FREQUENCY FEEDFORWARD FOR CONSTANT LI GHT OUTPUT I N
BACKLI GHT | NVERTERS Background [0001] The present

di scl osure relates generally to the field of power
supplies for information handling systens, and nore
particularly to techniques for efficiently providing
power to drive a discharge |anp, such as a cold

cat hode fluorescent lanp (CCFL). [0002] As the val ue
and use of information continues to increase,

i ndi vidual s and busi nesses seek additional ways to
acquire, process and store information. One option
avai l able to users is informati on handling systems. An
information handling system ('IHS ) generally
processes, conpiles, stores, and/or comruni cates
informati on or data for business, personal, or other
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i nformation handl i nd®® gﬁ-d [ Egﬁants vary

between different users or applications, information

handl i ng systens may al so vary regardi ng what

information is handled, how the information is

handl ed, how much i nf or mraE25EL%E M ocessed, st or ed,

or communi cated, and how quickly and efficiently the
[00Gf]or IThiei pmgeﬁyﬂbelosmeae@esgenetauged,th@ﬁeld og pomller supplies for
.. comuni cated. The variations in. information handling .
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use Such as financial transaction processing, I ne
(CCHLgservations, enterprise data storage, or gl obal
conmuni cations. In addition, information handling
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nmore conputer systens, data storage systens, and _
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 advahtage of the value of the information. Because technology and
information handling needs and requirements vary between different users or
applications, information handling systems may also 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, stored, or communicated. The variations in information handling
systems allow for information handling systems to be general or configured for a

specific user or specific use such as financial transaction processing, airline
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net wor ki ng systens. [0003] Liquid crystal display
(LCD) panel based di splay devices have been comonly
utilized in many IHS systens due to their conpact
size, and | ow power consunption. Although there are
di fferent types of backlights (e.g., light sources

i ncluding a discharge |anp), which are currently used
for backlighting the latest LCD panels, the CCFL
(al so known as cold cat hode fluorescent tube (CCFT))
is nmost comonly used. Circuits for supplying power
to CCFL's generally require a controllable
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when. current begins to flow through the lanp. For

NEBYQIMNGESYSIAS! i t hi ¢ Power Systens, |nc. | ocat ed at
983 University Ave, Building D, Los Gat os, CA 95032,
USA, provides a MP1015 power circuit chip for driving
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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 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.,



the efficiency of power supplies configured to provide
power to the CCFL. [0006] In traditional inverter
based power circuits, changes in input voltage causes
a decrease in power conversion efficiency. For
exanpl e, when an adapter is unplugged/plugged into a
portable IHS system such as a notebook conputer, the
voltage to the LCD backlight inverter varies from AC
adapter voltage (approxi mately between 18V and 22V)
to the battery vol tage (approxi mately between 9V and
17V). The varying vol tage causes a noticeabl e change
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CCFL. Curves 110, 120 and 130 are shown for |anp

currents of 6 M, 5 mA and 4 mA [0008] Power
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be%@@véwm2 todhe baliebivolrgedanrreymately betwesn 8V and 17V).
Thfe%arﬂ ﬁ%ﬂgﬁé%hﬁl\s% ﬁ‘b@ib%?ﬂ!eech'aﬂ Srrtl Lébuéﬂ%htn%ss level, which

|nver an €

is 6inenpeme|vﬁd agspdlickenl t age causi ng the br| ght ness
change and the change in frequency causes a decrease
in the inverter efficiency. 3 [0010] Therefore, a need

[oeo7)st Brfg‘hfnéé%&?@@fr&ﬁfthéi@ﬂy £ fﬁﬁlﬁmﬁ%pe?étfr@‘frééuency FIG.
provi di ng power the CCFL. More specifically, "a need
1Aellusirates @ grapbicapralatinnshimbetween LCD brightness (shown on Y-axis)

versus frequency (shown on X-axis) measurements for a commercially available
CCFL. Curves 110, 120 and 130 are shown for lamp currents of 6 mA, 5 mA and 4
mA.

[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 voltége (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.



techni ques for inproving the efficiency of inverters
under changi ng voltage and frequency conditions.
Accordingly, it would be desirable to provide tools
and techniques for an inproved inverter of an IHS
absent the di sadvantages found in the prior nethods
di scussed above. Sunmary [0011] One enbodi nent
accordingly provides a pul se start conmponent operabl e
to receive a first input indicative of a primary
current. The pul se start conponent generates a first
out put responsive to a zero crossing of the first
O BT N8 el T REE e, ciruits
previding powerdo ithe GCHLhdMoae ispecifically, ai meect existste mevelop)tools and

Lhput voltage. .Th .se duratio conmponent is
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operable to receive the first output and the DC input

teghniqugseior pRdmprevediiavatet ehpo Had @bsant higutisadvantagrs found in the
prﬂ?h@fhé@s ggeﬁggéoealg?véjel ayed first output. A logic
co ra

nponent 1's ope e to receive the delayed first
out put and the second output to generate a plurality

of control signals. A pl ur%Iit of switches are
operable to convert the DC—!‘—’HBﬁ@ﬂto the primary
current in response to receiving the plurality of

