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SEQUENTIAL BURST MODE ACTIVATION
CIRCUIT

This is a conlinuation of, and claims priorily to, appli-
cation Ser. No. 09/757,265, filed Jap 9, 2000 now 1.S. Pat.
No 6,501,234, which is herchy incorpormied by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sequential burst mode
activation circuil. More particularly, the present invention
provides @ cireudl topology for improving the consistency of
performance in the activation and intensily varation of
nultiple loads. The present invenlion hes general uiility
wherever multiple loads are employed for intensity varia-
tion. Further, the present favention has specific utitity where
muliiple fiuorescent lamps, especially multiple cold cathode
fuorescent lamps (CCFLs), nre employed, for example, in
television and compuler sereens, and in backhights for LCDs
(Liguid Crystal Displays)

2. Description of Related Art

Various lighting and dimming circoits and techniques for
lighting or dimming lamps or varying intensities of Ioads are
koown. Ope method of dimming a fluorescent lamp, espe-
cinlly as used in 2 backlight of a Nquid crystal display
(LCD}, is known as a voltage controlled dimming system.
The voltage controlied dimming sysiem includes current
conleol and cumenl feedback conlrol. According to the
voltage control dimming syslem, dimming is performed by
varying an inpul voltage lo an inverler 5o as to adjust an
output vallage from the inverier {(i.e, an application voliage
{0 the flucrescent tube). As the fluorcscent mbe emits Jight
using discharging energy, when the application voltage to
the fluorescent tube is too low, the discharging becomes
unstable. For this reason, a large dimmibg range cannot be
achicved by tbe voltege control dimming system, and ihe
possible dimming ratfo is only around 2:1, the dimming ratio
being indicative of the dimming range of the Iamp sysiem.

Another techoigue for dimnsing a fluorescent Jamp is the
“burst mode™ dimming system in which an allernating signal
that is supplying power to the lamp is cut with a potch of
variable width so as 1o reduce the power applied o the lamp
and thereby provide the desired dimming. The smaller the
widths of AC power provided 1o the Iamp, the lower the
Juminance ot which the lamp operates, A common device for
- providing the ability 1o vary the width of the pulses are
commmercially-available pulse-widith modulators (“PWM™).

In burst mode dimming, dimming is performed by peri-
odically flashing the ligh! source with 2 varying time ratio
between the light-on duration and light-out duration.
Therefore, this syslem, as opposed to the aforementioned

5

n

35

40

45

50

voltage controlled dimming method, offers a large dimming

ratio, polentially greater 1ban 100:1, thereby allowing for
large variations in luminasity. .

U S. Pal. No. 5,844,540 provides lighting/dimming cit-
cuitry for the back Jight control funciion in an LCD (Liquid
Crystal Display). A “PWM dimmer driving cirenit” modu-
lates the magpitude of cuirent to be supplied throngh an
inverter 1o a fluorescent fube on the back surface of a liquid
crystal panel, One goal of this circuilry is 1o prevent incon-
sistency of Liphting, or oecurrence of flicker, between the
back light, or fluorescent tube, and the 1.CD; the other goal
is to redoce sound poise. The PWM and ioverer circuitry
modnlates the light source driving means so as to have the
ability 10 periodically flash the Hght source with varying
time ralios between the light on and light off durations,
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thereby crealing different averape inlensities of light The
lighl-on dueration is defermined by n ‘pulse coum circuil’
which provides an ioput for the FWM circuilry; this pulse
counl aireyit counis the number of pulses of 1he LCD papel
horizontal synchronizing signal, and provides for an

on-duration that allows for the back light to synchronize it's

liphting signal with that of the LCD Further, 1he lighting/
on-off frequency of the light source is a division of the
horizonial driving Eequency of the LCD panel’s herizomal
syonchronizing sigial, thereby allowing botk LCI) panel’s
display a2nd Lhe back light lo be in phase with each otber.
This topology provides a “burst-mode™ dimming sysiem but
only for a single fluorescent lamp. It further advocates
synchronization of backlight lighting with that of the LCD
in order lo prevent inconsisiency of lighling between the
LCD and backlight. Note that fluorescent lamps, especially

cold cathode fuorescent lamps, are high in impedance when .

initially powered up. I muliiple CCELs (cold cathode
flnorescent lanips) were ulilized, synchronization of all
lamps with one ligh! source would result in corrent ripples;
these curren! ripples retard inverier performance and canse
Ricker. This is because, where multiple CCFLs are
synchromized, & power supply meeds to provide enongh
power io turn on all CCFLs concurrently The insiant power
delivered from the power supply causes the supply vollage
to drop due lo jis imited dynamic response Therefore, he
use of PWM sipnals, i¢. "burst-mode” dimming, is nol, by
itself, effective in providing 2 solution to flicker/noise in
multiple lamp configurations

One technigue 1sed to compensale for Aicker or noise in
the burst-mode dimming of multiple CCFLs is to place &
capacilor in series with the power supply to absorb power
surgres thal cause ihe current ripples. A drawback of this
lechnigue is that, when the lamps ture off in each burst mode
cydle, the power supply line, which bas an intrinsic
inductance, continues {o carry curren! which charges the
capacitor, yielding an increase io ouipnt voltage.

Prior arl teachings with the aclivation with multiple loads,
where the loads are not fnorescent lamps, do nat address the
flicker or nolse problem presented by the activation of
nrultiple lamps.

SUMMARY OF THE INVENTION

Accordingly, the present invention solves the drawbncks
of the pror art by providing a sequential burst mode
aclivation circuit for multjple loads by penerating a phase
shifi between multiple burst-mode signals. The burst mode
signals are used o regulate power delivered to loads, where
each load is regulated by a separate phase-shifted burst
signal such that at least iwo Joads do pol twrn oo synchro-
nously. The circuit of the present invention overcomes prior
art regulation circuits by eliminating instamtancous bigh
current ripples and noise crealed by multiple loads turning
on simullaneonsly.

The present inveniion provides a sequential burst mode
aclivation circuil comprising a vadasble power regulator,
comprising a pulse modulaior geueraling a pulse signal
having a pulse width; a frequency selecior generating a2
frequency selection sipaal; and a phase delay array receiving
said pulse signal and said frequency selection signal, and
penersting a plurality of pbased burst signals, wherein at
Izast two of said phased burst signals have different start
times ‘

In method form, 1he present invemion provides a method
for generaling phase shifted burst mode signals, comprising
the steps of generating » pulse signal having & pulse widih,
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generating a frequency selection signal, generaling a plural-
ity of phased burst signals having a frequency of said
frequency seleclion signal and pulse widih of said pulse
signal, and delaying a1 least one of the phased burst signals
lo have a different start lime thap a! leas! ooe other of the
phased burst sigeals.

The present invention also provides a phased burst mode
dimnming system, comprising: a pulse width modulator gen-
eraling a pulse width modulaled signal; a variable seleclor
for selecting the width of said pulse widih modulated signal;
and a phase delay amay receiving said pulse modulated
signal 2nd said frequency selection signal, and generaling a
plurality of phased burst signals by generating a phase delay
belween al leasl two said pulse width modulated sipnals.

In ope exemplary embodiment, power is wegulated to a
plurality of loads nsing the pluralily of phased burst sigoals.
Additionally, a constant or variable phase delays is gener-
ated betwezen each phased burst mode signal. In an exem-
pliry system, the presenl invention provides a sequentinl
burst mode dimming cireui! for muliiple lamps. In particular,
the exemplary systemn provides a sequential burst mode
dimming circuit for a plurality of cold cathode fivorescent
lammps {CCFLs). Customer or sofiware inpuls vary the pulse
width of a PWM signsl, thereby determining the power to be
delivered to lhe Jamps. A reference sipnal is doubled to
select the frequency of the PWM signal. This selecled
frequency determines the frequency at which lamps turn on
and off. Using a counter and a clock, nmltiple phased burst
sipnals are pencrated from the above bursl signal for the
plurality of CCFL’s. Each phased burst signal is shifted by
a constant phase shift such that at least two Iamps receive
burst signals thal are owl of phase. Therefore, sequential
burst-mode sctivation of each larnp is generated Finally, in
the exemplary sysiem, a plurality of phase array drivers,
each of which uses feedbeck from a correspoading lamp in
combinstion wilk a2 comesponding phased burst signal,
delivers power to and regulates the intensities of a corre-
sponding plurality of lJamps.

Another exemplary syslem of the present invention
inclndes a frequency selector thal generales a frequency
selection signal for a backlight load which follows, as
reference, a conventional screen updating frequency of a
cathode ray tube (CRT) in a television set. In yel another
cxemplary system, a phase delay armay generaies a plurality
of phased burst signals, such thal no two phased burst
signals have different start times. Yn an example of such an
embodiment, a phase delay array penerales a coustant or
variable phase delay so thal each of the phased burst sipnals
is delayed by such a phase delay from another of the phased
burst signals.

It will be appreciated by these skilled in the art that
although the following Detailed Description will proceed
with reference being made to exemplary sysiems and meth-
uds of use, the present invention is not intended 1o be limited
1o these exemplary systems and methods of use Rather, the
present invention is of broad scope and is intended 1o be
limited zs only set forth in the accompanying claims.

Otber fealures and advaniages of the presenl invention
will become apparent as the following Deiziled Descriplion
proceeds, and upon reference lo the Drawings, wherein like
omumerels depict like parts, and wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG, 1 is a tep-level block dingrom of ap exemplary
sequential burst mode signal generalion system of the
present invention;
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FIG 2 is a more detailed block diagram of the exemplary
sequential burst mode sigpal geoeration sysiem of the
present invention,

FI1G. 3 is a signal representation of the pulse width
modulator of the exemplary sequenlial bursl mode signal
generatjon system of the present invention;

FIG. 4 is a signal representation of the phase delay array
of the exemplary sequentia] burst mode signal gcneration
system of the presest invention;

FIGS. 5{a} and 5(b) are charis of ‘select’ signal inputs 10
circuitry reflecting the resnliing rumber of Joads; .

FIG. 6 provides a2 summary of the signals discussed in

_FIG. 1 through FIG. 5;

FIG. 7 is an exemplary IC implementalion of the sequen-
1izl burst mode generation sysiem of the present invention;

FIG. 8 i5 a lop level diagram of phase array drivers of the
present invention;

F1G. 9 is a circuit example showing how a phase array
driver peneraies a power regulating signal in the present
invenlon;

FIG. %a is a signal dizgram of the load cument;

FIG 10is a timing diagram showing how 2 phase aray

driver genernies n power regulating signal in ihe present

nvention;

FIG. 11 is a power regulating sigoal generated by an
exemplary phase array driver of the present invention;

FIG. 12 is an exemplary IC implementation of 2 phasc
array driver 1C in the present invenlion;

FIG. 13 is a circnit example showing how a phase nrray
driver generales a voltage clamping signal in an exemplary
IC of the present invention;

FI1GS. 14(a} and 14(}) provide circuil examples of hailf-
bridge and full-bridge {H-bridge) topologies respectively;

F1G. 15 provides a signal generation example showing the
generation of cross switch signals in a full-bridge’ lopology.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

The {ollowing description will reference a burst mode
regulating cirenit for a plurality of celd cathode fucrescent
lnmps (CCFLs). CCFLs are arranged, for example, in lasge
pauels for displays. Typically, larpe CCFL papels cach
utilize a minimum of 6 lamps, and the presenl iovention will
describe a bursl mode activation circuit with 6 or more
CCFls Of course, the present invention is not to be limited
by a minimym number of loads, nor is it to be limited to
CC¥FLs or any particular type of loads.

FIG. 1 is a top-level block diagrem of an excmplary
sequential burst mode signal generation system 10 of the
present inventios. As a peneral overview, the sequential
burst mode signal generation system 10 operates to genernie
phiase-shifted burst mode signals 50 and sends these burst
mode signals 1o drivers 100 1o provide time-delayed regu-
Iation of power to a plurality of Joeds 18, “Burst mode™, as
used herein and as 1s undersiood in the an, generally means
regulation of power 1o a load using 2 PWM signal to
modulate the power delivered to the load based vn the pulse

widh of the PWM signal. System 10 generally includes

modulator 12 generating a pulse modulaled signal 36, fre-
quency seleclor 14 penerating a frequency selection signal
40 for setting the frequency of the pulse modulated signal,
and phase delay amray 16 generating muliiple phase-shified
burst signals 50. Advantageously, by independently regutart-
ing a plurality of Joads 18 wilh a plurality of phase-shifted

o
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bursl signals 50, thereby substituting the nesd for a single
high power input with the adequacy of muliiple low power
inpuis, the system 10 of the present invention resolves the
aforemeantioned problems with conventionsl muliiple load
power regulation circuit,

FIG 2 is a more detailed block diagrany of the system 10
of the presenl inveation, Pulse modulator 12 generales a
PWM (pulse widih modulaied) signal 36 having a pulse
widih L, whose duty cycie (ie. pulse widih) determines
power delivered 1o a lpoad 18. The frequency selector 14
selects the frequency of the PWM signz] 36, based on an
independent reference signal 38 of perdod, T. In an exem-
plary embodiment, for reasons that will become apparent
below, frequency selector 14 comprises a multiplier to
multiply the frequency of the reference signal 38 (of period,
T) by a factor of &k, 2nd generaie a mubtiple signal 40 (of
period, T/k), where the multiple signal 40 is used 1o set the
{requency of the PWM signal 36 For example, where ihe
sysiem 10 is utilized to regulate multiple CCFLs, a synchro-
nizing signal, or Vsyne, may be used as the reference signal
38. In an example where CCFLs are wiilized in television,
video, or L CD screens, Vsync 38 is an available video signal
used lo update the on-screen display. The use of Vsyne may
be desirable sinee if an arbitrary reference sipnal is selecled
independently of screen updating frequency tber a “beat”
may oceur. A “beat” is understood by cne skilled in the art
to manifest itself in the followipg manner, A video display
is wansmilted across a televisiop monitor by a cathode ray
tube (CRT). The CRT, upon completing {ransmission of a
display, returns to a slarling posilion and proceeds to trans-
mil the next display. The displays are refresbed at a fre-
quency defined by Vsync, In the duration between the
completion of one display transmission and the iniliation of
the next, no information is broadeast and the televisioa
screen Is kept dark. If ligh is introduced in this duration, the
lransiijon of the CRT lo its starling position may reveal
visuzl Jines superposing different displays. This is kmown in
tbe art as *beal." If the frequency of burst mode regulation of
lamps were not to follow Vsync frequency, light would be
introduced during the aforementioned duration, thereby
allowieg for beats. Further, the screen updating frequency is
muhiplied because if 2 CCFL frequency is equal to and not
n multiple of the screen updating frequency, the concurmrent
inlensities of light may resull in flicker. Thus, Vsyac is a
desired reference sigoal for the above exemplary applica-
tions.

