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COLOR MIXING IN HID LAMPAT VHF 
FREQUENCIES 

TECHNICAL FIELD OF THE INVENTION 

0001. This invention relates to a power supply for a 
high-intensity discharge (HID) lamp that requires a modu 
lated input signal for proper operation. 

BACKGROUND OF THE INVENTION 

0002 Certain types of electrical lamps operate more 
efficiently or effectively when driven by an input current 
Signal that is both alternating and modulated in Some man 
ner. One example of Such a lamp is a high-intensity gas 
discharge (HID) lamp, of the type used indoors or outdoors 
for general illumination of parking lots and buildings. 
Proper operation of Such lamps involves driving the lamp 
with a signal that results in illumination that is both Stable, 
and of uniform color. It is also desirable that such lamps be 
insensitive to orientation of the lamp, producing Stable 
illumination of uniform color when the lamp is oriented 
Vertically, horizontally, or in Some other position. 

0003) As disclosed in U.S. Pat. No 6,184,633 B1, the 
operational Stability and uniformity of light generated by 
such HID lamps can be improved by driving the lamp with 
a Swept frequency input Signal that is either amplitude 
modulated, or Sequentially alternated with a periodic change 
in the range of the Swept frequency. In particular, an input 
Signal is disclosed that includes a current frequency Sweep 
from 45 to 55 kHz within a Sweep time of about 10 
milliseconds, in combination with either: a constant ampli 
tude modulation frequency of about 24.5 Hz and a modu 
lation index of 0.24; or a periodic Sequential change in 
Sweep frequency to about 12.3 kHz. In the 633 B1 patent, 
the Swept frequency and amplitude modulating Signals are 
generated Separately and combined to produce the Signal 
actually fed to the HID lamp. The modulation frequency is 
predetermined and maintained as a constant. 

0004 U.S. patent application Ser. No. 09/620,357, com 
monly assigned to the original assignee of the present 
application, provides additional methods and apparatus for 
determining the optimum modulation frequency and/or 
Sequential operating frequency, through Sequential and peri 
odic measurements of the HID lamp Voltage at various 
amplitude modulating frequencies within a predetermined 
range of frequencies. Once the appropriate values are deter 
mined, the 357 application utilizes the methods and appa 
ratus disclosed in the 633 B1 patent for producing the input 
waveform. 

0005 U.S. patent application Ser. No. 09/916,953, com 
monly assigned to the original assignee of the present 
application, provides a method for operating a power Source 
adapted to Supply an input Signal having an alternating 
current and Voltage to an electrical load in a manner pro 
Viding a desired power Spectrum to the electrical load. The 
method includes calculating a portion of the power spectrum 
being delivered to the electrical load by the input Signal, and 
modifying the input signal in Such a manner that the deliv 
ered power Spectrum more closely matches the desired 
power spectrum. The Step of calculating a portion of the 
delivered power Spectrum may include monitoring and 
integrating the alternating current and Voltage of the input 
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Signal. The method may further include Storing a represen 
tation of the desired power Spectrum in the power Source. 
0006 Although the teachings of the above referenced 
patent and applications provide considerably improved per 
formance with HID lamps, the cost and complexity of the 
power Supplies and control methods that they teach may be 
prohibitive. What is needed, therefore, is an improved power 
Supply and method adapted for driving an HID lamp, which 
provides the operational advantages of the prior art, but can 
be produced in a more Straightforward manner. 

SUMMARY OF THE INVENTION 

0007 My invention provides such an improved power 
Supply and method, that produces Stable illumination of 
uniform color and reduced Sensitivity to lamp orientation, by 
driving a high-intensity discharge (HID) lamp with a carrier 
signal alternated between two very high frequency (VHF) 
frequencies at a modulation rate approximately equal the 
Second longitudinal frequency of the lamp, and feeding the 
Signal through a filter having an inverse amplitude relation 
ship to carrier frequency, to produce an input Signal to the 
lamp that is amplitude modulated in an inverse relationship 
to the change in carrier frequency at a modulation rate 
approximately equal to the Second longitudinal resonance 
frequency of the lamp. The two VHF frequencies are 
Selected from a range of frequencies over which acoustic 
resonances are Substantially damped and lamp operation is 
stable. 

0008 Driving the lamp in this manner results in stable 
illumination of uniform color and reduced Sensitivity to 
lamp orientation, without the additional circuitry required in 
prior power Supplies for modulating amplitude of the Signal 
driving the lamp. Elimination of Such amplitude modulating 
circuitry, in a power Supply according to my invention, 
reduces the complexity and cost of the power Supply. 
0009. One form of my invention provides a method for 
operating a high-intensity discharge lamp by Supplying the 
lamp with an input waveform having a carrier frequency that 
is alternated at a modulation frequency between a first 
carrier frequency and a Second carrier frequency higher than 
the first carrier frequency, and filtered by a filter circuit 
having an inverse amplitude relationship to carrier fre 
quency, to thereby provide an input waveform that is ampli 
tude modulated at the modulation frequency between a first 
amplitude at the first carrier frequency and a Second ampli 
tude lower than the first amplitude at the Second carrier 
frequency. The method may include exciting a longitudinal 
acoustic mode in the lamp at a longitudinal resonance 
frequency by modulating the carrier frequency at a modu 
lation frequency that is approximately equal to the longitu 
dinal resonance frequency of the lamp. Where the high 
intensity discharge lamp has a Second longitudinal 
resonance frequency, the modulation frequency may be 
approximately equal to the Second longitudinal resonance 
frequency of the lamp. 
0010. The method may include determining the longitu 
dinal resonance frequencies of the lamp. The method may 
also include determining values for the first and Second 
carrier frequencies, or a range of values bounded by the first 
and Second carrier frequencies, at which illumination from 
the lamp is Stable. The first and Second carrier frequencies 
may be VHF frequencies. 
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0.011) Another form of my invention provides an appa 
ratus for operating a high-intensity discharge lamp. The 
apparatus may include means for Supplying the lamp with an 
input waveform having a carrier frequency alternated at a 
modulation frequency between a first carrier frequency and 
a Second carrier frequency higher than the first carrier 
frequency, and a filter having an inverse amplitude relation 
ship to carrier frequency operatively attached for filtering 
the input waveform to provide a waveform for driving the 
lamp that is amplitude modulated at the modulation fre 
quency between a first amplitude at the first carrier fre 
quency and a Second amplitude lower than the first ampli 
tude at the Second carrier frequency. 
0012. Where the lamp has a longitudinal acoustic mode 
that is excitable at a longitudinal resonance frequency, the 
modulation frequency may be approximately equal to the 
longitudinal resonance frequency of the lamp. Where the 
high-intensity discharge lamp has a Second longitudinal 
resonance frequency, the modulation frequency may be 
approximately equal to the Second longitudinal resonance 
frequency of the lamp. The first and Second carrier frequen 
cies may be VHF frequencies at which the lamp illumination 
is stable. 

0013 The means for supplying the lamp with an input 
waveform may include a bridge circuit, and a controller for 
controlling the bridge circuit to produce the input Signal. The 
filter may be a simple LC circuit, or a higher order circuit 
providing increased attenuation of the input Signal as a 
function of frequency. 
0.014. The foregoing and other features and advantages of 
my invention will become further apparent from the follow 
ing detailed description of exemplary embodiments, read in 
conjunction with the accompanying drawings. The detailed 
description and drawings are merely illustrative of my 
invention rather than limiting, the Scope of the invention 
being defined by the appended claims and equivalents 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 is a block diagram of an exemplary appa 
ratus according to my invention; 
0016 FIG. 2 is graph of amplitude versus frequency for 
a filter that attenuates the amplitude of a Signal applied to the 
filter in an inverse relationship to the frequency of the Signal 
applied to the filter, and 
0017 FIG. 3 is an illustration showing the inverse rela 
tionship of amplitude and frequency in the input waveform 
provided by an apparatus or method according to my inven 
tion. 

BRIEF DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

0.018 FIG. 1 shows an exemplary apparatus 10, accord 
ing to my invention, for providing an input Signal A to a 
high-intensity discharge (HID) lamp 12. The input signal has 
a waveform that is amplitude modulated in an inverse 
relationship to changes in carrier frequency of the input 
Signal A at a modulation rate approximately equal to the 
Second longitudinal resonance frequency of the lamp 12. 
0019 Specifically, the apparatus 10 depicted in FIG. 1 is 
in the form of a power source or ballast 14 for driving the 
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high intensity discharge (HID) lamp 12. The power source 
14 includes means, in the form of a preconditioner 16 and 
bridge 18, connected in a Series circuit relationship, and a 
controller 20 operatively connected to the bridge 18, for 
receiving a power input 22 and generating a Square wave 24 
having a carrier frequency alternated at a modulation fre 
quency 34 between a first carrier frequency F1 and a Second 
carrier frequency F2 higher than the first carrier frequency 
F1, as illustrated in the upper curve of FIG. 3. The bridge 18 
may be either a full or a halfbridge circuit, to Suit the needs 
of various forms of my invention. 
0020. The controller 20 controls the carrier frequency of 
the bridge 18. The shape of the control waveform 32 applied 
to the bridge 18 by the controller 20 to generate the square 
wave 24 is not critical in practicing my invention, So long as 
the waveform 32 is alternated between the first and second 
carrier frequencies F1, F2 at a modulation frequency 34 that 
is approximately equal to the Second longitudinal resonance 
frequency of the lamp 12. For example, the control wave 
form 32 may be a sine wave at the modulation frequency 34, 
but can also be a Square or triangular wave at the modulation 
frequency 34, because a Square or triangular wave both have 
frequency components at the fundamental frequency of the 
Sine wave, and it is these fundamental frequency compo 
nents that are important in practicing my invention. 

0021. The square wave 24 is applied to the input of a filter 
in the form of a filter/ignitor 26. The filter/ignitor 26 includes 
an LC filter circuit producing a filtered Signal having the 
inverse amplitude relationship to carrier frequency desired 
in the input waveform A for driving the lamp 12, as 
illustrated in FIG. 2. 

0022. The filter depicted in FIG. 2 is a simple LC filter 
of common construction, having components judiciously 
Selected to produce an output characteristic which is rela 
tively steep between a desired first and Second carrier 
frequency F1, F2, such that the amplitude of the input 
waveform 'A' is attenuated between a first amplitude V1 at 
the first carrier frequency F1 and a Second amplitude V2, 
lower than the first amplitude V1 at the second carrier 
frequency F2. The slope of the output characteristic may be 
increased by using a higher order filter, if greater attenuation 
is required between a given first and Second carrier fre 
quency F1, F2. 
0023 Those having skill in the art will recognize that 
filters having the characteristics described above, and 
depicted in FIG. 2, are often used for dimming fluorescent 
lights by increasing the operational frequency. 

0024. Furthermore, as described in detail in the com 
monly assigned patents and patent applications referenced 
above, which are incorporated herein by reference, it is 
known that certain types of HID lamps operate with 
improved color mixing and leSS Sensitivity to orientation 
when an operating characteristic of Such lamps, known as a 
longitudinal acoustic resonance mode, is excited by the 
input signal used to drive the lamp. Ceramic HID metal 
halide lamps exhibit Such operating characteristics. One 
method known to excite the longitudinal mode, is to ampli 
tude modulate the carrier frequency of the input Signal at the 
frequency of the Second longitudinal mode. 

0025 The controller 20 of the power supply 14 takes 
advantage of the operating characteristics of LC filters and 
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HID lamps described above by controlling the carrier fre 
quency of the bridge 18 to modulate the square wave 24 
between the first and Second carrier frequencies F1, F2 at a 
modulation frequency Substantially equal to the Second 
longitudinal mode frequency of the HID lamp 12. When this 
frequency modulated Square wave signal 24 is filtered by the 
filter/ignitor 26, the inverse attenuation characteristic of the 
filter/ignitor 26 produces an input Signal A to the lamp 12 
which is amplitude modulated at a frequency Substantially 
matching the Second longitudinal mode frequency of the 
HID lamp 12, resulting in an output of the lamp 12 which 
has improved color uniformity and insensitivity to lamp 
orientation. 

0026. It is also known that in HID lamps of the type 
described herein, acoustic resonances which cause instabil 
ity in illumination and operation of the lamp are damped at 
higher frequencies. By Selecting first and Second carrier 
frequencies F1, F2 that are high enough to produce Stable 
illumination, and modulating the amplitude of the input 
Signal A in the manner described above, my invention 
produces Stable illumination, of uniform color, regardless of 
lamp orientation. 

EXAMPLE 

0027. For an exemplary HID lamp, known to exhibit 
stable performance at a VHF frequencies of 400 kHz and 
above, and having a Second longitudinal mode of about 24.5 
kHz, values of 450 kHz and 550 kHz might be selected for 
the first and Second carrier frequencies F1, F2, and a value 
of 24.5 kHz might be selected for the modulation frequency. 
The control waveform 32 may be a sine wave at 24.5 kHz, 
but can also be a Square or triangular wave at the same 
frequency, because Such a Square wave and triangular wave 
both have frequency components at the fundamental fre 
quency of the Sine wave. 
0028. The controller 20 operates the bridge 18 to produce 
a carrier waveform in the form of a Square wave 24, 
frequency modulated as described above at the Second 
longitudinal mode frequency of 24.5 kHz, between the first 
and second VHF carrier frequencies of 450 kHz and 550 
kHz. The filter/ignitor 26 converts the frequency modulated 
Square wave 24 to an amplitude modulated input waveform 
A, amplitude modulated at the Second longitudinal mode 
frequency of 24.5 kHz. The inverse relationship of the 
amplitude modulating effect of the filter/ignitor 26 to the 
frequency modulated Square wave 24 produced by the 
bridge 18 is illustrated schematically in FIG. 3. The filter/ 
ignitor 26 also removes higher harmonics, Such that the 
resulting waveform of the input signal A will actually be a 
Slightly distorted Sine wave, frequency modulated between 
the first and second VHF carrier frequencies of 450 kHz and 
550 kHz, and amplitude modulated at a modulation fre 
quency of 24.5 kHZ, rather than a Square wave. 
0029) Regardless of the actual shape of the input wave 
form A, the lamp 12 will respond to the amplitude modu 
lation of the input signal A at the Second longitudinal mode 
frequency 34, and will produce uniform color in the lamp 12 
regardless of lamp orientation. Lamp illumination will be 
stable, regardless of the shape of the control waveform 32 
used to produce the Square wave 24, because the lamp 12 is 
stable at the selected carrier frequencies of 450 kHz and 550 
kHz, and also at any intermediate frequencies that the input 
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waveform A may Sweep through during modulation 
between the Selected carrier frequencies. 
0030 Those having skill in the art will recognize that my 
invention provides considerable latitude in Selecting the 
carrier frequencies, or the range of carrier frequencies over 
which the frequency modulation will take place, because 
above a certain frequency, dependent upon the construction 
of a given lamp 12, higher order acoustic resonances are 
damped, and operation is stable. 
0031. Through judicious selection of the first and second 
VHF carrier frequencies F1, F2, to make the difference 
between the selected VHF carrier frequencies more or less 
than the values used in the example above, or by using a 
higher order filter, the amount of amplitude modulation in 
the input waveform A can be predetermined and controlled, 
to achieve a desired value of a parameter known as the 
modulation index. The modulation index is calculated by the 
following formula: 

(Vmax - Wmin) 
Modulation index = . . . . . 

(Vmax + Vmin) 

0032 For lamps of the type described herein, it is antici 
pated that a modulation index in the range of 0 to 0.27 would 
be preferable during ignition and operation of the lamp 12. 
003.3 My invention may also take the form of a method 
for operating an apparatus 10 as described above. Such a 
method may also include determining the carrier frequency 
values F1, F2 at which lamp operation is stable. My method 
may also include determining the optimum modulation 
frequency value 34. Determination of the optimum modu 
lation frequency 34 from measurements of the lamp Voltage 
may be carried out in the controller 20, using a feedback 
loop 30, as indicated by dashed line 30 in FIG. 1 to sense 
and communicate the lamp Voltage to the controller 20. 
0034. Although the forgoing description has utilized cer 
tain exemplary embodiments of my invention, many other 
changes and modifications can be made without departing 
from the Spirit and Scope of the invention. The Scope of my 
invention is limited only by the appended claims, and all 
changes that come within the meaning and range of equiva 
lents are intended to be embraced therein. 

I claim: 
1. A method for operating a high-intensity discharge lamp, 

the method comprising: 
Supplying the lamp with an input waveform having a 

carrier frequency alternated at a modulation frequency 
between a first carrier frequency and a Second carrier 
frequency higher than the first carrier frequency, and 
filtered by a filter circuit having an inverse amplitude 
relationship to carrier frequency, thereby providing an 
input waveform that is amplitude modulated at the 
modulation frequency between a first amplitude at the 
first carrier frequency and a Second amplitude lower 
than the first amplitude at the Second carrier frequency. 

2. The method of claim 1 including exciting a longitudinal 
acoustic mode in the lamp. 

3. The method of claim 2 wherein the longitudinal acous 
tic mode of the lamp is excited at a longitudinal resonance 
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frequency and the modulation frequency is approximately 
equal to the longitudinal resonance frequency of the lamp. 

4. The method of claim 3 wherein the high-intensity 
discharge lamp has a Second longitudinal resonance fre 
quency and the modulation frequency is approximately 
equal to the Second longitudinal resonance frequency of the 
lamp. 

5. The method of claim 3 including determining the 
longitudinal resonance frequency of the lamp. 

6. The method of claim 5 including monitoring the lamp 
Voltage to determine the longitudinal frequency of the lamp. 

7. The method of claim 1 wherein the first and second 
carrier frequencies are frequencies at which the lamp illu 
mination is Stable with respect to acoustic resonances. 

8. The method of claim 7 including determining the first 
and Second carrier frequencies. 

9. The method of claim 1 wherein the first and second 
carrier frequencies are in the range of about 400 kHz to 600 
kHz, and the modulation frequency is within the range of 
about 20 kHz to about 30 kHz. 

10. The method of claim 9 wherein the amplitude of the 
input signal has a modulation indeX in the range of 0 to 0.27. 

11. An apparatus for operating a high-intensity discharge 
lamp, the apparatus comprising: 
means for Supplying the lamp with an input waveform 

having a carrier frequency alternated at a modulation 
frequency between a first carrier frequency and a 
Second carrier frequency higher than the first carrier 
frequency; and 

a filter having an inverse amplitude relationship to carrier 
frequency operatively attached for filtering the input 
waveform to provide an input waveform that is ampli 
tude modulated at the modulation frequency between a 
first amplitude at the first carrier frequency and a 
Second amplitude lower than the first amplitude at the 
Second carrier frequency. 
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12. The apparatus of claim 11 wherein the lamp has a 
longitudinal acoustic mode that is excitable at a longitudinal 
resonance frequency and the modulation frequency is 
approximately equal to the longitudinal resonance frequency 
of the lamp. 

13. The apparatus of claim 12 wherein the high-intensity 
discharge lamp has a Second longitudinal resonance fre 
quency and the modulation frequency is approximately 
equal to the Second longitudinal resonance frequency of the 
lamp. 

14. The apparatus of claim 11 wherein the first and second 
carrier frequencies are VHF frequencies at which the lamp 
illumination is stable. 

15. The apparatus of claim 11 wherein the first and second 
carrier frequencies are in the range of about 400 kHz to 600 
kHz, and the modulation frequency is within the range of 
about 20 kHz to about 30 kHz. 

16. The apparatus of claim 15 wherein the amplitude of 
the input signal has a modulation indeX in the range of 0 to 
0.27. 

17. The apparatus of claim 11 wherein the means for 
Supplying the lamp with an input signal includes a bridge 
circuit. 

18. The apparatus of claim 17 including a controller for 
controlling the bridge circuit to produce the input signal. 

19. The apparatus of claim 17 wherein the bridge circuit 
is a half-bridge circuit. 

20. The apparatus of claim 11 wherein the filter is an LC 
filter. 

21. The apparatus of claim 20 wherein the filter is a higher 
order filter. 