[0001]t r Dneseaibddimert AddordingNDretars Aailsé Stapt %F@ﬂeﬁtcbperame to
filter the primary current for generating the |oad

reggive arfirst ngeglzplos@% PAP RAtAMWE@t al bepuisestast emponent
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duaaticancargponehtyis opemble ¢o feneive agetend dpdit ineditativef afra ad current
[ oved inverter ecause the inverter, includes a .

and i apul WaicaBe o Rullisah platen B SUERI LR BGs: e Pulse duration

coRitIhe s diferaBMAbl finethte RsESHT Sitpub spBR5RE to the second and
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thing inpugi Attimer dalgytaampeneant amepembleto regeivedhadinstyoutput and the

D@%Jtiv%agé.h%hierﬁfﬁé hgfayhc%%ﬁ&?en?mtuc}%es a time delay to generate a
delayed first output. A logic component is dperable 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



to accommodate varying DC i nput vol tages and changi ng
pul se widths. Brief Description of the Drawi ngs [0013]
FI G 1A descri bed herei nabove, illustrates a graphica
rel ati onshi p between LCD brightness versus frequency
measurenents for a conmercially avail abl e CCFL
according to prior art; [0014] FIG 1 B described
her ei nabove, illustrates a graphical relationship
between a change in efficiency versus input voltage
measurenents for a comercially available inverter,
according to prior art; [0015] FIG 1C described

malRtafiRG BRY BondthhUstHifS frRqUERAN! FRAddiRdRithe Ndirer has the ability
between a change in frequency versus iInput voltage

to aeeenmosiate vanybng BCcioptkydtagesyandsshanging pulsewadthsr |
according to prior art; [0016] FIG 2 illustrates an
inverter for providing power to a |load, according to
an enbodi ment; [ @HefIDddckptigh of tHeUDEdvihgs Wavef or s
associated with an inverter having no tine delay;
[0018] FIG 3B illustrates waveforns associated with

[0@13]i nFéet A deseringd hereinabows lillustratesca gephijcalaekationship between

i ent ; Q Fl 4A il lustrates detail .of a .
LT RRGHERSS Vet sranlersysieptdep it ftcr 3 b Reng Bt Aailable coFL,
acebidms fepior art;[ 0020] FIG 4B illustrates a graphical
rel ationship between the tine delay td 316 of FIG 3B
and the DC i nput voltage 201 of FIG 2, according to
e di s . . | t . .
1087, < F1G: 1 BtsorippRireingbote, Mlsfrafes o BiaIGA relaionship between
a changetiarefficiency vensgs irputivotahe theesaremants fobazdmrkfsgially
illustrates a HJ ock dj agram of an information
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[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;



an inproved inverter, according to an enbodi nent.
Detail ed Description [0023] Novel features believed
characteristic of the present disclosure are set
forth in the appended clains. The disclosure itself,
however, as well as a preferred node of use, various

obj ectives and advantages thereof, will best be
understood by reference to the follow ng detailed
description of an illustrative enbodi nent when read

in conjunction with the acconpanyi ng drawi ngs. The
functionality of various circuits, devices or

[0020POPRNI4B RS fhidies ghaiid) r&aﬁoh&igfmkﬁ%ﬁ{rﬁedﬁﬂé delay ty 316 of
har dwar e I ncludi ng™di'screte conponents, integrate

FIGi 3B and she i input vakagm261 ohFIi$, 2,facoording to onecnibbdiment;
application specific integrated circuits and
programmabl e chi ps) and/or software or a conbi nation
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[ 0024] Changes in DC input voltage causes a change in

invepten @seelding to apemhqdiient.@ndl i nverter circuits,
t hereby causing a change in the brightness |evel of
the CCFL. More inportantly, the efficiency of
[0022}di EiGrfiillustratestablock déagram @i arvinflorngatioovieandling syBtem having
CCFL dfeicrea es _as I hput v%lta}ﬁe i ncreases. It would
an JapPRYELQYFrEe acc?"%go%afi pEbofiMeRtency of inverters
under changi ng vol tage and frequency conditions. The
probl em of varyi ng backlight operating frequency due
to changes in the DC pagiilbd\Dddcapomay be
advant ageously el im nated by adding a frequency

feed-forward 6 term This techni que provides a
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cirguiisodeyiees phgoapoasnisclescribed herein may be implemented as hardware

(including discrete components, integrated circuits and systems-on-a-chip), firmware

(including application specific integrated circuits and programmable chips) and/or

software or a combination thereof, depending on the application requirements.

[0024] Changes in DC input voltage causes a change in frequency for the
traditional inverter circuits, thereby causing a change in the brightness level of the
CCFL. More importantly, the efficiency of traditional inverter circuits providing power
to the CCFL decreases as DC input voltage increases. It would be desirable to
improve the efficiency of inverters under changing voltage and frequency conditions.
The problem of varying backlight operating frequency due to changes in the DC

input voltage may be advantageously eliminated by adding a frequency feed-forward



out put current provided by the plurality of swtches
is detected, and the controlling of the plurality of
switches is delayed in response to the zero crossing.
The amobunt of delay is adjusted responsive to a
change in the DC input to effectively maintain a
constant switching frequency of the inverter. The
del ayed AC output current provided by the plurality
of switches is filtered to provide power to the | oad.
[0026] FIG 2 illustrates an inproved inverter 200 for
provi di ng power to a load 290, according to one
morRE EYMN r
ter@on‘poér’l red s‘q”@&d"ﬁ?%si eé?ﬁrgﬁt fégdr}xpéﬁig%on nt\lelg?aé @% %Eﬂu?g?ltage range
andiimproves effinigngeycenerine rarge obDE IﬂEUMI@geaon'ponent
230, d) a | ogic conponent 240, e) a plurality of
switches 250, and f) a filter conponent 260. [0027]
[0025] onAceurtivg toedtie etnbedimértein & evgthod ahd 2§6tenm fdrtaiemmoved

transforper device ha a prinma tion 26
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thesglaaitpoi/swiesHdsas deffyedsinebgsdridectal thy zees BHREirigD THf@amount of
| oad 290. A secondary current 265, which is also the

delpyaziadivsiashiesPpnag to Rrehangerindhe DiCoinps ip efertivelrmaintain a

coffyy ichife FRBGEIPR! elhfor ot b fed A &bt arent
providssl bethe pluraity ohswitchiis flltemd:w prowidef derer torthedoad.

current 263. The pul se start conponent 210 generates a
first output 214 responsive to a zero crossing of the

[0026] MBFIG C2 flluetthtedth inlprated snvdriee 20Difop providing podds td @ load
29&c);enerated when a value of _the first input 212 is equal

0AGErding tp opeambpdiment sgh@um\éﬁrtefn?o@dnﬁlyﬁ@ﬁﬁhqmﬂ%ng
cof EhERSEal  IRSELLR ragsRi 2100 2 o6 APRLER L bient 220,
a tione delaty,coamubreent 230, d) a Ioglc component 240, e) a plurality of switches

250, and f) a filter component 260.

[0027] In one embodiment, the filter component 260 includes a transformer device
having a primary section 262 electro-magnetically coupled to a secondary section
264. The primary section 262 is electrically coupled to the plurality of the switches
250. A primary current 263 flows through the primary section 262 and a primary
voltage (not shown) is measured across a pair of terminals 268 of the primary
section 262. The secondary section 264 is electrically coupled to the load 290. A
secondary current 265, which is also the load current, flows through the secondary
section 264. In one embodiment, the load 290 is the CCFL.



third i nput 224 indicative of a direct current (DC)
i nput voltage 201. The DC i nput voltage 201 nay al so
be referred to as a DC bus. The DC i nput voltage 201
may vary between a battery voltage (approxi mately
between 9V and 17V) and an AC adapter voltage
(approxi mately between 18V and 22V). The pul se
duration conponent 220 generates a second output 226
responsive to the second 222 and third 224 inputs.
[0030] The tinme delay conponent 230 is placed between
the pul se start conponent 210 and the | ogi c conponent
[0028P tThepPuRBLASE CUAINONERP2SE ifopérEBle t@&qleeéwerh fil€input 212
first output 214. The tine delay conponent 230
indicatieg obthe; pramany gurrend A6t The pulaagtarh éomppngnt 2Pligenemtes a

t
oL 214 1Byl P9, oy L PS5t i,
first output2 tarizogemerated when @ valb ef thad first input 22 i$ eqeal to zero.

delay is selectable to advantageously nmaintain a
constant switching frequency of the inverter 200,
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ue for the constant sw tching freque
vargzﬁg

BN o BaKeyy VPEARSI(RAREONBBRIVLetigr EVeang 1) and an AC
[
addbiet {totade TaRBrATAET pBhwecr ol B, 2N GuSE Tttt
componerit 20 genatatesya secpuheutpul 26 sespdnisevestel the tsesond 222 and
thirgrg[ﬁgriti C{;é' ar value for the tine delay are described
"4A and 4B. 8 [0031] The | ogi c conponent 240
is operable to receive the delayed first output 232
the second output 226 to generate a plurality of

[Ooéaln r tire §ngrglay sampopent %%Qnsf RIRreeHh Qetvv@erpth@r RUlse plast
corﬁﬁ%ﬁ&ﬂeﬁ 0%t thEBgR! c8ripdreht a0y ddvBRitagealisfAMIRE a time

delay on the first output 214. The time delay component 230 receives the first
output 214 and the third input 224 (indicative of the DC ianlt voltage 201),
introduces a time delay to generate a delayed first output 232. In one embodiment,
a variable value for the time delay is selectable to advantageously maintain a
constant switching frequency of the inverter 200, thereby improving the efficiency of
the inverter 200. In one embodiment, a particular value of the time delay is
selectable by the time delay component 230 to maintain a constant switching
frequency of 68 kHz, in response to a change in the value of the DC input voltage
201. The range for selecting a particular value for the constant switching frequency
may generally vary from 40 to 160 kHz. Additional details of the timing aspects of
the time delay are described in FIG.’s 3A and 3B. Further detail of the structure of
the time delay component 230 and the selection of a particular value for the time
delay are described in FIG.'s 4A and 4B.



flow of current fromthe DC input voltage 201 source
to the filter conponent 260. The plurality of
switches 250 thus control the magnitude and direction
of the primary current 263 and hence the secondary
current 265 and the current flow ng through the | oad
290. [0032] In one enbodi nent, each control signa
included in the plurality of control signals 242
controls a corresponding switch included in the
plurality of switches 250. Each control signa
controls the corresponding control switch by placing

[0031] N TR 16Bic cWmpdrferiDabEs o@@ﬁbﬂl’dt& FHHe”\iH iHerHJel ¥éd fﬁ%’t output
perlodthe switch remains in the ON or sta
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42 include four control Signals operable to cont
tth@ddﬁﬂ}espondlng four switches. The plurality of
swtches 250 are electrically coupled to the primary
section 262 by the pair of terminals 268. An AC

[0032]putin TR EMIBSHiA®ING Ssach ¢itiol 8ignabinglutiRidsin 28 pﬂfraﬁtbfbf control
plurality of switches 250 has a constant swtch
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I nvert avin
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val of zero The first. o 2 t
stiffe 1S ol b Qmentienr e ATl tevaisBes 230 aURsFET
dedlceo, the primary voltage across the pair of terminals
268 substantially 9 tracks the AC output 252 of the
plurality of switches 250. Frequency of the inverter

[0351.9 g'rh%e%lﬁf%ﬁhgsgﬁ\&iﬂés%édoéagybéo%rﬁ%u%@ f'a YhrikR) 4ea9e
configurations such as half-bridge and full-bridge. In the depicted embodiment, the
plurality of switches is configured 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



termnals 252. The polarity of the pul se may be

positive, negative or equal to zero. At |ow input

vol tages, the pulse width is long conpared to the high

i nput vol tages, when the pulse width is short. That

is, in order to deliver the same power to the | oad

290 the duty cycle decreases. In the illustration, the

pul se starts when the inverter circuit 200 detects a

zero crossing 301 of the primary current 263 since

there is no tine delay conponent 230 or the tine

delay is zero. If the pulse varies in width, due to a
raGHEHR A JRBYCIS of e bl 8507 Fregh By of g mverter
ZOW& Uetetﬂmmaehy\d racthi by palsea/mdﬁbbfevdmgeohlw&jofm @q Umwoytput across

acr.os

tertlils R3Ps BsPoRE38S PISSGX 4 YR, nPaRlLS Gpegy to zero.

At (d?/v thput Qol‘fé’d)éss)thé BuRe widtH RABRE coAlpared@to e YA iNslthvdltages,
When 'a sel'ective nunber of the plurality of sw tches

whesthemelseuwiskhl iscshorh  Thabhisnineorder to deliventee samerrower to the load

298 B LRl Sek RSy T Y BudPiig, i BOR e Yheithe nverer
CIralDR0@ Bptdts @ 2B iCrasBingBIe obthelgrirdury ¢urrentras3 sinte tuee is no
bei ng avail able to chan current

tims delay GPMBONRBLRAG S ArrecRaY S 28cdl e puisq waries in width, due
to E*Bhahﬁmg V&GS Bk b@rlnﬁﬁf \Vtﬂtatgléezd)lr 'tﬁ'@éMbé‘éﬁdé?ﬂtze?@@rossmg for

ont s to i1ncrease Is a tON 312 period of the duty
the pextepulge varies aa wagiotheraby cauging aa@r@bie swiching frequensy.

252 decreases to Vo. The primary current 263 decays to

lo. The tinme duration for which the primary current

[0655 CM‘tl'rﬁéJ?ﬁ t§ 310lethe @agsuti derésd tﬂéﬁeﬁﬁﬁaﬂ@%@%cr@ésémm an
duty cycle. At t =1t2 330, a zero crossin

mtb@hmeyve 3 PdAtg- 2B yolts) tearb'apg*@seey/aﬂtrﬁeofp\% 34 é’PB?t When a
seﬁ%‘ﬁp@ REHber 1Y th%ElJrSlft?%‘F%ﬁntEﬁeé bso %‘?:% ﬁlrﬁéQ@N e restdi'ﬁ\se to a

ality of ches 250 are aced in an
ch%ﬁesm ﬁteeonatpdt atrossjloe terminale 262t tlrte_ prlimanh¢grrent 263 ramps up

i 11 ust in teplsevvid e. Q.. tON 312
frogm afi A Valla b (e Betngles) thot Fudmubtleifgar b b fg ore
volthg¥Belrd HRaidefd (PdH hdedthBIirfe iritheareisiaimemebkadbe thductance,

frequency to _inprove the efficiency of the inverter
sire@oV =1lg"(di/dt). The time duration for which the primary current 263 continues to
increase is a ton 312 period of the duty.cycle. Att = t; 320, the output across the
terminals 252 decreases to V,. The primary current 263 decays to lp. The time
duration for which the primary current 263 continues to decrease is a torr 314 period
of the duty cycle. Att=t, 330, a zero crossing of the primary current 263 is detected
by the pulse start component 210. In 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 pulse width (e.g., ton 312 + torr 314) varies as the DC input voltage
201 varies. Thus, it would be desirable to provide a constant switching frequency to

improve the efficiency of the inverter 200.
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[0036] FIG 3B illustrates waveforns associated with
the inverter 200 having a tine delay, according to an
enbodi ment. In this enbodi ment, the tine del ay
conmponent 230 (not shown) introduces (or inposes) a
time delay td 316 in changing the state of a switch
included the plurality of switches 250 (not shown) in
response to the zero crossing 301. That is, the tine
delay td 316 is inposed fromthe zero crossing tine
t2 330 to a change in the state of the switch tine t3
340. As described earlier, an anount or a val ue of

[0036§ tFF@ die |Ilﬁ¥trhfés3\/1‘§véfaﬁﬁ§ ‘égscyé}éﬂe%%/vlﬂﬂ¥ H}srtQF%?o having a
tme.cﬁaéat voltage 201. The introduction o e varrlaple

W @icegrding BJ.Len mnkmhm&nt slntbésembodinesnd, thedine miglay

corah 74 G PR VRS BB ARy, B changing

thegstater éftd s@iteh Fonsdetheplitatity GfgsviitehREEBTY (ot Ghﬁwn) fBresponse to
erating the inverter 200 at the consta
thesz,qrp@%)

9 BREudheyis, Hr HmefRlav ki 316 'ﬁﬂﬁ’f@@égdtﬂﬁ)@ the zero
croggfngqurﬁ@ 3300 Q%ﬁaﬁg@%ﬂgie%tﬁie%f tﬁe%u%ﬂq mSt, 4G Ag%scnbed
elay td 316 I me perio

causes ust nen
eanierREdMotot oméd Nakieroftthe tlmmdelaarha 31;6vlmpd)1$afdgvaries with the DC

G,. 4A.i ] | ust tail of .th
inplf PN 201 T PR aMrediStpBianne BRtAE TS 96 Sip @atses a
sulssEeait Pérot srossiag TRl firse Mput 21 2ttbeefRiM fiX&frelative to a previous
enbodi nent, the tine delay conponent 230 includes: )D

zer@ qrpaﬁag Mﬁ@wmganusmem@m% canstant switehing fregiuency,
o HESTSe iy e e b0 0P Eh1ARES RS Felofc
athagemmipgqgmveﬁ?ﬂ@% eﬁ:qtérmyeds et gwiwad %mw & aptlaB. The time
cO nt an e conponent
delgl Pht GgaeRT 9 PrpiiDent o1 (e TR PR)OY fort R 4riopgintain the
costhRwitcking ﬁ@guem yut of the time delay conponent 230
is the delaye first out put 232. [0038] The

transconduct ance anplifier 410 acts as a progranmabl e

O P, RRHGSRald Sei 1) LA SUBLAL G ppprent 230
of FiS.2, accerdimytb daJEmtiotimbat. clurtherdepintég embddimeht the time
delg?/%lo%peodne%ngggiir?cﬁﬂctjés: 1) a transconductance amplifier 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 advantageously 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: lout = (Vr1 - Vin)*gm, where Vg1 412 represents
a standard reference, and loyt 414 the current output. In the depicted embodiment,
Vin 416 is representative of the system power source (PWR_SRC) (not shown), e.g.,
AC adapter or battery. Generally V\y 416 is lower than Vgy 412. When V |y 416 is at
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VIN 416 is representative of the system power source
(PWR_SRC) (not shown), e.g., AC adapter or battery.
Generally VIN 416 is lower than VRL 412. When VIN 416
is at 11 its mninmmvalue (corresponding to a | ow
voltage on PAR SRC) lout 414 is at it's maxi num Wen
VIN 416 is at it's maxi num val ue (corresponding to a
high voltage on PWR SRC) lout 414 is at it's mninmm
| our 414 charges the capacitor 440. A small val ue of
the TOUT 414 charges the capacitor 440 at a sl ower
rate than a | arger value of the |our 414. \Wen the

its YRhih@eR valud d&%n%@eaﬁalhgrto ewmgt %VIBV\W%F%I Lo 414 is at it's

(anot her reference voltage) the o put
mazwhalyrethenéxtm ddbpsiat RsMmadmsim Kalgk. (cofrespanding té a high voltage
i A ] l.ue, and _t he first t 21 .
on R Bt ren 113, B R Tolbam 15twe PR EREeso3 dpe caprgiayqo. A
srr@md/aldiﬁofctaéasuﬁ $14 8HSrgeslth@gapaéityridstocdtar gb%rfrét@ffhan a larger
| QUT 414 will charge the capacitor 440 at it'’

valﬂﬁiaf Wauardd 4. Mihen tae Yoitads An 46 FRPAGHANAE a8es abave Ve, 418
1
(argthiFRfrEEe Voliabo PhoRittpdt dnlciAB s LBHYRE st ipdi2 32 goes
highi. ghV i 41 Gaiscathies meriemem Nal,uevdmhth‘el fh:lst4cnﬁipu152114 transitions from low

o FRAFTASHET 40k Sl B g rom

OVt 1155 PR WHEEhArEE thé Capaditdrai0 &lits FiaXialin 1@k, nthsrreamts ina
low to high to the delayed first output 232 going

mipiguHN glelayiren between the fitsh optiut 214 transiliesning tam Ipmwo hlgh to the
celBE L0022 U590 35 18 9076 AiEhn Vi 410 s o

it'sAhakiough vahies this Irelalltsahily@r ae‘mabehhgennt'shmwmem valoeviorther
and descri bed,

e s maniasiay TothbasenBa It sibyeals EanaHgning from low

to highRodRré @blé‘;@@ﬁﬁ@@éﬁtp@ﬁ@s%wn@tﬁomelrﬁgf?nvmerbme fﬂ%h&.ltgut 214
means such as progranmmab | ogi c chips. [0039] FIG

transitions few ge MQBREHIASH tumﬂ an aod$he gapaciiareld Ot inslisdhasged at a

b B P TR B Rl R e show

andcestdbed d Wldm&r@étm‘fdhﬁ@ﬁbatldm chhegdapdaiubdtitution is
enbodi nent, the tinme del az
contemplated. For example, the tim 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 ty
316 is variable. A particular value of the time delay tq 316 is selectable responsive
to the DC input voltage 201. That is, the graph defines the particular value required
for the time delay t4 316 for a selected value of the DC input voltage 201. The
particular value for the time delay t3 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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316 is variable. A particular value of the tinme del ay
td 316 is sel ectable responsive to the DC input
vol tage 201. That is, the graph defines the particular
value required for the tine delay td 316 for a
sel ected value of the DC input voltage 201. The
particular value for the tine delay td 316 causes an
adj ustrment of the tOFF 314 tine period (not shown) to
mai ntain a constant sw tching frequency of 68 KHz. 12
[0040] FIG 5 is a flowchart illustrating a nethod
for inproving efficiency of the inverter 200
[00#03Vi HIGYS5 ROAEIbWE sharhiflubtedtth?d PhetREd %rq}rgﬂo%ﬁg #ficiency of the
enbodient. In step 510, the DC input 1 is received
invgfter RO providinotREWaT tathe derds29Gmccprding épapEmbadiment. In step
I f t I e
18] o0 o @ 20T e rBaTR e BY 18 B3y o sWRERGY 250 nstep 520, the
pluraldy aCswilcipes 250 aos sontnelledcbyrtheaplar @ of d:clmtrcﬂ$|tgrra$§2ﬂ2 so as to

0ehBie Tnd AL acrme® i B 2b2cin eehpassEuecnC Tput 201
In §ﬂer)tf%l)eﬂwé’ﬁufp|ﬂ& af:fdsfthe QMHQ%@S?@I‘Q%%I%HW o’#‘ts‘%wﬂ:hes 250 is

tered AC output to power the | oad
filteygd byshedilter @oasmnﬁgt 0 tmgematmagﬁlﬂereltﬁ@srmtphtato power the load

20b AR B E 36D crdSURS LM HCITR GBS I ominls 2521
detelctacaby tne pilse start bempaheni 316lelragted 550, tik Sdftrdling of the
effec |ve9%€ﬁn2| ntain a constant swtchi ng frequency

plugzlity g sy 70 spdelayed By foR i te effactm%mg@mtﬁlrt agomtant
switERH fr%g&enﬁ* ghg mVéft r?%@é%ﬁ{ %@?oﬂ?@% bbs?lgngg;? ér?él input 201.

be adde ered
di fferent orders. For exanpl e, steps 540 and 550 may

erforned, before step 530 in one e
tod¥ia SARE0E St ledcTinBt Bhovd arap aired. Giads chgpined., altered,
or péﬂd)rlm’éd RNdiffersit iord@rat Hdriexafiple, a18p€ 930 @ndf 550 may be performed
| nstrurrent alities operable to conput e, cl assify,

before §teps53Q inupReeMmbodieet. ve, retrieve, originate,
switch, store, display, manifest, detect, record,
reproduce handl e, or utilize any formof information,
[0042f el Fogptmrtpe,ses of treis aidctosurdan S snaysitickidel ényclnstrumentallty or

ag@r?ggé{e of msﬁumen?ahhggro%%?gb e tc'>: %E)mep)ﬁ?enp cllaessﬁty,h grolctzlgs rT'Ei%\/nsmlt
receive, retrieve, originate, switch, store, display, manifest, detect, record,
reproduce, handle, or utilize any form of information, intelligence, or data for
business, scientific, control, or other purposes. 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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personal conputer, including notebook conputers,
personal digital assistants, cellular phones, gam ng
consol es, a network storage device, or any other
suitable device and may vary in size, shape,
performance, functionality, and price. [0043] The IHS
may i nclude random access nenory (RAM, one or nore
processi ng resources such as a central processing unit
(CPU) or hardware or software control |ogic, ROM
and/ or other types of nonvolatile nenory. Additiona
conponents of the IHS may include one or nore disk

pofts f¥ESomARicHtingRith 8RBV @e@%e@%rstv?elf 88 vaRoI! mg?ﬁtaha Dutput

with external devices as well as various I nput
(I'Quedevices, (smaw@keth@ardsamw andeyYdeo dispayrlibe IHS may also

I d
i O 5y BB B A By BB o BB e
vatibgs haiwargsonggchemts conponents. [0044] FIG 6

illustrates a bl ock diagramof an information handling
system 600 having an inproved inverter, according to

ée”hﬂg' §lstralea 'Pﬂ%c?%cf@%r’a@@ gf‘é{x‘n %fgﬂgatl&y ﬁér‘?&ﬂn%o%stem 600

| udes a processo , om acc
hamgcarylnnmm@d op@rtef shcnordief do macermbodimemii i hEBnimrm)atloa handling

ROM 622 di d 605,
YR A0 Heldsdes ez ssPERRG olstPhr faitm Scastineoiy flRAM) 620
(aly@rret@n@dqb ke mairnieaiyy, BUiorledaGRSROM 63 %rﬁoﬁﬁ a display
understood that the term"infornmation ha

deyigetly: ajkeybpakh@2d and aéhléQrﬁ@ab’Qll‘arr@Nj&m@@trﬁgmgn@n@us other

LSR8 FERRAS 5 RS AR AT Gh i
system?es ﬁﬂérsdﬁ@dlttﬁ%@?npass Ilaﬂy gevice$0ingtd P rfidgb@ﬂﬂfaé %Gbutes

nts may not inclu i sk drjve
insFIppE FBEL s T T ¢ JDedr s 64 tshg‘oé"f[éioe'ﬁf"“deahard disk
drice BBONRMhScdoah8 hro&exdor ‘Gﬂocd'l"thbﬂﬁﬁ 'é@?rﬁa Qf%b@dln?@f%?ﬁ

and control lines. I n one enbodi nént,
indlye theehard disipdedve ﬁgeaﬁct@spr@seww Gd@scowmunmates wnth the system

Wﬁ{sﬁ% a 0s 8@(5‘%@'0]1%0@&% d%tléc Edéﬁes% 4 Wth)l lines. Inone

ace car conn
embodiment, the IHS 600 may include multiple instances of the bus 650. A

communications controller 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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to the bus 650 to enable information exchange between
the IHS 600 and ot her devices (not shown). [0045] In
one enbodi nent, a power supply system (not shown)
provi ding power to the IHS 600 incorporates the
inverter 200 (not shown) described in FIG 2. In this
enbodi nent, the display device 605 may i nclude a CCFL
representing the load 290. The inverter 200 (not
shown) may be configured to provide power to the
di splay device 605. [0046] The processor 610 is
operable to execute the conputing instructions and/or

oGS BRI b bR 0 e Rt P i varius
entbogiments af & mmmm@m@am \)vitlh the prasieaidisclasgre. In various
ous ts of accordanc§

e BPRisdRE LE B0l Sorva SAPotuL® B HRFRTed iterious ways.

indNiding prodddiré Bzl va techtig@s S B nfioheniphes®@ fsHhidues, and/or object-
various ways, including procedure-based techni ques

OFI@BPﬁMﬁéhW%%e@m@@@Mﬁh%mesSPG&H@/@?af@MF@(ﬂidUQﬁ agsRrBRler, C, XML,
{ fe | ud

CHEGHRLR, J8va ARG MtcfbspfFourhfbh Cigstaeiver, | 10 P
Foundation C asses (MC). [0047] Al though illustrative

0F &0 ATFS B RGBSR GRT S i scriec. a vice

raﬁgmbfsméhﬁrcgﬂoh ncﬁd?'@ef M EshtButicH BUoPserhplatedin mesr@regomg

Instances, sone features of the enbodi nents may be
dl%ﬂ@ﬂu@y@@dm seme ingtanses csgpadealyressef the asmbediments may be

e384 BRnolitd cBrBRbRund IRe droRMIABE LeCRbPBR e, the

chni que descri may be appl1éed
fraguehby fdeatfofwarddechriqué debcritidthereirs mayl be applied tovdnplilse width

T e e
teSfiGuisSsd\RifRadedLshEappRdd t%q‘eﬁgcé Wé? ch@ur’hPﬂé‘ﬂ\ # péRable IHS,

requl renents of an i nternedi ate owere
sughleeschiesee prvbe applisd to r@g@caéhmgulamr&mmmé 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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may be used to renove the flicker effect froml ow
frequency ripple on the preceding DC stage. For
exanple, if there was a 60 Hz ripple on the DC, this
techni que may be used to reduce the inpact on the LCD
intensity. This advantageously |eads to cost
reductions in filter and/or control elenents.
Accordingly, it is appropriate that the appended
clai ms be construed broadly and in a manner consi stent
with the scope of the enbodi nents disclosed herein.
15 Cdainse Wat is clained is: 1 An inverter for

provi ding power to a load, the inverter conprising: a
pul se start conponent opera receive a first
input indicative of a primary current, the pul se

WELAL biILAERqLent gener ating a first output responsive
t0 a zero crossing of the first input; a pulse

durati on conponent operable to receive a second input

1.1 ndiAvaihivereofor prowidig Powertb aBed athehhvéaheémdHprising:
indicative of a direct current (DC) input voltage,
the pul s@ RHis@slashcmppoarinPesablgdo spesiud dirstinput indicative
gen t i j 0
hi e R AR e Rilsd SRR e R et Bitout
r ec eésponshve toi a geroocropsingaridhée fiest idp@tj nput vol t age,

gener at & UGt BRICH PR GPE2PIP 8 recabimaarehnd fput

opelidit el LAV rfeHE afial AHRd iﬁ")liﬁttﬁbdfgf%@élbf afbﬁ#e& BSrrent

second output to generate a plura contro
si g3 input yolirae the pisesduratine sonmpanent being epeartabletto

t he ' t ' . t in.res se .to .
o ool B e SpO g 1 L RO hBus:
filtering timeretmntornperent apdrablbitd reéteild thedfitstBUiput and the
curr %nt f (t)r . . . .
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 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 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. '
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10.

11.

generating the load current. 2. The inverter of claim
1, wherein the filtering conponent includes a
transforner having a primary section

el ectro-magnetically coupled to a secondary section,
wherein the primary current flows through the primary
section, and wherein the primary section is

el ectrically coupled to the plurality of the swtches
and the secondary section is electrically coupled to
the load. 16 3. The inverter of claim1, wherein the
load is a cold cathode fluorescent lanp (CCFL). 4.

. The ThRVRVdredr d?fcleﬁllrﬂ:ic ,W%%rewge&bgdlwﬁ cbild"r?atﬂ%?mubgebﬁcgnt lamp

vari able, a value o el ay bei ng select
resffef§lye to the DC input voltage. 5. The inverter of
claim4, wherein the value increases as the DC input

i ncreases. 6. The inverter of claiml1l, wherein the

. | ogiThedavartaraificldinppselerelittte tifie delayis ViafiaBRsS &M al@ of the time

| east one control signal for controlling a .
cor AERYRRING §elertabie resransiig teghe RC m&% veltageover. 7.
The inverter of claim1, wherein the plurality of
switches are configured as a full-bridge. 8. The

- i nvéhednverfercifaiaiml4, wihenein theavaloeinouéasyds adithe DC input

full-bridge has a constant sw tching frequency caused
by m%%éﬁ%g the tine delay. 9. The inverter of claim
1, wherein each control signal of the plurality of
control signals controls a corresponding switch by

. pl adhednyaitersifidaim 1.rwhereiherlogicromspenent impdses the time delay

Conid Shlatf Bokl AR ESHH A A oCRBI LA 2pHend g sy

f r ofolloéng theozero 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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crossing to a change in the state of the switch. 11.
The inverter of claim9, wherein the tinme del ay causes
an adjustnment of the time period in the OFF state to
mai ntain a constant sw tching frequency. 17 12. The
inverter of claiml1l, wherein inposing the tine del ay
causes a subsequent zero crossing of the first input
to remain fixed relative to a previous zero crossing
t hereby generating a constant sw tching frequency. 13.
A method for inproving efficiency of an inverter

12pr oVhdiim@riep Wt cldid B Wissrdin Mﬁbsﬂ@tﬂé&ﬂné QY Gaud@s a subsequent
receiving a direct current (DC). input; controlling a

pl UER0; ¢roseing Sfithe fesd 'