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1

SEQUENTIAL BURST MODE ACITVATION
CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The presen! iavention relales to a sequeatial burst mode
aclivalion cireuil. More parficularly, the present invention
provides a dreuit lopology for improving Lhe consistency of
performance in the activation and inlensity variation of
multiple londs, The presen! invention bas genersl untility
wherever mutliple Joads are employed for inlensity varia-
tion Further, the present invention has specific utitity where
rltiple fluorescent Inmps, especially munliiple cold cathode
fivorescent lamps (CCFLs), nre employed, for example, in
television ard computer screens, and in backlghis for 1 CBs
(Liguid Crystal Displays).

2. Description of Related An

Various lighting and dimming circuils and technigques for
lighting or dimming lamps or varying inlensities of loads are
known. One method of dimming a fluorescent lamp, espe~
cially as used in a backlight of a liquid crystal display
(LCD), is knowa a5 a voltage conirolled dimming sysiem
The voltage controlled dimming system incindes current
control end cument feedback controt According 1o the
voltage control dimming system, dimming is performed by
varying an ioput volinge lo an inverter so as 1o adjust an
output voltage from the inverter (i ¢, an application voltage
to the fluorescent ube). As the finorescent tube emits hght
using discharging energy, when the application voliage o
the fluorescent tube is too low, the dischorging becomes
unstable. For this reason, a large dimming range cannot be
achieved by the voltage control dimming system, and the
possible dimming ratio is only around 2:1, the dimming ratio
being indicative of the dimniing range of the lamp system.

Another technique for dimming a fluorescent lomp s the
"“birrst roode™ dinyning system in which an allernating signal
that is supplying power 1o the lamp is el with a notch of
variable widlh so as lo reduce the power applied to the lamp
and thereby provide the desired dimming. The smaller the
widths of AC power provided to the iamp, 1he lower the
Juminance at which the lamp operates. A common device for
providing the ability fo vary the widlh of (he pulses are
commercially-available pulse-width modulators (*PWM").

In burst mode dimming, dimming is performed by peri-
odically flashing the light source with a verying time ratio
between the lighl-on duration and lght-ow! duration.
Therefore, this syslem, as opposed to the aforementioped
vollage controlled dimming method, offers a large dimming
ratio, polentially greater than i00:1, therchy allowing for
large variations in luminosity.
* U S. Pat. No. 5,844,540 provides lighting/dimming cir-
cuitry for the back light contro! funetion in an LCD (Liguid
Crystal Display). A “PWM dimmer driviog circuit” modu-
lates the magnitude of cmrrent to be supplied through ap
inverier 1o a fluorescent tube on the back surface of a liquid
crystal panel. One goal of this circuitry is 1o prevent incon-
sistency of lighting, or occurrence of flicker, between the
back leht, or fluorescent tube, and the L.CD; the other goal
is lo rednce sound noise. The PWM and inverter circuitry
modulates the light source driving means so as 1o have the
ability to periodically flash the light source wilbh varying
time ratios between the light on and lght off duralions,
thereby creating different avernge inlensities of light. The
light-on duration is determined by a ‘pulse count circuil”
which provides an input for the PWM circuitry; this pulse
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2

count circuil counts the mimber of pulses of the 1. CD panel
horizontal synchronizing signal, and provides for an
on-duralion that allows for the back light to synchronize iI°s
lighting signal with that of the TC€D. Furtber, the lghting/
on-off frequency of the light source is a division of the
horizontal driving frequency of the LCD papel's horizonla}
synchromizing signal, thereby allowing both LCD panel's
display and the back light io be in phase with each other.
This topology provides a “burst-mode” dimming system but
only for a single Buorescent lamp. It further advocates
synchronization of backlight Izghting with thal of the L.CD
in order 1o prevent inconsistency of Lghtiog between he
L'CD and backlight. Nole thal fluorescent lamps, especially
cold cathode fluorescent lamps, are bigh in impedance when
initfally powered up. If multiple CCFLs (cold cathede
fluorescent lamps) were utilized, synchronization of all
lamps with onc light sousce would result in current rpples;
these current ripples relard inverier performance and cause
flicker. This is because, where multiple CCFLs are
synchronized, a power supply needs 1o provide enough
power to tem on all CCFLs concurrenily. The instanl power
delivered from the power supply causes the supply voltage
to drop due to its limiled dynamic respopse Therefore, 1he
use of PWM sigoals, i c. “bwst-mode” dimming, is not, by
itself, efective in providing a solulion to flicker/noise in
multiple lamp coofigurations.

One technique vsed to compensate for [licker or noise in
the burst-mode dimming of multiple CCFLs is to place a
capaciior in series with the power supply 1o absorb power
surges thal eniise the current dpples. A drawback of this

‘techoigue is that, when the lamps turn off in cach burst mode

cycle, the power supply line, which has an intrinsic
inductance, continues to camy current which chasges the
capacitor, yielding ap increase in output voliage

Priorart teachings with the activation with multiple Joads,
where the loads are not fluorescent lamps, do nol address the

flicker or poise problem presented by the activation of

muitiple lamps.

SUMMARY OF THE INVENTION

Accordingly, the present invention solves the drawbacks
of the pror art by providing a sequential burst mode
activation circuit for multiple Joads by generating a phase
shift between multiple burst-mede signals. The burst mode
signals are used lo regulate power delivered 1o loads, where
ench load is regulated by a scparate phase-shified burst
sigpal such that at least two loads do not turn on synchro-
nously. The circuit of the present invention overcomes prior
art regulation circuils by eliminating instanlapcous high
current ripples and noise created by multiple loads turing,
oo simultaneously.

The prescat invention provides a sequential burst mode
activation cirenit comprising a variable power regulator,
comprising a pulse modulalor generating a pulsc signal
having a pulse widith; a frequency selector genernling
frequency selection signal; and a pbase delay array receiving
said pulse sigmal and said frequency selection signal, and
generating a plorality of phased burst sipnals, wherein at
least two of said phased burst sigoals have different start
Limes.

Jo methoed form, the present invention provides a method
for generating phase shifted burst mode signals, comprising
the steps of generating a pulse signal baving o pulse widih,
generating a frequency selection signal, generating a plural-
ity of phased burs! signals having a freguency of said
frequency selection signal and pulse width of said polse

[POTN
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signal, and delaying ot least one of the phased burst signals
lo have a different star! time thap al least one other of the
phesed burst signals.

The present invenlion also provides a phased burst mode
dimming system, comprising: 2 pulse width modulator gen-
erating a pulse width modulated signal; a variable selector
for selecting the width of said pulse widlh modulated signal;
and a phase delay array receiving said pulse modulated
signal and said frequency selection sigoal, and generating 2
plurality of phased burst signals by generating = phase delay
between at least two said pulse widih modulated signals.

In one exemplary embodiment, power is regulated 10 a
phurality of Joads using 1be plurality of phesed bursi signals.
Additionally, 2 constant or variable phese delays is gener-
ated between each phased burst mode signal. In an exem-
plary system, the present Invention provides a sequential
burst mode dimming circuil for multiple lamps, In particular,
the exermplary system provides a sequential bursi mode
dimming circuit for a pluratity of cold cathode finorescent
lamps (CCFLs). Customer or software iopuis vary the pulse
width of a PWM signal, thercby determining the power to be
delivered 1o the lamps A reference signal is doubled 1o
select the frequency of the PWM signal. This selected
frequency determines the frequency at which lamps turn on
and off. Using a counter apd a clock, multiple phased burst
signals are generated from the above burst sigoal for the
plurality of CCFL’s. Each phased burst signal is shifted by
a conslan! phase shift such that ot least 1wo Jamps receive
burst sigonls that are om of phase. Therefore, sequential
bursi-mode activation of each lamp is generated. Finally, in
the cxemplary system, a plurality of phase array drivers,
each of which uses feedback from a corresponding lamp in
combinatior wilh a comesponding phased burst signal,
delivers power 10 and regulates the intensities of a come-
sponding plurality of lamps.

