FREQUENCY FEEDFORWARD FOR CONSTANT LIGHT OUTPUT IN
BACKLIGHT INVERTERS Background [0001] The present disclosure
relates generally to the Held of power supplies for information handling
systems, and more particularly to techniques for efficiently providing
power to drive a discharge lamp, such as a cold cathode fluorescent lamp
(CCFL). [0002] As the value and use of information continues to increase,
individuals and businesses seek additional ways to acquire, process and
store information. One option available to users is information handling
systems. An information handling system (IHS') generally processes,
compiles, stores, and/or communicates information or data for business,
personal, or other purposes thereby allowing users to take advantage of
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information handling syst Iso'vary regarding what information is

handled, how the information is handled, how much information is
processed, stored, or communicated, and how quickly and efficiently the
information may be processed, s®sekguecaimmunicated. The variations in
information handling systems allow for information handling systems to be
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networking systems. [0003] Liquid crystal display (LCD) panel based
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commonly u Circuits for supplying power to CCFL's generally require
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current (DC) voltage received as an input to a regulated AC voltage
generated as an output. Inverter circuits typically include a controller
component, such as a pulse width modulator (PWM) based controller.
Various well-known inverter circuit configurations or "topologies” include a
Royer converter, full-bridge or half-bridge inverters. [0005] The CCFL
power consumption may account for a significant portion (e.g., up to 50%
in some cases) of the IHS system power requirement, especially for
portable systems. Therefore, there is a considerable amount of interest to
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provide power to the CCFL. [0006]In traditional inverter based power ‘
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UIHEHEREr varies from AC adapter voltage (approximately between
18V and 22V) to the battery voltage (approximately between 9V and 17V).
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and to have an ability to vary the lamp brightness. Such circuits typically generate a
high voltage to initially turn on the CCFL and then lower the voltage when current
begins to flow through the lamp. For example, Monolithic Power Systems, Inc.,
located at 983 University Ave, Building D, Los Gatos, CA 95032, USA, provides a

MP1015 power circuit chip for driving the CCFL.

[0004] Such circuits also typically include an inverter circuit to convert a direct
current (DC) voltage received as an input to a regulated AC voltage generated as an
output. Inverter circuits typically incmde a controller component, such as a pulse
width modulator (PWM) based controller. Various well-known inverter circuit
configurations or “topologies” include a Royer converter, full-bridge or half-bridge

inverters.

[0005] The CCFL power consumption may account for a significant portion (e.g.,



(shown on Y-axis) versus input voltage (shown on X-axis) measurements
for a commercially available inverter. Thus, frequency of the backlight
inverter changes as a function of input voltage causing the brightness
change and the change in frequency causes a decrease in the inverter
efficiency. [0010] Therefore, a need exists for improved efficiency of the
power circuits providing power to the CCFL. More specifically, a need
exists to develop tools and techniques for improving the efficiency of
inverters under changing voltage and frequency conditions. Accordingl¥, it
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responsive to a zero crossing of the first input. A pulse duration
component is operable to receive a second input indicative of a load
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[0008] Power conversion efficiency of an inverter is a function of the input voltage.
FIG. 1B illustrates a graphical relationship between a change in efficiency (shown on
Y-axis) versus input voltage (shown on X-axis) measurements for a commercially

available inverter.

[0009] FIG. 1C illustrates a graphical relationship between a change in frequency
(shown on Y-axis) versus input voltage (shown on X-axis) measurements for a
commercially available inverter. Thus, frequency of the backlight inverter changes
as a function of input voltage causing the brightness change and the change in

frequency causes a decrease in the inverter efficiency.



[0013]FIG. 1A described hereinabove, illustrates a graphical relationship
between LCD brightness versus frequency measurements for a
commercially available CCFL, according to prior art; [0014]FIG. 13
described hereinabove, illustrates a graphical relationship between a
change in efficiency versus input voltage measurements for a
commercially available inverter, according to prior art; [0015] FIG. 1C
described hereinabove, illustrates a graphical relationship between a
change in frequency versus input voltage measurements for a
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techniques for an improved inverter of an IHS absent the disadvantages found in the

prior methods discussed above.

Summary

[0011] One embodiment accordingly provides a pulse start component operable to
receive a first input indicative of a primary current. The pulse start component
generates a first output responsive to a zero crossing of the first input. A pulse
duration component is operable to receive a second input indicative of a load current
and a third input indicative of a direct current (DC) inpu‘t voltage. The pulse duration
component is operable to generate a second output responsive to the second and
third inputs. A time delay component is operable to receive the first output and the
DC input voltage. The time delay component introduces a time deléy to generate a
delayed first output. A logic component is operable to receive the delayed first
output and the second output to generate a plurality of control signals. A plurality of
switches are operable to convert the DC input to the primary current in response to
receiving the plurality of control signals. A filtering component is provided to filter the

primary current for generating the load current.

[0012] Several advantages are achieved by the method and system according to
the illustrative embodiments presented herein. The embodiments advantageously
provide for a system and method for an improved inverter, because the inverter
includes a variable time delay mechanism to advantageously operate the inverter at

a constant switching frequency. The efficiency of the inverter is improved by



[0019]FIG. 4A illustrates detail of a time delay component 230 of FIG. 2,
according to one embodiment; [0020]FIG. 4B illustrates a graphical
relationship between the time delay td 316 of FIG. 3B and the DC input
voltage 201 of FIG. 2, according to one embodiment; [0021]FIG. 5is a
flow chart illustrating a method for improving efficiency of an inverter,
according to an embodiment; and [0022] FIG. 6 illustrates a block diagram
of an information handling system having an improved inverter, according

to an embodiment. Detailed Description . o
maintaining the constant switching frequency. In addition, the inverter has the ability

to accommodate varying DC input voltages and changing pulse widths.