I the exemplary embodiment where the reference sigoal
38 is multiplicd to generats the muliiple signal 40, it should
be noted that when period T/k {k is 1the multiplicr of signal
38) of the multiple signal 40 is greater than L of signal 36,
thal is, whea period T of signal 38 is greater than k*1, each
burst signal 50 will comprise dislinct pulses If the perdod T
is equal 10 or less than k*L, then each burst signal 50-would
be a high DC signal (ie, each burst signal 50 would
represent a ful)l power settiog). This is discussed furiber
below. o the example in FIG. 2, frequency selector 14
doubles the frequency (ic. k=2) of independent reference
signal Vsync 38, thereby generating a frequency seleclion
signal 40 haviog period of T/2. Both signal 36 and 40 are
input into phase delay armay 16 1o generate a plurality of
phased burst signals 50, as described below.

Phase delay array 16 includes phase delay generalor 52 1o
determine & phase delay value, D, between successive
phased burst sigeals, 50,, 50,, . . . 50,; load seleclion
circuilry 1o determine the nnmber of loads 1i; and circuitry 54
to generate multiple phase-delayed pulse widih modulated
signals 50,,. Each of these componenls is described in detail
below.
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Referring briefly 1o FIGS. 5(z) and 5(b), depicted are
charts of ‘select’ signal inputs to selection circviiry 58.
These inpuls are used to quantify the oumber o of loads 18
covpled 1o circuit 10 of the present invention. Noie thal n
also quantifics the number of phased burst signals 50. In an
exemplary embodiment, selection cireuilsy 58 operales as a
slate machine to generate an appropriale signal 1o the phase
delay generalor 52 based on the bipary value of input

“geleel™ sipnals. FIG. 5(a) illusirates “select” signal genera- °

tion of an exemplary embodiment, where a minimum of 6
CCFLs are wilized. This table includes 1wo inputs: Sel0 and
Sell, each generating @ binary value indicative of the
mumber of CCFLs. In this table, 6 CCFLs are represented by
5¢10=0 and Sc11=0. Further CCFLs (added by increments of
two) are defined in this lable. The table of FIG. 5 (b}
generalizes the above example of F1G. 5(a) to include less
than ¢ minimum of 6 and more tban a maximum of 12
CCFLs Generally, more select signal inputs 58 allow for a
greater aumber of loads 18 1o be wilized, je. a Iargern In
this example, an additional select iopul is provided: Sel2,
permitting additional loads to be defined. For reasons that
will become apparent below, in the exsmple using CCFLs as
loads, it is desirable to define an even mumber of lamps inthe
eircuit. Of eourse, those skilled in the art will recognize that
the tables of FIGS 5{g) and 5(b) and \he selection circuitry
58 could be adapled to define sy number of loads

FIG 3 provides a signal representation of the pulse width
modulator 12, Pulse widih modulator 12 penerates a pulse
widith modulated signal 36 whose pulse widlh, L, is set by
variable selector 24. Variable selector 24 is provided to
permit varinble power (ic dimming) to be delivered 1o the
Ioad by cbanging the pulse width, L, of the PWM signal.
Varfable selector 24 varies the value of n DC signal 30
proportional to a desired dim seiting. In an exemplary
embodiment, the variable selector 24 comprises a dim
seleclor 26 and a polarity selector 28. The dim sclector 26
determines the desired dim setting by increasing or deereas-
ing a DC signal 30. The polarity seleclor 28 is discussed
Burther below. Osciflator 22 gensrates o trizngular waveform
34 of predelermined frequency as an input to the pulse width
modulator 12. The DC signal 30 is superimposed upon the
iriangular waveform 34. In one excmplary embodiment,
Mustrated in F1G. 3, a scction, defined by the interseciions
of the DC voltage 30 with each of the rise, 25g, and fall, 255,
of each wengular wave 34, determines the leading and
falling edges of each pulse, and thereby the pulse widih, 1,
of a pulse width modulated signal 36. Io this embodiment,
a higher valne of DC signal 30 generates a smaller pulse
width, L and a lower value of DC signal 30 penerates o larger
pulse widith, 1. lo an ailernative embodiment, a section
defined by each falling edge, 25b, and the next rising edpe,
25c, is used to generate the pulse widib, 1 In this alternative
embodiment, a higher value of DC signal 30 generates a
larger pulse width, I, and a lower valve of DC signal 30
penerates a smaller pulse widih, L. The polarily selector 28
determines which section of the inferseciions of bhe DC
signal 30 and iriangnlar waveform 34 is used lo generate the
pulse widik, L. Thereby, the pulse width modulator 12
gencrates o FWM signal 36 of pulse width, L, determined by
the user selection 24,

FIG. 4 is a detsiled block diagram and signal represen-
1ation of phbase delsy array 16. Pbase delay array 16 deler-
mines a phase delay value, B, and penerates phased busst
sigoals 50, as a function of 1, T/2 and the nwnber n. Phase
delay array 16 receives os inputs a clock signal 15, PWM
signal 36 having pulse width 1, select signal inputs 58, and
a reference signal 40 of doubled frequency, ic., having a
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periad of T/2. Preferably, the value of ID is determined such
that the phase shill between each phased burst signal 50 is
constanl, ie. D is constanl. Further, the phase delay D
repeats Tiself between 1he last phased burst signal and the
firsl, ie, where there are o phased burst signals 5, each
pulse, p, of phased burst signal n, 50, is preferably leading
by pbase shifl, P, from the pext pulse, p+1, of phased bursl
signal 1, 50,. To accommodaic this in the preferred
embodiment, phase delay D equals (T/2)/o where T is the
period of reference signal 38, T/2 is the period of signal 40,
n is the mumber of pbased burst signals 50, and the frequency
of each phased signal 50 is equal 1o ke frequency of sipnal
40 Those skilled in the art will recognize that, alternatively,
the present invention may include varable phase delays
such (hat the phase delay value is nol constant but that some
or all of the loads 18 siill tura on at different limes Such
alternative emboditnents are inclided in the scope of the
present invention.

in an exemplary embodiment, cireuitry 54 includes a
counter 56 with a clock fnput 15 to generzlc n phased burst
signals 50 given the aforementioned inputs Specifically, a
counter 56 may be implemented with a series of topgling
flip-flops wherein a clock pulse at a yme of { triggers Lhe first
pulse of & first phased busst signal 50,, while a clock pulse
al a time of 14D triggers the first pelse, p, of a second phased
burst signal 5. Likewise, he clock pulse at a time of t+2D
trigpers the first pulse of a third phased burst signal 505 and
a clock pulse nt a time of 1+{n-1)*D triggers the first pulse
of an nth phased burst sipnal 50, Thereupon, the clock pulse
at 1+{0)*D, trigpers the sccond pulse of the first phased burst
signal 50,. Since the perod of ench sigoal is T/2 where T'is
the period of the independent signal 38, it follows that
[(t+nD)~i] equals 772 Ip other words, n*D equais T/2, or D
equals (T/2)/a.