Another exemplary system of the present invenlion
includes a frequency selector Lhal generates a frequency
selection signal for a backlight load which follows, as
reference, a conventional screen updating freguency of a
cathode ray tube (CRT) in a television sel. In yet another
exemplery syslem, a phase delay array generates o plurality
of phased burst signals, such that no iwo phased buist
signals have different starl times. In an example of such an
embodiment, a phase delay orray generates a constant or
varinble phase delay 5o that each of the phased burst signals
is delayed by such a phase delay from another of the phased
burst sigoals.

It will be apprecialed by those skilled in the ari that
although the following Detailed Description will proceed
wilh reference being made to exemplary systems apd meth-
ods of use, the presenl invention is not inlended to be limited
1o these exemplary systerss and methods of use. Rather, the
present invention is of broad scope and s intended to be
limiled as enly set forth in the accompanying claims.

Other fealures and advantages of the present invemtion
will become apparent as the following Detailed Description
proceeds, and upon reference 1o the Drawings, wherein like
mumerals depict like pans, and wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a 1op-level block diagram of an exemplary
sequentizl bursl mode signal generation system of ibe
present inveniion;

F1G.2 is a mort detailed block diagram of 1he exemplary
sequential burst mode sigoal gencralion system of the
present invention;
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FiIG. 3 is a signal representalion of the pulse width
modulator of the exemplary sequential burst mode signal
generation system of the presenl invention;

FIG 4 is a signal represeotation of Lbe phase delay amray
of the exemplary sequential burst mode signal generation
syslem of the present invention;

FIGS. 5(a) and 5(b) are charis of 'select’ signal inputs to
circwitry reflecting the resulting number of loads;

F1G. 6 provides a summary of the signals discussed in
FIG 1 threngh FIG. 5;

FIG. 7 is an exemplary IC implementation of the sequen-
tial burs! mode generation system of the present invention;

FIG. 8 is a top level diagram of phase array drivers of the
present invention;

FIG. § is a cirenit example showing how a phase amay
driver generales a power regulating signal in the present
invention;

FIG. 9¢ is a signal diagram of the load curreny;

FIG. 10 is 2 timinp diagram showing how a phase aray
driver penerales a power regulaling signal in the present
invention;

FIG. 11 is a power regulnting signal penerated by an
exemplary phase array driver of the present invention;

FIG. 12 is an exemplary IC implementation of a pbase
amy drver 1C in the present invention;

FIG 13 is5 a cizenil cxample showing how a phase array
driver generates a vollage clamping signal in an exemplary
IC of the present invention;

FIGS 14(a) and 14(}) provide circuil examples of half-
bridge and full-bridge (H-bridge) topologies respectively;

F1G 15 provides a signal generation example showing the
generniion of cross switch signals in a full-bridpe topology.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

The following description will reference a burst mode
regulating circuil for a plurality of cold cathode Anorescent
lamps (CCFLs). CCFLs are arranped, for example, in large
ponels for displays. Typically, large CCFL panels each
ulilize a minimnm of 6 lamps, and the present invention will
deseribe a burs! mode activation circuil with 6 or mose
CCFls. Of course, the presenl invention is nof to be Hmited
by a minimum mumber of loads, nor is il 1o be Lmited to
CCFLs or any particular type of loads.

F1G. 1 is a top-level block diagram of an exemplary
sequential burst mode signal generation system 10 of 1he
present iovention. As a general overview, the sequential
burst mode signal generation system 10 operates 1o generale
phase-shified burst mode signals 50 and sends these burst
mode signals to drivers 100 to provide time-delayed regu-
lation of power {0 a plurality of loads 18. “Bursi mode™, as
used herein and as is understood in the aft, penerally means
regulation of power 10 a load using a PWM sigml to
modulate the power delivered 1o the Joad based on the pulse
widith of the PWM signal. System 10 geperally includes
modulator 12 generating a pulse modulated signal 36, fre-
quency selecior 14 generaling a frequency selection signal
40 for seting the frequency of the pulse modulated signal,
and phase delay array 16 generating multiple phase-shified
burst signals 50. Advaniageausly, by independently regulat-
ing a plerelity of loads 18 with a plurality of phase-shifted
burst signals 50, thereby substitoting the need for a single
high power input with the adequacy of multiple low power
npuls, the sysiem 10 of the present invenlion resolves the
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aforementioned problems with conventional multiple load
power regulation circuil,

FIG. 2 is s more delailed block diagram of the systern 10
of ihe present invention. Pulse modulator 12 penerates a
PWM ({pulse widih modulated) signal 36 having a pulse
width L, whose duly cycle (ie. pulse width) determines
power delivered to a load 18. The frequency selector 14
selects the frequency of the PWM signal 36, based ea an
independent reference sipoal 38 of pedod, I. In an exem-
plary embodiment, for reasons that will become apparent
below, frequency sclector 14 comprises a multiplier o
multiply the frequency of the reference signal 38 (of peried,
T} by a facior of k, and generate & muldple signal 46 (of
period, T/k), where the multiple signal 40 is vsed lo set the
frequency of the PWM signal 36 For example, where the
systemn 10 is wtilized to regulate multiple CCFLs, a synchro-
nizing signal, or Vsync, may be used as the reference signal
38. In 2n example where CCFLs are utilized in television,
video, or LCD screens, Viyne 38 is an available video signal
used to update ihe on-screen display, The use of Vsynch may
be desirable since if an arbiwrary reference signal is selected
independently of screen npdating frequency then a “beat”
may occur. A “beai” is undersiood by ope skilled in the an
lo manifest itself in the following manner. A video display
is transmitted actoss 2 television monitor by a cathode ray
mbe {CRT) The CRT, wpon compleling transmission of a
display, returns 1o a sterling, position and proceeds to {rans-
mil the next display. The displays are refreshed at 2 fre-
quency defined by Vsync. Tn the duration between the
completion of one display Iransmission and the initiation of
the pext, no information is broadcast and the television
screen is kept dark. I light is Introduced in this duration, the
transition of the CRT 1o its slarting posilion may reveal
visual lines superposing different displays. This is known in
the ari 25 ‘Beat.” I 1he frequency of burst mode regulation of
Iamps were not to follow Vsync frequency, light would be
introchiced during the aforementioned duration, thereby
allowing for beats. Further, the screen wpdating frequency is
multiplied because if a CCFL frequency is equal to and not
a multiple of the screen updating, frequency, the concurment
intensities of light may result in flicker. Thus, Vsync is a
desired reference signal for the above exemplary applica-
tioms.

In the exemplary embodimen! where the reference sipeal
3B is multiplied 10 generate the multiple signal 4, it should
be noted that when perdod T/ (k is the multiplier of signal
38) of the multiple signal 40 is greater than L of signal 36,
that s, when period T of sigeal 38 is greater than kL, cach
burst signal 50 will comyprise distinel pulses. 1f 1he perod T
is equeal 1o or Jess than k*1, then each burst signal 50 would
be a high DC signal {i.c., cach burst sigpal 5¢ would
represenl a full power selling). ‘This is discussed furiher
below. In the example in FIG. 2, frequency selector 14
doubles the frequency (i, k=2) of independen! reference
signal Vsync 38, thercby generating a frequency selection
signa] 40 having period of T/2. Both signal 36 and 40 are
input jplo phase delay amay 16 lo generate a pluralily of
phased burst signals 50, as described below.