Brief Description of the Drawings

[0013] FIG. 1A described hereinabove, illustrates a graphical relationship between
LCD brightness versus frequency measurements for a commercially available CCFL,
according to prior art;

[0014] FIG. 1B described hereinabove, illustrates a graphical relationship between
a change in efficiency versus input voltage measurements for a commercially

available inverter, according to prior art;

[0015] FIG. 1C described hereinabove, illustrates a graphical relationship between
a change in frequency versus input voltage measurements for a commercially

available inverter, according to prior art;

[0016] FIG. 2 illustrates an inverter for providing power to a load, according to an
embodiment;

[0017] FIG. 3A illustrates waveforms associated with an inverter having no time
delay;

[0018] FIG. 3B illustrates waveforms associated with an inverter having a time

delay, according to an embodiment;

[0019] FIG. 4A illustrates detail of a time delay component 230 of FIG. 2,

according to one embodiment;



[0023] Novel features believed characteristic of the present disclosure are
set forth in the appended claims. The disclosure itself, however, as well as
a preferred mode of use, various objectives and advantages thereof, will
best be understood by reference to the following detailed description of an
illustrative embodiment when read in conjunction with the accompanying
drawings. The functionality of various circuits, devices or components
described herein may be implemented as hardware (including discrete

companents, integrated circuits and systems-on-a-chip), firmware
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requirements. [0024] Changes in DC input voltage causes a change in

frequency for the traditional inverter circuits, thereby causing a change in
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input voltage Mcreases. It would be desirable to improve the efficiency of
inverters under changing voltage and frequency conditions. The problem
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voltage may be advantg%eously eliminated by adding a frequency
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DC input voltage range and improves efficiency over the range of DC
input voltages. [0025] According to one embodiment, in a method and

system for an improved inveBstgiles/iBiegcntias to a load, the inverter
receives the DC input. A plurality of switches included in the inverter are
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component 260 includes a transformer device having a primary section
262 electro-magnetically coupled to a secondary section 264. The primary
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[0029] The pulse duration component 220 is operable to receive a second

input 222 indicative of the secondary current 265, which is also the load

current, and a third input 224 indicative of a direct current (DC) input

voltage 201. The DC input voltage 201 may also be referred to as a DC

bus. The DC input voltage 201 may vary between a battery voltage

(approximately between 9V and 17V) and an AC adapter voltage

(approximately between 18V and 22V) The pulse duration component

enerates a second output 226 res onsive to the second 222 and
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advantageously impose a time delay on the first output 214. The time

delay component 230 receives the first output 214 and the third input 224
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selectable by the time delay component 230 to, maintain a constant
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operable to receive the delayed first output 232 and the second output
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the primary current 263 and hence the secondary current 265 and the
a tEDFrE RN A etigreth & Ida PSSP TIPSRt G1E ePaBoRiivrlify, @GRpitches
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corresponding switch included in the plurality of switches 250. Each
control signal controls the corresponding control switch by placing it in an
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caused by imposing the time delay. [0034] FIG. 3A illustrates waveforms
associated with the inverter 200 having no time delay. In this illustration,
the time delay is not present or has a value of zero. The first output 214
(not shown) is the same as the delayed first output 232 (not shown). Also,
the primary voltage across the pair of terminals 268 substantially tracks
the AC output 252 of the plurality of SWJ/tches 250. Frequency of the
inverter 200 is determined indirectly by pulse width of voltage waveform of
the output across terminals 252. The polarity of the pulse may be positive,
negative or equal to zero. At low input voltages, the pulse width is long
compared to the high input voltages, when the pulse width is short. That
is, in order to deliver the same power to the load 290 the duty cycle
decreases. In the illustration, the pulse starts when the inverter circuit 200

detects a zero crossing 301 of the primary current 263 since there is no
time delayvy ecomnonent 220 nr the fime delav ic 7arn If the niileea variac in




[0035] At time t = to 310, the output across the terminals 252 increases
from an initial value Vo 312 (e.g., 0 volts) to an increased value of V2 314
volts. When a selective number of the plurality of switches 250 are turned
ON in response to a change in the output across the terminals 252, the
primary current 263 ramps up from an initial value lo (e.g., 0 amperes) to a
maximum value of 12 due to more voltage being available to change the
current in the transformer leakage inductance, since V = L*(di/dt). The
time duration for which the prima%current 263 continues to increase is a
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response to the zero crossing, the plurality of the switches 250 are placed
in an ON or OFF state and the cycle is repeated. In this illustration, the
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component 230 (not shown) introduces (or imposes) a time delaytd 316 in
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introduction of the variable time delay td 316 causes a subsequent zero
crossing of the first input 212 to remain fixed relative to a previous zero

[0@&30%sinbhehdirebyd abbyactayrmesty 2t e plimcpd betvetamt heimkiswystart

i KHz.. i i ter, 20 the constant ,
oo e e D R e e e s
delayFoG teel Arsirrli iBLt P titreeditey del31 6 wapsesrladjnsosiens o eigst
OU%@W'QH&QWWi%mazﬁaatmmsa?we%@me?w&cméa&f&‘aﬁy 8%{[9037]

4A illustrates detail of the structure of the time delay component 230
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410,2% an inverter 420, 3) a MOSFET switch 430, 4) a capacitance 440
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high voltage on PWR SRC) lo"i 414 is at it's minimum. !OUT 414 charges
the capacitor 440. A small value of the lour 414 charges the capacitor 440
at a slower rate than a larger value of the OUT 414. When the voltage on
the capacitor 440 goes above VR2 4188(another reference voltage) the
output, which is the delayed first output 232 goes high. If VN 416 is at it's
minimum value and the first output 214 transitions from low to high the
MOSFET 430 turns off and the capacitor 440 voltage starts charging from
DV. low- 414 will charge the capacitor 440 at it's maximum rate. This
results in a minimum delay time between the first output 214 transitioning
from low to high to the delayed first output 232 going low to high. In
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[0040]FIG. 5 is a flow chart illustrating a method for improving efficiency of
the inverter 200 providing power to the load 290, according to an
embodiment. In step 510, the DC input 201 is received by the plurality of
switches 250. In step 520, the plurality of switches 250 are controlled by
the plurality of control signals 242 so as to generate the AC output across
the terminals 252, in response to the DC input 201. In step 530, the output