Furiher, each phased burst signal 50 has pulse widlh, L., To
accommodete this, the first pulse of an mth phased burst
signal 50,, where 1 m o, is generated by sampling the clock
signels starting at clock sigoal, 1+{m-1)D, for a dumtion
dictated by variable pulse widih L. Subsequent phased burst
sigoals 50 follow the same pamdigm. Therefore, the first
pulse of \be first phased burst signal 50 may be gencrated
from clock pulses, t, 141,142, . .., tH{L-1), such that L clock
pulses account compose the pnlse width L of each phosed
burst signal pulse, p. As noled earlier, o generate distinct
pulses for each phased burst signal 50, L should be less than
‘T72. That is, if L is not less than T/2, each phased burst signal
50 will be a DC signal with po distmguishable pulses.

FIG. 6 summarizes signals discussed in FIGS. 1-5 above
for an exemplary embodiment, Signal 34 is the iriangular
waveform generaled by the oscillator 22 (FIG 3). DC signal
30 is supedmposed onto signal 34, and shified vp or down,
i.e., increased or decroased, to produce a desired dimming.
The inlersections of signal 34 with DC sipnal 30 determine
the Tising and falling edpe of cach pulse of the puise width
modulated signal 36, thereby delermining the pulse width,
L, of each pulse of the pulse widlh modulated signal 36.
Signal 36 follows 1he frequency of signal 34. The pulse
widih, L, of signal 36 is utilized to generate phased burst
signals 58 {ie , 50, 10 50,), while the frequency of sigoal 36
is not The frequency of phased burst signals 58 is deter-
mined by an independent reference signal, Vsyne 38, of
periad . Vsync 3815 doubled to generate sigoal 40 of period
T2, ie, frequency 2/1. The phased burst signals 50 are
timed by this fiequency, 2/T. The gumber of phased burst
signals 50 is determioed by en input as 1o the pumber of
loads to beutilized, In the exanple, six (6) Ioads are utilized
Therefore, six (6} phased burst signals 50 are displayed,

35

3

where cach phased burst sjgnal, for e g, 50,, logs the

previous phased burst signal, for o g , 50, by (T/2)/6-T12.
FIG. 7 is an exemplary IC (integrated circuit) implemen-

tation 60 of the sequenlial burst mode signal generation
system 10 of the present invention The 1C 60 comprises a
PWM generalor 12, Vsyoe detector & phase shift detector
13, frequency rmultiplier 14, and a phase delay array 16.
Components 12, 14 and 16 are described ahove with refer-
coce 1o FIGS. 1-5. The exemplary IC 60 also includes a
clock 15, an oscillator 22 to generate the triangular wave-
form 34, buffers 19 1o amplify the current driving capacity
of phased burst signals, and under voliage lockowt protection
circuityy 2.

The PWM generator 12 receives DIM, polarity, LCT, and
a clock (100 KHz Genemtor) signal as inpuis. The PWM
generator 12 generates 2 PWM signal 36 as discussed shove.
Funiber, as described above, the pulse widih of the PWM
signal generated by generator 12 is selected vsing the DIM
and polarty oputs. LCT of the exemplary IC 60 is the
oscillator 22 input generating the aforementioned triangular
waveform of predetermined frequency The clock 15 is used
to mezsure time incremenis such that the varable pulse
width may be counled.

The Vsyne delector & phase shifi detector 13 receives as
inpuis, Vsync 38, Sell, SelD, and a clock 15. Vsyne 38 is on
independent reference signal as discussed above. The Vsync
deleclor & phase shift deteclor 13 defects the presence of an
independent reference signal, Vsync 38, and calculates a
phase delay vale, D, as described above. In the exemplary
1C, if Vsync 38 is not detecied, detector 13 utilizes the
Irequency of the oscillator 22 to generate o reference signal
38. When deteclor 13 detects a Vsync signal 38, the detector
13 abandons the oscillator frequency and adopis the Vsync
frequency for signal 38. Detecior 13 outputs the phase delay
value, D, as well the Independent reference sipnal, 38.
Signal 38 along with a clock 15 is fed into a frequency
doubler 14, wherein the frequency of Vsync is doubled to

- peoerate the burst frequency.
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In the exemplary IC, the iopuls of phase delny array 16
include PWM sigual 36 from FWM generator 12, a burst
frequency value from frequency doubler 14 and a clock 15.
As described above, the phase delay array 16 wiilizes a
counter 1o generale mulliple phase delayed burst sigpals,
wherein each phased burst signal operates to regulate power
10 a Joad 18. Each phased burst signal is driven through a
buffer 19 1o amplify ils cument driving capacity, and thep
through a respective phase array driver 100. This is dis-
cussed further below.

The protection circuitry 2 is used 1o sense the voltage
leve] of a power source (Vec). When Vee, shown at pin 26
in FIG. 6, inereases from low 1o high, the protection circait
2 resels the enlire 1C such tbat the 1C is functionally at an
initial slatus. When Vee goes low, the protection circuit 2
shuts down the 1C 1o prevent possible damage to the IC.

FIG. 8B shows 2 top-level dingrom of exemplary phase
array deivers 100. In ap exemplary configuration, each phase
array driver, Driver 1, Driver 2, ., Driver 0/2, receivestwo
phased burst signals as inpuls, and oulputs power to Iwo
respective Ipads. The regulation of power v each load is
independent of the regulztion of power to the other loads.
Therefore, sliernative configurations allow for each phase
aray driver 100 1o regulate any number of Joads tolaling
more or less than as depicted in the figures. In an exemplary
sysicm, each phase array dover 108 receives iwo phased
burst signals 58 which are 180° ot of phase and penerates
two power regulaling signals 51 which are 180° out of
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phase. Phase armay drivers 100 translate each variable pulse
widlh 1 into a duralion for which a respeciive load slays on
in each cycle Therefore, the greater the pulse width of a
phased burst signal, the greater the power delivered to the
respeclive Joad during each cycele. Also each load turns on
and off at the buml frequency defined by the respective
phased burst signal 50. Since driver 100 receives comple-
menlary sigaals in the exemplary sysiem, the number of
phased burst signals 50 is even for this embodiment.

FIG. 9 provides an exemplary circuit 200 demonsirating
the generation of a Jond current controlling signal, ICMP, in
a phase array driver 160, F1G. 10 is an accompanying timing,
diagram 1o F1G. 9 FIGS. 9 & 18 are considered together in
the followiog discussion Also, references are made 1o FIGS.
1-5.

Circuit 200 comprises an error amplifier 120 generating
tbe current controlling signal, ICMP, a sense resistor Rsense
138 coupled in series 10 a load 38, a switch 134 for coupling
circuit 200 to the phase delay array 16, and a feedback
capacilor CFB 139, Addiifonally, an exemplary circult 200
includes an RC low-pass filter 136 for Sliering noise, and
ntitizes a transformer 160 o apply the current controlling
signal, ICMP, io the load 18. The above components are
discussed further below.

Generally circuit 200 receives a feedback signal, VIEB,
and generates the curmrent controiling signal, FCMP, during
two modes of operation. The firsl mode is soft start and Ihe
second mode is burst mode. In soft start mode, the load 18
is powered up from an off state 1o an cperationzlly on stale
during a warm up period, ulilizing an external soft stan
coniroller (oot shown}, The sofl start controlier is discussed
further below. 1o burst mode, the duty cycle of the afore-
mentioned phased burst signal 50 (PWM) is utilized to
regulale load current, 11, during the operationally on stale of
the load 18. That is, in an exemplary embodiment, IL will be
proportional to [LAT/K)]*1Lmax, where L is the pulse width
of signal 50, T/k is the peniod of signal 50, and IL.max is the
load cument when the Joad is fully powered on. In this
manner, a load 1B is dimmned during burst mode. This is
discussed funher below. Note that soft start mode sequen-
tially precedes burst mode. The current controlling signal,
ICMFP, regulates load current, 1L, during burst mode, but not
during soft stat: During soft start, JICMP is monitered 1o
determine when to loggle modes from soft start 10 burst
mode, This is explained further below.

In both modes, the error amplifier 120 compares the
feedback sigoal, VIFB, with a reference signal, ADJ, and
generates the conotrolling signal, 1ICMP. In an exemplary
embediment, error amplifier 120 is 2 nepalive feedback
operational amplifier. ADJ s a predetermined constant ref-
erence voltage representing the operational cumrent of 1he
1oad 18. This is discussed further below, ICMP varies to
inerease or deciease VIFR 10 equal ADJ, That is, if VIFB js
less tban ADJ, 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 a
constant to maintain VIEB al AD) The operations of exem-
plary circuit 200 during soft slart mode and during burst
wode nre discussed in that order and In greater detail below.

Assiated zbove, in soft starl mode, the load 18 is powered
up from 2n off state 10 an operationally on state. Circuit 200
generales (he controlling signal, ICMP, based on the Joad
current, JL, but oot based on the respective phased burst
signal, PWM 50, Thal is, during soft start, eircuit 200 is
decoupled from phase delay array 16 by switch 134. This is
discussed further below. The following discussion proceeds
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with reference 1o ILrms and 1rms (spec). iLrms refers to
the rool mean square of the load current, H. al any given
momen!. ILrms (spec), as used herein, is the manufaciurer's
Inad specifications when the Ioad 18 is operating at full
power.

Insoft starl mode, the feedback signal, VIFB is & fuaction
of load current T1. 1L.is generally a sionsoidal waveform
Following Ohm’s Law, VIFB is proportional 1o Rsense*IL.
VIFB approximately equals 0 45*Rsense*Ilrms and is
derived as follows.

Mrms = [ |7 (inpenks Siaty i) / Ty = fpeak }NT

where T; is the period of the sinusoid, 1, and 14T, respec-
tively define the slart and end points of one period of the
sinusoid, and ILpeak is the peak load current. Diodes 137
filter ont the negative portions of IL, thereby generating o
waveform, 1L{+), an example of which is fllustrated by
signal 400 in FIG. 9a, which depicts the balf-rectified
current waveform delivered to the lozd. With the pbased
burs! signal, PWM 50, decoupled from circuit 200, VIFB is
eHeclively the vollage across Rsense, That is,

1+TL
= ] di| [ I;

VIFR [_[ Rsense a Hi+) :]/ 1
= (ILpeck = Rsense) [

Since JLrms=11peek/VZ,
VIFR=(VIf* I rms*Reenso~0.A5°L rns“Reense

The present invention is not to be limited by this method of
delermiming feedback, VIFB. In the exemplary embodiment,
in both sofl start apd burst modes, the consiant reference
voltage, ADJ, eguals 045*ILrms(spec)*Rsense, where
ILrms{spec) is generally 2 comstant defined by the load's
operntional specificalions ss described above Therefore,
when the load 18 is af full power, i.8., on, as per operalional
specifications, VIFB will egual ADJ. Since the Joad 18 is
turned on from an off state, et the imitiation of soft starl
mode, 1L is cffectively zero. Consequently, VIFB is effec-
lively zero, ie. less than ADJ. Therefore, ICMP is high. As
IL is increased by 1he soft start controller (oot shown), VIFB
increases, thereby reducing the difference between VIFB
and AD). Consequently, ICMP decreases. When VIFB=
ADJ, the load 18 is operationaily on as described above, and
ICMP coerries tbe emergy to regulate the load 18 at iis
operaliona] current. Therefore, the warm up stage defined by
the soft start mode concludes when the energy provided by
the sofl stari controller (pot shown) has increased lo mateh
that provided by ICMP. At this lime, the sofl stari controller
(not shown) ceases control, and ICMP regulates load cur-
rent. Burst made begins.

In burst mode, eircuit 200 generates the controlling signal,
ICME, based on both 1he load corrent, IL, and PWM signal
50. Therefore, VIFB po longer adberes solely io the
equation, VIFB=(0.45)* Rsense*ILrms. Instead, the above
equalion is supplemented by a factor determined by the
presence of PWM signal 50. Consequently, in burst mode,
ICMP follows the PWM signal 58 and drives the load 18.
This is described further below.

Switch 134 conples circuit 200 to phase delay array 16
during burst mode. In an exemplary system, switch 134isa
PNP trapsistor 134 with a reference power source, REF, a1
its source (or emitier) aod the respective phased burst mode
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signal (PWM) 50 at its gale {or base). The reference power
of REF may be derived via a vollage divider circuit (not
shown) dividing, for example, an exemplary 1C source
voliage, VCC (not shown). When triggered by PWM 50,
switch 134 couples its drain (or celleclor) to the REF at iis
source, ransmiliing a sigoal, PWM_52, to circuit 280, In the
prefemed embodiment, the switch 134 is triggered by a low
signal at its gale, and therefore, PWM__52 is complimentary
to FWM 50. When PWM 30 is high, transistor 134 is off, and
PWM_52 is isolaled from PNP 134; 1hat is, no burst mode
information is trapsmilled 1o circuil 200, and VIFB follows
the equation, 045*IL.rms*Rsense, in an exemplary embodi-
ment. When PWM 50 i5 low, transistor 134 is on, and
PWM__52 is high. Rlimit 135 translates PWM__52 cument
into vollage. This voltage is added to VIFB. Rlimit is chosen
such thet Lhe voltage added into VIFB effects ICMP o vary
load current from an operationally on stale 1o an off state,
This s discussed further below.

The PWM signal 50 is inlrodveed and PWM_52 gener-
uted as described above. When PWM 50 goes low, PWM_
52 poes high, and thercfore, VIFB cxceeds ADT, To decrease
VIFB zn0d match VIFB to ADJ, ICMP goes low. Since ICMP
drives the load 18, the load 18 effectively twms off. One
skilled in the art will recognize that the Joad 18 being off
does not require cument or voltage to the Ioad 18 1o be zero;
currenl or voltage may conlinue to charge the load 18
miniteally when it is off. Then, when PWM 50 goes hiph,
PWM_52 is decoupled from the reference voliage, REF.
VIFB returns (o the eguation VIFB=0.45*1Lms*Rsense in
the exemplary embodiment. Since the load is effectively off,
1T rms approximates zero. ICMP goces high to build VIFB Lo
approximate ADY Consequently, load current, IL, goes high,
and the load 18 wros on. The result, as seen from FIG. 10,
is thal load currenl, 11, follows the respective phased burst
signnl, PWM 50. However, thal ioad current IL also lags the
respective burst spnal, PWM 50.

FIG. 11 displays oscilloscope signal readonis of FWM_
52, ICMP and load current Y1 during burst mode operation
of an excmplary system of the present invention FWM__52
is timed wilh 1he respeclive phased burst sigeal, PWM 51;
that is, no significant delay exists belween high-to-low or
low-to-high trapsitions of PWM 50 and the respective
low-to-high or high-to-low transitions of PWM_52.
Because the error amplifier 120 has figite charpe and dis-
charge current, it takes time 10 chirge or discharge CFB 139
when VIFB poes higber or Jower than ADJ, respectively.
Consequently, as seen ip FIG. 3, JCMP lags PWM_52.
Since ICMP drives the load 18 during burst mode operation,
load curreny, IL, likewise lags FWM_52,

F1G. 12 provides an exemplary IC implementation 300 of
a ‘pHase array driver 14, IC 300 comprises a break-before-
make circuit 130 with » balf-bridge switching lopology. This
is discussed further below. In altermative IC
implementalions, swilching 1opologies such as*“full bridpe,”
“forward,” or “push-pull,” can be used withoul departing
from the scope of ibe present invention. Conlinuing refer-
ences {0 FIG. 9 are included to explain some operational
aspects of IC 300. Exemplary IC 300 reccives 1wo phased
burst signals (PWM signals) 50 which are 180 degrees om
of phase with each other. Exemplary IC 300 utilizes 1hese
phased burst signals 50 1o drive two respective loads whose
signals are 180 degrees oul of phase with each otber. Thus,
those skilled in the art will recognize duplication of certain
componenis (e g, seleciors 122, 124 and 126) 10 drive two
individual loads. Of course, 1C 300 is only #n example, and
may be readily configured 1o drive three or more loads {or
a single lozd). Al the ouiset, description will be made o
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selectors 122, 124 and 126 which may be constructed from
generic comparator circuitty andfor cuslom circuitry to
accomplish the signal detection, as se1 forth below.

Exemplary 1C 300 comprises an error ampiifier 121 for
voltage sensing, an error amplifier 120 for current sensing,
a current or voltage feedback seleclor 122, a bursi mode or
soft slart selecior 124, and a minimum vollage selector 126
Seleclors 122, 124, and 126 may be of the same structure,
comprising 1 comparator and 2 transmission gates, and may
be implemented with multiplexers.

As described above, each error amplifier 120 generates a
current controlling signal, ICMP (shown at pin 4 in the
exemplary 1C 300) by comparing ADI with feedback, VIFB
(shown at pin 3 in tke exemplary IC 300), determioed by
Joad cumrent, IL, in soft siart mode, and by boih IL and
phased burst signal, PWM 50, in burst mode.

Likewise, FIG. 13 provides an exemplary circuit 350
showing an emor amplifier 121 for generating a voltage
controliing signal, VCMP (at pin 5 in the exemplary 1C), by
comparing o reference voliage (e g, 2V} with a voltage
feedback signal, VFB (at pin 6 in the exemplary 1C 300}
determined by load vollage In an exemplary embodiment,
when the load 15 imitially powered on, power delivered to the
load by the soft start controller (at ioput 132), heretofore
referred 1o as SST, is Jow. That is, the load voliage, V,, on
the secondary side of transformoer 160 is low. Conscquently,
VFB is low. Since the difference between VFB and the
reference signal (e g., 2V) is grealer than the threshold of
comparison, estor amplifier 121 generates a high VCMP
signal, The relationship between VFB and load voltage is
discussed further below. As SST increases, VFB increases
apd approaches the reference voltage (e &, 2V), and VCOMP
decreases. When VFB matches the reference voltage (e,
2V), VCMP is chosen instead of SST to drive load voltage,
effectively clamping the lond vollage at a predetermined
vake such thal VFB maiches the reference voliage {e.p.,
2V) Circuitry 360 iflustrales the relationship between VFB,
and the actual load voliage, V,, provided at the secondary
side of the transformer, in the exemplary circuit 350:

VEI=V, " CI(CI1+€T)

Therefere, C1 and C2 are chosen such that VEFB, the voliage
feedback sipnal, reflecis a desired factor of load voliage, V...
For example, if C2=100(*C1, then, VFB=V,/1000, thal is,
VFR is a represeniation of load vollage which is Yi000™® of
load voltage, V. In this example, if the reference voltage is
2 Volis, 1ben, the load voltage is clamped al 2000 Volts
Fusther, analogons to half-wave rectifier diodes 137 of FIG
9, diodes 365 generale a balf wave rectified voltage signal
Ry and Cy are peak voltage detectors lo detect the peak
voliage of the rectified wavefomm.

The current or voltage feedback selector 122 (I__or_V
Feedback), selects either the vollage controlliog signal,
VCMP, or current conirolling sigual, }'CMF, as the signal to
drive the load during burst mode operation. In an exemplary
1C 300, selectar 222 chooses VOCMP if load voltage exceeds
the aforementioned predeienmined valve while Joad current
is less (bag the operational cwrremt (i.e, VIFB<ADI).
Otherwise, sclector 122 sclects ICMP. Seleclor 122 may
utilize alternative comparisons to determine the seleclion of
a conirolling sigoal, for example, selector 122 could be
configured to compare ADJ and VIFB to deiermine if the
Joad hes reached operational or predeiermined full power.
The following discussion proceeds with reference to a
conlrolling signal, CMP, which may either be ICMP or
VCMP as described above. .

In the exemplary IC 300, selector 122 is conpled 1o the
burst mode or soft stant selector 124 (CMP._OR__SST)
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Selector 124 of the exemplary IC 300 deicrmines which of
the aforementioned two modes of operation apply, i.e., soft
start or burst mode, and toggles from sofi start to burst mode
when tppropriale, as follows Selector 124 compares CMP
and SST (the load power controlling encrgy generated by the
soft stari controfler) 1o delermine which mode applies and lo
generale a signal, CMPR, which is either the soft starl signal,
58T, in soft slart mode, or the controlling signal, CMP, in
burst mode. Since, a5 described above, burst mode is 1rg-
gered once the load 18 has reached an operationally on state,
CMPR is SST prior 10 S5T equaling CMPF, and CMPR is
CMP once SST equals or exceeds CMP The soft start
controller which provides for the soft start signal (S5T) is
implemented, for example, by using a capacilor (not shown)
externally cowpled to pin 13, 132, whose charping rate
determines the rate af which the Joad is powered up In this
exampie, SST vollage equals Is/{C*T) where I, is (he currenl
supplied by power source 133 and C is the capacitance of the
external capacitor (not shown). The capacitance of ihe
exlernal capacitor {not shown) may be varied 10 vary the rate
at which load cumrent, IL, is increased during soft start mode .
Although soft slart'mode ends and burst mode begins when
CMP maiches 55T, and CMP regulates power to the load
during burst mode, SST contipies 1o increase to VCC.

Selector 124 is coupled 10 a minimum vollage selecior,
CMPR_or_ MIN 126, in the exemplary 1C 300. The output
of selector is herein referred to as RESCOMP. Selector 126
casures that a predetermined minimum power is delivered 10
lhe load, ever when the load is in an "off” stale. That is,
when power delivered to ihe Toad is less than a predeter-
urined mininmm vajue, RESCOMPT is 2 minimum voliage,
for example, 740 mV. 1f the Joad voltape is above the
predetermined minimum voltage, then RESCOMP is CMPR
{i.t., either CMP or SST as described above).

Consequenily, in burst mode, whencver PWM 50 goes
Jow and the load tums off as descrbed above, a predeter-
mined minimum vollage is maintained acrass the load. The
desirability of mainfsining a minimum voliage across the
load is explaiped below with reference to a CCFL (Cold
Cathode Fluorescent Lamp) as an exemplary load.

A CCFL is of bigh impedance when off. Thus, a large
volinge is needed 1o initially induce curreni ihrough the
lamp, that s, to tum on the lamp, In the exemplary }C 300,
o Jarge voltage is applied to the CCFL, by 1he secondary side
of transformer 160, to turn oa the Jamp. Once current has
been induced through the lamp, the impedance is decreased,
and consequently, voltage may be decreased to operational
Jevels. The predeiermined minimmm power is maiptained
across the load thereafter to avoid having to repeal the
applicetion of a large vollage (o turn on the lamp.

‘When a predetermined minimum voltage is selected by
selector 126, remp 128 functions as a pulse width modulalor
{PWM) and generales a PWM signal with prlse. width

25

30

as

4}

14

Break-before-make circuil 130 wiilizes the sppropriate
sipnals described above to turn a transformer 160 oo and off.
Nole that, allernaiively, any suilable switch may be used for
thiz purpose. The exenplary IC 300 includes two swilches
used in-a half-bridge topology, ie., as a general-purpose
DC/AC converler, the outpiis of the bresk-before-make
cireuit 130, NDRI and PDRI, turn on or off an NMOSFET
and PMOSFET respectively, lhereby swilching 2 irans-
former 160 to ground or to VCC {power supply) respee-
tively. Significantly, the break-before-make circnit ensures
that ibe NMOSFET and PMOSFET cach turn on exchisively
18 to (ke other. That is, the NMOSFET and PMOSFET
generale & pair of oon-overlapped sigoals. In an alternalive
embodiment, four swilches are used in a full bridge
(H-bridge) 1opology 1o switch the irmnsformer 160 to ground
or 1o VCC. The switches convert the DC il voltage (VCC)
1o an AC signal which Is supplied 10 the primary side of the
transformer, as is well known 1o those skilled in the art.

FIGS. 14(a) and 14{}) are circuil examples of conven-
tional DC/AC converter topologics using half bridpe and full
bridge switching schemes, respectively The half bridge
topology exemplified by FIG. 1¥a) is provided io the
exemplary 1C 300 and described above. An alternative
embodiment ulilizes a full bridge (H-bridge) topology exem-
plified by FIG. 14(5). The fill bridge topology typically
utilizes two NMOSFET and PMOSFET pairs generating
two pairs of non-overlapped signals. This is deseribed below
with reference to FIG. 15_ The transformer 160 is urned on
or off by allernating the conduction of pairs of crossed
switches, A and D (AD), and B and D (BD), 1espectively.
The brealk-before-make circuit 130 ensures that AD and BC
are nol on al the same.

FIG. 15 provides a signa) gencration example showing the
generation of crossed swilch sigmals (ie, AD and BC
signals) in a full-bridge topology of an exemplary embodi-
menl of the present invention As discussed in reference to
FIG. 3, oscillator 22 generates the ihangnlar signal 34.
Signal 34 is inverted to gencrate signal 34 RESCOMP is the
output of selector 126 That is, RESCOMP is one of ICMPB,
VCMP, 85T, or MIN {¢.g ., 740 mV). Thercfore, RESCOMP
is variable A reference signal, C1K, is utilized to indepen-
dently togple swilches A and B. In an excmplary
embodiment, CLK. bas a 50% duty cycle and follows signal

. 34, A sccond reference signal, PS__CLK, is wilized to
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determinative of power to the load. The funclionality of .

ramp 128 is analogous io that of pulse width modulaior 12
discussed in relation 1o FIG. 3. With reference 1o this
analogy, the DC voltape miilized by the ramp 128 for 1he
generation of the FWM signal is the predetermined mini-
mum voltage. The predetermined minimum vollage, in
intersection with Ibe triangular signal 34 discussed in rela-
Hon with FIG. 3, generales a PWM pulse width that is
minimally adequate to mainiain a sigoal Effectively, ramp
128 ntilizes the predetermined minimum voltnge supplied by
selector 126, to leave the Joad minimally powered on when
the load is off, during each burst eycle. Where the Joad
voltage is in excess of lbe predetenmined minimum, the
power signal delermined by aforementioned burst signal
PWM 50 is uiilized.
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independemly toggle switches C and D. In the exemplary
embodiment, PS_CLX is a CLX signal phased by an
adjustable delay, D..,.. RESCOMP determines D, This is
discussed as follows The positive and negalive edge of each
pulse of PS__CLK are generated by the respective inlersec-
tion of the rise of signal 34 and RESCOMP and the
respeclive intersection of rise of signal 34" and RESCOMP.
Therefore, when RESCOMP increases, as, for example,
when the respective phased burst signal 50 poes high during
burst mode, the phase delay, D,,, between CLK and
PS_CLX increnses. The on times of swilching pairs, AD
and BC, are detertmined by the overlaps of CLK and
PS.__CLK. Therefare, when Dy, increases, ibe on times of
AD and BC increase, thereby cansing more power 1o be
delivered to the respective Joad Note, however, that the
present invention is nol limiled by any panicular driver
architecture, and therefore, not limited to half-bridge or
full-bridge topologies. :
Returning to IC 3080 of FIG. 12, in the cxempl

