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Introduction

Battery powered fluorescent lighting is an important application area that significantly benefits
from the low saturation voltage exhibited by Zetex Super-f transistors. These transistors replace
the TO126 and TO220 types commonly used in this application, giving savings in cost and size
whilst providing improvements in efficiency too. Since most of the circuit losses now occur in
the magnetic components and base drive, this translates to excellent circuit efficiency and
extended battery life. Furthermore, the low power losses in transistors minimise temperature
rises in them - important in reliability terms. This application note has been updated to include
additional choices of transistors to provide 90% DC-AC conversion efficiency.

Description

Emergency lighting systems are frequently employed as a required safety feature within business
premises. These systems essentially comprise a control circuit, a battery pack, a trickle charging
circuit, and either an in-built incandescent lamp, or an inverter that will allow the battery supply
to drive the existing fluorescent tubes. It is the latter version, and the requisite DC-AC inverter that
are addressed within this application note.

Figure 1 presents a block diagram of a typical emergency lighting system. The control circuit
monitors the mains supply, and if all is well, allows the charger to trickle charge the battery pack.
In the event of the mains voltage failing, the controller then enables the inverter which provides
sufficient power to a fluorescent tube to provide illumination.

It should be noted that this tube is quite often a standard ceiling tube that would otherwise be
powered by the mains supply. Fluorescent tubes are employed in these applications because they
are many times more efficient at converting electrical energy into light than conventional
incandescent bulbs. This efficiency translates directly into extended battery life.

The number of series connected cells used in an emergency lighting system is kept to a minimum
to optimize storage efficiency, reliability and cost. The resultant low output voltage of the battery
pack does however make it more difficult to design high efficiency converters.
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Figure 1 Typical emergency lighting system schematic
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Fluorescent tube characteristics

Figure 2 shows the V-l characteristics of an 8W fluorescent lamp after striking. Prior to ignition, the tube
requires a peak voltage of approximately 200-300V to initiate conduction, yet once struck the tube
voltage drops to around 56V after warm-up period.

In 50Hz main lamps, fluorescent lamps' are driven by magnetic core ballasts at low frequency; typically
50Hz. However, magnetic ballasts allow sufficient time for the ionized mercury gas in the discharge to
recombine between each half cycle of the 50/60Hz supply, thereby necessitating a re-strike of the lamp.
The effects of this viz: lamp lifetime, audible hum and a noticeable lamp light flicker are significantly
reduced if the fluorescent lamps are excited at higher frequencies, for example, above 25kHz. The
higher frequency excitation also provides a higher lumens/watt output, yielding higher overall
efficiency, as there is no longer sufficient time for significant re-combination to occur.

The striking voltage of the lamp increases both with age and decreasing temperature - so the open
circuit output voltage of the converter needs to be set to, typically between 400V and 1000V (or higher,
dependent on tube dimensions and characteristics) for reliable operation. The ballast capacitor value
must be set to source about 145mA to supply the full tube power. In many emergency lighting systems,
the output power of the inverter (and therefore the light output of the tube) is limited so to provide a
longer operating time from the available energy source.

The circuits presented in this note however have been designed to operate at an output power of 8W.
This serves to demonstrate the capability of the transistors and the basic topology, and can be used as
a starting point for development of lighting inverters for a customer's specific application.

High Efficiency DC-AC Converters

The high voltage AC supply required by the fluorescent lamp is generated using a push pull switching
converter forced to run in synchronized mode by the inclusion of a supply inductor. This converter
topology is also known as a resonant version of the popular push-pull power inverter developed by
George Royer, and so is often termed a "Royer" Converter.

The following describes two fluorescent lamp circuits, both for 8W output, but designed for different
input voltage ranges. Both circuits enable very high conversion efficiency. Each is designed to operate
from just two series connected cells, either lead acid type providing 4V nominal or Ni-Cd/Ni-MH types
at 2.4V. The same basic circuit is used for both voltage variants, but the component and transformer
details are adjusted accordingly. The circuit shown in Figure 3 can be used for the 2.4V or 4V supplies
by selecting the appropriate component values from Table 1, or modified for any other supply voltage
by consideration of the required transformer turns ratio.
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Figure 2 Current-voltage characteristics for 8W linear fluorescent tube
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+V 2.4 Volt 4 Volts

