage. This stage drives the electrode transformer
(Section 10) for approximately 1.5 seconds during the strike
sequence after which it is inhibited. The operating
frequency is 74KHz as determined by 1.1/R71, C23 which
results in an electrode waveform frequency of 37KHz.

Section 8 represents the strike oscillator the
purpose of which is to charge strike capacitor C32 to
approximately 91V. The oscillator is a simple flyback
configuration with L1 forming the flyback inductor and
operates at 65 to 85KHz.

The complete system is controlled and synchronised by
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the system controller (Section 5) which is reset on power-up
by the power-up resei circuit (Section 13).

The two phé==g of the strike sequence are represented

by the logic state <7 the P/S & R line (Prime, strike and
run). With P/S & R .~ the high state, Phase 1 of the strike

sequence is initiated with the electrode transformer push~
pull driver enabled via DP1C, the strike oscillator enabled
due to Ql1 being in the "off" state and the arc transformer
push-pull driver being disabled due also to Qll being in the
"off" state.

With P/S & R in the low state, Phase 2 of the strike
sequence is initiated where the electrode transformer push-
pull driver is disabled wvia DP1C, the strike oscillator is
disabled due to Qll being in the "on" state and the arc
transformer driver is enabled due also to Qll being in the
“on" state.

By utilising a signal from the output error amplifier
derived by Z2, R12, R16 and Q3, the control circuit is able
to detect a tube strike failure and thus time a period by
time constant R17/C8 during which multi-strike attempts are
made via repeated cycling of Phase 1 and Phase 2 strike
procedures. Failure to strike within this period results in
& system shut-down by U2A pin 2 switching low into the "give
up " state shutting down both electrode and arc drive
waveform generators. ,

Values for the arc currént set resistors R40 to R47
are selected such that six tubes may be catered for with two
spare uncommitted tube types. The six tubes used in this
example are 18W 2 foot (6lcms), 30W 3 foot (91.4cms), 36W 4
foot (121.9cms), 36WPL, 38W 31/2 foot (106.7 cms) and 40WPL.

The value of arc current selected for each tube
results in a tube arc power which is 82% that of rated tube
arc power. This provides a highly desirable combination of
tube radiated heat, tube light output and system power
consumption. The arc current may however be tailored to the
requirements of the individual.

A suitable arc transformer design for the above tube
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range i1s given in Figure 4. The table below shows the
required transformer tap selections made on the arc
transformer tape selection header and the corresponding RMS
arc current values selected via the RMS arc current selection
header resulting in 82% of rated arc power.

On comparative test run using a driver D in
accordance with the invention as disclosed herein and a 36W
rated tube, run at a total tube power of 29.5W, as compared
with a known system C run at 50Hz mains voltage and at the
36W rated arc power, with ambient temperature of 21°C to
22.5°C, gave the following results.

Total Tube Power Light Output Tl T2 T3  Hottest

% of Mains Component
Temperature
c 36W 100 43 19.3 19.3 . 53.0
(Ballast)
D 29.5W 87 24 15.2 15.2 17.0
(Heatsink)

Where Tl, T2, T3 are all temperatures in degrees centigrade
above ambient temperature respectively taken at the tube
electrodes, one quarter of the tube length from the

electrodes, and midpoint of the tube.

Tube Type RMS Arc Current for Required Transformer
82% Rated Arc Power Tap Pin Number
18w 6lcms 250maA 10
30W 91.4cms 250ma 11
36W 121.9cms 275mA 11
36WPL 285mA 11
38W 106.7cms 285mA 11
40WPL 230mA 12
}‘-
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A design for the electrode transformer is shown in
Figure 5.

Both transformers are based around Philips RMI10
formers. 1In order to obtain a high arc transformer operating
efficiency, a low loss ferrite material should be utilised.
As the arc transformer operates at 32KHz, a suitable low loss
ferrite at this frequency is either Philips 3C85 ungapped or
Siemens N41 ungapped. The design shown in Figure 4 operates
at 170 to 230mT (Milli-Teslas) which ensures freedom from
magnetic saturation. A similar grade of ferrite may be
utilised for the electrode transformer.

Figure 4 shows the transformer bobbin and pins for
forming the arc transformer 22. The windings are not shown
but all the primaries are‘w0und in the same direction and all
the secondaries are wound in the same direction. The bobbin
is a Philips 4322-021-34060 with 12 pins. The windings are
as follows:

First primary, 12 turns, 0.75 millimetre diameter ECW
Second primary, 12 turns, 0.75 millimetre diameter ECW
First secondary, 48 turns, 0.375 millimetre diameter ECW
Second secondary, 12 turns, 0.375 millimetre diameter ECW
Third secondary, 24 turns, 0.375 millimetre diameter ECW
Fourth secondary, 26 turns, 0.375 millimetre diameter ECW.

The first primary starts at pin 1 and finishes at pin
3, the second primary starts at pin 4 and finishes at pin 6,
the first secondary starts at pin 7 and finishes at pin 9,
the secondary starts at pin 9 and finishes at pin 10, the
third secondary starts at pin 10 and finishes at pin 11 and
the fourth secondary starts at pin 11 and finishes at pin 12.

The primaries must be put on to the bobbin first and
interwinding tape should be used between the primaries and
secondaries and between secondary one and secondary two and
over the outside.

Figure 5 shows the transformer bobbin and pins for
the electrode transformer 17. The bobbin is a Philips 4322-

021-34730 with 12 pins and all windings are in the same
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direction and made from 0.4 millimetre diameter wire.

Winding 1 starts at pin 10, has 48 turns and finishes
at pin 3.

Winding 2 starts at pin 12, has 48 turns and finishes
at pin 1.

Winding 3 starts at pin 4, has 12 turns and finishes
at pin 9.

Winding 4 starts at pin 6, has 12 turns and finishes
at pin 7.

Insulating tape rated at 80°C continuous should be
used between each winding and on the external winding.

It should be emphasised that the design shown 1is
capable of driving any tube in the range 10 to 40 watts and
is by no means limited to the above selection. It can be
adapted to operate tubes of higher voltage. All that is
required to tailor the system to a specific tube is the
correct selection of the RMS arc current program volfage and
correct design of the arc transformer winding.

If the arc transformer is required to be modified in
order to comply with a specific tube not mentioned, then one
should retain the same primary winding as Figure 4, but
select the secondary winding such that TP7 (the primary tap)
is placed at approximately 17.5 volts with the RMS tube
voltage at the desired value.

If Vp = RMS voltage of tube at desired tube power
D = Duty Cycle of drive = 0.95
Vppy = Voltage at TP7 = 17.5V
Ng = Number of secondary turns
Np = Number of primary turns = 12
Then NS = VpNp x 1

Vepz D

If the RMS arc current is required to be modified to

a value not available from the existing values, then a spare
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resistor/header position should be utilised to set the
desired arc current program voltage ie R4l and the value for
R41 calculated as follows:

v = Voltage representing RMS arc current
1 VDC = 1V RMS of arc current
Rgy = Value of R61 = 20k
Rg1 = Rg1
(15/v-1)

While one embodiment of the system has been described
in detail for use with a low voltage 24 volt nominal source,
the concepts can be applied to a system run from other
voltages or from any conventional mains voltage source
converted to produce a DC voltage supply, and with
appropriate change of component values.
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CLAIMS

1 A fluorescent tube driver arranged to be supplied by
a voltage source (15) and having a tube driver output with a
frequency of oscillation in the range 15 to 50 KHz, the
driver comprising an arc waveform transformer (22), the
orimary winding (23) of which is supplied with a variable
drive current derived from the voltage source, and the
secondary winding (25) of which is adapted to be connected to
the electrodes (13, 14) of a fluorescent tube (12), such that
in use an alternating tube arc current (Figure 2) will flow
through the secondary winding and tube, and including a closed
loop control svstem (31-44) characterised in that the closed
loop control system. 1s arranged to maintain substantially
constant the tube arc current by varyving the amplitude cf arc
current waveform. ‘

to claim 1 characterised in that

(%]
R
o]
Iat
H
<
1]
A
)
(9]
(e}
O
a1
N
H
3
(o]

the voltage source is a low voltage source (less than 30
volts nominal).

3 A driver according to claim 2 characterised in that
the low §Bltage source is a 24 volt nominal supply.

4 A driver according to any of claims 1 to 3
characterised in that the frequency of oscillation is
substantially 32 XKHz nominal.

5 A driver according to any of claims 1 to 4
characterised in that the arc current 1is selected for a
varticular tube such that the tube arc power is less than 90
per cent of the rated tube power.

6 A driver according to any of claims 1 to 5
characterised by an arc transformer push/pull driver (24) for
the arc transformer, which driver is selected to give a
symmetrical arc wave form having a substantially constant
wave form duty cycle.

7 A driver according to claim 6 characterised in that
the duty cycle is in the range 90 to 95 per cent.

8 A driver according to claim 6 or claim 7
characterised in that it is arranged, for any particular tube

setting, to maintain at a constant value the arc crest



WO 94/04011 21 PCT/GB93/01618

factor, the constant value being in the range 1.3 to 1.S5.

9 A driver according to any of claims 1 to 8
characterised in that the arc current flow circuit includes
no dissipating device forming an arc current limiting
element.

10 A driver according to any of claims 1 to 9
characterised in that the secondary winding (25) of the arc
transformer is arranged to be connected to the fluorescent
tube (12) from a selected one of a plurality of tap peoints on
the secondary winding and the selection of the tap point is
by a jumper link selection system (28).

11 A driver according to any of claims 1 to 10
characterised in that the drive voltage adjustment means
comprises a low differential current source (41) having a
7oltace output V2 and switched mode power supply unit (44)

arranged to receive the supply voltage V and havirng an output

.

70ltage of V1 arranged to be supplied to the low differential
current supply unit, the outputs V2 and V1 being measured dy
the switched mode supply unit which is arranged to hold the
current source differential V2 minus Y1 constant.

12 A driver according to claim 11 characterised in that
the current source unit (41) is programmed by the error

P4

signal and the switched mode supply unit (44) is programmed

(21}

rom the current source unit in that order.

(=]

13 A driver according to any of claims 1 to 16 including

u

strike oscillator (47) arranged at start up to supply a
strike voltage to the tube arc, which voltage is higher than
the normal running arc voltage, characterised by means (50,
51, 57) for detecting whether or not a strike has occurred
and arranged to initiate a re-strike attempt if an attempted
strike has failed, and means (52) arranged to initiate shut
down after a predetermined number of strike attempts or a
predetermined time period.

14 A circuit according to claims 13 characterised by
means (57) adapted to detect removal or failure of a tube and
to reinitiate multi-strike attempts.

15 A lighting system including a tube driven by a driver



WO 94/04011 22 PCT/GB93/01618

according to any of the preceding claims.



PCT/GB93/01618

WO 94/04011

Z€ €€ YE 75—
_ N _
: - o5, €5
LE MNN gss f
" — 85 { -
€335 - l_
. .MH._WW . Lz .Mm VSS—
YA $) i\_
wa (44 _ ) ~
Ba 07 _Af ] | 05
et 1/ 7569 g I | s %
0€ INE= 2 25
D i —F A o
A O AN
J J
0z 1z L 6€ 3\ V/

6l 1 zn A 3 6€ gy {esna
| | | 1n0a ] AN
M 94—~ IA S84

9% JI |

ZA 9E—T ASL
\w ; _M 95 5% LE
LL 5l -—
8l —
S 5 i wQ/ﬂ To

.t . , —
] 29/ Y



WO 94/04011

PCT/GB93/01618

PEAK ARC
— — VOLTAGE

—-RMS ARC
VOLTAGE

—

PEAK ARC

—— — — — CURRENT

— — RMS ARC
CURRENT

29
Fig.2.
A
ARC 1
VOLTAGE
— |
A 32 KHz
— _ _ _ _]
ARC SR S
CURRENT




PCT/GB93/01618

WO 94/04011

5

4] 58] T 1
. 4 | Mot ] A0S |
| N g 11 A0S 555 |
Q o] 65 g | 619
pos | 33 " |-
d0L7 40LY NS RENIEN
8T < < +|< |
| N S L€d e e Au_+um2um
e =Rz o T K |
»: L0y |+ | A D> i
Th] 01 _ —
. oLy AZlye | - &v
<
e il 3ol S N9 D
LYY nd Led ACZ NOOL w4
62y H_ Y0 Mrl’ LA == {)-1- 40 40
oLMmIg N aND T 00%5NL Ll Lizy
CONLY BTl & \ 4 7-10 AO
oz | — WOT s+ o—rpl aa W 0 ! Yo
P woeel] %Mz | Nm: L2V I0mENT Ocdl
m&f_ 4 | VSZ [L-iramee
o >0|.— 14 -u
. +
_ i ld1 —
um.m_u__.mm.g“__.umm_n__.um.mm Dg Ol
qgby [ ogby (L .Q.\u\




PCT/GB93/01618

WO 94/04011

[ ) - . - . _ - _ .
_ | || vedo
| OLNIWI Sldl “hie M | AL il
L3S i udl 208915 . 0l
| us m\,nUPPE_AJ pce | O Dlnl - I 0wz
N T Jeudse ¢ | L e s
dn 3NN e | (020 guf| 3 Asls  25d
o 0Nl
CdL w0uol) - — 1] AW ——
] ¢8d _ XY
N J
| 02764l ; o Roor!
3 LW3 1110) g . a3v6YdI N3O
wZzP o|eh3 SSA 89L1-0N N
% ! Ll TN
QER i AL - ANOLE ZN3 SSA
DA e R ‘r o P
77 dhwiy o9 s o o lez) aos
A4 O S 2wy rale | €N ] !
294l 2] v (R T _mwo%sz € S5 gal g A0S
] SV ISH M [ € T3 'noor
Nezn M——} _ vv 5] KA
c94| | - | iMAMAA
0
T ! s
|
_




WO 94/04011 PCT/GB93/01618

Sk

Fig.3c.

S5V—|

jun

- 415V
"l
i
;E ”5\“}—3}%&? [—DP/§'&_R |
U2E L70K UzB
R9
ﬂM: > IS -

iK7 CEF 401068T
HEF40106BT |_L41z,3 §328R IDT’%O LLMQ% |
—H——GGIVE UPR18 ]
IMN10 !
B SR

lzsv B RESET

0K +15V ‘
| U2, AD& | B
6 LLagl YR1

O 00O
H1  F2 F3 Fi




WO 94/04011 PCT/GB93/01618

%
Fig.3e
IMN10 i -
D16

—1 vk hirs: SB5100

e & BZXBL F—————— — — — -

v | 6V2 N | TP7o—~
v —_ V+

T

330R_ Q1
Clo HEF 40106BT ™ ZVN2110A

| lsov

N N
SR
CD
~3 UIO o~
Ul Ul
o O
ot
~N
o[
g 53
(D
(=]
N
@
L

RT7 |
' 2K2 |
+15V o {{ :
HSKA
| ZTX650
| —E} RE1 MS768028| |
. 5 RF 630 |
R79 Q17
2K2 ZTXT50 :
|



WO 94/04011

PCT/GB93/01618

7
Fig.3d.
e 3 I _1_16V 10N.ch1 |
| 3Tuzoeg] LM ap S
= < <
'R61§§§:%§3%%|R36 [ Rt 1% RS3
TTLIL508% T el
120K o 0 K7
~1oHWn < im| NHe—{ [
| é]a:’a:*| e
Xl x| ol o ol o] W w e
]§§§§§§§§_l 1 %%\0/ +15V
e - an
| ! ZvPzio6A( I
TP3 REFO—
U9
+Al A2+%-|
Al AZEH
F.B. REFEHSV
¢ DT CTRLE>
TP CT VECT
RT COLLZE
VSS EM2fg
OLL1 EM1
TPL9LCD
—GRESE_T‘t | o5
8 ~—oTP21 | o
BSTOA
| ( @g QGND




WO 94/04011 PCT/GB93/01618

%
Fig.3f
17 0|
| -2 |AuteB-
| I I -
' il
i “ @ﬂi :
N 50V WC_t
(e ¥ (2 -
@ R AL P O l—_
g S AL
Ty A
R76 R78 25
S KS
vV VvV v
Frle,
1oo$ gmov ! ;n"] 2| 2
due!] -—OHDZO—-
-0 0—
O—¢
P13
12-4
=0 |
TP12
123
P
177" . TUBE

P10
Y




WO 94/04011 PCT/GB93/01618

Fig.5.




1

INTERNATIONAL SEARCH REPORT

Inte. .tional application No.

PCT/GB 93/01618

A. CLASSIFICATION OF SUBJECT MATTER

IPCS: HOSB 41/29, HO5B 41/36

According to International

Batent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC5: HOSB

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A EP, A2, 0429402 (MARELLI AUTRONICA S.P.A.), 1-15
29 May 1991 (29.05.91), abstract
A EP, Al, 0439861 (N.V. PHILIPS' 1-15
GLOEILAMPENFABRIEKEN), 7 August 1991 (07.08.91),
abstract
A US, A, 4385262 (CRAIG S. CAMBIER ET AL), 24 May 1-15
1983 (24.05.83), abstract
A US, A, 4723098 (CALVIN E. GRUBBS), 2 February 1988 1-15
(02.02.88), abstract

Further documents are listed in the continuation of Box C.

See patent family annex.

. Special categories of cited docoments

“A” document défining the general state of the art which is not considered.
0 be of particular relevance

ertier document but published on or after the international filing date
document which may throw doubts on priority claim(s) or which is
cited o establish. the ppblia&ondarzcianothcrd!aﬂmarom:r
special reason (as specified) )

L4:'4
L3 54

*T" later document published after the international filing date or priority
date and pot in conflict with the application but cited to understand
the pﬁndpleormemynndziyinsmzinvmﬁm

document of particular relevance: the claimed invention cannot be
considersd novel or cannot be considered to involve an invenrive
step when the document is ken alone

doarment of particular relevance: the claimed invention cannot be
considered to involve an nventive step when the document s

X

y”

*0” document referring to aa aral disclosure, exhibiti other L
means e o oF eo;nbined.wiuxane orm'egmgr.mch documents, such combination
#P~  document published prior to the international filing date but later than being chvious to a person skilled i the art
the priority date claimed #&* document member of the same patent family

Date of the actual completion of the international search

9 December 1993

Date of mailing of the internationat search report

/o 193

European Patent Office, P.B. 5813 Patentiaan 2
N1L-2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

*) Faxc (+31-70) 340-3016

Narne and maiimg address of the Internatiogal Searching Authoriry Authorized officer

Anders Axberger

Form PCT/ISA/210 {seconc sheet) (July 1992)




2

INTERNATIONAL SEARCH REPORT Inte ational application No.

PCT/GB 93/01618

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

18 Sept 1990 (18.09.90), abstract

—— i . o ot

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US, A, 4862040 (OLE K. NILSSEN), 29 August 1983 1-15
(29.08.89), abstract

A US, A, 4958108 (JEFFREY A. JORGENSEN), 1-15

Form PCT/ISA/210 (continuation of second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

Information on patent family members

SA 77554

International application No.

16/10/93 |PCT/GB 93/01618
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP-A2- 0429402 29/05/91 JP-A- 3147293 24/06/91
EP-A1- 0439861 07/08/91 JP-A- 4212296 03/08/92
US-A- 5150014 22/09/92
NL-A- 9000202 16/08/91
US-A- 4385262 24/05/83 JP-C- 1606803 13/06/91
JP-B- 2031480 13/07/90
JP-A- 58097297 09/06/83
US-A- 4723098 02/02/88 AU-B- 552569 05/06/86
AU-A- 7724981 28/04/82
CA-A- 1179430 11/12/84
EP-A,B- 0067999 05/01/83
US-A~ 4477748 16/10/84
US-A- 4658187 14/04/87
WO-A- 8201276 15/04/82
AU-B- 596079 26/04/90
AU-A- 4841585 24/04/86
EP-A- 0178852 23/04/86
JP-A- 61096699 15/05/86
US-A- 4862040 29/08/89 NONE
US-A- 4958108 18/09/90 NONE

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

