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MOS GATE DRIVER CIRCUIT WITH
ALOG_INPUT D VARIABL EAD TIME BAND

RELATED APPLICATIONS
This.abplication is related to co-pending

5 application Serial No. 08/365,831, filed December 29,
1994, entitled "OSCILLATING DRIVER CIRCUIT WITH POWER
FACTOR CORRECTION, ELECTRONIC LAMP BALLAST EMPLOYING SAME
AND DRIVER METHOD", to application Serial No. 08/206,123,
filed March 4, 1994 (IR-1166), entitled "MOS GATE DRIVER

10 FOR BALLAST CIRCUITS", now U.S. Patent No. 5,545,955,
issued August 13, 1996 (IR-1074), both in the name of the
present inventor, and to application Serial No.
08/299,561, filed September 1, 1994, entitled "MOS GATE
DRIVER INTEGRATED CIRCU;['I' FOR BALLAST CIRCUI'I:S“ , how U.S.

15 Patent No. 5,550,436, issued August 27, 1996 (IR-1055),
in the name of Talbott M. Houk, all of which are assigned
to the assignee of the present application.

BACRGROUND OF THE INVENTION
The present invention is directed to a gate
20 driver integrated circuit for driving MOS gated devices
and, more particularly, to a gate driver integrated
circuit suitable for use in a resonant power supplies or
in electronic ballast circuits.
Electronic ballast circuits for driving
25 fluorescent lamps or other gas discharge illumination
devices are coming into widespread use because of the
availability of power MOSFET switchiné devices to replace
the previously used bipolar transistor devices.
Typically, the electronic ballast circuit uses two power

SPEC\169167
:-{\a o S‘ l L ::_W

W

("\



¥

\

- This Sheet Has R

IIllllllIllllllllllllliﬂced -2 -

10

15

20

25

30

SPEC\169167

MOSFET switches in a totem pole (half bridge) arrangement
which includes one or more LC series resonance circuits
and in which the lamp or lamps are connected across one
of the reactances of the LC circuit. The power MOSFET
switches are driven to conduct alternately by inputs from
the secondary windings of a current transformer whose
primary winding conducts the current of the lamp
circuits. The primary winding current alternates at the
resonance frequency of the resonant circuit.

Recently, integrated circuit MOS gate driver
devices (MGDs) have been introduced in place of the
current transformers. These integrated circuit devices.
drive the power MOSFETs and IGBTs of an inverter circuit
in the ballast circuit from logic level ground referenced
inputs and provide a self-oscillating function which is
particularly suited for use in electronic lamp ballast
circuits. The integrated circuit devices siéﬁificantly
save cost, weight and space when compared to driver
circuits employing current transformers.

An example of an MGD is the IR2155 device
available from International Rectifier Corporation. This
device provides a self oscillating function which has
been found to be particularly suited for use in inverter
circuits such as are used in electronic lamp ballast
circuits. .

The MGDs typically have alternating high side
and low side outputs for driving the two half bridge
power MOSFET switches. Internal circuitry is generally
included to provide a fixed, predefined dead time between
the alternating high side and low side outputs. The
IR2155 MGD, for example, provides a nominal 1.2 u sec
dead time between outputs. The value of the predefined
dead time, however, could be fixed depending on the

&,
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particular application of the MGD to 1) prevent cross-
conduction currents from flowing in the half bridge
switches, and 2) allow an external "“snubber" circuit to
control the half bridge output voltage slew rate to
reduce radiated EMI noise.

It is desirable, however, to have the
capability of varying the dead time of the MGD. By
varying the dead time, the width of the output pulses
supplied to the half bridge switch can be varied, thereby
changing the on-time of the respective switches. As a
result, the energy supplied also changes.

Moreover, the resonant frequency of the load of
a power supply circuit, such as that of the lamps in a
ballast circuit, may also change over time. It is
therefore also desirable to be able to change the dead
time of the circuit to shift the on-time of the switches
to synchronize with this change in dead timef' Thus, it
is desirable that the dead time be controlled in a
feedback arrangement from the load.

It is further desirable that the dead time
control circuitry be incorporated into the same
monolithic integrated circuit that includes the MGD.

SUMMARY OF THE INVENTION
According to an aspect of the present

invention, an integrated circuit is formed in a silicon
substrate and drives a pair of MOS gated power
semiconductor devices. The MOS gated devices are
connected in a half bridge circuit which has a pair of
d-c terminals. A common terminal is located at a node
between the pair of MOS gated device and supplies an
output signal to a load circuit. A timer includes an
input control that can be connected to a iow logic level
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signal. A latch circuit is coupled to the timer circuit
and controls the frequency at which the MOS gated devices
are switched on and off and supplies an output that is
switched in response to the signal that is applied to the
input control terminal. High and low side dead time
delay circuits are each coupled to the latch circuit and
delay transmission of the latch output signal for a time
delay interval following the switching of the latch
circuit output. The time delay prevents simultaneous
conduction in the MOS gated devices. High and low side
driver circuits are respectively coupled to the high and
low side dead time circuits and have high side and low
side output terminals which supply outputs'for
respectively turning on and off the MOS gated devices in
response to the input control terminal signals. a dead
band control circuit supplies a dead time control signal
to the dead time delay circuits in response'éo a feedback
signal that is derived from the output supplied to the
load circuit and controls the duration of the time delay
interval. _

In accordance with this aspect of the present
invention, the feedback signal may be a fraction of a
voltage sensed from the output supply to the load
circuit. The feedback signal may be supplied by an .
external sensing circuit which senses a voltage from the
output to the load circuit and which may include at least
one voltage divider.

The dead band control circuit may include a
transconductance amplifier which compares the feedback
signal to a reference voltage and generates the dead time
control signal based thereon. The transconductance
amplifier may be frequency versus gain compensated by an
external capacitor that is coupled between an output of
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the transconductance amplifier and the ground terminal. <
The dead time control signal may be proportional to the

dead time interval, and the value of the time delay

interval may range from about 500 nsec to 1/2f, where f

is the switching frequency.

The timer circuit may have a second input
control terminal to control the frequency at which the
MOS gated devices are turned on and off, and the first
and second control terminals may be connected to an
external timing capacitor and an external timing resistor
to set the oscillation frequency of the timing circuit.

In accordance with another aspect of the
present invention, a circuit drives a load circuit from a
d-c bus supply. A pair of MOS gated power semiconductor
devices are connected in a half bridge configuration and
have first and second d-c terminals coupled across a d-c
bus to supply and have a common terminal atlthe node
between the MOS gated devices for supplying an output
signal to the load circuit. A sensing circuit is
electrically coupled to the load circuit and generates a
feedback voltage that is derived from the output supplied
to the load circuit. A self-oscillating driver circuit
has a pair of outputs which respectiveiy drive the pair
of MOS gated devices. A dead time delay circuit prevents .
the simultaneous driving of the MOS gated devices by
delayin§ the turning on of one of the devices for a time
delay interval after the other one is turned off. A dead
band control circuit supplies a dead time control signal
to the dead time delay circuit in response to the
feedback voltage and thus controls the duration of the
time delay interval.

In accordance with this aspect of the present
invention, the dead band coﬁtrol circuit modulates the
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output to the load dircuit by generating the dead time
control signal to change the duration of the time delay
interval in response to the size of the load circuit.

A series LC circuit may be coupled across the
common terminal and a ground terminal, and the
oscillating frequency of the load circuit is controlled
by the resonant frequency of the series LC circuit. The
series LC circuit may include a capacitor and the primary
winding of a transformer with the load circuit coupled
across the secondary winding. The sensing circuit may
sense the voltage across the transformer primary winding.
A zero crossing detector may be coupled to the series LC
circuit, the ground terminal and an input control
terminal of the driver circuit to maintain the
oscillation frequency of the load circuit at the resonant
frequency of the LC circuit. .

In accordance with a further aspect of the
present invention, a circuit drives a gas discharge
illumination device and includes first and second MOS
gated power semiconductor devices, a sensing circuit, and
a self-oscillating driver circuit.

According to this aspect of the present
invention, the sensing circuit may include a variable
resistor that controls the value of the feedback voltage
and thus comprises a dimming control. The sensing
circuit may sense the voltage across the illumination
device. Alternatively, the sensing circuit senses the
current through the illumination device.

Other features and advantages of the present
invention will become apparent from the following
description of the invention which refers to the
accompanying drawings.
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F SCRIPTION OF THE DRAWINGS <

The invention will now be described in greater
detail in the following detailed description with
reference to the drawings in which:

Fig. 1 is a block diagram showing a resonant-
mode power supply circuit that includes an MGD integrated
circuit according to an embodiment of the present
invention;

Fig. 2 is a block diagram showing a known MGD
integrated circuit;

Fig. 3 is a diagram showing a dead band
controller of the present invention;

Figs. 4A-4H show the wave forms of the MGD
circuit of Fig. 1;

Fig. 5 shows an electronic ballast circuit

‘according to another embodiment of the present invention;

and

Fig. 6 shows an electronic ballast circuit
according to a further embodiment of the present
invention which includes dimming control.

DETAITED DESCRIPTION OF THE INVENTION )
"The present invention is directed to a MOS gate

driver integrated circuit which has a feedback input that

is a fraction of the voltage to be regulated and which

comparés the feedback voltage to a reference voltage.

The error voltage thus produced is used to control the

circuit dead time.

This feature can be incorporated into an
integrated circuit which is self-oscillating and which
has characteristics similar to those of the IR 2155
driver chip sold by International Rectifier Corporation
of El Sequndo, California. 1In some aspects, the IR 2155
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includes a 555 type front end, low side and high side
alternating outputs, a built in minimum dead time of 500
nsec, an internal zener for offline VCC supply, bootstrap
operation and under-voltage (UV) lockout with a
hysteresis of 8V < VCC < 14V where VCC is the operating
voltage.

Figure 1 shows a partial block circuit diagram
of a resonant power supply circuit that includes an MGD
integrated circuit according to an embodiment of the
present invention. More specifically, the circuit of
Figure 1 includes an MOS gate driver chip 30, which is
similar to that of the IR 2155 driver but which is
modified according to the present invention, and its
associated circuitry for controlling the operation of a
high side MOSFET 10 and a low side MOSFET 11. The MOS
gate driver chip 30 provides drive signals to the MOSFETs
10 and 11 which are connected to d-c source'terminals v+.
Though power MOSFETs are shown, any power device which
has a MOS gate, such as an IGBT or a MOS gated thyristor,
may be substituted for power MOSFETs 10 and 11.

The output of the center tap of half bridge
connected MOSFETs 10 and 11 drives a circuit that
includes a series LC circuit comprised of inductor S0,
which is the primary winding of transformer 51, and
capacitor 52. The secondary winding 53 of transformer 51
supplies a voltage V, to a load circuit (not shown).

Also provided are two back-to-back diodes 12 and 13 in
series with inductor 50 and capacitor 52. Back-to-back
diodes 12 and 13 form a zero croésing detector of the a-c
current. .

The voltage supplied at terminal V+ can range
from 225 volts d-c to about 450 volts d-c, depending upon
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the supplied AC input voltage or the supplied PFC output <
voltage. Alternatively, terminal V+ may be supplied with
a rectified a-c voltage. '

The oscillating frequency of the output circuit
is controlled by the resonant frequency of the inductor
50 and the capacitor 52 as well as by the zero crossing
detector formed by back-to-back diodes 12 and 13. Diodes:
12 and 13 are necessary to maintain the self-oscillation
frequency of the output circuit at the true resonance
frequency of the LC circuit 50 and 52, regardless of any
small inductance changes which may be introduced by the -
load circuit, and to maintain the sinusoidal output
voltage V,. The inductance value of inductor 50 will
depend on the value of voltage V+ and is selected so that
the oscillation frequency of the circuit is within a
desired range. o .

The chip 30 may be housed in a 10f§in DIP or
surface mount package and has the following pinouts:

Vee = @ pin which receives a chip operating
voltage from the d-c supply V+.

. Cr - a single input control pin which is
connected to the node between timing capacitor 38 and
timing resistor 36. The other side of capacitor 38 is
connected to the back-to-back diodes 12 and 13. The
signal at pin C; controls both outputs H, and L.

Ry - a'pin which is connected to the other
terminal of timing resistor 3s6.

Vg --a pin connected to the node of diode 32
and capacitor 34, which acts as a "bootstrap" circuit to
provide power for the operation of the high side switch.

H, - an output pin to the gate of the high side
MOSFET 10.
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Vg = a pin to the center tap of the totem-pole
or half bridge connected MOSFETs 10 and 11.

L, - an output pin to the gate of the low side
MOSFET 11.

COM - a pin connected to the negative or ground
terminal RET of the d-c¢ source.

In addition to the above, and in accordance
with the present invention, the chip 30 also includes
additional pinouts:

INV - a pin which receives a feedback voltage
Vgs that is supplied to an internal dead band controller.

COMP - a pin for providing an output of an
error voltage Vg, generated by the dead band controller.

In further accordance with the present
invention, a sensing circuit is provided and is comprised
of a voltage divider formed of resistors 40 and 41, a
diode 48 and another voltage divider formed of resistor
42 and feedback resistor 44. The sensing circuit
provides the voltage Vg, which is a fraction of the
sensed voltage that is to be regulated, to the pin INV of
chip 30. In this embodiment, the voltage is sensed
across inductor 50 and back-to-back diodes 12 and 13.

The voltage VFB is supplied to an internal dead
band. controller within chip 30 which compares the voltage
Vep to a built-in reference voltage and then generates an
error voltage Veoyp Which is used by the chip 30 to
control the dead time as a function of the error voltage.

Fig. 2 is a block diagram of the circuit of a
known MGD chip such as is described in the aforementioned
U.S. Patent Nos. 5,545,955 and 5,550,436 and which may be
modified in accordance with the present invention and
incorporated into the circuit of Figure 1. All circuit

-

<
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blocks shown in Fig. 2 are incorporated in a common =
integrated circuit chip.
The first circuit block is the clamp circuit
100, consisting of a plurality of zener diodes. These
are connected from pin V, and pin V, which is connected
to the chip ground. A digital supply line and analog
supply line both extend from pin V.. An analog ground

line and a digital ground line are also connected to pin
L'/

The next group of circuit blocks form a timer
circuit. These include divider circuit 101 connected to
the analog supply line to the analog ground, N coﬁparator
102, P comparator 103 and an RS latch 104. Two taps from
divider 101 are connected to the positive inputs of
comparators 102 and 103. Input pin C; is connected to
the negative input of comparator 103. The output of
comparators 102 and 103 are connected to the_ﬁs latch 104
as shown.

' The RS latch 104 is also connected to under-
voltage lock-out circuit 105 which is integrated into the
chip circuit. Thus, if V_ is too low, the RS latch 104
is locked out.

A bias circuit 106 provides bias outputs to the
RS latch 104, the lockout circuit 105, and to dead time
delay circuits 107 and 108 in the high side and low side
circuit liens. Time delay circuits 107 and 108 provide a
dead time or delay of about 1 microsecond between the
turn on of the high side or low side switch after the
turn off of the other. This dead time ensures that a
"shoot through" circuit cannot be formed in which both
power MOSFETs 10 and 11 are simultaneously on.
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"The output of dead time circuit 108 is applied
to low side delay circuit 109 and low side driver 110
which is connected to pin L,.

&

The output of dead time circuit 107 is applied
to level shift pulse generator 111 in the high side
output line. The high side line also includes a high
side bias supply circuit 112 which drives a dv/dt filter:
circuit 113 which filters noise from the pulse passed by
circuit 113, and an under-voltage analog lockout circuit
114. The input to the high side bias circuit 112 is
connected to pin Vj. |

" The output of lockout circuit 114 and dv/dt
filter 113 is applied to latch circuit 115 and its output
is connected to buffer 116 which contains gain stages and
drives pin H,. Note that pin V, is connected to circuits
113, 114, 115 and 116. _

Figure 3 shows the dead band cont;diler used in
the circuit of Figure 1 and that is incorporated into the
MGD chip of Figure 2, preferably on the same device

‘substrate. The dead band controller requlates the dead

band proportionality using an internally generated analog
error signal. An input INV receives the voltage Vg,
which is a fraction of the voltage to be regulated, and
supplies the voltage to a transconductance amplifier or
compérator 21l. Comparator 21 generates an error voltage
Veowp PY comparing voltage Vg against a built in
reference voltage of, for example, +2.5V. The error
voltage Veop 1s outputted to control the dead time
according to the relatiﬁn:

Veowr = K x DEAD TIME,



- This Sheet Has Been Replaced. : _

10
15
20
25

30

- SPEC\169167

i

4 H

where K is a predefined proportionality constant. The
dead time has a minimum value of 500 nsec and has a
maximum value equal to 1/2f, where f equals the switching
frequency. The corresponding range. of Vgpe for this

 frequency range is +1V to +5V. The analog output Vegp
supplied by amplifier 21 is used to change the dead band
between the Lo and Ho outputs that is supplied to MOSFETs
10 and 11 (or to other MOS-gated devices).

Frequency versus gain compensation is also
obtained by the external capacitor 20 which is coupled
between the output of the amplifier 21 and ground.

The dead band controller is electronically
coupled to the internal circuitry shown in Fig. 2 so that
a signal based on analog output V.,, is supplied to
control the dead time. For example, a signal based on
voltage Voo is supplied to high side and low side dead
time delay circuits 107 and 108, which may be“modified to
include an input that receives the signal, to control the
dead time. Alternatively, a signal based on voltage Vege
is supplied to the high side level shift pulse generator
111.

_ In operation, the chip 30, shown in Figure 1,
modulates the output drive signals supplied to MOSFETs 10
and 11 in response to the size of the load across the
secondary winding 53 of transformer 51 by varying the
dead time of the output drive signals in proportion to
the magnitude of the error output signal. .For example, a
small dead time, which is equivalent to a wide output
pulse, is needed to compensate for a iarge output load
whereas a large dead time, which is equivalent to a
narrow output pulse, is needed to compensate for a light
output load.

&
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Figures 4A-4H illustrate the relation between
the input control signals at pins C; and R; and the error
voltage Vgge to the output drive signals Ho and Lo, shown
on the same time scale. Figure 4A shows the time
variation of the potential at pin CT, which oscillates
between 2/3 Vi and 1/3 Vo, and Figure 4B shows the time
variation at pin R;. When the voltage at pin C;
increases to 2/3 Vg, pin Ry changes from high to low, and
the output at pin Lo is driven low, turning off the low-
side power MOSFET 11. The voltage at pin C; also starts
to decrease. After a timeout period equal to the dead
time, the outpﬁt at pin Ho is driven high and turns on
high-side power MOSFET 10. When the voltage at pin C;
reaches 1/3 V., pin R; again goes high, and the output at
pin Ho is driven low and turns off the high-side power
MOSFET 10. ' After the timeout period, the output at pin
Lo is driven high to again turn on lbw-side_ﬁbwer MOSFET
11.

Figures 4C and 4D show the output drive signals
at pins Lo and Ho, respectively, when the dead time is
the minimum 500 nsec in response to the +1V threshold
value of Vo shown in Figure 4E. By contrast,

Figures 4F and 4G show the 6utput drive signals at pins
Lo and Ho, respectively, when the dead time is large in
response to the higher value of Vg, shown in Figure 4H.
It should be noted that the maximum +5V value of Vo
results in a zero width signal at pins Lo and Ho.

Thus, the amplitude of output Vo shown in
Figure 1 is regulated by controlling the dead band or
dead time shown in Figures 4E and 4H. Additionally, as
Vo is loaded, the synchronizing circuit of diodes 12 and
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13 shown in Figure 1 always seek resonance and maintain a

sinusoidal transformer voltage Vo.

Figure 5 shows the novel monolithic MOS gate
driver 30 of the present invention incorporated into the
ballast circuit of a gas discharge lamp. The MGD 30 is
supplied from a rectified ac input voltage supply 39.
More specifically, the circuit of Figure 5 has a gas
discharge lamp 60 associated with the series LC circuit
50, 52 and 54. Two back-to-back diodes 12 and 13 are in
series with the lamp circuit and form a zero crossing
detector for lamp 60. '

In operation, and before lamp 60 strikes, the
resonant circuit consists of inductor 50 and both of
capacitors 52 and 54. The capacitance of capacitor 54 is
lower than that of capacitor 52 so that it operates at a
higher a-c voltage than that of capacitor 52. This
voltage on capacitor 54 strikes the lamp 60..}After lamp
60 strikes, capacitor 54 is effectively short circuited
by the lamp voltage drop, and the frequency of the
resonant lamp circuit now depends on inductor 50 and
capacitor 52.

In this embodiment, the sensing circuit
senses the voltage across the lamp 60 and delivers a
fraction of this voltage as Vy; to pin INV of the driver
chip'30. The chip 30 controls the dead band of the drive
signals'supplied to pins Ho and Lo as a function of the
error voltage Vanﬂ, which is derived from the voltage Vg
in the manner described above regarding Figure 3. As a
result, the voltage across lamp 60 is regulated in
response to change in the load.

A variation of the circuit of Figure 5 is shown
in Figure 6 in which dimming is controlled by a variable
resistor 70 that is inserted in series with the lamp 60.

-7
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Here, the current through the lamp is sensed, rather than -
the voltage across the lamp, and a fraction of the
voltage across resistor 70 is supplied to the pin INV to
control the dead time of the drive signals Ho and Lo. As
the connection from resistor 70 to resistor 42 is shifted
as shown in Fig. 6, the voltage supplied to pin INV '
changes. The dead time of the driver circuit 30 is thus
increased, and the on times of switches 10 and 11 are
decreased. As a result, the lamp is dimmed.

Alternatively, a dimming control can be
incorporated in the circuit shown in Figure 5 by
substituting a variable resistor for voltage divider 40
and 41. _

Although the present invention has been
described in relation to particular embodiments thereof,
many other variations and modifications and other uses
will become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be
limited not by the specific disclosure herein, but only
by the appended clainms.
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1, An integrated circuit formed in a silicon
substrate for driving first and second MOS gated power
semiconductor devices which are connected in a half
bridge circuit which has first and second 'd-c terminals
and which has a common terminal located at a node between
said first and second MOS gated power semiconductor
devices, the common terminal for supplying an output
signal to a load circuit; said integrated circuit
comprising:

a timer circuit having an input control
terminal which is connectable to a low logic level
signal; .
a latch circuit coupled to said timer circuit
for controlling the frequency at which said first and
second MOS gated power semiconductor devices are switched
on and off and for supplying an output whichfis switched
ih response to said signal applied to said input control
terminal;

a high side dead time delay circuit and a low
side dead time delay circuit each coupled to said latch
circuit for delaying transmission of said latch output
signal for a time delay interval following the switching
of said output of said latch circuit to prevent
simultaneous conduction of said first and second MOS
gated pdwer senmiconductor devices;

a high side driver circuit and a low side
driver circuit coupled to said high side dead time
circuit and said low side dead time circuit,
respectively, and having high side and low side output
terminals, respectively, which supply outputs for turning
on and off said first and second MOS gated power
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semiconductor devices in response to said signals. o
supplied to said input control terminal; and

a dead band control circuit for supplying a
dead time control signal to said high side and low side
dead time delay circuits in response to a feedback 51gnal
derived from said output supplied to said load circuit,
said dead time control 51gpa1 controlling the duration of
said time delay interval.

f " This Sheet Has
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2. The integrated circuit of claim 1 wherein
said feedback signal is a fraction of a voltage sensed
from said output supplied to the load circuit.

3. The integrated circuit of claim 1 wherein
said feedback signal is supplied by an external sensing
circuit which senses a voltage from said output supplied
to the load circuit.

4. The integrated circuit of claim 3 wherein
said external sensing circuit includes at least one
voltage divider.

5. The integrated circuit of claim 1 wherein
said dead band control circuit comprises a
transconductance amplifier which compares said feedback
signal to a reference voltage and generates said dead
time control signal based on said comparison.

6. The integrated circuit of claim 5 wherein
said transconductance amplifier is frequency versus gain
compensated by an external capacitor coupled between an
output of said transconductance amplifier and a ground
terminal.
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7. The integrated circuit of claim 1 wherein
said dead time control signal is proportional to said
dead time interval.

8. The integrated circuit of claim 1 wherein
the value of said time delay interval ranges from about
500 nsec to 1/2f, where f equals the switching frequency.

9. The integrated circuit of claim 1 wherein
said timer circuit has a second input control terminal
for controlling the frequency at which said MOS gated
power semiconductor devices are turned on and off; said
first and second input control terminals being connected
to an external timing capacitor and an external timing
resistor for setting the osc1llatlon frequency of said
timing circuit. d

10. A circuit for driving a load circuit from
a dc bus supply, said circuit comprising:

first and second MOS gated power semiconductor
devices connected in a half bridge configuration which
has first and second d-c terminals coupled across the d-c
bus supply and having a common terminal at the node
between said first and second MOS gated power
semiconductor devices for supplying an output signal to
the load circuit;

a sensing circuit electrically coupled to said
load circuit for generating a feedback voltage derived
from said output supplied to said load circuit; and

a self oscillating driver circuit having first
and second outputs for driving said first and second MOS
gated power semiconductor devices, respectively, a dead
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time delay circuit for preventing the simultaneous
driving of said first and second MOS gated power
semiconductor devices'by delaying the turning on of one
of said first and second MOS gated power semiconductor
devices for a time delay interval after the turning off
of another one of said first and second MOS gated power
semiconductor devices, and a dead band control circuit
for supplying a dead time control signal to said dead
time delay circuit in response to said feedback voltage,
said dead time control signal controlling the duration of
said time delay interval.