R1 1200 0.5W 1200 0.5W

R2 1200 0.5W 1200 0.5W

Q1 ZXTN19020CFF ZXTN19020CFF or ZXTN25020CFH or ZTX869

Q2 ZXTN19020CFF ZXTN19020CFF or ZXTN25020CFH or ZTX869

C1 ARCOTRONICS 2.2nF R76 1000Vdc/ ARCOTRONICS 2.2nF R76 1000Vdc/
400Vac Polypropylene 400Vac Polypropylene

Cc2 ARCOTRONICS 0.47puF R66 63Vdc/ ARCOTRONICS 0.15uF R66 63Vdc/40Vac
40Vac Polyester Polyester

C3 100pF 6.3V Electrolytic 100uF 6.3V Electrolytic

L1 COILCRAFT MSS1278-223MLB COILCRAFT MSS1038-223MLB 22uH+20%
22pH+20% SMD inductor SMD inductor

T1 FERROXCUBE RM8/I 3C90 cores with | FERROXCUBE RM8/l 3C90 cores with
0.73mm spacer. CPV-RM8/I-1S-12PD | 0.53mm spacer. CPV-RM8/I-1S-12PD or
or CPV-RM8-1S-8-PG coil former CPV-RM8-1S-8-PG coil former

W1 500T 0.18mm neatly wound 400T 0.18mm neatly wound
(first winding) (first winding)

W2 & W3 | 3T each, 0.5mm 4T each, 0.5mm
(second and third windings) (second and third windings)

W4 3T 0.31Tmm (fourth winding) 3T 0.31Tmm (fourth winding)

NOTE: Use insulating tape between W1 and other windings. Core spacer must be made from a
non-conducting material

Table 1 Component values for 2.4V and 4V nominal supply fluorescent lamp inverters

The following describes two fluorescent lamp circuits, both for 8W output, but designed for
different input voltage ranges. Both circuits enable very high conversion efficiency. Each is
designed to operate from just two series connected cells, either lead acid type providing 4V
nominal or Ni-Cd/Ni-MH types at 2.4V. The same basic circuit is used for both voltage variants,
but the component and transformer details are adjusted accordingly. The circuit shown in Figure
3 can be used for the 2.4V or 4V supplies by selecting the appropriate component values from
Table 1, or modified for any other supply voltage by consideration of the required transformer
turns ratio..
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Figure 3 Resonant push-pull inverter for low DC to high AC voltage conversion
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The spacer used with the core is not too critical for this design. If the unloaded (no tube)
oscillation frequency of the converter is more than 10% away from 130kHz, a thinner spacer could
be used instead to reduce the frequency. The primary winding of the transformer must be bifilar-
wound so that the leakage inductance of each half of the winding is approximately equal. If the
leakage inductances are unequal, a higher voltage stress could be imposed on the collector
terminal of the transistor during turn-off transition, compromising the circuit efficiency. In normal
run mode, the ac voltage across ballast capacitor C1 relies on the oscillating frequency and value
of C1. A higher voltage rating capacitor might have to be used for C1 if the actual oscillating
frequency is lower than 28kHz or when a smaller capacitance value is desired.

The 'no-load’ output voltage of the inverters has been set to approximately 600V peak, to facilitate
lamp ignition from low input voltage supplies. The 4V design for instance, could strike tubes
down to a 2.2V input, and once struck the lamp will continue to work for supplies down to 1.5V.
During normal running, the operating frequency of 28kHz is set by the C1 and C2, together with
the magnetizing inductance of the transformer secondary winding W1.

Before striking, or in the event of a damaged or removed lamp, resonant capacitor C2 and the
transformer primary windings W2 & W3 inductance set the oscillation frequency to a safe 130kHz
where the circuit can run indefinitely without harm. The voltage across each switching transistor
when driven off (by the feedback winding) is a half wave sinusoid with a peak value of
approximately three times the supply voltage. Therefore the VCEO of Q1 and Q2 should be
around 20 volts. The collector current when the device is on is fairly square with a ripple at twice
the frequency of oscillation, where the ripple current level reduces if a higher value L1 is used.

Figures 4 and 5 show these waveforms. As the supply voltage is so small, low saturation voltage
is critical in achieving good efficiency from the converter.