- across the terminals 252 of the plurality of switches 250 is filtered by the
filter component 260 to generate a filtered AC output to power the load
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hardware or software control logic, ROM, and/or other types of nonvolatile

de?'ﬁ%?nory. Additional components of the IHS may include one or more disk
drives, one or more network ports for communicating with external

oA A R L NSRS e o
confarerblirses o aisl & aif-ad gm e fahbnageiohs thetaeentticarabodisnent, the
pl@r%myv Bre\whRRNE r%tgr'n‘igured as a full-bridge circuit that includes four switches.
In this embodiment, the plurality of control signals 242 include four control signals
operable to control the corresponding four switches. The plurality of switches 250
are electrically coupled to the primary section 262 by the pair of terminals 268. An
AC output measured across a pair of terminals 252 of the plurality of switches 250

has a constant switching frequency caused by imposing the time delay.

[0034] FIG. 3Aillustrates waveforms associated with the inverter 200 having no
time delay. In this illustration, the time delay is not present or has a value of zero.
The first output 214 (not shown) is the same as the delayed first output 232 (not

shown). Also, the primary voltage across the pair of terminals 268 substantially



[0044] FIG. 6 illustrates a block diagram of an information handling system
600 having an improved inverter, according to an embodiment. The
information handling system 600 includes a processor 610, a system

random access memory (RAM) 620 (also referred to as main memory), a
non-volatile ROM 622 memory, a display device 605, a keyboard 625 and

an 1/0 controller 640 for controlling various other input/output devices. It
should be understood that the term "information handling system" is

intended to encomggss any device havin% a processor that execqfteii% igverter
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instructions and/or operations of the IHS 600. The memory medium, e.g.,
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What is claimed is: 1. An inverter for providing power to a load, the
inverter comprising: a pulse start component operable to receive a
first input indicative of a primary current, the pulse start component
generating a first output responsive to a zero crossing of the first input;

a pulse duration component operable to receive a second input indicative
of a load current and a third input indicative of a direct current (DC) input
voltage, the pulse duration component being operable to generate a
second output responsive to the second and third inputs; a time delay

[003§hpdriéht b lapiaRsreceiots AsIesiaRd 44d dhe brarisn2oikaend o
timdadigie selayrmpaiieaHBEAREHIO & UMe dalditmeanarriemsaayed

first ou%f#éi a Ioamggm&onent operable to receive the delayed first ,
O 78 O LB BRI Al RO SR BP SRR 611 i8N aing
thepdtuiadityf of smittther e tie iswaniyest hwitti{e P80 thhdisisimany response to

current in res e tg receiving the %tj ali ontrol signals; an a
e B o 5 AT i ks LTOR T80 o bt e
crdssidgctimerit. 330 to a change in the state of the switch time t; 340. As described
earlier, an amount or a value of the time delay ty 316 imposed varies with the DC
input voltage 201. The introduction of the variable time delay t4 316 causes a
subsequent zero crossing of the first input 212 to remain fixed relative to a previous
zero crossing thereby advantageously generating a constant switching frequency,
e.g., 68 KHz. Operating the inverter 200 at the constant switching frequency
advantageously improves the efficiency, as described in FIG.'s 1A and 1B. The time
delay t4 316 causes an adjustment of the time period torr 314 to maintain the

constant switching frequency.

[0037] FIG. 4A illustrates detail of the structure of the time delay component 230
of FIG. 2, according to one embodiment. In the depicted embodiment, the time
delay component 230 includes: 1) a transconductance ampilifier 410, 2) an inverter
420, 3) a MOSFET switch 430, 4) a capacitance 440 and 5) a comparator 450. As
described in FIG. 2, the time delay component 230 is placed between the pulse start
component 210 and the logic component 240 to advantageousiy impose a time
delay on the first output 214. The output of the time delay component 230 is the
delayed first output 232.

[0038] The transconductance amplifier 410 acts as a programmable current
source with the following equation: lour = (Vr1 - Vin)*gm, where Vg 412 represents
a standard reference, and loyr 414 the current output. In the depicted embodiment,
VN 416 is representative of the system power source (PWR_SRC) (not shown), e.g.,
AC adapter or battery. Generally Viy 416 is lower than Vg1 412, When V) 416 is at
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2. The inverter of claim 1, wherein the filtering component includes a
transformer having a primary section electro-magnetically coupled to a
secondary section, wherein the primary current flows through the primary
section, and wherein the primary section is electrically coupled to the
plurality of the switches and the secondary section is electrically coupled
to the load. MCSLLP The inverter of claim 1, wherein the load is a cold
cathode fluorescent lamp (CCFL). 4. The inverter of claim 1, wherein the
time delay is variable, a value of the time delay bel\lﬂ selectable

its F%'%HW{B%K%OB’Q%%@WHQ&‘%N YRLAGE QT DR IR @) wnérkisRt its
maxatugrina/easey asutieibet mpuﬁm&a&asalﬁe T&@m@ygﬁma@q@mﬂgh voltage

on BN o nartos LAR/BNG & BUHESbortim S TG T 0 A

smetbssioeesf thelhe-ivigrtenabeaimelcapheieindhe alwalityvef saiddhes armrger
o A LR e LA QUL s
(aqﬂﬁ@ﬁ@@eme voltage) the output, vvhlch is the delayed first output 232 goes
high. If Viy 416 is at it's minimum value and the first output 214 transitions from low
to high the MOSFET 430 turns off and the capacitor 440 voltage starts charging from
0V. lout 414 will charge the capacitor 440 at it's maximum rate. This results in a
minimum delay time between the first output 214 transitioning from low to high to the
delayed first output 232 going low to high. In another scenario, when V|y 416 is at
it's maximum value, this results in loyr 414 being at it's minimum value further
resulting in a maximum delay time between the first output 214 transitioning from low
to high to the delayed first output 232 going low to high. When the first output 214
transitions low the MOSFET 430 turns on and the capacitor 440 is discharged at a
rate independent of lour 414. Although this illustrative embodiment has been shown
and described, a wide range of modification, change and substitution is
contemplated. For example, the time delay component 230 may be implemented by

other means such as programmable logic chips.