Phase delay armay 16 includes phese delay generntor 52 to
delermine a phese delay valve, D, beiwsen successive
‘phased burst sippals, 50, 50, . . . 50,; load sclection
circuitry to determine the number of loads n; and circnitry 54
1o gencrate multiple phase-delayed pulse width modulated
signals 50,,. Bach of these components is described in detail
below

Referring briefly to FIGS 5(a) and 5(b), depicled are
charis of ‘select” signal inpuls 1o selection circuitry 58.
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These inputs ase used 10 quanlify the number n of loads 18
coupled to circuit 10 of the present invention. Note that n
also quantifics the sumber of phased burst sipoals 50, In an
cxemplary embodiment, seleclion circuitry 58 operates as a
state machine 1o generaie an appropriaie signal to the phase
delay generator 52 based on the binary value of inpm
“select” signals FIG. 5{«) illustrales “sclect” signal penera-
tion of an exemplary embodiment, where & minimum of 6
CCFLs are ntilized. This table includes two inpuls: Sel0 and
Sell, each generating a binary value indicative of the
mimber of CCFLs In this lable, 6 CCFLs are reprasented by
Sel0=0 and Sell=0. Further CCFLs (added by increments
of (wo) are defined in this table. The table of F1G. 5(5)
generalizes the above example of FIG. 5(g) 1o ioclude less
than a minimum of 6 and more than a maximum of 12
CCFLs. Generally, more select signal inputs 58 allow for a
greater number of loads 18 o be utilized, i.¢ & larger n. Jn
this example, an ndditionsl select input is provided: Sel2,
permitiing addilionad loads to be defined. For reesons that
will become apparent below, in 1he example using CCFLs a5
Joads, it is desirable to define an even mymber of lamps in the
circuil. Of course, those skilled in the arl wili recognize that
the 1ables of FIGS. 5() apd 5{b) and the selection circuitry
58 could be adapted 1o define any number of loads.

FIG. 3 provides a signal representation of the pulse widih
maduintor 12. Palse width modulator 12 generales a pulse
widih modulated signal 36 whose pulse width, L, is set by
variable selector 24. Vadable selector 24 is provided to
permit varfable power (i.e dimming) to be delivercd to the
load by chapging the pulse widih, L, of the PWM sigoal.
Variable sclector 24 varjes the value of a DC sipual 36
proportional to a desired dim setting. In an exemplary
cmbodiment, the varable scleclor 24 comprises a dim
selector 26 and a polarity selecior 28, The dim selector 26
delermines the desired dim selting by increasing or deereas-
ing a DC signal 30 The polarity selector 28 is discussed
further below. Osciilator 22 generates a iriangular waveforn
34 of predetermined frequercy as an input to the pulse width
modulalor 12, The DC signal 30 is superimposed upon the
inangular waveform 34, In one exemplary embediment,
Hustraled in FIG. 3, a section, defined by Ihe intersections
of tke DC voltage 30 with each of the rise, 25a, and fall, 255,
of each trianpuiar wave 34, deternmines the leading and
falling edges of each pulse, rnd thereby the pulse width, I,
of a pulse width modulated signal 36 I this embodiment,
a higher value of DC signel 30 penerates a smaller pulse
widih, L and a lower value of DC signal 30 geperates a larger
pulse width, L. In an allernalive embodiment, a section
defined by each falling edge, 255, and the next rising edge,
25¢, is used to generate the pulse width, L. In this alterpative
embodiment, a higher value of DC signal 30 generales a
larger pulse widih, L, and a lower value of DC signal 30
generales a smaller pulse width, L, The polanty selector 28
determines which section of the intersections of the DC
signal 30 20d triangular waveform 34 is used 1o generale the
pulse widih, £ Thereby, the pulse width modulator 12
generales a PWM sipnal 36 of pulse widih, 1, determined by
the user selection 24.

FIG. 4 is a demiled block diagram and signal represen-
tatjon of phase delay array 16. Phase delay array 16 deter-
mines a phase delay value, I, and generates phased burst
signals 59, as a function of L, T/2 and the mumber o Phase
delay array 16 receives as ioputs a clock signal! 15, FWM
signal 36 having pulse width L, select signal inpuits 58, and
a reference signal 40 of doubled frequency, ie, having a
period of T/2. Preferably, the value of D is determined such
thal the phase shift between each phased burst signal 50 is
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constani, ie. D is constant. Further, the phase delay D
repeats ilself berween the last phased burst signsl and the
first, ie, where there are i phased burst sigpals 58, each
pulse, p, of phosed bussi signal n, 50, is preferably leading
by phase shifl, D, from he next pulse, p+1, of phased burst
signsl 1, 50,. To accommodate this in the preferred
embodimen, phase delay D equals (T/2)/n where T is the
period of reference signal 38, T/2 is the period of sigaal 40,
o js \be pumber of phased burst signals 50, and the frequency
of cach pbased signal 50 is equal to 1he frequency of sipnal
40. Those skilled in tbe ant will eognize that, allernatively,
the present invenlion may ioclude variable phase delays
such that the phase delsy value is nol constanl but thal some
or all of the loads 18 siill turn on at different times. Such
alternative embodiments are included in the scape of the
present invention

In an exemplary embodiment, circuitry 54 includes a
counter 56 with a clock input 15 10 generate o phascd burs!
signals 50 given the aforementioned inputs. Specifically, a
couoler 56 moy be implemented with 2 series of toppling
fip-flops wherein a clock pulse at a time of 1 tnggers the first
puise of a first phased burst signal 50,, while a clock pulse
at a time of 1+ triggers the first pulse, p, of 1 second phased
burst signal 58;. Likewise, the clock puise 21 a time of 1+2D
triggers the first pulse of a third phased busst signal 50, and
a clock pulse af a time of 1+(s-1)*D triggers the first pulse
of an oth phased burst signal 50, Thersupon, the clock pulse
at t+{n)* D, triggers the second pulse of the first phased burst
signai 50, Sioce the period of cach signal is T/2 where Tis
the period of the independent signel 38, it follows thal
[(t+nD)-t] equals T/2 In other words, o*D equals T/2, or D
equals (T/2)/o.

Further, each phased bursi signal 50 has pulse width, L. To
accommadale this, the first pulse of an mth phased burst
signal 50_, where 1 m 1, is generated by sampling the clock
signnls starting al clock signal, 1+{m-1)D, for a duration
diclaled by varinble pulse width L. Subsequent phased burst
signuls 50 follow the same paradigm. Therefore, the fimst
pulse of the first phosed burst signal 50 may be generaled
from elock pulses, t, t+1, t42, . .., 1+(L-1), such that 1. clack
pulses account compose the pulse width L. of each phased
burst sipmal pnlse, p. As noted earlier, to generate distinct
pulses for each phased burst signal 50, L should be less than
T/2 Thatis,if L is not less than T/2, each phased burst Signal
50 will be a DC signal with no distinguishable pulses.

