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HIGH-EFFICIENCY ADAPTIVE DC/AC
CONVERTER

This application is a continuation application under 37
CFR § 1.53(0) of applical.iun Ser. No. 10/132,016 filed Apr.
24, 2002, which iseif is a conlipwation application of
application Ser. No 09/850,222 filed May 7, 2001, now U S.
Pal. No. 6,396,722, which fiself is a confinvation applicalion
aof application Ser. No. 09/437,081 filed Nov. 9, 1999, now

US. Pat. No, 6,205,615, all of which claim prodly o :

Provisionz) Application Ser. No. 60/145,118, filed Jul. 22,
1999, all of which are incorporated berein by reference

FIELD OF THE INVENTION

The present invention is directed to a DC 10 AC power
converter circuit. More particularly, the present inveniion
provides a high efficiency controHler cirewil that regulates
power defivered to a Joad using a zero-'vu]mga 5w1!chmg
technique. Geoeral utility for {be present invention js found
as a circei! for driving one or more Cold Cathode Fluores-
cent Lamps (CCFLs), however, those skilled io the art will
recognize that the presenl invention can be ulflized with any
load where high edency and precise power control s
reqguired.

DESCRIPTION OF RELATED ART

FIG. 1 depicts a convention CCFL power supply syslem
10, The system brondly includes a power supply 12, s CCFL
drivipg circuit 16, a contzoller 14, a feedback loop 18, and
ooe or more lamps CCFL associated with an LCD panel 20,
Power supply 12 supplies 4 DC voliage 1o circuit 16, and is
controlled by controller 14, through trapsistor Q3. Circuit 16
is a self-resonating orenit, known as & Royer circuit
Essentially, circuil 16 15 a self-oscillating de to ac converter,
whose esonent frequency is set by L1 and CI, and N1-N4
desigoate (ransformer windings and number of turns of the
windings. In operalion, iransistors Q1 and Q2 alternalely
conducl and switch the ioput vollage across wmdmgs N1
and N2, respectively. If Q1 is conducting, the input vollage
is placed across winding N1. Vollages with comesponding
polarity will be placed across the other windings. The
indnced voltage in N4 makes the base of Q2 positive, and Q1
conducts with very little vollape drop belween the collector
and emnitter. The induced vollage at N4 also helds Q2 at
culoff. Q1 conduets-until the filux in the core of TX1 reaches
saturalion
" Upon saluration, the collector of Q1 rses rapidly (io a
value determined by the base circuit), and the induced
vollages in the transformer decrease rapidly. QR is pulled
further ont of saturation, and V. rises, causing the volinge
across N1 1o further decrease. The loss in base drive canses
Q1 to mm off, which in lurn causes the flux in the core to
fall back slightly and induces 2 current in N4 to turm op Q2.

The induced voltage in N3 keeps Q1 conducting in satura- s

tion vaiil the core saturates in the opposite direction, and a
similar reversed operation 1akes place to complete the
switching cycle.

Although the inverier circuit 16 is composed of relatively
few components, its proper operation depends on complex
interactions of nonlinearilies of the fransistors apd the trans-
former In addilion, variations i C1, Q1 and Q2 (typically,
35% tolerance) do not permit the circuit 16 to be adapted for
pasalle]l transformer aangements, since any duplication of
the circuit 16 will produce additional, undesirable operating
frequencies, which may resonate a1 certain harmonics, When
applied 10 a CCFL load, this circuit produces a “beat” effect
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in the CCFls, which is both noticeable and undesirable.
Even if the folerances arc closely matched, becanse circuit
16 operales in self-resonant mode, the beat effects canoot be
removed, as eny duplication of the circuil will bave ils own
unique operating frequency. .

Some olber driving systems cen be found in U S, Pat. Nos
5.430,641; 5,619,402; 5,615,003; 5,818,172. Each of Ihese
references suffers from low efficiency, two-stage: power
conversion, variable-frequency operation, and/or load
dependence. Additionally, when the load includes CCFL(s)
amd assemblies, parasilic capacitances are introduced, which
affects the Jmpedance of the CCFL iis¢)f. In order lo
effectively design a circuit for proper opemition, the cireuit
must be desipned to jnclude consideration of the parasitic
impedances for dnvmg the CCFL load. Such efforts are not
only time-consuming and expensive, bul il is also diffcult to
yield an optimal converter design when dealing with various
loads Therefore, there is a need 1o overcome these draw-
backs and provide a circuit solution that features high
efficiency, relinble ignition of CCFLs, joad-independent
power repulation and single frequency power conversion.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides ap optimized
system for driving a load, obtains un optimal operation for
various LCD panel loads, thereby improving the reliability
of the system

