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FIXED OPERATING FREQUENCY 
NVERTER FOR COLD CATHODE 

FLUORESCENT LAMP HAVING STRIKE 
FREQUENCY ADJUSTED BY VOLTAGE TO 

CURRENT PHASE RELATIONSHIP 5 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 10 
made by reissue. 

CROSS REFERENCE TO RELATED 

APPLICATION(S) 
15 

This Application is a reissue application of U.S. patent 
application Ser: No. 1 1/060,237, filed Feb. 16, 2005, which is 
a continuation of U.S. patent application Ser. No. 10/677,612, 
filed on Oct. 2, 2003, now U.S. Pat. No. 6,919,694 each of 
which is hereby incorporated by reference in its entirety. 2O 

FIELD OF THE INVENTION 

The present invention relates to discharge lighting and, in 
particular, to efficiently supplying electrical power for ignit- 25 
ing of a discharge lamp by Sweeping to a strike frequency 
based on the phase relationship between the current and the 
Voltage in the load. 

BACKGROUND OF THE INVENTION 30 

A discharge lamp, such as a cold cathode fluorescent lamp 
(CCFL), has terminal voltage characteristics that vary 
depending upon the immediate history and the frequency of a 
stimulus (AC signal) applied to the lamp. Until the CCFL is 35 
“struck” or ignited, the lamp will not conduct a current with 
an applied terminal Voltage that is less than the strike Voltage. 
Once an electrical arc is struck inside the CCFL, the terminal 
Voltage may fall to a run Voltage that is approximately /3 of 
the strike Voltage over a relatively wide range of input cur- 40 
rents. When the CCFL is driven by an AC signal at a relatively 
high frequency, the CCFL (once struck) will not extinguish on 
each cycle and will exhibit a positive resistance terminal 
characteristic. Since the CCFL efficiency improves at rela 
tively higher frequencies, the CCFL is usually driven by AC 45 
signals having frequencies that range from 50 Kilohertz to 
100 Kilohertz. 

Driving a CCFL with a relatively high frequency square 
shaped AC signal will produce the maximum useful lifetime 
for the lamp. However, since the square shape of an AC signal 50 
may cause significant interference with other circuits in the 
vicinity of the circuitry driving the CCFL, the lamp is typi 
cally driven with an AC signal that has a less than optimal 
shape Such as a sine-shaped AC signal. 
Most small CCFLs are used in battery powered systems, 55 

e.g., notebook computers and personal digital assistants. The 
system battery Supplies a direct current (DC) voltage ranging 
from 7 to 20 Volts with a nominal value of about 12V to an 
input of a DC to AC inverter. A common technique for con 
verting a relatively low DC input voltage to a higher AC 60 
output Voltage is to chop up the DC input signal with power 
Switches, filter out the harmonic signals produced by the 
chopping, and output a relatively clean Sine-shaped AC sig 
nal. The Voltage of the AC signal is stepped up with a trans 
former to a relatively high voltage, e.g., from 12 to 1500 Volts. 65 
The power switches may be bipolarjunction transistors (BJT) 
or field effect transistors (MOSFET). Also, the transistors 

2 
may be discrete or integrated into the same package as the 
control circuitry for the DC to AC converter. 

In some prior art inverters, the inverter is a fixed frequency 
inverter that Sweeps to the strike frequency based on sensing 
the current from the lamp. However, this approach may not be 
able to generate a high enough Voltage to ignite a lamp. 
Alternatively, this approach may not be effective in mass 
produced devices or may miss resonance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects and many of the attendant advan 
tages of this invention will become more readily appreciated 
as the same becomes better understood by reference to the 
following detailed description, when taken in conjunction to 
with the accompanying drawings, wherein: 

FIG. 1 is a schematic illustration of a tank circuit used for 
driving a cold cathode fluorescent lamp (CCFL). 

FIG. 2 is an equivalent circuit of the tank circuit of FIG. 1. 
FIG. 3 shows the steady state response curve of the tank 

circuit as a function of frequency for a loaded and unloaded 
condition. 

FIG. 4 is a prior art circuit used to modify the operating 
frequency based upon the magnitude of the CCFL current. 