The designs have been optimised to meet the following key factors:

1. Cost The designs operate from just two series connected Ni-Cd/Ni-MH or lead-acid cells - the
fewer cells that are used in a battery pack, the cheaper and more volume efficient it will be. Also,
replacing the TO-220 type transistors normally used with ZXTN19020CFF or ZXTN25020CFH
transistors reduces component and board size.

2. Battery Life The ZXTN19020CFF and ZXTN25020CFH transistors give by far the lowest
saturation voltage of devices in their class. This translates directly to improved circuit efficiency
and extended battery life. With most of the remaining losses occurring in the magnetic
components and base drive, the efficiency of the 4V design is around 90% and the 2.4V design a
very creditable 85%.

3. Operating Range The 4V design will work for battery voltages in the range of 1.5V up to 8V. The
2.4V design from 0.95V to 6V. These wide operating ranges means that the circuits will withstand
the high supply voltage that can occur with rapid charging, yet are capable of wringing the last
ounce of charge from failing battery packs.
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4. Reliability The designs give enhanced reliability in several areas. The low power losses of
ZXTN19020CFF & ZXTN25020CFH minimise temperature rises in the transistors; important in
reliability terms. Eliminating the bulk of E-line or TO220 type transistors removes potential
susceptibility to vibration. Also the circuits will withstand reverse battery connection and
indefinite operation without a fluorescent tube - important in un-attended applications.
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Figure 4 Inverter operating waveforms for No Load 1. V¢, 2. Vg, and 3. Ig, 2V/div, 2V/div
and 0.2A/div respectively. Fop =~ 130kHz.
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Figure 5 Inverter operating waveforms for 8W fluorescent tube load 1. Vg, 2. I, and 3. Vg,
5V/div, 1V/div and 2A/div respectively. Fop ~ 28z.
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Appendix

Partial characterisation of ZXTN19020CFF. Full details available at
www.zetex.com/3.0/3-3-2b.asp?rid=1

Parameter Symbol | Min. | Typ. | Max. | Unit | Conditions
Collector-base BVceo 65 85 Vv Ic=100pA
breakdown voltage
Collector-emitter BVceo 20 25 \ lc=10mA
breakdown voltage
Emitter-base BVego 7 8.3 \ Ie=100pA
breakdown voltage
Collector-base cut-off lcBo <1 50 nA | Veg=10V
current 20 HA | Veg=b0V, Typ=100°C
Emitter-base cut-off lcEx <1 100 nA | Vgg=5.6V
current
Collector-emitter VCE(sat) 23 30 mV | Ig=1A, Ig=100mA(*)
saturation voltage 45 65 Ic=1A, Ig=10mA(*)
55 70 Ic=2A, Ig=40mA(*)
135 175 Ic=7A, 1g=280mA(*)
Base-emitter VBE(sat) 960 | 1050 | mV | Ic=7A, Ig=280mA(*)
saturation voltage
Base-emitter turn-on VBE(on) 840 950 mV | Ic=7A, Vce=2V(¥)
voltage
Static forward hee 200 350 500 1c=0.1A, Vcp=2V(¥*)
current transfer ratio 180 340 Ic=2A, Vcg=2V(¥)
100 220 Ic=7A, Vcg=2V(¥)
45 95 Ic=15A, Vcg=2V(¥)
Transition frequency fr 150 MHz | 1c=50mA, Vce=10V f=560MHz
Input capacitance Cibo 315 pF | Vgg=0.5V, f=TMHz(*)
Output capacitance Cobo 40 50 pF | Vcg=10V, f=1MHz(*)

(*) Measured under pulsed conditions. Pulse width =300pus; duty cycle =2%.
Conclusion

The application note has described practical implementation of a 'Royer' converter using Zetex
low V(g (sar) transistors for driving a T5 8W fluorescent lamp used in an emergency lighting
system. The high efficiency Royer driver operates at a frequency of around 130kHz during striking,
falling to 28kHz once struck. The circuit gives an instant start characteristic as no heater warm up
time is required.

