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Abstract

A description is given of a self oscillating CFL circuit (demo board PR39922), which is able to drive a standard
Osram Dulux T/E GX24q-3 lamp or similar lamp types with a nominal lamp power of 26 W. However, the lamp
power is fixed at about 22 W so that the total power drawn from the mains is about 25 W or less. The circuit is
based on a Voltage Fed Half Bridge Inverter topology. It is designed for a nominal mains voltage of 230 Vs
where instant-start is applied for instant light output. The Half Bridge switching devices are the bipolar power
switching transistors of type BUJ101AU. The BUJ101AU is driven and controlled by a driver transformer. The
driver transformer saturates at a defined current level so that the lamp current is controlled in an indirect way.
The key drivers for this design are very low cost and low component count.
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Summary

In the underlying report a description is given of an electronic instant-start CFL! circuit. Furthermore, a printed
circuit board is available (PR39922).

The circuit is a Voltage Fed Half Bridge, which has been optimized to drive a standard Osram Dulux T/E GX24g-
3 lamp or similar lamp types with a nominal lamp power of 26 W. However, the lamp power is fixed at about 22 W
so that the total power drawn from the mains is about 25 W or less at a nominal mains voltage of 230 V,,s/50 Hz.
The reason for the lamp power reduction to about 22 W is that there are no THD-requirements for mains powers
lower than 25 W so that a preconditioner function will be obsolete.

The circuit is of the instant-start type to achieve instant light output. The mains voltage operating range is 200 -
250 Vs The circuit is able to ignite from a mains voltage down to 150 V.

One of the key components is the BUJ101AU bipolar power switching transistor. The BUJ101AU is designed for
use in Compact Fluorescent Lamp circuits and/or low power electronic lighting ballasts. Furthermore, a driver
transformer (ring core) is used to drive and control the switching transistors. The driver transformer saturates at a
defined current level so that the lamp current is controlled in an indirect way.

1. CFL = Compact Fluorescent Lamp
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1. INTRODUCTION

A very low cost electronic CFL circuit has been designed, which is able to drive an Osram Dulux T/E GX24g-31
lamp or similar. A voltage fed half bridge inverter has been chosen as lamp driver circuit. The inverter has been
designed for a nominal input voltage of 230 V,,,s and 50 - 60 Hz. The key component in this circuit is the
BUJ101AU bipolar switching transistor. Furthermore, a driver transformer is used to drive and control the
switching transistors. The driver transformer saturates at a defined current level so that the peak current through
the ballast coil is controlled. As a consequence, the lamp current is controlled due to the fact that the ignition
capacitor’s impedance is negligible during the burn phase.

The key drives for this design are a very low cost and low component count CFL application.

2. CIRCUIT & SYSTEM DESCRIPTION

2.1 Block Diagram

The CFL circuit has been designed for a nominal mains voltage of 230 Vs, 50 - 60 Hz. The mains voltage
operating range is 200 - 250 V,,,s. Basically, the circuit consists of three sections: AC bridge rectifier, EMI filter
and the half bridge inverter. Figure 1 shows the block diagram of the circuit. The complete schematic diagram is
given in figure 4 on page 11.

o—] Half ‘
230 Vi £ 10% AC + EMI ridge % CEL

50 - 60 Hz Rectifier Filter
R Inverter

Fig.1 Block Diagram CFL circuit

The AC mains voltage is rectified by four bridge rectifying diodes D1, D2, D5 and D6 and smoothed by the buffer
capacitor C4 to get a DC supply voltage for the half bridge inverter. An EMI-filter formed by L1, C1 and C5 is
used to minimise the disturbance towards the mains. The half bridge inverter is of the voltage fed type belonging
to a group of high frequency resonant inverters, which are very attractive to drive lamp circuits. They can achieve
a high efficiency, due to the ZVSs? principle, so that switching losses of the two switching transistors TR1 and TR2
is substantially reduced.