FIGS. 5A-5C are waveforms illustrating the principles of 
the present invention. 

FIG. 6 is a voltage-controlled oscillator control logic used 
to control the operating resonant frequency of the present 
invention. 

FIG. 7 shows a full bridge output stage that may be used in 
the present invention. 

FIG. 8 shows a halfbridge output stage that may be used in 
the present invention. 

FIG. 9 shows a push-pull output stage that may be used in 
the present invention. 

FIG.10 shows a circuit that uses multiple feedback paths to 
independently optimize resonant frequency control and lamp 
current and Voltage control. 

DETAILED DESCRIPTION OF THE INVENTION 

As noted above, inverters for driving a CCFL typically 
comprise a DC to AC converter, a filter circuit, and a trans 
former. Examples of such circuits are shown in U.S. Pat. No. 
6,114,814 to Shannon et al., assigned to the assignee of the 
present invention and herein incorporated by reference in its 
entirety. In addition, other prior art inverter circuits, such as a 
constant frequency half-bridge (CFHB) circuit ora inductive 
mode half-bridge (IMHB) circuit, may be used to drive a 
CCFL. The present invention may be used in conjunction 
with any of these inverter circuits, as well as other inverter 
circuits. The disclosure herein teaches a method and appara 
tus for striking and Supplying electrical power to a discharge 
lamp, such as a cold cathode fluorescent lamp (CCFL). 

According to the present invention, the inverter will 
“sweep” to the strike frequency. Thus, a “fixed frequency’ 
CCFL inverter that sweeps to strike frequency based on the 
phase relationship between the current and the voltage in the 
load is next described. The decision to sweep is independent 
of the feedback parameters from the lamp. 

FIG. 1 shows a typical tank circuit that is used to drive a 
CCFL load. The tank circuit includes a driving Voltage gen 
erator, Such as a full bridge inverter, that can drive the primary 
of a transformer through a primary coupling capacitor C. 
The CCFL lamp is connected across the terminals of the 
secondary of the transformer (also referred to as the trans 
former secondary). Also connected across the terminals of the 
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transformer secondary is a capacitive Voltage divider and a 
parasitic and/or stray capacitance included in C. The circuit 
of FIG. 1 can be simplified into the equivalent circuit shown 
in FIG. 2 during operation in the frequency range of interest. 
The primary coupling capacitor C, and the transformer leak 
age inductance L, in practice, determine the resonant fre 
quency of the tank after the lamp has been struck. The lamp is 
represented as a resistance R. 

Note that the transformer's magnetizing inductance is typi 
cally greater than ten times the leakage inductance in a well 
designed, ungapped transformer. Therefore, the current 
through the magnetizing inductance (not shown) can be 
neglected to the first order. Further, after the lamp has been 
struck, the equivalent resistance of the lamp is typically one 
third of the reactance of C, so that most of the secondary 
current flows through the lamp (R) and not through C. 
Note that both the lamp resistance and the secondary capaci 
tance are shown transformed to the primary in FIG. 2. 

Turning to FIG.3, the response of the tank circuit with the 
lamp conducting is shown as the lower curve 301. If the lamp 
is not conducting (either because it has not yet been struck or 
because it has been broken), there is practically no load on the 
tank circuit and the response is approximately represented by 
the upper curve 303. The parameter A is used generically in 
FIG.3 to represent the magnitude of the response of the tank 
circuit. 

Notice that the unloaded resonant frequency (where the 
curve hits its peak) of the tank circuit is higher than the loaded 
resonant frequency because all of the secondary current flows 
through C when the lamp is not conducting. The equivalent 
tuning capacitance is the series combination of C, and C. 
From the lower curve 301, the operating frequency of an 

inverter should be tuned to point A in FIG. 3 for the highest 
efficiency after the lamp has been struck. Unfortunately, it is 
often not possible to generate enough Voltage across the sec 
ondary of the transformer at this same operating frequency A 
(same as point B in FIG. 3) to guarantee that the lamp will 
strike. Therefore, it is necessary to increase the frequency at 
which the lamp is struck in order to guarantee an adequate 
strike Voltage across the lamp to ignite the lamp. Thus, there 
are two problems that must be addressed. First, the unloaded 
resonant frequency of the tank circuit must be found in order 
to strike the lamp. Second, and relatedly, the control circuitry 
must be able to determine when to search for the strike fre 
quency. 