[0039] FIG. 4B illustrates a graphical relationship between the time delay t4 316 of
FIG. 3B (shown on Y-axis) and the DC input voltage 201 of FIG. 2 (shown on X-
axis), according to one embodiment. In the depicted embodiment, the time delay tq
316 is variable. A particular value of the time delay t4 316 is selectable responsive
to the DC input voltage 201. That is, the graph defines the particular value required
for the time delay ty 316 for a selected value of the DC input voltage 201. The
particular value for the time delay ty 316 causes an adjustment of the torr 314 time

period (not shown) to maintain a constant switching frequency of 68 KHz.
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9. The inverter of claim 1, wherein each control signal of the plurality of
control signals controls a corresponding switch by placing the switch in an
ON or OFF state, and by controlling a time period in the ON state. 10. The
inverter of claim 9, wherein the time delay is imposed from the zero
crossing to a change in the state of the switch. 11. The inverter of claim 9,
wherein the time delay causes an adjustment of the time period in the
OFF state to maintain a constant switching frequency. 12. The inverter of

claim 1, wherein imposing the time delay causes a subsequent zero
[004Qksirk B rig ArdPwnshetd esimiTxadethaddan imprevioastisisncy of the

inverasisINg herabn geeRvatingtAc RIS Witebinehl o8 eensmpbimdnethediep

S oGS e CRETARY R HIFLHETOY AR 250, clnigAgs the

plupdtlitalas syisshiéel BSOlagemsTate| e jtenp ating tyr s o) Sigimalbing2 so as to
gehERATRR IRANS v R LURLGNR ACBURRY QL BERSEAE R R 201.
output to power the
In step 530, the output across the terminals 252 of the plurality of switches 250 is
filtered by the filter component 260 to generate a filtered AC output to power the load
290. In step 540, a zero crossing of the AC output across the terminals 252 is
detected by the pulse start component 210. In step 550, the controlling of the
plurality of switches 250 is delayed by ts 316 to effectively maintain a constant

switching frequency of the inverter 200 in response to a change in the DC input 201.

[0041] Various steps described above may be added, omitted, combined, altered,
or performed in different orders. For example, steps 540 and 550 may be performed
before step 530 in one embodiment.

[0042] For purposes of this disclosure, an IHS may include any instrumentality or
aggregate of instrumentalities operable to compute, classify, process, transmit,
receive, retrieve, originate, switch, store, display, manifest, detect, record,
reproduce, handle, or utilize any form of information, inteliigence, or data for
business, scientific, control, or other purpdses. For example, the IHS may be a
personal computer, including notebook computers, personal digital assistants,
cellular phones, gaming consoles, a network storage device, or any other suitable

device and may vary in size, shape, performance, functionality, and price.

[0043] The IHS may include random access memory (RAM), one or more
processing resources such as a central processing unit (CPU) or hardware or
software control logic, ROM, and/or other types of nonvolatile memory. Additional

components of the IHS may include one or more disk drives, one or more network
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load; detecting a zero crossing of the AC output; and delaying the
controlling of the plurality of switches to effectively maintain a constant
switching frequency of the inverter in response to a change in the DC
input. 14. The method of claim 13, wherein the delaying is caused by
setting a time delay, wherein the time delay has a variable time value. 15.
The method of claim 14, wherein the time delay varies as a predefined
function of the DC input, wherein the variable time value increases as the
DC input increases. 16, The me d of claim 1 wherein the c&j{‘ltro in

portg for ARy BcaliA awg@.ﬁeﬁaaa QUERP S AR RIS FIRHURYSP it
(/O wickes touan @N=0kdybbesthta ranasky adjustiigea ﬁmglwnd’dmﬂﬂ&rﬁw also

17. The m thod of clai 16 whereln the del
inol e L e A S S AR Bl AkRRd e e
varistatdnardware components.

[0044] FIG. 6 illustrates a block diagram of an information handling system 600
having an improved inverter, according to an embodiment. The information handling
system 600 includes a processor 610, a system random access memory (RAM) 620
(also referred to as main memory), a non-volatile ROM 622 memory, a display
device 605, a keyboard 625 and an 1/O controller 640 for controlling various other
input/output devices. It should be understood that the term “information handling
system” is intended to encompass any device having a processor that executes
instructions from a memory medium. The IHS 600 is shown to include a hard disk
drive 630 connected to the processor 610 although some embodiments may not
include the hard disk drive 630. The processor 610 communicates with the system
components via a bus 650, which includes data, address and control lines. In one
embodiment, the IHS 600 may include multiple instances of the bus 650. A
communications controlier 645, such as a network interface card, may be connected
to the bus 650 to enable information exchange between the IHS 600 and other

devices (not shown).

[0045] In one embodiment, a power supply system (not shown) providing power to
the IHS 600 incorporates the inverter 200 (not shown) described in FIG. 2. In this
embodiment, the display device 605 may include a CCFL representing the load 290.
The inverter 200 (not shown) may be configured to provide power to the display
device 605.

[0046] The processor 610 is operable to execute the computing instructions

and/or operations of the IHS 600. The memory medium, e.g., RAM 620, preferably
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18. The method of claim 16, wherein the time delay causes an adjustment
of the time period in the OFF state to maintain the constant switching
frequency. 19. The method of claim 13, wherein imposing the time delay
causes a subsequent zero crossing of the AC output to remain fixed
relative to a previous zero crossing thereby generating the constant
switching frequency. 20. The method of claim 19, wherein the subsequent
zero crossing remaining fixed relative to the previous zero crossing
generates the constant switching frequency. 21. The method of claim 13

StOMRRBSOTB RIS B R AP BISTIALR B i4Rp (BCRPeTENRY various

emilﬁkﬁg_fﬁfiélﬁti%rbh @W%?%Wﬁ%@%ﬂh&h@mmiﬂmp@dﬁmlamd%m. aimdvarious

an inverter operable to provi ower to the display device,.the.| .
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.output responsive to a ze ssi ' irst.i . '

S s T T G

C+dentijectsrdent samd! dtioiiesivfb iokmiesitneCdassardMitbirent (DC) input

voltage, the pulse duration component being operable to generate a
second output
[0047] Although illustrative embodiments have been shown and described, a wide

range of modification, change and substitution is contemplated in the foregoing
disclosure and in some instances, some features of the embodiments may be
employed without a corresponding use of other features. For example, the
frequency feedforward technique described herein may be applied to a pulse width
feedforward control scheme as well. Also, while the frequency feedforward
technique is advantageously applied to reduce power consumption in portable HS,
such a scheme may be applied to reduce the regulation requirements of an
intermediate AC powered (or otherwise powered) DC stage as well. The technique
may be used to remove the flicker effect from low frequency ripple on the preceding
DC stage. For example, if there was a 60 Hz ripple on the DC, this technique may
be used to reduce the impact on the LCD intensity. This advantageously leads to
cost reductions in filter and/or control elements. Accordingly, it is appropriate that
the appended claims be construed broadly and in a manner consistent with the

scope of the embodiments disclosed herein.
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responsive to the second and third inputs; a time delay component

operable to receive the first MCSI., output and the DC input voltage,

the time delay component introducing a time delay to generate a delayed McsiLp
first output; a logic component operable to receive the delayed first

output and the second output to generate a plurality of control signals;

a plurality of switches operable to convert the DC input to the primary

current in response to receiving the plurality of control signals; and a

filtering component operable to filter the primary current for generating the

display device current. 23. The systdained claim 22, wherein the display

device includes a cold cathode fluorescent lamp (CCFL).

What is claimed is:

1. An inverter for providing power to a load, the inverter comprising:

a pulse start component operablé to receive a first input indicative
of a primary current, the pulse start component generating a first output
responsive to a zero crossing of the first input;

a pulse duration component operable to receive a second input
indicative of a load current and a third input indicative of a direct current
(DC) input voltage, the pulse duration component being operable to
generate a second output responsive to the second and third inputs;

a time delay component operable to receive the first output and the
DC input voltage, the time delay component introducing a time delay to
generate a delayed first output;

a logic component operable to receive the delayed first output and

| the second output to generaté a plurality of control signals;

a plurality of switches operable to convert the DC input to the
primary current in response to receiving the plurality of control signals; and

a filtering component operable to filter the primary current for
generating the load current.

2. The inverter of claim 1, wherein the filtering component includes a
transformer having a primary section electro-magnetically coupled to a
secondary section, wherein the primary current flows through the primary
section, and wherein the primary section is electrically coupled to the
plurality of the switches and the secondary section is electrically coupled
to the load.

16



10.

11.

24. An information handling system (IHS) comprising: a processor and a
storage coupled to a display device; and an inverter operable to e
provide power to the display device, the inverter including a pulse MCSLLP
start component operable to receive a first input indicative of a primary

current, the pulse start component generating a first output responsive to

a zero crossing of the first input; a pulse duration component

operable to receive a second input indicative of a display device current

and_a third input indicative of a direct current (DC) input voltage, the pulse
durdfiGrRGHEbRERAIBINg WpeahI iR IgaAdPAe R d&diadsuiygrescent lamp
respoasive. to the second and third inputs; MCSLLP a time delay
component operable to receive the first output and the DC input voltage,

the time delay component introducing a time delay to generate a delayed
firstlowtpanerter ofeclegic iconmeosierthederebie myrsceivia e, delajied dirtite time

ouRL ANPGRS SERNGRL R RRIRIR A BRI ObfgEo! signals;

The inverter of claim 4, wherein the value increases as the DC input

increases.

The inverter of claim 1, wherein the logic component imposes the time delay
to assert at least one control signal for controlling a corresponding switch

following the zero crossover.

The inverter of claim 1, wherein the plurality of switches are configured as a

full-bridge.

The inverter of claim 1, wherein an output of the full-bridge has a constant

switching frequency caused by imposing the time delay.
The inverter of claim 1, wherein each control signal of the plurality of control
signals controls a corresponding switch by placing the switch in an ON or

OFF state, and by controlling a time period in the ON state.

The inverter of claim 9, wherein the time delay is imposed from the zero

crossing to a change in the state of the switch.

The inverter of claim 9, wherein the time delay causes an adjustment of the

time period in the OFF state to maintain a constant switching frequency.
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13.

14.

15.

16.

17.

outptadnysiter ghe!riay?

a plurality of switches operable to convert the DC input to the primary
current in response to receiving the plurality of control signals; and a
filtering component operable to filter the primary current for generating the
display device current. 25.A system comprising: means for receiving a
direct current (DC)input; means for controlling a plurality of switches
to generate an alternating current (AC) output in response to the DC input;
a filtering component filtering the AC output to generate a filtered AC

outpiAB@ssing & tiRRerieal paeroperenh deley iRgdinge corireting o theo

o LR BRAP AL SR ECAL Y AR A DR erey o

method comprising:
receiving a direct current (DC) input;
-controlling a plurality of switches to generate an alternating current
(AC) output in response to the DC input;
filtering the AC output to generate a filtered AC output to power the
load;
detecting a zero crossing of the AC output; and
delaying the controlling of the plurality of switches to effectively
maintain a constant switching frequency of the inverter in response to a

change in the DC input.

The method of claim 13, wherein the delaying is caused by setting a time
delay, wherein the time delay has a variable time value.

The method of claim 14, wherein the time delay varies as a predefined

MCSLLP

gifbiniePskIMENG JBIB LPbRsATEPER HBsequent

A method for improving efficiency of an inverter providing power to a load, the

function of the DC input, wherein the variable time value increases as the DC

input increases.

The method of claim 13, wherein the controlling of the plurality of switches
includes placing each switch in the plurality of switches to an ON or OFF
state, and by adjusting a time period in the ON state.

The method of claim 16, wherein the delaying imposes a time delay

measured from the zero crossing to a change in the ON or OFF state.
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26. The system of claim 25, wherein the delaying is caused by setting a

time delay, wherein the time delay has a variable time value. 27. The

system of claim 26, wherein the time delay varies as a predefined function y;cq; 1 p
of the DC input, wherein the variable time value increases as the DC input
-increases. 28. The system of claim 25, wherein the controlling of the

plurality of switches includes placing each switch in the plurality of

switches to an ON or OFF state, and by adjusting a time period in the ON
18.stafBhepvetiins sfstairot Giamersnine iTeHe AKRHRS Apcadk smeR Of the

delgymeasyrer fiandhe zesarossingde achaneadnthe @Nisy P&tuency.

state. 30. The system of claim 28, wherein the time delay causes an
adjustment of the time period in the OFF state to maintain the constant
19 SWitchingh&padetfdiaidil1 J, hﬁhmﬁarmmmmaé fiwhketeinjroposegahe

time delay causes a subsequent zero cro of the A to remain
fixeSHRFFET %eb?eq%ﬁé%%ﬂ? $iﬂ%éé?ng are yrarenr?é?a mgé g ggns%ar%t

switchinig drezrencyos 8Ag Therspstgamefaiagitsy cormssih v chibg depasiancy.
zero crossing remaining fixed relative to the previous zero crossing

generates the constant switching frequency. 33. The system of claim 25,
20 wheFbim mreshioddfchaitol i arhedei Ml tpesdesaaaip (@@F@PWQ\Wmammg

elecilical IMMaUe S RRSIiRBus zero crossing generates the constant switching

frequency.

21.  The method of claim 13, wherein the load is a cold cathode fluorescent lamp
(CCFL).

22.  An information handling system (IHS) comprising:
a display device; and
an inverter operable to provide power to the display device, the
inverter including:

a pulse start component operable to receive a first input
indicative of a primary current, the pulse start component
generating a first output responsive to a zero crossing of the first
input;

a pulse duration component operable to receive a second
input indicative of a display device current and a third input
indicative of a direct current (DC) input voltage, the pulse
duration component being operable to generate a second output

responsive to the second and third inputs;

a time delay component operable to receive the first
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MC an electrical pulse start device operable to receive a first input

indicative of a primary alternating current, the electrical pulse start device
generating a first output responsive to a zero crossing of the first input: MCSLLP
an electrical pulse duration device operable to receive a second input

indicative of a load current and a third input indicative of a direct current

(DC) input voltage, the electrical pulse duration device being operable to

generate a second outpLRutgGEh delReRREbMAlRYE (inE tipadelay
a time delay deV'ffo sakle inreacadhetlird auiaytarbiteddCdniuthyed first

voltage, t_he time delay device introducing a time delay to generate a
delayed first outpl@UEPlggic device operable to receive the delayed first

output and the second oufps 10 IRREEREN BbeiRiBleabaerksplesiaalelayt first
a plurality of switches operable to convert the DC input to the primar,
alternating currenﬂhtpégr?cﬂﬁbg‘ﬁ)sr%%‘éﬁ\ﬂ@métﬂ%%W@tﬁﬁﬁb@&&gpomm‘

35.The inverter ofé;@i@s’%ﬁ, further comprising:
a plurality of switches operable to convert the DC input
to the primary current in response to receiving the plurality of

control signals; and
a filtering component operable to filter the primary

current for generating the display device current.

23.  The system of claim 22, wherein the display device includes a cold cathode

fluorescent lamp (CCFL).

24.  An information handling system (IHS) comprising:
a processor and a storage coupled to a display device; and
an inverter operable to provide power to the display device, the
inverter including:
a pulse start component operable to receive a first input
indicative of a primary current, the pulse start component

generating a first output responsive to a zero crossing of the first

input;

a pulse duration component operable to receive a second
input indicative of a display device current and a third input
indicative of a direct current (DC) input voltage, the pulse duration
component being operable to generate a second output responsive

to the second and third inputs;
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a filtering device, wherein the filtering device includes a transformer

having a primary section electro-magnetically coupled to a secondary

section, wherein the primary alternating current flows through the primary

section, and wherein the primary section is electrically coupled to the MCSLLP
plurality of the switches and the secondary section is electrically coupled

to the load. 36. The inverter of claim 34, wherein the load is a cold _

cathode fluorescent lanapti(COE Ry IPTRRNBNEARE WM '8geivRdRs {irst

the time delay iS%ngg%et&?p%gu%ﬂg&gg{@mwmﬁ%nem

responsive toth Input voltage. 38. The inverter of claim 37, wherein
the value incrédsedusing@ Dosmriainteasneaten trayRA A SR
34, wherein the logic device imposes the time delay to assert at least one
control signal for controlling a corresponding switch following the zero

crossover. 40. The invérlogist eARE RBRSAIRED GRS AYed first
are Conﬁgure%ﬁ%ﬁtf%'@W@%sd@nd@@tﬂﬂ}ﬁﬂ%{éﬁ&bﬁwum@ﬂ @htrol

output of the full-bridge has a constant switching frequency caused by
imposing the tgdalglay. 42. The inverter of claim 34, wherein each
control signal of the plurality of control signals controls a corresponding

switch by placing the switch in an ON or OFF state, and by controllingb% ,
time period in the ON statelurality of switches operable to Convert the input to

the primary current in response to receiving the plurality of control

signals; and

a filtering component operable to filter the primary current

for generating the display device current.