embodiment, where voltage supplied 1o the transformer 160
exceeds the source voltage 1o the 1C 380, the bresk-before-
make circuit 130 wilizes “High Voltage Level Shifting”.
“High voltage level shifting” is explained by the following
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example VCC is 5 volts That is, PMOSFET gate conlol
signal levels vary from ground (€ valts) te VCC (5 volis) If
15 volis are fed into the transformer 160, the break-before-
make circoit 130 provides a DC voltage shift of 10 volts to
ihe PDRI outpm, thereby allowing for the PMOSFET gate
control signal to reach 15 volts (10 volts via DC high vollage
level shifling +5 volts VCC)
- Exemplary 1C 300 funiher includes protection circuiley
140.1n this 7C 300, circuitry 140 is ap under vollage lock out
- cirenit {UVLQ). Al the end of sofl start mode, if 1he vollage
delivered to the trapsformer 160 does not decrease, or if load
current, IL, does notl reach the specified full operational
Ievel, circuitry 140 shuts down 1C 360. Primarily, circuitry
148 senses load current and shuis down 1C 300 during burst
mode operation if VIFB is lower than AD} while maximum
power is being delivered to the load, Note that when VIFB
is lower than ADJ, error amplifier 320 increases oufput
power to the lood as discussed above. Therefore, circuitry
140'shuis down the IC upon the sbove condition in order to
prevent damage 1o components from excessive power deliv-
ery. Also, protection circuitry 344 is disabled during the soft
start duration described above.

Thus, it is evident that there bas been provided a sequen-
1t} burst mode repulating circait that satisfies the ajms and
objectives stated herein, Those skilled in the art will recog-
pize numerous modifications that cag be made to the present
invention, and all such modifications are deemed within the
spiril and scope of the presenl invention, only a5 may be
limited by the appended claims.

‘What is claimed is:

1. A phased load regulation system comprising a phased
delay amay edapled 1o generate & plurality of phase-shifted
burst mode signals, wherein each sajd phase shifted burst
mode signal regulaling power o a respeclive load.

2. A phased load regulation sysiem as claimed in claim 1,
furiher comprising & modulalor gencrating @ FWM signal,
said phased delay array receiving said PWM signal and
wherein power delivered to each respective load determined
by .the pulse width of said FWM signal.

3. A phased load regulation sysiem as claimed in claim 1,
furiber comprising a frequency seleclor receiving a refer-
ence signal and generating a frequency selection sigpal
based on said reference signal, wherein said phased delay
array receiving seid frequency seleclion signal and selting
the frequency of said phase-shified burst mode sipnals based
on said frequency selection signal.

4, A phasad load regulation system as claimed io ¢laim 2,
wherein said modulator further comprising a varjable selec-
tor for seiting the pulse width of said PWM sigpal.

5. A phased load regulation sysiem as claimed in claim 1,
wherein each said load comprises & CCFL.,

. A phased load regulation system as cleimed in claim 1,
further comprising phase array driver circuils receiving said
phurality of phose-shifted burst mode signals and geperating
at least one power regulating signal for each respective load.

7. A Phased load regulation system as claimed in claim 6,
further comprising a half bridee inverter circuil receiving
said at least one power regulating signals and penerating an
AL signal based thereon 1o power said load.

8. A phased load regulation system as claimed in claim 6,
further comprising a ful} bridge inverter circitit receiving
said at least one power regulating signals and generating an
AC signal based thereon to power said Joad.

9. A computer system comprising an LCD panel, a
plurality of cold cathode finorescent Iamps lighting said &
1LCD panel, and a2 lamp driving systern comprising a phased
delay aray adapted 10 generate o plurality of phase-shified
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burst mede signals, wherein each said phase shifled burst
mode signal regulating power to each of said plurality of
said cold cathode fluorescent lamps.

10. A compuier system as claimed in claims 9, further
comprising a modulalor generating a PWM signal, said
phased delay array receiving said PWM signal and wherein
power delivered Lo each respective cold cathode Auorescent
lamp determived by the pulse width of said FWM signal

1. A computer system a5 claiimed in claim 9, furher
comprising a frequency selector receiving a reference signat
and generating a frequency selection signal based on said
reference signal, wherein said phased delay amray receiving
said frequency scleclion sigual and seiting the frequency of
said phase-shifted burst mode signals based on said fre-
quency sclection signal

12 A compuler system as claimed in claim 10, wherein
said modulator further comprising a variable seleclor for
setling the pulse width of said PWM signal, thereby setling
the brightness of each said cold cathode fluprescent lamp.

13 A compuler system as claimed in claim 9, further
comprising phase amray driver circuils receiving said plueal-
ity of phase-shificd burst mode signals and generating at
least one power regulating signal for each respective load.

34. A compuler sysiem as claimed in claim 13, further
comprising a half bridge inverter cirenit receiving said at
least one power regulating signal and generaling an AC
signel based thereon to power said load.

15. A computer system as claimed in claim 13, further
comprising a frill bridge inverier circuil receiving said at
Jeast one power regulaling signal and geperating .an AC
signal based thereon 1o power said load.

16. An LCD pane] comprising a phurality of cold cathode
fiuorescent lnmps liphting said LCD panel, and a lamp
driving syslem comprising a phased delay array adapted to
generate 8 plurslity of phase-shifted burst mode sigoels,
wherein each said phase shifled burst mode signal regulaling
power 10 each of said plurality of said cold esthode fluo-
rescent Jamps.

17. An LCD panel as claimed in claim 16, further com-
prising a modulator generating, a PWM signal, said phased
delay arrty receiving said PWM signal epd wherein power
delivered 1o each respective cold cathode flucrascent Lamp
determined by the pulse widih of said FWM signal

18. An LCD panel as claimed in claim 16, further com-
prising a frequency seleclor receiving a reference signal and
generaling a frequency selection signal based on said refer-
ence signal, wherein spid phased delay array receiving said
frequency selection signal and setting the frequency of said
phase-shifted burst mode sigpals based on said frequeacy

. selection signal.

1%. An LCD pimnel as claimed in claim 17, wherein said
modulalor further comprising a variable selector for setting
the pulse widlh of said PWM signal, thereby seitipg the
brighiness of each said cold cathode finorescent lamp.

20. An LCD panel as claimed in claim 186, further com-
prising phase array driver circnits receiving said plurality of
phase-shifted burst mode signals and generating at least one
power regulating signal for each respective load.

21, An LCD pane! as claimed in claim 20, further com-
prising & half bridge inverter circuit receiving at least one
said power regulating signal and penerating an AC sipnal
based thereon to power said load.

22. An L.CD panel as claimed in claim 20, further com-
prising a full bridge fnverter cireudl receiving said at least
ooe power regulating signal and generating an AC signal
5 based therean 1o power said load.
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