Broadly defined, the presemt invention provides A DC/AC
converler circuit for conlroliably delivering power to a Joad,
comprising an iopul voltage source; & first plurality of
overlapping switches and a second plurality of overlappiog
swilches being: selectively coupled lo said voltage source,
the first plurality of overlapping switches defining a first
conduction path, the second plurality of overlapping
swilches defining a second conduction path. A pulse gen-
eralor is provided to generate a pulse signal. Drive circuitry
recejves the pulse signal and controls the conduction state of
the first and second plurality of switches, A tronsformer is
provided haviog & primary side and 2 secondary side, the
primary side is selectively coupled 1o the voliage source in
an alternating fashion through the first conduclion path and,
alternately, through the second conduiction path, A Joad is
coupled 1o the secondary side of the transformer. A feedback
]Dop circuil is provided between the load and ihe drive
circuitry that supplies a feedback S:gnal indicative of power
being supplied to the load. The drive circuilry alternates the
conduction state of the first aod second plorality of switches,
and the overlap time of the switches in the first plurality of
switches, and the overlap time of the switches in the second
plumhly of switches, to couple the voltage source 1o the
primary side based ot Jeast in part on the feedback 51gnal and
the pulse signal.

The drive circuilry is constructed fo generate a first
complimeniary pulse signal from tbe pulse signal, and a
ramp sigeal from the pulse signal. The pulse signal is
supplied to o first one of the first plurality of switches 1o
control the conduction siate thereof, and the ramp signal is
compared with a1 least ke feedback signal 1o generate a
sccond pulse signal, where a controilable conduction over-
Iap condition exists between the conduction state of the first
and sccond switches of the first pluralily of switches, The
second pulse signal is supplied 10 a second one of the first
plurality of switches and controlling the conduction state
thereof The drive circuitry further generates a second com-
plimentary pulse signal based on the second pulse signal,
wherein said first and sccond complimentary pulse signals
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conlrot the conduction state of a first and second ones of the

second plurality of switches, respectively. Likewise, a con- -

trollable copduction overlap condition exisis between the
conduction state of the first and second swilches of the
sccond plurality of swiiches.

In method form, the present invenotion provides a method
for controlling a zero-voliage swilching circait 1o deliver
power to a load comprising the steps of supplyieg a DC
voliage sonrce; coupling a firsl and second transistor defin-
ing a first conduction path and a thizd and fourth transistor

. defining a second conduction path to the voltage source and
.2 prmary side of a transformer; generaling o pulse signal 10

having a predeiermined pulse width; coupling 2 load 10 =

10

secondary side of seid transformer; generating a feedback

signal from {he load; and controlling the feedback signat and
the pulse sigael to delermioe the conduction siate of said
first, second, third and fourth transisiors,

In the first embodiment, the present invenlion provides a
converter circuit for delivering power to a CCFL Joad, which
includes & voltape sonrce, a transformer having a primary
side and a secondary side, a first pair of switches apd a
second pair of switches defining a first and second conduc-
tion path, respectively, between the voltage source and the
primary side, n CCFL load circuil coupled to the secondery
side, a pulse peneralor generaling a pulse signal, a feedback
circuit coupled 1o the load generating o feedback signal, and
drive circuitry receivipg Lhe pulse signal and the feedback
sigaal and conpling 1he first pair of switches or the second
pair of swilches to the voltage sowree and 1he primary side
based on said pulse signal and said feedback signal to deliver
power lo the CCFL load.

Addilionally, the first embodiment provides a pulse gen-
eralor that penerates a pulse signal having a predetermined
frequency. The drive circuilry includes firsl, second, third
apd founth drive circuiis; and the first pair of switches

0
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includes first and second transistors, and the second pair of 35

switches includes third' and founth tramsistors The first,
second, third and fourth drive circuits are connected to the
conirol lines of the first, second, third and fourth Lransistors,
respecuvcly The pulse signal is supphetl 10 the first drive
circuit so 1hat the first transistor is swilched in accordance
with the pulse signal. The third drive circuit generates a first
complimentary pulse signal and a ramp sigoal based on the
pulsc signal, and snpplies the first complimentary pulse
signal o the thind transislor so that the third transistor is
switched in accordance with the first complimentary pulse
sigoal, The ramp signal and (he feedback signal are com-
pared 1o generale. a second pulse signal The secopd pulse
signal is supplied to the second drive circuil so that the
second transistor 1s switched in accordance with the second
pulse signal. The fonh driving circuit generales a second
complementary pulse signal based on the second pulse
sigoal and supplies the second complementary pulse signal
10 the fourth transistor so that the fourth transistor is
swiiched in accordance wilh the second complimentary
pulse signal. In the present imvention, the simultanecvs
conduction of the first and second transistors, and the third

_and fourth iransislors, respectively, controls the amount of

power delivered 10 the Joad The pulse signsd and the second
pulse signal are generated 1o.overlap by a controlled amount,
thus delivering power o the load aleng the first conduction
path Since the first and second complementary pulse sigoals
are pencrated from the pulse signal and second pulse signal,
1espectively, the first and second complementary pulse sig-
pals are also generaled lo overlap by a conirclled amount,
power Is delivered to the Joad along the second copduction
path, in an alernating fashion between the first and second
conduction paths
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Also, the pulse signal apd first complementary pulse
signal are generated 1o be approximately 180" oul of phase,
and the second pulse signal and the second complementary
signal are penerated to be approximately 180° oul of phase,
so thal a shorl circuit condition between the firsl and second
conduction paths is avoided

In addition lo the counverter circnit provided in the first
embodiment, the second embodiment inclundes a flip-flop
circuil conpled lo the second pulse signal, which triggers lhe
second pulse signal lo the second drive signal only when the

third trapsistor is switched into a conducling state.. -

Additionally, the second embodiment includes, a phase-lock
loop (PLL) circuit having a first inpwl signel from the
primary side and a second input sigoal wsing the feedback
signal. The PLL circuit compares the phase difference
between these mwo signals apd supplies a control signal to
the pulse generalor 10 control the pulse width of the pulse
signal based on the phase difference between the first and
second ipputs.

In both embodiments, the preferred circuit includes the
feedback conlrol loop having a first comparator for com-
paring a reference signal with the feedback signal and
producing a first cutput signal. A second comparator is
provided for comiparing said first ontput sipnal with the ramp
signal and producing said second pulse signal based on the
intersection of the fist ouiput signal and the ramp signal
The feedback circuil also preferably includes a current seose
circuil receiving the feedback signel and generating a trigger
signal, and a swilch circnit between the first and second
comparzior, the switch circuil receiving the trigger signal
and geperating either the first output signal or 2 predeter-
mined minimum signal, based on the value of the trigger
signal. The reference signal can imclude, for example, a
signal 1hat is manually penerated to hidicate a desires power
to be delivered to the load. The predetermined minimum
svoltage signal can include & programmed minimum vollage
supplied to the swilches, so that an overvoliage condilion
does nol appear across the Joad.

Likewise, in both embodiments descrbed berein, an over-
current profection cirenit can be provided that receives the
feedback signzl and controls the pulse generator based on
the valuc of sajd feedback signal. An overvoliage proteciion
can be provided 10 receive g voltage signal from across the
Joad and the first’ ontpul signal and compare the voltage
sipnal from zcross the load and the firs! oniput signal, 1o
contro] the pulse generator based on the valve of the voltage
signsl from across the load.

It will be appreciated by those skilled in lhe art lhal
although the following Detailed Description will proceed
wilh reference being made to preferred embodiments and
methods of use, the present invention is not intended 1o be
limited 1o 1hese preferred embodiments and methods of use.
Rather, the present inventon is of broad scope and is
intended 1o be limited as only sei forth in the accompanying
claims.

Other features and advanlages of the presenl invention
wil] become apparent as the following Detailed Description
pmceeds, and upon rcf:rence to the Drawings, wherein like
numerals depict ke parls, and wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conventiopal DC/AC converler circuit;

FIG. 2 is one preferred embodiment of a DC/AC con-
verler circuit of the presenl invention;

FI1GS. 20-2f'is an exemplary timing diagram of the circuit
of FIG. 2;
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FIG 3 is another preferred embodiment of a DC/AC
converier cirenil of the present invention;

F1GS.3a-3isan cxcmplary timiog diagram of the cireuit ‘

of FIG. 3; and

FIGS, da-4f dzplct emulaiion diagrams for the circuits
shown in FIGS 2 and 3.

DETAILED DESCRIPTION OF THE
INVENTION

‘While not wishing to be bound by example, the following
Detailed Descripiion will proceed with reference to a CCFL
panel as the Ipad for the circuit of ihe present invention.
However, it will be apparent thai the present invention s not

. Kmiled only to drving cne or CCFLs, rather, the presest

invention should be broadly construed as a power converler
circuit and methodology mdependent of the parlicular load
for a particular npplication

As an overview, the present invention provides circuitry
o controllably deliver power lo a load using feedback
signals and pulse signals to adjust the ON time of iwo pairs
of switches. When one pair of swilches are controliably
turned ON such that their ON times overlap, power is
delivered 10 a load {via a transformer), along 2 conduclion
path defined by the pair of switches Likewise, when the
other pair of swilches are coniroflably tarmed ON such that
their ON times overlap, power is delivered to o load (via a
transformer), along a conduction path defined by other pair
of switches. Thus, by selectively tuming ON swilches and
controlling the overlap between-swilches, the present inven-
lion can precisely control power delivered 1o a given load,
Additionally, the presenl invention includes over-current
and over-vollage proteclion circuils, which discontinues
power lo ihe Joad in the evenl of a shorl circuit or open
cireuit condition. Moreover, the controlled switching topol-
ogy described herein enables the circuil to operale irespee-
tive of the load, and with 2 shngle operating frequency
independent of the resopant effects of the transformer
arrangement. These features are dlscussed below with ref-
crence o the drawings.

The circuit disgram shown in P]G 2 illustrales one
preferred embodiment of a phase-shift, full-bridge, zero-
volioge-switching power converter of the present invention.
Essentially, the circuit shown in FIG. 2 includes a power
source 12, a plurality of switches 80 arranped as diagonal
pairs of switches defining alternating conduction paths,
deive circuitry 50 for driving each of the switches, a fre-
guency sweeper 22 which generates a square wave pulse to
the drive circuitry 50, a iransformer TX1 (with an associated
Ttesonant tank circnil defined by the primary side of TX1 and
C1) and a Joad. Advantageously,. the present invention also

-inchides an overlap feedback contro] Inop 48 which copircls

the ON time of at Jeast one of each pair of swilches, thereby
permitting conirollable power to be delivered o the load.
A power source 12 is applied 10 the system. Initially, a
bias/reference signal 30 is generated for the control circuilry
(in control loop 41) from the supply. Preferzbly, a frequency
sweeper 22 generates a 50% duty-cycle pulse signal, slarting
with ao upper frequency and sweeping downwards al &
pre-defermined rale apd at pre-delerioined steps (i e, square

‘wave signal of variable pulse width). The frequency sweeper
22 preferably is a programmable frequency generator, a5 is

Imown in the art. The pulse signal 90 {from the sweeper 22)
is delivered 1o B__Drive (which drives the Switch_B, i¢,
controls 1he gale of Switch_B), and is delivered to
A__Drive, which geperates a complementary pulse signal 92
and a ramp signal 26. The complementary pulse signal 92 is
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zpproximately 180° out of phase with pulse signal 98, and
Lhe ramp signal 26 is approximately 90° out of phase wilk
pulse signal, as will be described below. The ramp signal is

preferably a sawiooth signal, as shown in the Figure. The . B

ramp signal 26 is compared with the cutput signal 24
(referred to herem as CMP) of the error amphifier 32,
through comparator 28, thus generating signal 94, The
oulpul signal 94 of 1the comparator 28 1s 1ikewise a 50% duty
pulse delivered to C__Drive 1o initiate the tumning on of
Switch_C which, in turn, determines the amount of overlap
between the switches B and C, and switches A and D. Its
complimenfary signal (phased approximalely 180°) is
applied to Switch_ D, via D_ Drive. It will be understood by
those skilled in the art that circoils Drive_ A-Drive_D are
connected to the control lines (e g, pate) of Swilch_.
A—Swilch_D, respectively, which permits each of the
swilches 10 controllably conduct, as described herein. By
adjusting the amounl of overlap belween swilches B, C and
A, D, lamp-current regulation is achieved. In other words, it
is the amounlt of overlapping in the conducticn state of (be
pairs of swilches that determines the smount of power
processed in the converler Hence, swilches B and C, and
switches A and D, will be referred to herein as overlapping
switches.

While ot wishing o be bound by example, in.this
embodiment, B_Drive is preferably forrned of 2 lotem pole
circuil, generic Jow-impedsnce op-amp circuit, or emilter
follower circuit. C_ Drive is likewise constructed. Since
both A-Drive and D_Drive are not directly connecied to
ground {(i.c., HBoating), it is prefemed that these drives are
formed of a boot-strap circuil, or other high-side drive
circuitry kmown is the art. Additionally, as sialed above,
A_Drive snd D__Drive include ap inverter 1o invert (ie,
phase) the signal Bowing from B, Drive ond C_Drive,
respectively.

High-cfficiency operation is achieved through a zero-
voltzge-switching technique. The four MOSFETS (Switch__
A-—Switchi_D) 80 ate turned on after their intrinsic diodes
(D1-D4) corduct, which provides a corrent flowing path of
energy in the Iransformer/copacitor.(TX1/C1) arangement,
thereby -ensuring tha! a zero vollage is eeross the swilches
when they are inmed on. With this controlled operaiion,
switching loss is minimized and high efficiency is main-
tained.

The preferred swilching operation of the overlapping
switches 80 is shown with reference 1o the timing disgrams
of FIGS. 2a-2f. Swilch C is turned off at cerizin period of
the conduction of boih swilches B and C (FIG. 2f). The
current flowing in the tank (refer to FIG, 2) is now Howing
through diode D4 (FIG 26) in Switch_D the primary of
transformer, C1, and Switch__B, after Swatch__C is turned

off, thercby resonating the voltage and current in capacitor

C1 and 1he transformer as a result of the energy delivered
when switches B and C were conducting (F1G. 2f). Note 1hat
this condilion must occur, since an instantaneons change in
current direction of the primary side of the transformer
would violaie Faraday’s Law. Thus, current must flow
thrangh D4 when Switeh_ C tumns off. Swilch_D is turned
on after D4 has conduncled. Similarly, Switch_ B is turned off
(F1G. 2a), the current diveris to Diode D1 associated with
Switch_ A before Switch_A is wmed on (FIG: 2e).
Likewise, Switch_D is urmed off (FIG 24), and the carrent
is now flowing pow from Swilch_A, througk C1, the
transformer primary and Diode D3, Switch__C is turned on
after D3 has condocted (FIG. 2¢). Switch__B is turned on
after Swilch__A is turned off which allows the diode D2 to
conduct first before it is turmed on. Note that the overlap of
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mm-on time of the diagonal swilches B,C and A,D deter-

mines the epergy delivered lo the iransformer, as shown in
F1G 2Zf

In this embediment, FIG. 2b shows that the ramp signal
26 is generzled only when Switch_A jis tumed on.
Accordingly, Drive_A, which generates the ramp signal 26,
prefersbly includes a constant current generalor circuil {not
shown) that inclndes a capacilor having an appropriale time
constant {o creale the ramp sigoal. To 1his end, o reference
current (oot shown) is ulilized to charge the capacitor, and
the capaciler is grounded (via, for example a transistor
swiich) 5o that the discharge rate exceeds the charge rate,
thus generating the sawlooth ramp sigoal 26. Of course, as
nofed above, this can be accomplished by inlegrating the
pulse signal 90, and thus, the ramp signal 26 can be formed
using an integrator circuit {e.g , op-amp and capaciior).

In the ignition period, a pre-defermined minimum overlap
between the two djagomnl swilches is generaled (ie,
belween swilches A,D and B,C). This gives a2 mirimum
epergy from the ioput to the tank circwil including C1,
iransformer, (2, C3 and the CCFL Toad, Note that the Joad
can be resistive and/or capacilive. The drive frequency starts
at 2 predetermined upper frequency until it approaches the
resonant frequency of the tank circeit and cquivalent circuit
reflected by the secondary side of Ihe transformer, a signifi-
canl amoun! of energy is delivered o the load where the
CCFL is connected Due 1o its high-impedance characleris-
tics before ignition, the CCFL is subjected to high voltage
from the energy suppiied to the primary side. This voliage is
sufficient to ignite the CCFL. The CCFL impedance
decreases to fis normal operating velue (e.g., about 100
Xohm lo 130 Kohm), and the energy supplied to the primary
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side based on the minimum-overlap operation is no longer

sufficient 1o sustain 2 steady state operation of the CCFL.
The ouniput of the error amplifier 26 stars its regulating
function to increase the overlap. It is the Jevel of the emor
amplifier ontpt determines the amount of the overlap. For
example:

Referring to FIGS. 2b and 2¢ and the feedback Joop 49 of
FIG. 2, it is important 1¢ note that Switch_C is turned on
‘when the mmp signal 26 (generaled by Drive__A) is equal to
the value of signa]l CMPF 24 (geperated by error amplifier
32), determined in comparalor 28. This Is indicated as the
intersection point 36 in F1G: 2b. To prevent & shorl circuil,
switches AB and C,D must never be ON simultanecusly. By
controlling the CMP level, the overlap time between
switches AJD and B,C regulates the cpergy delivered to the
transformer. To adjus! the energy delivered to the trans-
former (and thereby adjnst the energy delivered to the CCFL
load), switches C and P arc time-shifted with respeet to
swilches A and B, by controlling the error amplifier output,
CMP24 Ascan be undersiood by the timing disgrams, if the
driving pulses from thc ontput of comparalor 28 inlo
switches C and D are shified to the righl by increasing the
level of CMP, on increase in the overlap belween switches
AC end B,D is realized, thus increasing the epergy deliv-
ered o the transformer. In practice, this comesponds 1o the
higher-lamp current operation. Conversely, shifting the driv-
ing pulses of switches C and D to the Ieft {by decreasing the
CMP signal) decreases the energy delivered.

To this end, error amplifier 32 compares the feedback
signal FB wilh a reference voltage REF. FB is a measure of
tbe current value throngh the sense resistor Rs, which is
indicative of the total corrent through the lond 20, REF is
signal indicative of the desired load conditions, e.g., the
desired . current to flow throuph the load. During normal
operalion, REF=FB, If, however, Joad conditbons are inlen-
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tionally offset, for example, from a dimmer switch associ-
ated with an LCD panel display, the value of REF will
increasc/decrease accordingly. The compared value gener-
ales CMP accordingly The value of CMP s refleciive of the
load conditions and/or an intenional biss, and is realized as
the difference between REF and FB (ic, REF-FB)

Yo protect the load and circuil from an open circuit
condifion at the load {cg, open CCFL lamp condition

during normal operation) the FB signal is nlso preferably -

compared 1o a reference value (oot shown and different from
the REF signal described above) at the current sense com-
parator 42, the oulput of which defines the condition of
swilch 28, discussed below. This weference value can be
programmable, and/or user-definable, and preferably reflects
the minimum or maximum current permitted by the system
{for example, as may be rated for the individual componenls,
and, in porticular, the CCFL load). If the value of the
feedback FB sipnal and the reference signal is within a
permitied range (normal operstion), the output of the curent
sense comparator is 1 (or, HIGH). This permits CMP 1o flow
through switch 38, and the circuit operates as described
herein to deliver power lo the Joad. If, however, the valve of
the FB sipgnal apd the reference sipnal is outside a prede-
termined range (open circuit or shont eireudl condition), the
oulpul of the current sense comparalor & 0 {or, LOW),
prohibiting the CMP signal from flowing through the switch
38. (Of course, the reverse can be true, in which the swilch
Iriggers on a LOW condition). Instead a minimal voltage
Vmin is supplied by swilch 38 (nof shown) and applied to
comparator 28 until the current sepse comparaior indicales
permissible current flowing through Rs. Accordingly, switch
38 includes approprinie programmable voltage selection
Vmin for when the sense current is 0. Tuming again to FIG,
2b, the cffect of this operation is a lowering of the CMPDC
value 1o 2 nominal, or ndnimum, value (j £., CMP=Vmin) so
that & high veliage condilion is nol appearing on the trans-
former TX1. Thus, lhe crossover point 36 is shifted to the
lefl, thereby decreasing the amoun! of averlap between
complemenlary swilches (recall Switch__C is turned ON at
the fnterseclion poinl 36). Likewise, current scose compara-
tor 42 is comnected to the frequency generator 22 1o turn the
generalor 22 off when the sense value is O {or some other
presel value indicative of an open-circni! condition) The
CMP is fed 1nto the protection circuil 62. This is to shut off
the frequency sweeper 22 if the CCFL is removed during
operation {open-circuit condition).

To protect the circuit from an over-vollage condition, the
present embodiment preferably includes prolection circuit
60, the operation of which is provided below (the description
of the over current protection through the current sense
comparator 42 15 provided above). The circuit 60 includes a
protection comparator 62 which compares signal CMP with
a voltage signal 66 derived from the load 20. Preferably,
vollage signal is derived fom the voltage divider C2 and C3
{ie, in parlle]l with lond 20), as shown in FIG 2. In the
open-lamp condition, the frequency sweeper continues
sweeping until the OVP signal 66 reaches 1 threshold. The
OVPsigoal 62 1s taken at the owiput capacilor divider C2 apd
C3 10 detect the voliage at the output of the transformer TX1.
To simplify the analysis, these capacitors also represent the
lump capacilor of the equivalent load capacitance, The
threshold s & reference and circuil is being designed so that
the vohage at 1he secopdary side of the transformer is greater
1han the minimum striking voltage (e g., as may be required
by the LCD parel) while less than the rated voltage of the
transformer. When OVP exceeds the threshold, the fre-
quency sweeper stops the frequency sweeping- Meanwhile,
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the cument-sense 42 detecls no signol across the sense
resistor Rs. Therefore the mgnal at 24, the output of a swilch
block 38, is set 10 be a! minimum value so that minimum
overlap between switches A,C and B,D is seen, Preferably,
a timer 64 is iniliated once the OVP exceeds the threshold,
thereby initinting a time-out sequence. The duralion of ihe
time-out is preferably designed aceording o the requiremenl
of the loads {eg., CCFLs of an LCD panel), but could
aliernately be set ol some programmable value. Drive pulses

arc disabled once the time-oul is reached, thus pro\ndmg
safe-operation output of the converer cireuit. That is, cireuil
60 provides a sufficient voltage to ignite 1he lamp, but will
shut off after 2 certain period if the lamp is not connecied 1o

10

" the converter, so that erroneons high voltege is avoided at -

the outpul, This duration is necessary since a non-ignited
lamp is similar 1o an open-lamp condition,
F1GS. 3 and 32-3f depicl another preferred embodiment
-of the DC/AC circuit of the present inveption. In this
embodiment, the cirenit operates in a similar mamner as
provided in ¥1G. 2 and FIGS. 260-2f, however this embodi-
menl further includes a phase lock loop cirenit (PLL) 70 for
conirolling the frequency sweeper 22, and a fip-flop circuil
72 10 time the input of a sigaal inlo C_Drive. As can be
understood by the timing dirgrams, if the 50% drving
pulses of switches C and D are shilted to the right by
inereasing the level of CMP, an increase in the overlap
‘between switches A,C and B,D is realized, thus § mcrcasmg
the enerzy dr.lwen:d 1o the transformer. In practice, Lhis
corresponds lo the higher-lamp current operation {as may be
required, e.g, by 2 mannal jncresse in the REF voltage,
described ahove) Conversely, shifling the driving pulses of
swilches C and D lo the Iefi (by decreasing the CMP signal)
decreases the encrgy delivered The phase-lock-loop circuit
70 maintnins the phase relationship between the feedback
current (through Rs) and task current (through TX1/CT)
dudng nommal cperation, as shown in FIG. 3 The PLL
cirant, 70. preferably includes input signals ffom the lank
cireit (C1 and the primary of TX1) signal 98 and Rs (FB
signal, described above). Once the CCFL is ignited, and the
current in the CCFL is detected through Rs, the PLL 70
cirenit is activated which locks the phase between the lamp
current and the curreot in the primary resopant tank (C1 and
transformer primary). That is, the PLL s provided to adjusi
the frequency of the frequency sweeper 22 for any parasitic
variations such as emperature effect, mechanical amange-
ment Jike wiring between the converler and the LCD panel
and distance between the lamp and melal chassis of LCD
panel that affect the capacitance and inductance, Preferably,
the system mainlains a phasc difference of 180 deprees
between the resonant tank eircuit and the current 1hrough Rs
(Ioad ciirrent). Thus, imespective of the particular load
conditions and/or the operating frequency of the resonant
tank circuit, the system finds an optimal operation poiol.
The operation of Lhe feedback loop of FIG. 3 is similar to
1be description above for F1G.2 However, as shown in FIG.
3b, this embodiment times the output of an initiating signal
through C_Diive through flip-flop 72 For instance, doring

normal operation, the output of the error amplifier 32 s fed

through the controlled switch block 38 {described above),
resulting in signal 24. A cerfain amount of overdap berween
swiiches A,C and B,D is scen through comparator 28 and
flip-flop 72 which drives switches C and D {recall D_Drive
produces the complementary signal of C_ Drive). This pro-
vides a steady-siate operation for the CCFL. (panel) load.
Considering the removal of the CCFEL. pagel) during 1he
normal operation, CMP rises o the rail of oniput of the error
amplificr and tdggers the prolectitn circuil immediately
This function is inhibited during the ignitiop penod.
Referring briefly to FIGS, 3g-3f, the trigpering of
swilches C and D, through C-Drive and D__Drive, is, in this
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¢mbodiment, allernating os a result of the fip-flop r:lrcmt 72
As is shown in FIG. 35, 1he Rip-flop triggers-every other
lime, theraby initialing C__Drive (and, accordingly,
D_Drive). The timing atherwise operates in the same way
a5 discussed zbove with reference to FIGS. 2a-2f
Referring now 1o FIGS. da-4f, the output circuil of FI1G.
2 or 3 is emulnted. For example, F1G. da shows that at 21V
inpul, when Lhe frequency sweeper approaches 75.7 KHz
(05 us overlapping), the outpul is reaching 167 Kvpp
This voltage is insufficient to furm on the CCFL if it requires
3300 Vp-p lo igoile As the frequency decreases to say 68

KHz, the minimum overlap gencrales about 39 KVp-p at

the output, which is sufficient to igniie 1the CCFL. This is
illustrated in FIG. 4b. Al this frequency, the overlap
mcreases to 1 5 us gives oulput about 1.9 KVp-p to operale
the 130 Kohm lamp impedance. This bes been shown in
FIG. 4c. As apother example, FIG 44 illustrates the opera-
fion while the input vo]lagc is 7V, At 71 4 KHz, oulpm is 750
Vp-p before the lamp i striking, As the frequency decreases,
the outpul vollage increases until the lamp ipnites. FIG, de
shows thal at 65.8 KHz, the ouipul reaches 3500 Vp-p The
regulation of the CCFL current is achieved by adjusiing the
overlap to suppori 1130 Kohm impedance afier ignition, The
voltage across the CCFL is now 1.9 KVp-p for a 660 Vims
lamp. This isalso illustrated in F1G. 4f, Ahhough not shown,
the emulation of the circuil of FIG 3 behaves in a similar
TDAnNET,
1t shonld be noted that the difference between the first and
secopd embodiments (i.c., by the addition of the flip flop and
the PLL ir FIG 3) will aot effect the oversll operational
parameters set forih in FIGS. 4a—4f However, the addition of
the PLL. bas been determined 1o accouwnl for non-ideal
impednnces that develop in the circuit, and may be added as
an alierpafive to the circuit shown in FIG. 2. Also, the
addition of the flip-flop permits ihe removal of the constant
curren! circuit, described above
‘TFhus, it is evident thel there has been prmﬂded o h.tgh
efficiency adaptive DC/AC converter circuil that salisfies the
aims and objectives staied kerein. It will be apparent to those
skilled in the art that modifications are possible. For
example, althongh the preseat invention has described the
use of MOSFETS for the switched, those skilled in the art
will recognize 1hat the entire circuit can be constructed using
BIT iransistors, or a mix of any type of iransistors, including
MOSFETs and BITs. Other modifications are possible. For
exarple, the drive circuitry associnted with Drive_ B and
Drive_D may be comprised of common-collector type
circuitry, since lhe associated transistors are coupled to
ground and are thus not subjec to floating condilions. The
PII circuit described herein is preferably a generic PLL
circuit 70, as is known in the ard, appropriately modified 1o
accept the input signal and generale the control signal,
described above. The pnlse gencrator 22 is preferably a
pulse width modulation circuil (PWM) or frequency width
modulation circuit (FWM), both of which zre well known in
the ant. Likewise, the protection circuil 62 and limer are
constructed out of known drcuits and are appropriately
modified to operale as described herein. Other circultry will
become readily apparent 1o those skilled in 1he arl, and al}
such modifications are deemed willin 1he spirit and scope of
the presenl invenlion, only as limiled by the sppended
claims.
‘What is claimed is:
1. A DC to AC cold cathode fluorescent ]amp inverter
circuil comprising:
a plurality of switches for selective coupling to a voltage
line;
a iransformer having a primary side and a secondary side,
spid primary side for seleclive coupling 1o said voliage
line in an alicrnating fashion through said swilches;
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a feedback signal line receiving a feedback sipnal indica-
live of an electrical condition at a cold cathode fuo-
reseent lamp load; and

a feedback control circuit coupled lo said feedback signal
Jine apd said swilches for adjusting the power delivered
to'said joad only if said elecirical condition is outside
a predetermined range. . '

. 2. Acircuit as claimed in claim 1, wherein said elecimcal
condition is ke current through said load.

3. A circuit as claimed in claim 2, wherein said predeter-
mined mange is zero amps to 2 first predelermined current
value.

4 A cirettit as claimed in claim 3, wherein said elecirical
condition is the power throuph said lond.

5. A circnil a8 clajmed in claim 4, wherein said predeter-
mined range is zero walls to a firsl predetermined power
value,

6. A circuit as cloimed in claim 1, wherein said eleclrcal

- condition is the voltage across said load. :

7. A civenit as claimed in claim 6, wherein said predeter-
mined range is zero volis to a frst predetermined voltage
valve.

8 A circuit as claimed in claim 1, wherein said electrical
condition is the impedance of said load

9. A cireuil as claimed in claim 8, wherein said predeter-
mined range is an impedance preater than 130 kiloohm.

10. A circuit as claimed in claim 1, wherein said feedbaclk
contral circuil reduces power 1o said load 10 a first power
level when said elecirical condition is ouiside a predeter-
mined range, )

11. A circuit as claimed in claim 1, wherein said feedback
control circuit reduces power to said loed 1o zero when seid
electrical condition is outside a predetermined range.

32. Acircuit a5 claimed in claim 1, wherein said feedback
contro] circui! reduces current 1o said load o a first curent
level when said elecirical coodition is outside a predeter-
mined range. .

13. A cirevit as claimed in cloim 1, wherein said prede-
lermined range indicaies an open lamp condilion al said
load.

13, A circail os claimed jo clajm 1, wherein said prede-
termined ranpe indjcates a short circuit condition al said
load.

"15. ADC 1o AC cold cathode fluorescent lamp inverler
controller integrated circuil comprising: :

a plurality of outputs for controlling a plurality of
switches 1o seleciively couple said switches to avollage

. Hope;

a feedback signal input receiving a feedback signal
indicative of an electrical condition at a cold cathode
fivorescent lamp load; and

a feedback control circuit coupled to said feedback signal
inpwt and said outputs for adjusting the power delivered

%o said load only if said electrical condition is outside

""a predelcrmined range, '

-~'16. A circuil as'claimed i claim 15, wherein said elec-
trical condition is the current through seid load.

17. A circuit as claimed in clefm 1, wherein said elecirical
condition is the voliage across said load.

18. A circuil as claimed in claim 15, wherein said elec-
trieal condition §s the impedance of snid Ioad.

19. A circuit as claimed in claim 15, wherein said feed-
back control circuit reduces power 1o said Joad to a first
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power Jevel when said elecldcal condition is outside a -

predetermined rapge
20t A circuit as claimed in claimn 15, wherein said feed-
back control circnil reduces current 10 said load (o a first

v
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curem level when said elecirien] condition is outside a
predetermined range.
21 A eirouit as claimed in claim 15, wherein said prede-

{ermined range indicales an open lamp condition at said

lozd.

Joad, : :

23 A Bquid crysial display wnit comprising:

a liguid erystal screen;

¢ cold cathode fluorescent lamp for Huminating said
Hquid crystal screen;

a plurality of switches for salective coupling to a voltage
line;

2 iransformer having a primery side and a secondary side,
said primary side for seleclive coupling o sajd vollage

line in an alternating fashion through said switches and - N
said sccondary side coupled to suid cold cathode fivo-

rescent lamp;

a feedback signal Yne receiving a feedback signal indica-
tive of an electrical condition at sajd cold cathode
fluorescent Jamp; and

a feedback coniral circuit congled to said feedback signal
line and said switches for adjusting the power delivered
to said cold cathode Puorescent lamp only if said
electrical condition is cutside a predetermined range.

24, The liguid crystal display unit as clajmed in clajm 23

further comprising: '

a graphics controller coupled to said liquid crystal screen
for conirolling imnges on said liquid crystal screen;

a microprocessor coupled to s;d graphics controller for
controlling said graphics controller; -

random access memory conpled to said microprocessor
for storing instructions from said microprocessor; and

a bard disk drive coupled to said microprocessor for
storiog dala from said microprocessor.

25. A method for controlling a DC 1o AC cold cathade

fluorescent lamp inverter circuit comprising:

providing a first pulse signal to a first transistor;

selectively coupling said first trapsistor to a vollege;

providing a second pulse signal to a sccond transisiog
selectively cotpling said second transistor to said voltage;
receiving a feedback signal indicative of an elecirical
condition at a cold cathode fluorescent lamp load; and
adjusting the power delivercd o said Joad only if said
elecirical condition is owiside a predelermined range.

26. A method as claimed in claim 25, wherein said

electrical condition is the curvent 1hrough said load.

27. A method os claimed in claim 25, wherein said
elecirical condition is the voltage across said load.

28 A method as claimed ip claim 25, wherein said
feedback control circuit reduces pawer 1o seid Ioad to a first
power Jevel when said elecirical condition is outside a
predetermined range: ‘

29, A method as claimed in claim 25, wherein seid
feedback control circuit reduces current to said Jozd to a first
currenl level when said elecirical condition is ontside o
predetermined range.

30. A method as claimed in claim 25 further comprising:

detecting an open lamp condition at sajd load; and

reducing power delivered 1o said load afler such open
lamp condition.

22, Arcircnil as claimed in claim 15, wherein ssid prede-
termined ranpe indicales a short circuit condition at said. -
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