In the prior art, the decision to change the operating fre 
quency was based upon the magnitude of the lamp current. As 
shown in FIG. 4, a comparator is used to decide whether the 
lamp current is less than or greater than a preset threshold. If 
the lamp current is less than the threshold, the signal from the 
output of the comparator causes the control circuitry to raise 
the operating frequency according to some predetermined 
strategy in an attempt to Strike the lamp. However, there are 
several problems with this approach that may complicate the 
strategy to strike the lamp and make the startup sequence of 
the lamp awkward. 

For example, if the threshold of the comparator is set too 
high, it may not be possible to use analog dimming of the 
lamp. In this case, a lamp current that is less than the threshold 
would cause the control circuitry to decide that the lamp had 
extinguished or broken and it would try to correct accordingly 
even though no fault had occurred. Another pitfall of a high 
comparator threshold is that the power available at the strike 
frequency may not be sufficient to raise the lamp current 
above the threshold. This could hang the control circuitry in a 
state where it continues to try to strike the lamp at the strike 
frequency even though the lamp is already conducting. Thus, 
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4 
the control strategy would have to account for these possibili 
ties and somehow circumvent these pitfalls. 

In the alternative, if the threshold of the comparator is set 
too low, this may trigger falsely. For example, this may hap 
pen because the lamp and its wiring have a small amount of 
Stray capacitive coupling between the high and low ends of 
the lamp. If the current through the Stray capacitance is high 
enough to cross the low comparative threshold, the control 
circuitry would be fooled into thinking the lamp had already 
struck and would try to switch to run mode even though the 
lamp was not conducting. In such a situation, it would be 
difficult to strike the lamp. 

With respect to finding the unloaded resonant frequency, 
the prior art approaches suggests measuring the unloaded 
resonant frequency and then tuning the open lamp operating 
frequency accordingly using an auxiliary resistor. Other 
approaches use a scanning technique that seems to adapt to 
normal component variations across the production spread. 

Independent Frequency and Loop Control 
In accordance with the present invention, the inverter oper 

ating frequency is controlled independently from the regula 
tion loops. In particular, the operating frequency is deter 
mined by a fixed frequency oscillator for normal operation 
after the lamp has ignited. Alternatively, the operating fre 
quency can be locked to an external synchronization clock 
during normal operation. However, when the lamp is not 
conducting (either because it is broken or because it has not 
yet ignited), the operating frequency is swept higher in order 
to ensure adequate Voltage at the output of the inverter module 
to strike the lamp. 

In accordance with the present invention, the inverter oper 
ating frequency “tries' to run at a predetermined fixed fre 
quency. However, if it is determined that the output current 
and Voltage are out of phase by more than a threshold mag 
nitude, then the “fixed' frequency control is overridden and 
the operating frequency is adjusted to bring the current and 
Voltage Substantially into phase. The idea of keeping the 
Voltage and current in phase is taught in our U.S. Pat. No. 
6,114,814 in the context of optimizing switch efficiency. 
However, it has been found in the present invention that 
maintaining the correct phase relationship may also be used 
for generating enough Voltage to strike the lamp. 

Hardware Implementation 
When the driving inverter is operating normally at point A 

of FIG. 3, the current across the primary winding of the 
transformer and the driving Voltage have the relationship 
shown in FIG. 5A. Note that the waveforms in FIGS. 5A-5C 
assume that the driver is a pulse-width-modulated (PWM) 
full bridge. Nevertheless, the idea shown can be implemented 
with a PWM half bridge or a push-pull output stage as well. 
As seen in FIG. 5A, the voltage and current are substantially 
in phase. This is the criterion for setting the “fixed' operating 
frequency while driving a full load (the lamp is at maximum 
brightness). 
Now consider what happens if the inverter continues to 

operate at the fixed frequency with a non-conducting lamp. 
This corresponds to point B in FIG. 3. This results in the 
waveforms shown in FIG. 5B. Because the operating point is 
significantly lower than the resonant frequency of the tank 
circuit, the load (lamp) at the driver appears to be capacitive 
and the current across the primary winding of the transformer 
leads the driving Voltage. In this condition, it may not be 
possible to generate the specified Strike Voltage given the 
variations in inductor and capacitor Q. Note that in FIG. 5B, 
the loop has increased the pulse width of the output waveform 
in an attempt to force current through the lamp. 
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In order to guarantee a sufficient strike Voltage, it is neces 
sary to raise the operating point (i.e., frequency) to near the 
open lamp (unloaded) resonant frequency of the tank circuit. 
In other words, it is preferable to move the operating point to 
near point C of FIG. 3. 
The waveforms for the operating point Care shown in FIG. 

5C. The criterion for this case is that the current through the 
primary winding and the driving Voltage are once again Sub 
stantially in phase. The technique for ensuring this is to drive 
the frequency higher until the trailing edge of the Voltage 
wave form is substantially synchronous with the falling Zero 
crossing of the current in the primary winding. Note that the 
lamp Voltage regulator has narrowed the output pulse width 
because very little power is required to maintain strike Voltage 
across the lamp when the driving Voltage and the current 
across the primary winding are both in phase. 

There are several advantages to using the technique of 
maintaining the Voltage and current in phase instead of 
switching modes when the feedback lamp current falls below 
a particular threshold as taught in the prior art. First, the 
unloaded resonant frequency of the tank circuit can be easily 
found and the strike frequency is close enough to resonance to 
ensure plenty of open-lamp Voltage. Because the trailing edge 
of the driving Voltage and the falling Zero crossing of the 
current across the primary winding are essentially coinciden 
tal, the frequency is constrained to the capacitive side (low 
side) of the resonant peak and can not hop over the peak of the 
upper curve 303 and run away on the high side. 

Another benefit is that, as soon as the lamp starts to dissi 
pate power, the response curve of the tank circuit starts to 
change. The resonant peak starts moving down in frequency. 
In other words, the upper curve 303 slowly morphs into the 
lower curve 301 as you move from the unloaded condition to 
the loaded condition. Since the frequency controller tries to 
keep the operation on the capacitive side of resonance, the 
operating frequency starts sliding lower even before there is 
noticeable current in the lamp. Thus, the operating frequency 
remains nearly optimal throughout the start-up transient and 
moves towards the “fixed' operating frequency as early as 
possible. In other words, there is no need to detect the lamp 
current before leaving open lamp mode and approaching 
steady state run mode. 

Variations on Independent Loop and Frequency Control 
The phase of the output stage current may be measured at 

different points. In some embodiments, the Voltage phase is 
determined by the output switch timing. The current may be 
measured in the output transistors as taught in U.S. Pat. No. 
6,114,814. Alternatively, in the case where the output topol 
ogy is a half-bridge, the Voltage phase may be determined by 
the output Switch timing and the current may be measured at 
the cold end of the transformer primary. Still alternatively, in 
the case where the output topology is a push-pull circuit 
driving a center-tapped transformer, the current may be mea 
Sured across the on-resistance of the power Switches. 
The Solution 
In general, the operating frequency is generated by a Volt 

age-controlled oscillator (VCO). Alternatively, the operating 
frequency may be current controlled. Thus, the abbreviation 
VCO/ICO is used herein to identify both of these posibilities. 
The control input of the VCO/ICO is normally driven all the 
way to the low frequency of its control range or the VCO/ICO 
is synchronized to an external reference clock. This is the 
normal frequency after the lamp has been struck. The fre 
quency is Swept up higher when the falling Zero crossing of 
the current flowing through the primary winding occurs in the 
second half of the driving voltage pulse. Small errors in 
setting the normal open frequency can be tolerated by the 
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6 
system because the loaded Q can be very low (Q=1), which 
means the phase difference between Voltage and current 
changes very slowly with frequency. 

If the lamp has not ignited (or has extinguished or has been 
broken), operating at the normal frequency in a system 
adjusted as described above will cause the phase of the cur 
rent waveform to lead the Voltage significantly (capacitive 
load). This is evidence that the operating frequency is far 
removed from the resonant frequency of the tank. Depending 
on the quality of the components comprising the tank, it may 
not be possible to obtain adequate Voltage on the secondary to 
guarantee that the lamp would strike. 

According to the present invention, a simple Boolean 
expression that compares the phase lag of the output Voltage 
with the Zero-crossing of the output current provides an error 
correction signal to the control node of the VCO/ICO. The 
VCO/ICO can then be “swept up” in frequency until the 
Voltage and current are once more Substantially in phase. In 
this manner, there is sufficient gain in the tank to ensure 
striking the lamp. Once the lamp Strikes, the output Voltage no 
longerlags the output current and the VCO/ICO sweeps down 
to its normal operating frequency. 
One example of the control logic for a VCO and pulsed 

current source are shown in FIG. 6. As seen, the pulsed 
current source C1 drives the VCO control node and is much 
larger in magnitude (typically greater than tentimes) than the 
weak current sink C2. The ratio of the magnitudes of the 
current sink and the pulsed current source determines the 
phase error allowed by the frequency control loop. If it is 
desired to lock the operating frequency to an external clock, 
then the weak current sink in FIG. 6 would represent the 
maximum current available from the phase locked loop phase 
comparator block. The circuit of FIG. 6 includes Boolean 
logic that operates as a phase comparator. 
The Zero-crossing detector for the current flowing in the 

primary winding can be configured in many different ways 
for the various driver-staged topologies. For example, in the 
case of a full bridge output stage, as seen in FIG. 7, the 
primary current can be sensed across the R of the Switches 
in the bridge. The R in this example is measured across 
switches 2 and 4 of FIG. 7 to sense the primary current. 
Alternatively, in the case of a halfbridge, output stage that the 
current in the primary winding can be sensed in the return leg 
of the primary winding as seen in FIG. 8 across R. 
Finally, with appropriate blanking as seen in FIG. 9, the 
primary current can be sensed across the R of the Switches 
in a push-pull output stage. The R, in the example of FIG. 
9 is measured across Switches 1 and 2 to sense the primary 
Current. 

By separating the functions of frequency control and lamp 
current and Voltage control, both strategies can be optimized 
independently. For example, the circuit of FIG. 10 shows 
multiple feedback paths through a common pulse-width 
modulator that controls lamp current, open lamp Voltage, and 
secondary current. Because all three loops use the same com 
pensation node and modulator, the system moves Smoothly 
from one mode to another without annoying glitches and 
flashes that can occur when a loop is broken and the compen 
sation node for one parameter drifts off to an extreme of its 
control range. 

If it is desired to synchronize the operating frequency with 
an external reference clock, the VCO control node can be 
driven with the output of a phase comparator. Under normal 
operating conditions with the lamp ignited, the oscillator 
would run near the low end of its control range. To ignite the 
lamp, the same logic described above overwhelms the output 
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of the phase comparator and drives the operating frequency 
up to the resonant frequency of the unloaded tank. 
As will be seen in further detail below, the lamp current, 

lamp Voltage, and secondary current are maintained by closed 
loops independent of the operating frequency. 

Configuration of Multiple Feedback Paths 
It is typical in a CCFL inverter that other feedback paths are 

present for various reasons. In one embodiment, the multiple 
feedback paths converge on the same point to control various 
physical parameters in the system. 

For example, one important feedback parameter is lamp 
current or lamp power. This is an important feedback path 
because it determines what the lamp looks like to the user and 
it can affect the lifetime of the lamp. 

Minor feedback parameters monitor fault conditions such 
as open/broken lamp (maximum lamp Voltage) and second 
ary overcurrent (shorted output). These loops are less critical 
than the main loop because, by definition, the lamp is not 
making light. 

In one embodiment, all of these various feedback paths 
converge at the compensation (Comp) node. The advantage to 
this is that the Voltage at the Comp node is maintained in its 
active region and the hand-off between the various control 
loops is smooth and well-behaved. Note that, if one or more of 
the loops did not use the common Comp node, then the Comp 
voltage is likely to wander off to some arbitrary voltage while 
a minor feedback path is in control. This would result in the 
feedback parameter that uses the Comp node to possibly be in 
error when control returns to it abruptly. 

Variations on Multiple Feedback Paths 
The multiple feedback path concept may be expanded to 

any combination of several feedback parameters and ways of 
combining them in any particular controller. The main feed 
back parameter can be either lamp current sensed in a resistor 
or output power computed and averaged as taught in our U.S. 
Pat. No. 6,114,814. Minor feedback parameters usually 
include lamp Voltage (either balanced or unbalanced) in com 
bination with some scheme of sensing module output current. 
Note that the output current does not necessarily return to the 
lamp current sense resistor it may dangerously pass from 
the high Voltage side of the transformer secondary through an 
unfortunate person and directly to ground. Therefore, it is 
necessary to find away to measure module output current that 
is independent of sensing the lamp current. 

In one embodiment, the current may be sensed in the trans 
former secondary current. In other implementations, the cur 
rent is sensed in the transformer primary, measuring it in the 
output power Switches. The current in the secondary can be 
inferred from the current in the primary. The short circuit 
current in the secondary is very nearly the current in the 
primary divided by the turns ratio. 

Other parameters may be measured and fed back through 
the Comp node. For example, light output from the lamp 
could be measured with a photodiode and this parameter 
could “dither the lamp current or power to guarantee uni 
form light across the production spread of panels, lamps, and 
modules. 
The lamp current may be sensed using a full-wave sense 

amplifier as described in our co-pending U.S. patent applica 
tion Ser. No. 10/354,541 entitled “FULL WAVE SENSE 
AMPLIFIER AND DISCHARGE LAMP INVERTER 
INCORPORATING THE SAME filed Jan. 29, 2003 which 
is hereby incorporated by reference in its entirety. Further, the 
amplifiers and comparators at the Comp node may also use a 
controlled-offset technique as described in our co-pending 
U.S. patent application Ser. No. 10/656,087 entitled “CON 
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8 
TROLLED OFFSET AMPLIFIER filed Sep. 5, 2003 which 
is hereby incorporated by reference in its entirety. 

While the preferred embodiment of the invention has been 
illustrated and described, it will be appreciated that various 
changes can be made therein without departing from the spirit 
and scope of the invention. 
The invention claimed is: 
1. A method of driving a lamp that uses a DC to AC inverter 

that is connected to a winding of a transformer comprising: 
(a) monitoring a phase relationship between a Voltage 

across said winding of said transformer and a current 
through said winding of said transformer; and 

(b) keeping said phase relationship between said Voltage 
across said winding of said transformer and said current 
through said winding of said transformer at Substantially 
a predetermined relationship. 

2. The method of claim 1, wherein said Voltage across said 
winding of said transformer is Substantially in phase with said 
current through said winding of said transformer. 

3. The method of claim 1, wherein during an ignition of 
said lamp, the an operating frequency of said inverter is 
increased by maintaining in order to maintain said prede 
termined relationship between said Voltage across said wind 
ing and said current through said winding. 

4. The method of claim 2, wherein said Voltage across said 
winding of said transformer is maintained Substantially in 
phase with said current through said winding by using thea 
Zero-crossing information of said current in through said 
winding. 

5. An apparatus for driving a lamp comprising 
a transformer having a primary and a secondary; 
means for converting a circuit configured to convert a DC 
power into AC power and operating at a frequency, the 
means for converting driving the primary wherein the 
circuit is configured to operate at a frequency and drive 
the primary of said transformer, 

means for monitoring phase comparison that monitors a 
phase relationship between a voltage across said pri 
mary of said transformer and a current through said 
primary of said transformer, and means for adjusting 
frequency control that adjusts the frequency of said 
means for converting circuit such that said a phase 
relationship between said Voltage across said primary of 
said transformer and said current through said primary 
of said transformer is maintained at Substantially a pre 
determined relationship. 

6. The apparatus of claim 5, further including a Voltage 
controlled oscillator that is responsive to said means for 
adjusting frequency control and configured to output an 
oscillation used by said means for converting circuit to 
generate said frequency. 

7. The apparatus of claim 5, whereinsaid means for phase 
comparison and said means for frequency control operate to 
maintain said phase relationship as being Substantially in 
phase said voltage across said winding of said transformer is 
maintained at substantially in phase with said current 
through said winding of said transformer. 

8. The apparatus of claim 5 wherein said means for phase 
comparison further includes a Zero-crossing detector for 
monitoring said current through said primary. 

9. A method of driving a lamp that uses a DC to AC inverter 
that is coupled to a transformer having a primary and a 
secondary, the method comprising: 

(a) determining a phase relationship between a voltage 
across either the primary or the secondary of the trans 
former and a current through either the primary or the 
secondary of the transformer, and 
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(b) keeping the phase relationship between the voltage 
across either the primary or the secondary of the trans 
former and the current through either the primary or the 
secondary of the transformer at a substantially prede 
termined relationship. 

10. The method of claim 9, wherein the voltage across 
either the primary or the secondary of the transformer is 
substantially in phase with the current through either the 
primary or the secondary of the transformer: 

5 

10 
controlling a frequency of the AC signal based on the 

control signal. 
20. The method of claim 19, wherein the two or more 

signals firther comprise either a lamp current signal or a 
lamp voltage signal. 

21. The method of claim 20 further comprising: controlling 
the frequency of the AC signal based on either the lamp 
current signal or the lamp voltage signal. 

22. The method of claim 19, wherein controlling a fre 
11. The method of claim 9, wherein during an ignition of 10 quency of the AC signal based on the control signal com 

the lamp, an operating frequency of the inverter is increased 
in Order to maintain the substantially predetermined relation 
ship between the voltage across either the primary or the 
secondary of the transformer and the current through either 
the primary or the secondary of the transformer. 

12. The method of claim 10, wherein the voltage across 
either the primary or the secondary of the transformer is 
maintained substantially in phase with the current through 
either the primary or the secondary of the transformer by 
using a zero-crossing information of the current through 
either the primary or the secondary of the transformer: 

13. The method of claim II, wherein the operating fre 
quency is increased to a strike frequency. 

14. A method of striking a lamp comprising: 
determining a phase relationship between a voltage across 

a transformer and a current through the transformer, 
and 

Sweeping a frequency of a signal applied to the transformer 
to a strike frequency based on the phase relationship 
between the voltage across the transformer and the cur 
rent through the transformer. 

15. The method of claim 14, wherein determining the phase 
relationship between the voltage across the transformer and 
the current through the transformer comprises. 

determining a phase relationship between a voltage across 
either a primary or a secondary of the transformer and 
a current through either a primary or a secondary of the 
transformer: 

16. The method of claim 15, wherein sweeping the fre 
quency of the signal applied to the transformer to the Strike 
frequency based on the phase relationship between the volt 
age across the transformer and the current through the trans 
former comprises. 

Sweeping the frequency of the signal applied to the primary 
of the transformer to a strike frequency when the voltage 
across either the primary or the secondary of the trans 
former is not substantially in phase with the current 
through either the primary or the secondary of the trans 
former. 

17. The method of claim 16 filrther comprising: changing 
from the Strike frequency to a normal operating frequency. 

18. The method of claim 17, wherein changing from the 
strike frequency to the normal operating frequency occurs 
when the voltage across either the primary or the secondary 
of the transformer is substantially in phase with the current 
through either the primary or the secondary of the trans 
former. 

19. A method of converting a DC input voltage to an AC 
signal for driving a lamp, comprising: 

controllably switching the DC input voltage ON and OFF 
to generate an AC signal 

monitoring two or more signals, wherein the two or more 
signals comprise at least a drive voltage signal and a 
drive current signal 

determining a phase relationship between the drive voltage 
signal and the drive current signal to generate a control 
Signal and 
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prises. 
Sweeping a frequency of the AC signal to a strike frequency 

when the control signal indicates the phase relationship 
between the drive voltage signal and the drive current 
signal is not substantially in phase, and 

changing from the Strike frequency to a normal operating 
frequency when the control signal indicates the phase 
relationship between the drive voltage signal and the 
drive current signal is substantially in phase. 

23. A method comprising: 
receiving a DC voltage, 
generating one or more switching signals, 
generating an AC signal from the DC voltage based on the 

Switching signals, 
monitoring two or more signals, wherein the two or more 

signals comprise at least a drive voltage signal and a 
drive current signal 

determining a phase relationship between the drive voltage 
signal and the drive current signal to generate a control 
Signal and 

Sweeping a frequency of the AC signal based on the control 
signal. 

24. The method of claim 23, wherein determining a phase 
relationship between the drive voltage and the drive current 
signal to generate the control signal comprises. 

determining a phase relationship between the drive voltage 
and a zero crossing of the drive current signal to gener 
ate a control signal. 

25. The method of claim 23, wherein Sweeping a frequency 
of the AC signal comprises. 

increasing the frequency to a strike frequency when the 
control signal indicates the phase relationship is not 
substantially in phase. 

26. The method of claim 25, filrther comprising: 
changing the frequency from the strike frequency to a nor 

mal operating frequency when the control signal indi 
cates the phase relationship is substantially in phase. 

27. An inverter circuit for driving a lamp, the circuit com 
prising: 

One or more switches to controllably switch an input volt 
age ON and OFF to generate an AC signal and 

a control circuit configured to: 
monitor a drive voltage signal and a drive current sig 

inal, 
determine a phase relationship between the drive volt 

age signal and the drive current signal to generate a 
control signal, and 

control a frequency of the AC signal based on the control 
Signal. 

28. The inverter circuit of claim 27, wherein the control 
circuit is firther configured to determine a phase relationship 
between the drive voltage signal and a zero crossing of the 
drive current signal to generate the control signal. 

29. The inverter circuit of claim 27, wherein the control 
circuit is further configured to increase the frequency of the 
AC signal to a strike frequency when the control signal indi 
cates the phase relationship is not substantially in phase. 
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30. The inverter circuit of claim 29, wherein the control 
circuit is further configured to change the frequency from the 
strike frequency to a normal operating frequency when the 
control signal indicates the phase relationship is substan 
tially in phase. 

31. An integrated inverter controller comprising: 
a first circuit configured to monitor at least two or more 

signals, wherein the two or more signals comprise at 
least a drive voltage signal and a drive current signal 

a second circuit configured to determine a phase relation 
ship between the drive voltage signal and the drive cur 
rent signal to generate a control signal 

a third circuit configured to control the frequency of an AC 
signal based on the control signal. 

32. The integrated inverter controller of claim 31, wherein 
the third circuit is firther configured to. Sweep the frequency 
of the AC signal when the control signal indicates the phrase 
relationship is not substantially in phase. 

33. The integrated inverter controller of claim 31, wherein 
the AC signal is externally generated by controllably switch 
ing a DC input voltage ON and OFF 

34. The integrated inverter controller of claim 31, wherein 
the third circuit is filrther configured to increase the frequency 
of the AC signal to a strike frequency when the control signal 
indicates the phase relationship is not substantially in phase. 

35. The integrated inverter controller of claim 34, wherein 
the third circuit is further configured to change the frequency 
from the Strike frequency to a normal operating frequency 
when the control signal indicates the phase relationship is 
substantially in phase. 

36. The integrated inverter controller of claim 31, wherein 
the two or signals firther comprise either a lamp voltage 
signal or a lamp current signal. 
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37. An inverter controller for driving a lamp, the controller 

comprising: 
a first circuit configured to monitor at least two or more 

signals, wherein the two or more signals comprise at 
least a drive voltage signal and a drive current signal 

a second circuit configured to determine a phase relation 
ship between the drive voltage signal and the drive cur 
rent signal to generate a control signal 

a third circuit configured to control the frequency of an AC 
signal based on the control signal. 

38. The inverter controller of claim 37, wherein the third 
circuit is further configured to sweep the frequency of the AC 
signal when the control signal indicates the phase relation 
ship is not substantially in phase. 

39. The inverter controller of claim 37, wherein the AC 
signal is externally generated by controllably switching a DC 
input voltage ON and OFF 

40. The inverter controller of claim 37, wherein the third 
circuit is further configured to increase the frequency of the 
AC signal to a strike frequency when the control signal indi 
cates the phase relationship is not substantially in phase. 

41. The inverter controller of claim 40, wherein the third 
circuit is firther configured to change the frequency from the 
strike frequency to a normal operating frequency when the 
control signal indicates the phase relationship is substan 
tially in phase. 

42. The inverter controller of claim 41, wherein the two or 
signals firther comprise either a lamp voltage signal or a 
lamp current signal. 