FIG. 6 summarizes signals discussed in FIGS. 1-5 above
for an exemplary embodiment. Signal 34 is the trangular
waveform generated by (he oscillalor 22 (FIG. 3). DC signal
30 is superimposed onto signal 34, and shifted up or down,
i.e., increased or decreased, 1o produce a desired dimrring.
The intersections of signal 34 with DC sigoal 30 determine
ihe rising aod falling edge of each pulse of the pulse widik
modulated signal 36, thereby determining the pulse widih,
L, of each pulse of the pulse widih modulaied signal 36.
Signal 36 follows the frequency of signal 34. The pulse
width, L., of signal 36 is utilized 1o generate phased burst
signals 50 (ie, 50, to 50}, whie the frequency of signal 36
is noi. The frequency of phased borst signals 50 is deter-
mined by an independent reference signal, Vsyne 38, of
period T. Vsync 3§ is doubled to generate signal 49 of period
T/2, ie, Irequency 2/T. The phased burst signals 50 are
imed by this frequency, 2/F. The number of phased burst
signals 50 is delermined by an ioput as to the number of
loads to be utilized, In the example, six (6) Joads ere nlilized.
Therefore, six {6) phased burst signals 50 are displayed,
where eoch phased burst signsl, for eg, 50,, Iaps the
previous phased burst signal, for e g, 50, by (1/2)/6=T/12.

w®
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FIG. 7 is an exemplary 1C (integrated circuit) implemen-
tation 60 of the sequential burst mode signal generation
system 10 of (he present invention, The IC 60 comprises a
PWM generator 12, Vsync detectar & phase shift detector
13, frequency multiplier 14, and a phase delay amay 16.
Componenis 12, 14 apd 16 are described above with refer-
coce {o FIGS. 1-5. The exemplary IC 60 also includes a
clock 15, an oseillalor 22 to generate the iriangulor wave-
form 34, buifers 19 1o amplify the currenl driving capacity
of phased burst signals, and under voltage lockout protection
circuitry 2

The PWM generator 12 receives DIM, polarity, .CT, and
a clock (100 KBz Geperator) signal as inpuis The PWM
geoeralor 12 generates a PWM sigoal 36 as discussed above.
Further, as described abave, the pulse width of the PWM
sigeni generated by generator 12 is selecled using the DIM
and palarly inpuis, LCT of the exemplary IC 60 is the
oscillator 22 input pencrating the aforementioned liangular
wavelform of predetermined frequency. The clock 15 is used
to measure time increments such that the variable pulse
width may be counted.

The Vsync detecior & phase shifi deteclor 13 receives as
inputs, Vsync 38, Sell, SelD, and o cJuck 15, Vsync 38 is
an independent referencc signal as diseussed above. The
Vsync deteclor & phase shift detector 13 detects the pres-
ence of on independent reference signal, Vsync 38, and
celculates a phase delay value, D, as described above. I the
exemplary 1C, if Vsyne 38 is not detecled, delector 13
utilizes the frequency of the oscillator 22 to generate a
reference signal 38. When detector 13 detects a Vsyne signal
38, 1be detector 13 ebandons the oscillator 22 frequency and
adopts the Vsync frequency for signal 38, Deicctor 13
outputs the phase delay value, D, a5 well the independent
reference signal, 38. Signal 38 along with a clock 15 is fed
inlo a frequency doubler 14, wherein the fequency of Vsync
is doubled to generate the burst fequency,

In tbe exemplary IC, the inpuis of phase delay array 16
include FWM sigpal 36 from PWM geperator 12, a burst
frequency value from frequency doubler 14 and a clack 15.
As described above, the phase delay arvay 16 ulilizes a
counter 1o genernle multiple phase delayed burst signals,
wherein each phased burst signal operates to regulate power
to a load 18, Each phased burst signal is driven through a
buffer 19 to amplify #1s current driving capacily, wnd Lhen
through a respective phase array driver 100. This 15 dis-
cussed further below.

The prolection circuilry 2 is used o sense the voliage
level of a power source (Vec). When Ve, shown at pin 26
in F1G. 6, increases from low to bigh, the prolection eireuit
2 resets the enlire JC such that the IC is functionally at an
initial status. When Ve goes low, the pmotection circuit 2
shuis down the 1C 1o prevenl possible damage 1o the IC.

FI1G. 8 shows a top-level diagram of exemplary phase
array drivers 100 In an exemplary configuration, each phase
array driver, Driver 1, Driver 2, . . Driver n/2, receives iwe
phased berst sipnals as ioputs, and oulpuis power o two
respective loads. The repulaiion of power Lo each load is
independent of the regnlation of power 1o the other Ioads.
Therefore, alternative configurations allow for each phase
ammay driver 100 1o regulalie any number of loads totaling
more or less than as depicted in the figures. In an exemplary.
system, cach phase array driver 208 receives two phasad
barst signals 50 which are 180° out of pbast and generates
two power regulating signals 51 which are 180° out of
phase, Phase array drivers 100 irans]ate each variable pulse
widih L into a duration for which a respective Joad stays on
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in each cycle Therefore, 1be greater the pulse widih of o
phased burst sigoal, the greater the power delivered lo the
respeetive Joad during each cycle. Also cach load tures on
and off al the burst frequency defined by the respective
phased burst signal 50. Since driver 100 receives comple-
mentary signals in the czemplary system, the number of
phased burst sigrals 50 is even for this embodiment

¥1G. ¥ provides an exemplary circui! 200 demonstrating
the generation of a load current controlling signal, ICMP, in
a phase amray driver 100. FIG. 10 is an accompanying timing
diagram to F1G. 9 FIGS. 9 & 10 are considered logether in
1he following discussion. Alsa, references are made (o FIGS.
1-5.

Circuit 200 comprises ap error amplifier 120 generating
the current controlling signal, ICMP, a scose resistor Rsense
138 coupled in $eries 10 a load 18, a switch 134 for coupling
circuit 200 to the phase delay array 16, and a feedback
capaciior CFB 139, Additionally, an exemplary circuit 200
ineludes an RC low-pass filter 136 for filtering noise, and
utilizes 2 transformer 160 to apply the current coptrolling
sigonl, ICMP, 10 (ke load 18. The above componenis are
discussed fusther below.

Generally circuit 200 receives a feedback signal, VIFB,
and generates the current controlling signal, ICMP, during
two modes of operation. The first mode 15 soft start and the
second mode is burst mode. In sofl start mode, the load 18
is powered up fiom an off slate 1o ap operationally on stale
during a warm up period, utilizing an external soft start
controfler (not shown). The soft start controller is discussed
further below In burst mode, the duly cycle of the afore-
mentioned phased burst signal 50 (PWM) is wiilized 1o
regulate Joad current, IL, during the operationally on slale of
the load 18, Thal is, in an exemplary embodiment, 1. will be
proportional to TLATACG "L max, where L is the pulte width
of signal 50, T/ is the period of signal 50, and ILmax is the
load current when the load is fully powered on. In this
manper, 4 Joad 18 is dimmed during burst mode. This is
discussed furfher below. Noie 1hat soft start mode sequen-
Hally precedes burst mode. The current cootrolling, signal,
TCME, regulates load cument, IL, during burst mode, bul not
during soft start. During soft start, ICMP is monilored to
determine when to toggle modes from sofi start 1 burst
mode. This is explained further below.

In both modes, the error amplifier 120 compares the
feedback signal, VIFB, with a reference signal, ADJ, and
generales the controlling signal, ICMP. In an exemplary
embodiment, error amplifier 120 is & negalive feedback
operational amplifier. ADJ is a predetermined constant ref-
erence voltage representing the operational cuerent of the
load 18. This is discussed funther below. 1ICMP varies 1o
increase or decrease VIFB to equal AD], That is, if VIFR is
less thon AD]J, then the error amplifier 120 increases ICMP.
Conversely, if VIFB is greater than ADJ, then the error
amplifier 120 decreases ICMP. If VIFB~AD], ICMP is &
copstant 1o maintain VIFB a1 ADJ The operations of exem-
plary circwit 200 during soft start mode and during burst
maode are discussed in that order and in greater detail below.

Asstated above, in soft start mode, the load 18 is powered
up from an off state 1o an operationally on state. Circuit 208
generates the controlling signal, ICMP, based on the load
current, IL, but not based on the respective phased burst
signal, PWM 50. That is, doring sof? start, circuil 200 is
decoupled from phase delay array 16 by switch 134, This is
discussed further below. The following discussion proceeds
with reference 1o ILrms and TLrms (spec). ILrms refers o
the root mean square of the load current, 1L at any piven
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momen . ILrms (spec), as used herein, is the manufacturer’s
Joad specifications when the load 18 is operating at full
power

1 sofl start mode, 1he feedback signal, VIFB is a functlion
of lond current, IL 1L is generally 2 sinusoidal waveform.
Following Okm’s Law, VIFB is proportional 1o Rsense * IL
VIFB approximately equals 0.45*Rsense*Ilrms and is
derived as follows.

TLms = J[ F2°T (tpeaks Sinnde] [T: = ipeak {7

where I; is the period of the sipusoid, 4, and 1+ T, respec-
tively define the start and end points of one perod of the
sinusoid, and ILpeak is the peak load current. Dicdes 137
filer out the nepative portions of 1L, thereby generaling a
waveform, JL{+), an example of which is illustraled by
signal 400 in FIG. %2, winch depicts the half-rectified
current waveform delivered to the load. With the phased
bwst signat, PWM 50, decoupled from circuit 200, VIFB is
effectively the voltage across Rsense. That is,

T+
VIFB = l f R:mseaﬂ.ﬁ-]d’:] / I
]

(Hpeaka Rsense) f=

Since IrmssILpeak/VZ,
VIFBm{(YZI)" 1T rmis"Reense~D 45~ rmsRsense

The preseni invention is nol 1o be limited by this method of
determining feedback, VIFB In the exemplary embodiment,
ip bolh soft start and burst modes, the consiamt reference
vollage, ADJ, equals (.45°ILrms{spec)*Rscase, where
ILrms{spec) is generally a coostanl defined by the load’s
operational specifications as described sbove. Therefore,
when the Joad 18 is af full power, i.e., on, as per cperational
specifications, VIFB will equal ADY. Since the load 18 is
turned on from an off state, atl the initiation of soft start
made, IL is effectively zero. Consequently, VIFB is effec-
lively zero, ie. less than ADJ. Therefore, ICMP is bigh. As
IL isincreased by the soft stani controller {not shown), VIFB
increases, tbereby reducing the difference berween VIFB
and ADJ. Conseguently, ICMP decreases. When VIFB=
AT, the Joad 18 is operationally on as deseribed above, and
ICMP cardes the energy to regulate the load 18 at ils
operational cusrent. Therefore, (he wane up stage defined by
1he soft start mede concludes when the energy provided by
the soft start controller (not shown) bas increased 10 match
that provided by ICMPE. At this time, the soft start controller
(oot shown) ceases control, and ICMP reguilates load cur-
rent. Burst mode begins.

In burst mode, cireuit 200 generates the controlling sjgnal,
ICMP, based on bolh the load current, IL, and PWM signal
50. Therefore, VIFB no lopger adheres solely 1o the
equation, VIFB=(0 45)*Rsense*ILrms. Insiead, the above
equaticn is supplemented by a factor determined by the
presence of PWM sigoal 50, Consequently, in burst mode,
ICMP follows 1he PWM signal 50 and drives the Joad 18.
This is descrbed further below,

Swilch 134 couples circuit 200 to phase delay array 16
during burst mode. In an exemplary system, switch 13415 a2
PNP transistor 134 with a reference power source, REF, at
its source {or emilter) and the respective phased burst mode
signal (PWM) 5@ at ils gate (or base), The refercnce power

PR,
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of REF may be detived via n voltage divider cireuit (not
shown) dividing, for example, an exemplary IC source
vohage, VCC {(noi shown). When triggered by PWM 50,
switeh 134 couples its drain {or collector) to the REF at its
source, iransmitling a signal, PWM__52, to circuit 200. In
the preferred embodiment, the switch 134 is iriggered by a
low signal at ils gate, and therefore, PWM_52 is compli-
mentary to PWM 50. When PWM 50 is high, transistor 134
15 off, and PWM_52 js isolated from PNP 134; thai is, no
burst mode infonmation is transmilted to circuil 200, and
VIFB [ollows the equation, 0.45*ILsms*Rsense, in an
exemplary embodiment. When PWM 50 is low, transistor
134 is on, and PWM_S52 is high. Rlimit 135 translaies
PWM_52 current inlo voltage. This voltape is added 10
VIFB. Rlimit is chosen such that the voliage added into
VIFB cffects ICMP ta vary load current from an opefalion-
ally on state 1o an off state. This is discussed further below.

The PWM signal 50 s introduced and PWM_52 gener-
ated as deseribed above When PWM 50 goes low, PWM__
52 goes high, nnd therefore, VIFB exceeds ADJ. To decrease
VIFB and maich VIFB 10 ADJ, ICMP goes low Since ICMP
drives the load 18, the load 18 effectively turns off. One
skilled in the ari will recognize that the load 18 being off
does nof require corrent or vollage to the load 18 1o be zero;
current or vollage may cooliove lo charpe the load 18
minimelly when il js off. Then, when PWM 50 goes high,
PWM_52 is decoupled from (he reference voliage, REF.
VIEB returns lo the equation VIFB=0.45*11ms*Rsense in
the exemplary embodiment. Since Ihe load is efectively off,
ILrms approximates zero, ICMP goes high to build VIFB to
approximate AD). Consequently, load current, IL, goes high,
and the load 18 turos on. The resuli, as seen from FIG. 10,
Is that Joad current, 1L, follows the respective phased burst
signal, PWM 50. However, that Joad current IL also lags the
respective bursl signal, PWM 50.

FIG. 11 displays oscilloscope signal readouts of PWM__
52, 1CMP and load cumrent IL during burst mode operation
of an exemplary system of the present invention. PWM__52
is timed with the respective phased burs! signal, PWM 50;
1hal is, no significent delay exists between high-lo-low or
low-1o-high tramsilions of PWM 50 and the rcspective
low-1o-high or high-to-low tramsitions of PWM_52
Because the emor amplifier 12¢ has finile charge and dis-
charge currenl, it lakes time to charpe or discharge CFB 139
when VIEB goes higher or lower than ATY), respectively
Consequently, as seen in FIG. 11, ICMP lags PWM_52.
Since ICMP drives the load 18 during barst mode operatjon,
load current, IL, likewise lags PWM_ 52,

FI1G.12 provides an exemplary 1C implemeniation 300 of
a phase array driver 1048. IC 388 comprises a break-before-
make cirenit 130 with a balf-bridge swilching topology. This
is discussed further below. In alternstive IC
implementalions, switching lopologies such as “fuli bridge,”
*forward,” or “push-pull,” can be used without departing
from the scope of the prosent jnvention. Contiouing refer-
ences to FIG 2 are included to explain some operational
aspects of 1C 300. Exemplary IC 300 receives two phased
burst signals (PWM signals) 50 which are 180 degrees out
of phase with cach other. Exemplary IC 300 utilizes these
phuosed burst signals 50 io drive two respective loads whose
signals are 180 degyees out of phase with each other. Thus,
those skilled in the art will recopnize duplication of certain
components {e.g, seleciors 122, 124 and 126} 10 drive two
individual loads Of course, IC 300 is only an example, and
may be readily configured to drive three or more loads (or
a single load). At the omisel, description will be made 1o
selectors 122, 124 and 126 which may be constructed from
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generic comparator circujiry and/or custom circuilry to
accomplish the signal detection, as set forth below.

Exemplary 1C 300 comprises an emor amplifier 121 for
voltage sensing, an error amplifier 126 for curreni sensing,
4 curvenl or voltage feedback selector 122, a burst mode or
sofl start selecior 124, and a minimum voltage selecior 126
Seleclors 122, 124, wnd 126 may be of the same structure,
comprising 1 comparator and 2 transmission gales, and may
be implemenied with multiplexess

As described above, each error amplifier 120 penerales a
current controlling sipnal, ICMP (shown al pin 4 in the
exemplary 1C 300) by comparing ADJ with feedback, VIFR
(shown at pin 3 in the exemplary 1C 308), determined by
lond cursent, 1L, in sofi starl mode, and by both 1L apd
phased burst signal, PWM 50, in burst mode

Likewise, FIG. 13 provides an exemplary cirenit 350
showing on error amplifier 121 for geverating a voltage
controlling signal, VCMP (at pin 5 in the exemplary 1C), by
comparing a reference vellage (e g, 2V) with a voltage
feedback signal, VFB (a1 pin 6 in the exemplary 1C 300)
determined by Joad voliage. In an exemplary embodiment,
when the load s fnilislly powered on, power delivered to the
load by the soft start copwroller (at inpur 132), heretofore
referred 1o s 58T, is low. That is, the load voltage, Vx, on
1he secondary side of transformer 160 is low. Consequently,
VEB is Jow. Since the difference belween VFB and the
reference signal (e.g., 2V) is greater than the threshold of
comparison, error amplifier 121 generates o high VCMP
signal. The relationship between VFB and load vollage is
discussed further below, As SST increasss, VEB increnses
and approaches the reference valiage (&g, 2V), and VCMP
decreases. When VFB malches the reference vollage (e.g.,
2V), VCMP 15 ehosen instead of SST 1o drive Toad vollage,
effeciively clatoping the load vollage a1 a predetermined
value such that VFB malches the reference voliage (c.g.,
2V). Circuitry 360 illustrates ihe relationship between VFB,
and the actual load voltage, Vx, provided at (he secondary
side of the transformer, in the exemplary circuit 350:

VFB=Vx"CI{CL+C2)

Therefore, C1 and C2 arc chosen such that VEB, the vollage
feedbrack signal, reflccis a desired factor of load voltage, Vx
For example, if C2=1000* C1, ihen, VFB=VYx/1000, ihat is,
VFB is a representation of load voltage which is 1/1000™ of
load voliage, Vx. In this example, if 1he reference voltage is
2 Volts, then, the load vollage is clamped at 2000 Volis.
Furiber, analogous to balf~wave rectifier diodes 137 of FIG.
9, diodes 365 generate a half wave reclified vollage signal,
Ry and Cy are peak volinge detectors to delect the peak
voltoge of the recified wavefonn.

The current or vollage feedback selector 122 (I_or_V
Fecdback), sclects either the voltage controlling signal,
VCMP, or current conlrolling signal, ICMP, as the signal to
drive the load during burst mode operation. In an exemplary
1C 300, sclector 122 chooses VCMP i load vollage excecds
the sforementioned predetermined value while Joad current
is less thap ibe operational curzent {i.e., VIFB<ADI).
Otherwise, selecior 122 selects ICMP. Selecior 122 may
wiilize alternative comparisons to determine the selection of
a controfling -signal, for exnmple, selector 122 could be
configured lo compare AD} and VIFB 10 delermine if the
load has reached operational or predetermined full power.
The following discussion proceeds with reference 10 a
controlling signal, CMP, which may either be ICMP or
VCMP as described above.

In the exemplary IC 308, selector 122 is coupled io the
burst mode or soft start selecior 124 (CMP_OR_SST).



Case 2:05-cv-00211-DF  Document 1-2 Filed 06/03/2005

Page 26 of 29

US 6,501,234 B2

13

Seleclor 124 of Ihe exemplary IC 304 ‘determmines which of
the aforementioned two modes of operation opply, 1 e, soft
start or burst mode, and togples from sofi start 1o burst mode
when appropriale, s follows, Selector 124 compares CMP
and 58T (the laad power controlling erergy generated by the
sofl start controller) to determine which mode applies snd 10
genernte a signal, CMPR, which is either the sofi start signal,
S5T, in soft starl mode, or the controlling sipnal, CMP, in
burst mode. Since, as deseribed nbove, bursl mode is trig-
gered once the load 18 has reached an operationally on state,
CMPR is 55T prior to SST equaling CMP, and CMPR is
CMP once SST equals of exceeds CMP The sofi start
controller which provides for the soft stant signal (SST) is
implemented, for example, by using # capacitor (not shawn)
exlemnally coupled to pin 13, 132, whose charging rate
determipes lhe rate at which the load is powered up, In 1his
example, SST voliage equals Is{C*T) where 1, is the current
supplied by power source 133 asd C is the capacitance of the
external capacilor (not shown). The capacitance of the
external capacitor (not shown) may be varied 1o vary the rate
at which Joad current, IL, is increased during soft start mode
Although soft starl mode ends and burst mode begins when
CMP maiches 88T, and CMP regulates power to the load
during burst mode, SST conlinues lo increass 10 VCC.

Seleclor 124 is coupled to 5 minimum vollage seiector,
CMPR_or_MIN 126, in the exemplary IC 300, The output
of seleclor is herein referred to as RESCOME. Selector 126
ensures that o predetermined minimum power is delivered to
the load, even when the load is in an “of state That is,
when power delivered to the load is less than a predeter-
mined miniswm valve, RESCOMP is a minimum vollage,
for example, 740 mV. If the load voltage is above the
predetermined minimum voltage, then RESCOMP is CMFR
{ie., either CMP or ST as described above).

Consequenily, in burst mode, whenever PWM 50 goes
low and the load tums off as described above, a predeter-
mined minimum vollage is maintained across the load The
desirability of maintaining a minimum voltage across the
load is explained below with reference to a CCFL (Cold
Cathode Fluorescent Lamp) as an exemplary load.

A CCFL is of high impedance when off. Thus, a large
vollage is needed to initially induce current through the
lamp, that is, 10 turn on the lamp. In the exemplary 1C 300,
a Inrge voltage is applied to the CCFL, by the secondary side
of iransformer 160, 1o wra on the lamp. Cace cnrrent has
been induced through the Jamp, the impedance is decreased,
and consequenly, voltage may be decreased to operational
levels. The predetermined minimem power is mainlained
across the load thereafier to avoid having 1o repeat the
application of a large voltage 1o tum on the lamp.

When a predetermined minimum voltage is selected by
selector 326, ramp 128 functions 18 a pulse width modulator
(PWM) and generstes a PWM signal with pulse width
determinative of power to the load. The funclionnlity of
ramp 128 is analogous to that of pulse width modulalor 12
discussed in relation te FIG. 3. With reference lo this
anzlogy, the DC voltage ulilized by the ramp 128 for the
generation of the FWM signal is the predetennined mini-
mum vollage. The predelermined minimum voltage, in
inlersection wilh the triangular signal 34 discussed in rela-
tion with FI1G. 3, geperates a PWM pulse widih that is
minimally adequale to maintain a signal. Effectively, ramp
12§ utilizes the predetermined minimum voltage supplied by
selector 126, to leave the load minimally powered on when
the lozd is off, during cach burst cycle. Where the load
voltage is in cxcess of the predetermined minimum, the
power signa] delermined by aforementioned burst signal
PWM 50 is utilized.
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Break-before-make eircuit 130 wtilizes 1he appropriate
signals described above lo torm a transformer 160 on and of
Note ihat, allernatively, any suitable switch may be used for
1his purpose. The exemplary IC 300 includes fwo swilches
used ju a half-brdge topology, ie, as a general-purpose
DC/AC converier, the outpuis of the break-before-make
circnit 130, NDR1 and PDRI, i on or off an NMOSFET
and PMOSFET respectively, thereby switching a Irans-
former 160 to ground or 10 VCC (power supply) Tespec-
tively Significanily, the break-before-make circuit ensures
that the NMOSFET and PMOSFET ench turn on exclusively
as 1o Lhe other. That is, the NMOSFET and PMOSFET
generale a pair of non-overlapped signals, In an alternative
embodiment, four swilches are wsed in a full bridge
(H-bridge) 1opology to swilch the transformer 160 1o ground
or 1o VCC. The swilches convert the DC rail vollage (VCC)
to an AC signal which is supplied 1o the primary side of the
transformer, as is well kmows 1o those skilled in the art.