25. A system comprising:
means for receiving a direct current (DC) input;

means for controlling a plurality of switches to generate

an alternating current (AC) output in response to the DC input;

a filtering component filtering the AC output to generate a

filtered AC output to power the load;

means for detecting a zero crossing of the AC output; and

a time delay component delaying the controlling of the plurality
of switches to effectively maintain a constant switching frequency of the

inverter in response to a change in the DC input.
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43. The inverter of claim 42, wherein the time delay is imposed from the
zero crossing to a change in the state of the switch. 44. The inverter of
claim 42, wherein the time delay causes an adjustment of the time period
in the OFF state to maintain a constant switching frequency. 45. The MCSLLP
inverter of claim 34, wherein imposing the time delay causes a
subsequent zero crossing of the first input to remain fixed relative to a
2apreviouTrexy stassifethiencdly, gdrereitineadiaytantiswadpid Heseidineya time
46. A method for.imprqvin iciency -' r providing power to a
O T O O g Ao I, Ceehy (D)
controlling a plurality of switches to generate an alternating current (AC)

utput in response to.the .DC,j : na. . t _
> 18 SR R P USRS Rl S
fupfioti ol §he & Gtaip at constesin shetveifrpietinanegluetineipaeaeamthe DC input

inesponse to a change in the DC input.

28. The system of claim 25, wherein the controlling of the plurality of switches
includes placing each switch in the plurality of switches to an ON or OFF state, and
by adjusting a time period in the ON state.

29. The system of claim 28, wherein the delaying imposes a time delay

measured from the zero crossing to a change in the ON or OFF state.

30. The system of claim 28, wherein the time delay causes an adjustment of

the time period in the OFF state to maintain the constant switching frequency.

31. The system of claim 25, wherein imposing the time delay causes a
subsequent zero crossing of the AC output to remain fixed relative to a previous

zero crossing thereby generating the constant switching frequency.

32. The system of claim 31, wherein the subsequent zero crossing remaining
fixed relative to the previous zero crossing generates the constant switching

frequency.

33. The system of claim 25, wherein the load is a cold cathode fluorescent
lamp (CCFL).

34. An electrical inverter comprising:
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47. The method of claim 46, wherein the delaying is caused by setting a

time delay, wherein the time delay has a variable time value. 48. The

method of claim 47, wherein the time delay varies as a predefined function

of the DC input, wherein the variable time value increases as the DC input MCSLLP
increases. 49. The method of claim 46, wherein the controlling of the

plurality of switches includes placing each switch in the plurality of

switches to an OlroeleGtFasthpellsmatyt evisereratanle feroesiver fivsd input

state. 5, Fos Metiof AT LAL R LG ACRIBLEIROSIRALDRI device
delay measured from ﬁ1e zero crossing 1o a change in the ON or OFF

state. 5geTheatinglotirst cldphisespnesiin thatrneoderRsstdsbihafirst input;
adjustment of MCSLLP the time period in the OFF state to maintain the
constant switching frequency. 52. The method of claim 46, wherein

imposing the tim@d@@ﬁ&ﬁﬂ@&@&bﬁé&@@rﬁ%?@ SRRSRIEIPtFRCAIE a second
output t%g?{ﬁﬁ'&&%ﬁ\?er@%w@a@ QUPTEMIAURIZLERIRIGABING BRIV of a direct

generating the constant switching frequency. _ i )
current (DC) input voltage, the elecfrical pulse duration device being
operable to generate a second output responsive to the second and third

inputs;

a time delay device operable to receive the first output and the
DC input voltage, the time delay device introducing a time delay to

generate a delayed first output;

a logic device operable to receive the delayed first output and

the second output to generate a plurality of control signals; and

a plurality of switches operable to convert the DC input to the
primary alternating current in response to receiving the plurality of control

signals.

35. The inverter of claim 34, further comprising:
a filtering device, wherein the filtering device includes a
transformer having a primary section electro-magnetically coupled to a
secondary section, wherein the primary alternating current flows through
the primary section, and wherein the primary section is electrically
coupled to the plurality of the switches and the secondary section is

electrically coupled to the load.
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53. The method of claim 52, wherein the subsequent zero crossing
remaining fixed relative to the previous zero crossing generates the
constant switching frequency. 54. The method of claim 46, wherein the
load is a cold cathode fluorescent lamp (CCFL). 55. A display device
comprising: a display panel, an electrical inverter operable to provide
power to the display device, the inverter including: an electrical pulse
3Gtart deVive irecmieingftaisn idpunineiciniteedpachimntarp dieatang fluorescent
Ia%\ur[{&?l:tbf electrical pulse start device generating a first output
RRYGNSivE to a zero crossing of the first input; an electrical pulse
duration device receiving a second input indicative of a display device
gpurrent Tﬂg %&@%FWIQW%W@@@H%Q&H@ SIS VBRdbK@g8Iue of the
the electrical pulse duration device being operable to generate a second
tineatgelaebpinshelectaiiswenrnaive taidmBitdnput VOigase delay device
receiving the first output and the DC input voltage, the time delay device
introducing a time delay to generate a delayed first output; a logic
38levice rEbeilMgrtae dfeigiay Hirstdiririndha Y sbshaasaD asthe DC input
ingRNgrate a plurality of control signals; and

MCSLLP

39. The inverter of claim 34, wherein the logic device imposes the time delay
to assert at least one control signal for controlling a corresponding switch following

the zero crossover.

