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A circuit with a transistor common to both the inverter (113) and the boost converter (118) powers a gas discharge lamp (144). In
a half-bridge inverter, a boost inductor (108) is coupled between the rectifier (104) and the junction (112) between two switching circuits

(114, 116).
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WO 94/22209 PCT/US94/01799

“TRANSISTOR CIRCUIT FOR POWERING A FLUORESCENT LAMP".

Background of the Invention

Fluorescent lamps operate most efficiently if driven by
AC (alternating current) power at a frequency of around 30

10 KHz (kilohertz). To operate efficiently from standard power
distribution systems, an electronic ballast converts AC line
power at 50 Hz (hertz) to 60 Hz to higher frequency AC power.
The ballast must have a low power factor (PF) and produce
little total harmonic distortion (THD) at the input AC line.

15 To accomplish these tasks, an electronic ballasts has a
rectifier to convert AC power to DC power, a boost converter for
increasing the voltage of the DC power above peak of the line
as well as providing power factor correction, and an inverter
for converting voltage boosted DC power into AC power at

20 around 30 KHz.

The boost converter consists of a boost inductor and a
transistor operated as a switch. The output of the boost
converter is connected to a half-bridge two transistors inverter.
The output of the half-bridge inverter, through a transformer,

25 drives the fluorescent lamps.

The usual topology of such a boost converter coupled to
an inverter requires three power transistors. The result is a
circuit with a large number of part‘s, and thus increased
complexity and increased assembly costs.

30

Brief Description of the Drawings

Fig. 1 i1s a circuit for powering gas discharge lamps.
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Fig. 2 shows the current envelope for current through
boost inductor 108 and collector current for transistor 128.
Fig. 3 shows the collector current for transistors 118 and
128 when the line voltage is approximately zero.
5 ~ Fig. 4 shows the current through various circuit
components when the line voltage is near the maximum.

Description of a Preferred Embodiment

10 Referring to Fig. 1, terminals 100, 102 receive AC power
at a first, relatively low frequency about 60 Hz. Rectifier 104
converts the AC power into single polarity pulsed DC power.
Rectifier 104 may be a full wave bridge rectifier.

Capacitor 106 connects the output terminals of rectifier

15 104, (Capacitor 106 could also be across terminals 100, 102.)
Capacitor 106 is a low impedance current source for boost
inductor 108. Boost inductor 108 stores enmergy and
periodically releases the energy into the remainder of the
circuit. Blocking diode 110, coupled between boost inductor

20 108 and node 112 prevents current from flowing in reverse
through inductor 108 from the remainder of the circuit.

Switching circuit 114 consists of transistor 118 (shown
here as a bipolar junction transistor (BJT), but it could easily be
a field effect transistor (FET)). The collector of transistor 118

25 connects to upper rail 119, and the emitter connects to node
112. Node 112 is the transistor junction of the half bridge
inverter. The base of transistor 118 is coupled to a network
comprising capacitor 120 in parallel\ with resistor 122 and first
secondary winding 124. Diode 125 is in parallel with resistor

30 122. First secondary winding 124 is from resonant inductor
126.

Switch 116 is configured similar to switch 114. The
collector of transistor 128 is connected to node 112. The base
of transistor 128 is connected to network composed of
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capacitor 132, resistor 134, and second secondary winding 136.
Second secondary winding 136 is also from resonant inductor
126. Diode 135 is in parallel with resistor 134.

Node 112 is the junction between switching circuit 114,
switching circuit 116, and blocking diode 110. Node 112 is also
coupled to the primary winding of resonant inductor 126. The
polarity of the second secondary winding 136 is of opposite
phase, while the first secondary winding 124 in phase.

Thus, when current flows with a first polarity through
the primary winding of base drive transformer 126, transistor
118 turns on, while transistor 128 turns off. When current
flows with a reverse polarity through the primary winding of
transformer 126, transistor 118 turns off, while transistor 128
turns on.

The primary winding of resonant inductor 126 is coupled
to transformer 140. The primary winding of transformer 140
is in parallel with capacitor 142. The secondary winding of
transformer 140 drives lamps 144. The electric power through
lamps 144 is at a second frequency about 30 KHz.

Capacitor 146 couples the primary winding of
transformer 140 to upper rail 119, while capacitor 148 couples
the primary winding of transformer to lower rail 130.

Electrolytic capacitor 150 couples upper rail 119 to lower-
rail 130. Diodes 150, 152 couple the collector and emitter of
transistors 118, 128, respectively. Diodes 150, 152 allow
current to flow around transistors 118, 128 whenever the
voltage between node 112 and the rails 119, 130 would cause
current to flow from the emitter to the collector of transistors
118, 128.

Switching circuit 116, boost inductor 108, diode 150 and
diode 110 form boost converter 115. Transistor 128 is a
component of the boost converter 115 and half-bridge inverter
113.
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The duty cycle of transistors 118, 128 vary dependent
upon the voltage of the AC line. The ratio of the duty cycle of
switch 118 to switch 128 is about 7:4 when the line voltage i~
at a peak. When the line voltage drops to 0, then the ratio of
the duty cycles is about 1:1. .

If the ratio of the duty cycles of switches 118, 128 were
1:1 over an entire cycle of AC line power, then too much energy
would be stored and released over a short time, resulting in
excessive lamp current. Conventionally, correction of the
problem consists of increasing the inductance of boost inductor
108 or decreasing the capacitance of electrolytic 151, or both.
This would, however, increase the THD imposed on the line.

The circuit varies the duty cycle of transistors 118, 128
as a function of the line voltage, thus maintaining proper lamp
current without negatively effecting the THD or PF of the
circuit.

The duty cycles of transistors 118, 128 vary dependent
upon the instantaneous voltage of the line. When the line
voltage is zero, the ratio of the duty cycles of transistors 118,
128 is about 1:1. At the peak line voltage, the ratio is about
7:4. The ratio of duty cycle limits the amount of energy stored
in the boost inductor. Thus, the circuit is not over-driven.

The operation of the circuit when the line voltage is about
zero is straightforward. The alternate operation of switching
circuits 114, 116 releases energy stored in electrolytic 151 into
transformer 140.

Fig. 3 shows the current through the collectors of
transistors 118 and 128 when the line voltage is approximately
zero. Each transistor is on the same amount of time, indicating
that the ratio of the duty cycles is approximately one.

The circuit operates differently when the line voltage is
not zero. When transistor 128 turns off, energy stored in boost
inductor 108 forward biases diodes 110, 150, and thereby
charges electrolytic 151. Since diodes 110, 150 are forward
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biased, node 112 is one diode drop higher than upper rail 119.
Even when transistor 118 is on, no current flows through
transistor 118.

Since boost inductor 108 acts as a current source, the
current through tank circuit 200 never reaches the same peak
as it would when the line voltage is at a minimum.

When transistor 128 is on, the current reaches a higher
peak and therefore will be on a shorter time to volts*time
balance the resonant inductor, which causes the duty cycle of
transistor 128 to be shorter than in transistor 118.

Thus, the on-time of the transistors dynamically varies
with the line voltage. The on-time of transistor 128 decreases
as the on time of transistor 118 increases, and the on-time of
transistor 128 decreases as the line voltage increases.

Fig. 4 shows the current through various circuit
components when the line voltage is near its maximum. Fig. 4-
1 shows the collector current for transistor 118. The collector
current is limited by the energy released from inductor 108, so
that the collector current is limited.

The collector current for transistor 128, as shown by Fig.
4-2, is the sum of the current from boost inductor 108 and
resonant tank circuit 200.

Fig. 4-3 shows the current in transformer 126. Due to
additional current from boost inductor 108, the current in
transformer 126 is asymmetrical. The coupling of the base
drives of transistors 118 and 128 to the resonant inductor 126
causes the transistors to have different duty cycles.

Fig. 4-4 shows the current thrdugh diode 150. As can be
seen by referring also to Fig. 4-1, transistor 118 does not turn
on until the current through diode 150 is zero.

Fig. 4-5 shows the current through boost inductor 108.

"The current in boost inductor 108 always falls to zero before

the start of the next cycle.
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The power factor correction of such a circuit is very good.
A power factor more than .95 is possible. The current draw
from AC line has a power factor of .95, which make the circuit’
as good as circuits employing a current mode control IC with a
power FET. Thus, the circuit eliminates a power FET, an IC and
Associated components for driving the FET.

Many modifications to the circuit are possible by one
skilled in the art without departing from the general ideas
stated herein. For example, the circuit shown in Fig. 1 employs
a self regulating resonant tank circuit to drive transistors 118§,
128. A pulse width modulation (PWM) driver could control
transistors 118, 128. Such a driver would vary the on-time of
transistors 118, 128 in synchronization with the line voltage.
When the voltage on the line is near maximum, the PWM
driver would turn on the transistors for a shorter time. While
near a zero voltage on the line, the PWM driver would turn the
transistors on for longer periods of time.

We claim;
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Claims

1. A circuit for powering a fluorescent lamp from an AC
power source at a first frequency comprising:

a rectifier coupled to the source of AC power at a first
frequency;

a half bridge inverter, comprised of two transistors,
where the emitter of one transistor is coupled to the collector of
the other transistor, forming a transistor junction, the half
bridge inverter having an output of AC power at a second
frequency coupled to the fluorescent lamps;

the rectifier coupled to the transistor junction by an
inductor.

2. The circuit of claim 1 further comprising control means
for controlling the on times of each of the two transistors.

3. The circuit of claim 1 where the control means for
controlling the on times of the two transistors is a self resonant
circuit.

4, The circuit of claim 2 where the diode is connected
between the inductor and the half bridge inverter.

5. The circuit of claim 2 where the control means is a pulse
width modulation circuit synchronized to the voltage of the AC
power source.

6. The circuit of claim 2 where the two transistors are a first
transistor and a second transistor, each transistor having an
on-time, and the pulse width modulation control circuit
controls the on-time of each transistor so that the on time of
the first transistor is longer than the on-time of the second
transistor.
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7. The circuit of claim 2 where the control means varies the
on-times for the transistors in response to the voltage of the AC
power at the first frequency.

8. The circuit of claim 2 where the control means controls
the on-time of the first transistor and the second transistor
such that the on time of the first transistor is longer than the
on time of the second transistor

9. The circuit of claim 8 where the ratio of the on-time of
the first transistor to the on-time of the second transistor is
approximately 7:4 when the voltage of the AC power at a first
frequency is at a maximum, and 1:1 when the voltage of the AC
power at a first frequency is near zero.
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