2.2 Half Bridge Inverter

The circuit is of the instant-start type to obtain almost immediate light output. When the mains voltage is applied
to the circuit, the startup circuit (§ 2.3) generates a start pulse and the circuit will generate a high AC voltage
across the igniter capacitor (8§ 2.4) which is connected in parallel with the lamp. Normally, the lamp will
breakdown and the circuit operates in the burn phase (8 2.5).

2.3 Startup Phase

After switch on of the system, the rectified mains voltage is applied to the buffer capacitor C4 via inrush limiter
R5. The buffer capacitor smooths the ripple voltage, caused by the (doubled) mains frequency. The result is a
high DC voltage V,,,, which is an input for the half bridge inverter (power components: TR1, TR2, D3, D8, L2, C3,
the lamp, C1 and C5).

1. PL-C = CFL lamp type of Philips
2. ZVS = Zero Voltage Switching
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During the startup phase, capacitor C6 is charged, out of the high DC voltage Vy,, via the resistor R2. As soon as
the voltage across C6 reaches 32 V, diac D7 will breakdown and TR2 is switched on. Resistor R3 takes care that
the half bridge voltage is set to V},, before the diac is triggered. Now, the half bridge midpoint voltage changes
rapidly from V},, to zero so that a positive voltage is applied to the secondary winding T1-3 and keeps TR2
conducting. After switch-on of TR2, diode D4 discharges C6 to prevent double triggering of TR2. Now the circuit
is oscillating and the start circuit is deactivated by diode D4.

2.4 Ignition Phase

After start, L2 and C3 form a series resonance circuit which is able to generate a large voltage across C3. The
worst case ignition voltage is about 900 Vp for low temperatures. The combination of ballast coil L2 and igniter
capacitor C3 has been chosen in such a way that the voltage across the lamp can exceed this high level while
the current through the BUJ101AU is smaller than 1.5A. The circuit is able to re-ignite for mains voltages down to
150 Vs

25 Burn Phase

After ignition, the lamp will become low ohmic and is set to the operating point by the ballast coil L2 at a given
operating frequency in this case 28 kHz.

The steady state operating point of the lamp used in the 25W circuit is 84 Vg, 260 mA,,s and a lamp power of
21.6 W.

The value of the ballast coil L2 is determined by the lamp operating point and the operating frequency which is
approximately 28 kHz at a nominal input of 230 V5. During burn, the impedance of the igniter capacitance C3 is
high compared to the lamp impedance so that the influence is regarded negligible.

It can be calculated that for the actual value of L2, the total circuit delivers the desired lamp power at 28 kHz. The
result is that an inductance of 2.6 mH is needed as ballast coil, see appendix 1 for detailed calculations. The
value of L2 deviates from the calculated one because the igniter capacitor's impedance is not completely
negligible in this case. An igniter capacitor of 6.8 nF performs very well for proper ignition.

2.6 Power Components
The electrolytic capacitor C4 is of the FC series of SANYO because of its small dimensions.

The applied power transistors TR1 and TR2 are of the type BUJ101AU. The switching losses of the two power
transistors are reduced to a minimum, due to the Zero Voltage Switching principle. The duration of the ignition
phase is rather small so that the choice of the transistor type is determined by the ballast coil current in the burn
phase. The maximum peak current through TR1 and TR2 during ignition should be lower than 1.5 A. The
BUJ101AU is available in a I-PAK/SOT533 envelope.

The ballast coil L2 is of Philips type CE167v. This is a compact coil that suits the small dimensions in CFL
circuits.

The driver transformer T1 consists of three coupled inductors T1-1 through T1-3 on a ring core. The core material
is 3F3 and the ring core type is TN10/6/4. The primary winding T1-2 saturates and is used to drive the secondary
windings T1-1 and T1-3. The secondary windings behave like a voltage transformer in this circuit. The
dimensioning of the driver coil is given in table 1 and a drawing in figure 2. Furthermore, a series connection of
R8 and C7 is added parallel to the primary winding T1-2 to eliminate switch-on losses, see figure 6.