11. The circuit of claim 10 wherein said dead
band control circuit modulates said output signal to the
load circuit by generating said dead time control signal
to change the duration of said time delay interval in
response to the size of the load circuit.

12. The circuit of claim 10 further comprising
a series LC circuit coupled across said common terminal
and a ground terminal; wherein the oscillating frequency
of the load circuit is controlled by the resonant . °
frequency of said series LC circuit.

13. The circuit of claim 12 wherein said
series LC circuit includes a capacitor and a primary
winding of a transformer; the load circuit being coupled
across a secondary winding of said transformer.

14. The circuit of claim 13 wherein said
sensing circuit senses the voltage across said primary
winding of said transformer of said series LC circuit.
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15. The circuit of claim 12 further comprising
a zero crossing detector coupled to said series LC
circuit, said ground terminal and an input control
terminal of said self oscillating driver circuit, said
zero crossing detector maintaining said oscillation
frequency of the load circuit at the resonance frequency
of said LC circuit.

16. The circuit of claim 10 wherein said
feedback signal is a fraction of a voltage sensed from
said output supplied to the load circuit. '

17. The circuit of claim 10 wherein said
sensing circuit includes at least one voltage divider.

18. The circuit of claim 10 wherein said dead
band control circuit comprises a transconductance
amplifier which compares said feedback signai to a
reference voltage and generates said dead time control
signal based on said comparison.

19. The circuit of claim 18 wherein said
transconductance amplifier is frequency versus gain
compensated by an external capacitor coupled between an
outpﬁt of said transconductance amplifier and a ground
terminai.

20. The circuit of claim 10 wherein said dead
time control signal is proportional to said dead time
interval. '

21. A circuit for driving a gas discharge
illumination device, said circuit comprising:

&
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first and second MOS gated power semiconductor
devices connected in a half bridge configuration which
has first and second d-c terminals coupled across a dc
bus supply and having a common terminal at the node
between said first and second MOS gated power
semiconductor devices for supplying an output signal to
the illumination device; .

a sensing circuit electrically coupled to said
illumination device for generating a feedback voltage
derived from said output supplied to said illumination
device;

a self oscillating driver circuit having first
and second outputs for driving said first and second MOS
gated power semiconductor devices, respectively, a dead
time delay circuit for preventing the simultaneous
driving of said first and second MOS gated power
semiconductor devices by delaying the turning on of one
of said first and second MOS gated power semiconductor
devices for a time delay interval after the turning off
of another one of said first and second MOS gated power
semiconductor devices, and a dead band control circuit
for supplying a dead time control signal to said dead
time delay circuit in response to said feedback voltage,
said dead time control signal controlling the duration of
said time delay interval.

22. The circuit of claim 21 wherein said dead
band control circuit modulates said output signal to the
load circuit by generating said dead time control signal
to change the duration of said time delay interval in

response to the current in the illumination device.
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23. The circuit of claim 21 further comprising <«
a series LC circuit coupled across said common terminal
and said illumination device; wherein the oscillating
frequency of the illumination device is controlled by the
resonant frequency of said series LC circuit.

24. The circuit of claim 23 further comprising
a zero crossing detector coupled to said illumination
device, said ground terminai and an input control
terminal of said self oscillating driver circuit, said
Zero crossing detector maintaining said oscillation
frequency of the illumination device at the resonance
frequency of said LC circuit.

25. The circuit of claim 21 wherein said
sensing circuit senses the voltage across said
illumination device..

26. The circuit of claim 21 wherein said
sensing circuit includes a variable resistor that
controls the value of said feedback voltage, thereby
comprising a dimming control.

27. The circuit of claim.21 wherein said
feedback signal is a fraction of a voltage sensed from
said output supplied to the illumination device.

28. The circuit of claim 21 wherein said
sensing circuit includes at least one voltage divider.

29. The circuit of claim 21 wherein said dead
band control circuit comprises a transconductance
amplifier which compares said feedback signal to a
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‘reference voltage and generates said dead time control -
5 signal based on said comparison.

30. The circuit of claim 29 wherein said
transconductance amplifier is frequency versus gain
compensated by an external capacitor coupled between an
output of said transconductance amplifier and a ground

5 terminal.

31. The circuit of claim 21 wherein said dead
time control signal is proportional to said dead time
interval.

32. The circuit of claim 21 wherein said
sensing circuit senses the current through said
illumination device.
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