FIGS. 14{4) and 14{b) are circuit examples of conven-
tionn] DC/AC converter iopologies using half bridge and full
bridge swiiching schemes, respectively. The haif bridge
topology exemplified by FIG. 14(q) is provided in the
exemplary 1C 300 pnd described above. An allerpative
embodiment utilizes a full bridge (11-bridge) 10pology cXem-
plified by FIG. 14(b). The full bridge topology typically
ulilizes two NMOSFET and PMOSFET pairs generating
twa pairs of non-overlapped signals. This is described below
with reference to FIG. 15, The transformer 160 is tumed on
or off by aliernating the conduction of pairs of crossed
swilches, A and D (AD), and B and D (BD), respectively.
The break-before-make cirenit 130 ensures that AD and BC
are nol on al the same.

FIG. 15 provides a signal generation example showing the
generation of crossed switch signals {ie, AD and BC
signals) in a full-bridge topolopy of an exemplary embodi-
ment of the present invention. As discussed in reference to
FIG. 3, oscillator 22 generales the iriangular signal 34.
Signal 34 is inverted to generate signal 39'. RESCOMP s the
output of sclector 126. Tha is, RESCOMP is one of ICMP,
VCME, S8T, or MIN (e g, 740 mV). Therefore, RESCOMP
is variable. A reference signal, CLK, is utilized 1o indepen-
denlly toggle swilches A and B. In an exemplary
embodiment, CLX has a 50% duty cycle and follows sipnal
34. A second reference signal, PS_CLX, is wilized 10
independently togple swiiches C and D. In the exemplary
cmbodiment, PS_CLK is a CLK signal phased by an
adjustablo delay, D,,,. RESCOMP delermines D, This is
disenssed as follows. The positive and ncgative edge of cach
pulse of PS__CLX are generaled by the respective intersec-
tiop of the rise of signal 34 agpd RESCOMP and the
respective inlersection of rise of signal 34 and RESCOMP

- Therefore, when RESCOMP increases, as, for example,

when the respective phased burst signal 50 goes high during
burst mode, the phase delay, Dy, between CLK apd
P5_CLX increases The on times of swilching pairs, AD
sad BC, are determined by the overlaps of CLK and
PS__CLX. Therefore, when D,,, increases, the on times of
AD and BC increase, thereby causiog more power o be
delivered 1o the respective ipad Note, however, thal the
present invention is nol limited by mny panicnlar driver
archilecture, apd therefore, oot Mimited to balf-bridge or
full-bridpe topologies.

Retumning 10 IC 300 of FIG. 12, in the exemplary
embodiment, where voltage supplied to the transformer 160
exceeds the source voltage to (ke 1C 300, the break-before-
make circuit 130 utilizes “High Voltage Level Shifting”.
“High vollage level shifting™ is explained by the following
example. VCC is 5 volis. That is, PMOSFET gate conirol
signal Jevels vary from ground {0 valis) to VCC (5 volis). If
15 volts zre fed inlo the wansformer 160, the break-before-
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make circuil 130 provides a DC voltage shifl of 10 volis 1o
the PDRY ouipul, thercby allowing for the PMOSFET gale
control signal 10 reach 15 volts {10 volis viz DC high voltage
level shifting+5 volls VCC).

Exemplary 1C 300 further includes protection circuitry
148 In lhis IC 300, circuiiry 140 is an under voltage Jock ot
circuit (UVLO). At the end of soft start mode, if the volage
delivered to Ihe transformer 160 does not decrease, or if load
current, 1L, does not reach the specified full operntional
level, circuitry 340 shuts down 1C 300, Primarily, circnitry
140 senses load current and shuts down 1C 300 during burs
mode operation if VIFB is lower than ADJ while maximum
power is being delivered 10 the Joad. Note thal when VIFB
is Jower than ADJ, emror amplifier 120 incresses outpul
power 1o the load as discussed above. Therefore, circuitry
144 shuts down the 1C npon the above condiifon in order 1o
prevent damage 1o components from excessive power deliv-
ery Also, protection circuitry 140 is disabled during the sofi
start duration described above.

Thus, it is evident that there has been provided a sequen-
tial burst mode regulating circuil that satisfies the aims and
objectives siated herein. Those skdlled in the art wil recog-
nize numerous modificstions that can be made o the present
invention, and all such modifications are deemed within the
spirit and scope of the present invention, only 25 may be
limited by the appended claims.

What is claimed is:

1 A variable power regulalor, comprising:

a pulse modulator geperating a pulse signal having a pulse

width; and

# phase delay armay receiving said pulse sipnal and a

frequency selection signat, and generating a phurality of
phased burst signals, each having o frequency deter-
mined by said frequency seleclion signal wherein at
Jeast two of said phased burst signals have different
start times.

2. A drenil as claimed ju claim 1, wherein each said
phased burst sipnal of said plurality of phased burs| signals
regulates a respective load

-3. A circuit as claimed in claim 1, wherein szid pulse
modulalor inchudes a variable selector for selecting said
pulse width,

4, A circuit as elaimed jn claim 3, wherein said variable
selector comprises a dimmer providing a DC sipaal, and an
oscillator generating a (riangelar waveform, wherein said
pulse width being determined by the intersection of seid DC
signal and said irapgular wavelorm.

5. A circuit as claimed in clzim 4, wherein said dimmer
further comprising a dim selector for seting the DC value of
said DC signal, and a polarity selecior for determining the
section, of said intersection of said DC signal and said
triangular waveform, to be used for generating the pulse
width of said pulse width modulated signal.

6. A circenit as claimed jn claim 1, further comprising a
frequency selector receiving a reference signal and gener-
ating said frequency selection signal based on said reference
signal, wherein said phese delay array receiving said fre-
quency sclection signal and setting the frequency of said
pulse signal to said frequency selection sigmal.

7. A circuit as claimed in claim 1, wherein said phase
delay array includes a counter for liming euch said phased
burst signal of said plurality of phased tmrst signals such that
at Jenst two of said phased burs! signals have different start
times.

8 A circuit as claimed in claim 1, wherein each said
phased burst signal has a pulse width equal to said pulse
widlh of said pulse signal.

9. A circuit as claimed in claim 1, wherein said phase
delay array includes a phase delay generator for generating
al least onec phase delay value,
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10 A dreuil as claimed in claim 9, wherein said at Jeast
one phase delay value is a constant.

1. A cirenit a5 claimed in clnim 1, wherein said phase
delay amay includes at Ieast one select sigpal input for
delermining the pumber of said phased burst sipanls 10
generale.

12. A circnit as claimed in claim 1, further comprising at
least one phase array driver receiving ar least ope said
phased burst sipnal and generating al least one respective
power regulating signal for 2t least one respective load, saidt
power regulating signal having a phase value equal to the
phase value of said phased burst signal.

13 A circuit os cleimed in claim 32, wherein each phase
array driver receives two said phased burst signels which are
180° ewt of phase and penerates two respective power
regulating signals which arc 180° ont of phase.

4. A circuit as claimed in claim 12, wherein said phase
array driver further comprising soft start circuitry generating
power 1o said at Jeasl one respective lord during & soft start
period, wherein a soft start period defining a period wherein
said al lees! one Inad is powered from an OFF state 1o oo
operatiopally ON stale; and wherein once said load is at least
al an operationally ON state, power to said load js regulated
by said respective pbased burst signal during a burst mode
period.

15. A circudi as claimed in claim 12, wherein soid phase
amay driver further comprising at least one compurator for
limiting voltage of said a1 leas! one load 1o a predetermined
vollape.

16 A circuil as claimed in claim 14, wherein said phase
array driver including at least one error amplifier, recejving
a feedback from said Toad during said soft start period, and
furiker, receiving feedback from said at least one phased
burst signal, wherein said error amplifier generates said at
Jeast one respeclive power regulating signal.

17. A circuit es claimed In claim 12, wherein said phase
amay driver further comprising at leasl ome current or
voltage feedback sclector for selecting either to regulate
current 10 said at lessl one respective load or regulate the
voltage of said at least one respective load.

18. A circuit as claimed in claim 17, wherein said 2l least
onie current or vollage feedback selector comprises a mul-
liplexer.

19 A circnit as claimed in claim 14, wherein said phase
apray driver further comprising 2 selector for selecting either
said sofi start period or said burst mode period,

29). A circuil os claimed in claim 19, wherein said selector
comprises a multiplexer.

21. A circuit as claimed in claim 12, wherein said phase
array driver further comprising a miniraum voltage selector
to regmlate power to said at least one respective load with a
selected cwrrent or miniroum voltage

22, Acireudt as claimed in claim 21, wherein said selector
comprises o multiplexer.

23. A ciecuit as claimed in claim 12, wherein said phase
array driver further comprsing 2 ramp circuit to deliver
power 1o said ol least one load.

24. A circuit as claimed in claim 12, wherein said phase
array driver further comprising a DC/AC converter circuitry
for generating an AC signal for at Icast one respective load.

25. A circuit as claimed in claim 24, wherein said con-
verter inchudes a transformer for delivering a high voltage to
suid Joad based on said AC signal

26. A circuit a5 claimed in claim 12, wherein said phase
array driver further comprising protection cirenitry for under
voltage lock out.

27. A method for generating phase shified burst mode
sipnals, comprising 1be steps of:

gererating a pulse signal having a pulse widih;
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generating a frequency selection signal;
generating a plurality of phased burst signals baving a
frequency of said frequency selection signal and said
pulse width of said pulse sipnal; and

delaying at Jeast one of sajd phased pulse signals to bave

a different start lime than ! leas! ope other of said
phased burst signals.

28. A method s claimed in claim 27, further comprising
the slep of:

regulating power 1o a plurality of loads using said plu-

rality of said phased burst signals, respectively.

2%. A method as claimed m claim 27, further comprising
the step of:

generating a constan! phase delay between each said

phased burst mode signal.

3). A method as claimed in claim 28, wherein said step of
generating a constant phase delay between each said phased
burs! mode signal comprising the step of dividing the period
of said frequency seleclion signal by the pumber of loads
uiilized in said plurality of loads lo generale 2 value for said
constant phase delay.

31. A phased burst mode dimring system, comprising;

a pulse width modulator generaling a pulse width mody-

laled signal;

a variable selector for selecting the widib of said pulse

width modulated signal; and

a phase delay array receiving said pulse modulaled signal

and said Beguency selection signal, and generating a
phurality of phased burst signals by penerating a phase
delay belween at Jeast iwo said pulse width modulated
sipnals.

32. Acirenil as claimed in claim 31, wherein said variable
seleclor comprises a dimmer providing a DC sigpal, and an
oscillator generating a triangular waveform, whesein said
pulse width being deterined by the intersection of said DC
signal and said triangular waveforin.

33. Acircuit as claimed in claim 32, wherein said dimmer
further comprising a dim selecior for setting the DC value of
said DC sigral, and a polarity selector for determining the
seclion, of said interseclion of said DC sigpal and said
triangular waveform, lo be used for generating the pulse
widlh of said pulse widih modulated signal.

3. A circuil a5 claimed in claim 31, further comprising a
fTequency sclector receiving a reference sipnal and gener-
ating a frequency selection signal, wherein said phase delay
array receiving said frequency selection signal and seiting
the frequency of said pulse signal to said frequency selection
signal.

35. A circuit as claimed in claim 31, wherein said phase
delay array inclndes a counter for timing each said pbased
burst signal of said plurality of phased burst sigoals such that
at least two of said phased bursi sipnals have different start
times.

35. A cirenit as claimed in elaim 31, wherein each said
phased burst signal bas a pulse width egual o said pulse
width of said pulse signal.

37. A circuit o5 claimed in claim 31, wherein said phase
delay amray includes a phase delay generator for generating
at Jeast one phase delay value.

38. A circuil as claimed in claim 37, wherein said at leost
one phase delay value is a constant

39. A circudl as clrimed in claim 33, wherein said phase
delay array includes o lenst one select signal input for
determining the number of said phased burst sigpals 1o
generale. o ’

40, A circuit as claimed in claim 31, further comprising at
least one phase array driver receiving at least one said
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phased burst signal and generaling a1 least one respective
power regulaling signal for a1 least one respeclive load, said
power regulaling signal baving a phase valve eguaj 1o the
phase valve of said phased burst signal.

41. A circuil as claimed in claim 40, wherein each phase
array driver receives two said phased burst signals which are
180° out of phase and gemerates Iwo respective power
regolating sigpals which are 180° out of phase.

42. A cireuil as chiimed in claim 40, wherein said phase
amay driver further comprising soft start circuitry generating
power 10 said at leest one respective lood during a sofi starl
period, wherein a sofi starl period detining 2 period wherein
said ot least ope load is powered from an OFF slale 1o an
operationally ON slate; and wherein once said load is at least
1 an operationally ON state, power 10 said Joad is regulated
by said respective phased burst signal

43. A citcnit as claimed in caim 40, wherein said phase
amray driver further comprising o comparalor for limiting
vollage of said ot least one load to a predetermined voliage

44, A circuil as claimed in claim 42, wherein said phase
array driver funther comprising al leas one error amplifier,
receiving a feedback From said load during said soft stan
period, and further, receiving feedback from said ol least one
phased burst signal, wherein said error emplifier generates
suid at leasl one respeclive power regulating signal

45. A circu! as claimed in claim 40, wherein said phase
areny driver further comprising at least ope current or
vollage feedback szleclor for selecling either to regulale
current to said at lenst one respeclive Joad or regulate the
voliage of said at least one respeclive load.

46, A circuit as claimed in claim 42, wherein said a1 least
one cuiren! or vollage feedback seleclor comprises o mul-
tiplexer.

47. A circuil as cleimed in claim 42, wherein said phase
ammay driver further comprising a selector for selecting either
snid soft stari period or said burst mode period.

48. A circnit as claimed in cleim 42, wherein said at Jeast
one burst mode selector comprises a meHiplexer.

49. A circuil as claimed in claim 40, wherein said phase
array @rver further comprising a minimum voitage selector
lo repnlate power 1o said at least one respective load with a
selected current or minimum voltage.

50. A circnit as claimed in claim 49, wherein said seleclor
comprises a multiplexer.

51. A circwil as cliimed in claim 40, wherein said phase
array driver furiher comprising a ramp circuit 10 deliver
power 1o said a1 Jeast one load.

52. A cirevit as claimed in claim 490, wherein said phase
amay driver funher comprising s DC/AC converter circuil
generating an AC signal to supply power 10 at least one
respective load.

53. A circult as claimed in claim 52, wherein said caon-
verter includes a tronsformer for delivering high vollage 1o
said load based on said AC signal.

54. A circuit as claimed in claitn 40, wherein said phase
array driver farther comprising protection cirenitry for under
voltage lock out.

55. Acircnil as claimed in claim 6, wherein said frequency |
seleclor comprises a frequency doubler, doubling the fre-
quency of said reference signal, and generatiog said fre-
quency seleclion signal having a period twice that of said
refersnce signal.

56. A circunit as claimed in claim 34, wherein said fre-
guency seleclor comprises a frequency doubler, doubling 1he
frequency of said reference sigpal, and generating said
frequency selection signal having a periogd twice that of said
reference signal ‘
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