The ignition capacitor C3 of 6.8 nF/630V is a film capacitor of Philips designed for applications where high
capacitance per volume is desired.
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A dv/dt-limiting capacitor C2 is added to reduce the EMI and switch-off losses, see figure 7. Normally, the dv/dt
capacitance is connected from node A to ground or the positive supply rail. In this case C2 is connected from
node A to node B to obtain a symmetrical square wave, see figure 8.

Nsl Ng NSZ

5 6 5

Table 1 Dimensioning of Driver Coil T1

T1-3 T1-2 T1-1
0 ° [ . f
Ns1 Np Ns2 " 1
™ -Y_- ‘ <[ N
1 2 3 4 5 6 NefNG [ £ N2
1 2v; Npl4

Fig.2 Driver Transformer T1

2.7 Operating Frequency

In general, the operating frequency f,, is set by the driver transformer T1 and the emitter resistors R4 and R7,
see figure 2 and 3. The primary - and secondary turns N, and Ng of T1, the core material of T1 and the emitter
resistors R4 and R7 are the parameters to adjust fy, to the desired value. Besides the electrical parameters, the
ambient temperature T,mpWill have an effect on f,, by means of transistor storage-time variation Atg;, transistor
base-emitter voltage variation AUy and variations in the ferrite core saturation level Algy (~ AHgg).

The individual effects of the electrical parameters to determine the frequency operating point fop are:

* The ballast coil current I , flows through the primary windings N, of T1-2 and determines the moment of the
core saturation Iy (the influence of the secondary transformer current is negligible). An increase in N, gives a
decrease in ls4s0 fop will increase when N increases.

» The drive voltage for the BUJ101AU is proportional to the secondary windings Ng. An increase in Ng gives a
decrease in fq,

» The core material is principally characterised by the permeability p and the magnetic field at saturation Hgg
The drive voltage is proportional to p and Ig4is proportional with Hgg An increase in [ gives a decrease in fg,
and an increase in Hgygives also a decrease in fg,

The influence of the ambient temperature Ty iS:

* The effect of AT,,p0n the storage charge AQg;in the BUJ101AU is proportional so the storage time tg; will
increase when T,pincreases. This means that an increase in Tympgives a decrease in fgp,

* The effect of AT,,p0n the base-emitter voltage AUy, of the BUJ101AU is inverse proportional so Upg will
decrease when T,yincreases. This means that an increase in Tympgives a decrease in fg,

* The effect of AT4,p0n the flux density AB in the ring core is inverse proportional so the drive voltage will
decrease when T,yincreases. This means that an increase in Tympgives a increase in fg,
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Fig.3 High Side Drive Circuit

10



Philips Semiconductors

Self Oscillating 25W CFL Lamp Circuit

Application Note
ANO00048

3. PCB

The CFL circuit is designed and available on printed circuit board PR39922 using leaded components. In this
chapter the schematic diagram, layout, and parts list are given.

3.1

Schematic Diagram
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Fig.4 Schematic Diagram Circuit
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3.2 Layout

ggeeznq

Fig.5 Component- and Copper Side of PR39922

The actual diameter of the PCB PR39922 is 4.5 cm.

3.3 Parts List Key Components

Component Value Rating Type Philips Order Code (12nc)

C1,C5 100nF 250V MKT 465 2222-465-90001
Cc2 3.3nF 630 V KT 347 2222-347-61332

c4 10pF 350V Elcap SANYO
C3 6.8nF 630V MKP 380 2222-380-65682

R5 22Q 1w KNP TY-OHM

L1 820uH 140 mA Micro Choke Siemens
L2 2.6 mH CE167V 8228-001-35521
T1 TN210/6/4-3F3 4330-030-34900
D1,D2,D5,D6 BYD12M SOD120 Contr. Aval. Rect. 9340-552-67143
D3,D4,D8 BYD33) SOD81 FastRec. Rect. 9337-234-20113
D7 BR100-03 SOD27 Diac 9333-904-60113
TR1, TR2 BUJ101AU TO92 Bip. Power Trans. 9340-555-72412

Table 2 Parts List Key Components
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4. PERFORMANCE

All measurements described in this chapter are carried out at an ambient temperature of 20 - 25 °C and after
stabilisation of the lamp.

4.1 Ratings CFL25W Circuit

The circuit performance measurements are done with an AC power source at 50 Hz. The quantities used in table
3 are:

* Vg = AC power source output voltage
*+ Ps = AC power source output voltage
* P, =lamp power

* Nsys = system efficiency = Py / Pg

Vs [V] Ps[W] Pig [W] neys [%]
200 223 183 82
210 236 194 82
220 244 20.2 83
230 255 212 83
240 264 218 83
250 28.0 23.0 82

Table 3 Circuit Performance CFL25W Circuit

13
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4.2 Oscillograms

I

fl 5pstE@ Y 2 5ps 10.8m¥ 3 5 ps SOmY 0 AUTO

1. Up half bridge voltage DC 100 V/div 5 ps/div
2. ¢ collector current AC 100 mA/div 5 ps/div
3. Ig base current AC 50 mA/div 5 ps/div

Fig.6 Switch Behaviour of TR2, CFL25W circuit

|

TN /
',,r"/" © \ o f
S i/
N 1
H“M...u_m il
il 2ps @@ Y 2 2ps 10.8m¥ 3 2ps 5Oml 0 AUTO
1. Up half bridge voltage DC 100 V/div 2 ps/div
2. ¢ collector current AC 100 mA/div 2 ps/div
3. Ig base current AC 50 mA/div 2 ps/div

Fig.7 Switch-off Behaviour of TR2, CFL25W circuit
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Fig.8 Lamp current and Ballast Coil Current, CFL25W circuit
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APPENDIX 1 DIMENSIONING BALLAST COIL

The load circuit is formed by an RLC circuit where R, is the lamp resistance, L the ballast coil L2 and C the

igniter capacitance C3. The impedance of C3 at 28 kHz is negligible compared to the lamp resistance R,. So the
load circuit is formed by the lamp and the ballast coil.

The half bridge circuit is supplied by the voltage across C4 denoted as E volts. In fact, E is the average voltage on
C4 because the voltage on C4 contains a 100Hz ripple caused by the mains rectification. So the voltage supplied

to the load circuit Upg is (Us- Ug), see figure 4. The voltage at node U, is a square wave voltage with a peak-

peak amplitude of E volts and a duty cycle of 50% so the DC component is equal to E/2 volts. The voltage at node
Ug is equal to E/2 volts. So the voltage supplied to the load circuit U g is a square wave voltage with a peak-peak
amplitude of E volts and a DC component of 0 volts. The equivalent circuit is given in figure 9.

Uag(t)
A
E/2
o
1
-E/2
0 T/2 T

—)  Uag(D)

L i(t)

Rla[

Fig.9 Equivalent Load Circuit.

The steady state solution for i(t) in the interval 0 <t < T/2 is given by:

it)
i

P

a

The desired power P, in the lamp, the applied voltage Ug and substitute variable I, are all known so a can be

R e
—(I+|O)I]eE +1g

| o Canh(a)

USEIOE[l—

min|

tanha
a

g, - Ys

EO Rla

with Ot = =

E I:‘)Ia

] 0o = T
o 4t

calculated. Figure 10 gives a plot of P5(a) for the examples on the next page.
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Fig.10 The Lamp Power as function of a

&
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The value for a is obtained by a numerical method because the inverse function of Pz(a) can not be written in an
explicit form. Now, the ballast coil L is completely determined for a given operating frequency f (= 1/T). The
expression for L is

T RIa

L = R = Raps = i @)
Example
Data CFL25W U, =84V, I, =260mA E = 290V, f = 28kHz
Derived Quantities Pa = 22W, R, = 323Q, Uy = 145V, |, = 449mA
Substitution of the data in (1) gives
_ _tanha
22 = 65[[ -0 J 3)
Solving for a gives a =1.295.
Substitution of the data in (2) gives
L=— 38 - 2omH (4)

4[1.295012&10°
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