40. The inverter of claim 34, wherein the plurality of switches are configured

as a full-bridge.

41, The inverter of claim 34, wherein an output of the full-bridge has a

constant switching frequency caused by imposing the time delay.
42. The inverter of claim 34, wherein each control signal of the plurality of
control signals controls a corresponding switch by placing the switch in an ON or

OFF state, and by controlling a time period in the ON state.

43. The inverter of claim 42, wherein the time delay is imposed from the zero

crossing to a change in the state of the switch.

44, The inverter of claim 42, wherein the time delay causes an adjustment of

the time period in the OFF state to maintain a constant switching frequency.
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a plurality of switches converting the DC input to the primary alternating
MCSLLP current in response to receiving the plurality of controls signals.
56. The display device of claim 55, wherein the display device includes a
cold cathode fluorescent lamp (CCFL). 57. The display device of claim  MCSLLP
55, wherein the display panel is a liquid crystal display panel. 58. The
display device of claim 55, wherein the display device is coupled with an
45nformaibe inxediigspiaim 3 Bhessin THE oRphladine delaurrugss a
sug Qeetcéﬁ@ }%k@%r@s%iﬂﬁ%? BRKAHLERPIR o O AMIRIIMAtIaRVRARF NG evious
ystem comprisiig:
zero crossing thereby generating a constant switching frequency.

46. A method for improving efficiency of an inverter providing power to a
load, the method comprising:
receiving a direct current (DC) input;
controlling a plurality of switches to generate an alternating
current (AC) output in response to the DC input;
detecting a zero crossing of the AC output; and
delaying the controlling of the plurality of switches to effectively
maintain a constant switching frequency of the inverter in response to a

change in the DC input.

47. The method of claim 46, wherein the delaying is caused by setting a time

delay, wherein the time delay has a variable time value.

48. The method of claim 47, wherein the time delay varies as a predefined
function of the DC input, wherein the variable time value increases as the DC input

increases.

49, The method of claim 46, wherein the controlling of the plurality of
switches includes placing each switch in the plurality of switches to an ON or OFF
state, and by adjusting a time period in the ON state.

50. The method of claim 49, wherein the delaying imposes a time delay

measured from the zero crossing to a change in the ON or OFF state.

51. The method of claim 49, wherein the time delay causes an adjustment of
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a processor and a storage coupled to a display device; and an
inverter operable to provide power to the display device, the inverter
including: a electrical pulse start device operable to receive a gL Lp
first input indicative of a primary alternating current, the electrical pulse h
start device generating a first output responsive to a zero crossing of the
first input; a electrical pulse duration device operable to receive

tha tieeopdriopun itteicafifestate displaintainiteccepnsiaahavatah g ifrguency.
indicative of a direct current (DC) input voltage, the electrical pulse

duration device being operable to generate a second output responsive to
5Zhe secdihe anethioiddoihglain) 46, whereindmpesidaeidinedspayaEess a

sUSSSNR MLy tc‘?Hg%'wﬁ@B‘F'ﬁ#@%dﬂ?&ﬂt"t@'}%ﬁlﬁaﬁh‘%%@ﬂeréi%@é%vécﬁrevsous

?ro%cmg a to generate a delayed first ou
zdagmMm@@@é@@M@@@%@@\@ath@eC@@ﬁ?é@ Sindtchumsy gﬁﬂﬁﬁﬂ%ysecond
output to generate a plurality of control signals; and M CS 1. a
plurality of switches operable to convert the DC input to the primary

S&Iternatmmmﬁéﬁﬂé?td\’ﬁ&@kﬂﬁ&@Bﬁﬂ%ﬂ%ﬁb?@&hﬁ@%’f@?%f?mammg

fixed relative to the previous zero crossing generates the constant switching

frequency.

54, The method of claim 48, wherein the load is a cold cathode fluorescent
tamp (CCFL).

55. A display device comprising:

a display panel;

an electrical inverter operable to provide power to the display device, the
inverter including:

an electrical pulse start device receiving a first input indicative of a
primary alternating current, the electrical pulse start device generating a first output
responsive to a zero crossing of the first input;

an electrical pulse duration device receiving a second input indicative of a
display device current and a third input indicative of a direct current (DC) input
voltage, the electrical pulse duration device being operable to generate a second
output responsive to the second and third inputs;

a time delay device receiving the first output and the DC input voltage,
the time delay device introducing a time delay to generate a delayed first output;

a logic device receiving the delayed first output and the second output to
generate a plurality of control signals; and

a plurality of switches converting the DC input to the primary alternating
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MCSLLP

current in response to receiving the plurality of controls signals.

56. The display device of claim 55, wherein the display device includes a cold
cathode fluorescent lamp (CCFL).

57. The display device of claim 55, wherein the display panel is a liquid
crystal display panel.

58. The display device of claim 55, wherein the display device is coupled with
an information handling system (IHS).

59. The display device of claim 58, wherein the IHS is a notebook computer.

60. An information handling system (IHS) comprising:
a processor and a storage coupled to a display device; and

an inverter operable to provide power to the display device, the

inverter including:

a electrical pulse start device operable to receive a first input
indicative of a primary alternating current, the electrical pulse start device
generating a first output responsive to a zero crossing of the first input;

a electrical pulse duration device operable to receive a second
input indicative of a display device current and a third input indicative of a direct
current (DC) input voltage, the electrical pulse duration device being operable to
generate a second output responsive to the second and third inputs;

a time delay device operable to receive the first output and the
DC input voltage, the time delay device introducing a time delay to generate a
delayed first output;

a logic device operable to receive the delayed first output and

the second output to generate a plurality of control signals; and
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MCSLLP

a plurality of switches operable to convert the DC input to the

primary alternating current in response to receiving the plurality of control signals.

28