If necessary, the circuit can be adapted to operate from a single 2V cell. Other possible variants
will drive higher wattage tubes at reduced power levels giving emergency back-up of, normally,
mains powered tubes.
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Definitions
Product change
Zetex Semiconductors reserves the right to alter, without notice, specifications, design, price or conditions of supply of any product or
service. Customers are solely responsible for obtaining the latest relevant information before placing orders.
Applications disclaimer
The circuits in this design/application note are offered as design ideas. It is the responsibility of the user to ensure that the circuit is fit for
the user’s application and meets with the user’s requirements. No representation or warranty is given and no liability whatsoever is
assumed by Zetex with respect to the accuracy or use of such information, or infringement of patents or other intellectual property rights
arising from such use or otherwise. Zetex does not assume any legal responsibility or will not be held legally liable (whether in contract,
tort (including negligence), breach of statutory duty, restriction or otherwise) for any damages, loss of profit, business, contract,
opportunity or consequential loss in the use of these circuit applications, under any circumstances.
Life support
Zetex products are specifically not authorized for use as critical components in life support devices or systems without the express written
approval of the Chief Executive Officer of Zetex Semiconductors plc. As used herein:
A. Life support devices or systems are devices or systems which:

1. are intended to implant into the body

or
2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the

labelling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to

cause the failure of the life support device or to affect its safety or effectiveness.
Reproduction
The product specifications contained in this publication are issued to provide outline information only which (unless agreed by the
company in writing) may not be used, applied or reproduced for any purpose or form part of any order or contract or be regarded as a
representation relating to the products or services concerned.
Terms and Conditions
All products are sold subjects to Zetex’ terms and conditions of sale, and this disclaimer (save in the event of a conflict between the two
when the terms of the contract shall prevail) according to region, supplied at the time of order acknowledgement.
For the latest information on technology, delivery terms and conditions and prices, please contact your nearest Zetex sales office .
Quality of product
Zetex is an 1ISO 9001 and TS16949 certified semiconductor manufacturer.
To ensure quality of service and products we strongly advise the purchase of parts directly from Zetex Semiconductors or one of our
regionally authorized distributors. For a complete listing of authorized distributors please visit: www.zetex.com/salesnetwork
Zetex Semiconductors does not warrant or accept any liability whatsoever in respect of any parts purchased through unauthorized sales channels.
ESD (Electrostatic discharge)
Semiconductor devices are susceptible to damage by ESD. Suitable precautions should be taken when handling and transporting devices.
The possible damage to devices depends on the circumstances of the handling and transporting, and the nature of the device. The extent
of damage can vary from immediate functional or parametric malfunction to degradation of function or performance in use over time.
Devices suspected of being affected should be replaced.
Green compliance
Zetex Semiconductors is committed to environmental excellence in all aspects of its operations which includes meeting or exceeding
regulatory requirements with respect to the use of hazardous substances. Numerous successful programs have been implemented to
reduce the use of hazardous substances and/or emissions.
All Zetex components are compliant with the RoHS directive, and through this it is supporting its customers in their compliance with
WEEE and ELV directives.
Product status key:

“Preview” Future device intended for production at some point. Samples may be available

“Active” Product status recommended for new designs

“Last time buy (LTB)” Device will be discontinued and last time buy period and delivery is in effect

“Not recommended for new designs” Device is still in production to support existing designs and production

“Obsolete” Production has been discontinued

Datasheet status key:

“Draft version” This term denotes a very early datasheet version and contains highly provisional information, which
may change in any manner without notice.

“Provisional version” This term denotes a pre-release datasheet. It provides a clear indication of anticipated performance.
However, changes to the test conditions and specifications may occur, at any time and without notice.

“lssue” This term denotes an issued datasheet containing finalized specifications. However, changes to

specifications may occur, at any time and without notice.

Zetex sales offices

Europe Americas Asia Pacific Corporate Headquarters

Zetex GmbH Zetex Inc Zetex (Asia Ltd) Zetex Semiconductors plc
Kustermannpark 700 Veterans Memorial Highway 3701-04 Metroplaza Tower 1 Zetex Technology Park, Chadderton
BalanstralRe 59 Hauppauge, NY 11788 Hing Fong Road, Kwai Fong  Oldham, OL9 9LL

D-81541 Miinchen USA Hong Kong United Kingdom

Germany

Telefon: (49) 89 45 49 49 0 Telephone: (1) 631 360 2222 Telephone: (852) 26100 611 Telephone: (44) 161 622 4444

Fax: (49) 89 45 49 49 49 Fax: (1) 631 360 8222 Fax: (852) 24250 494 Fax: (44) 161 622 4446
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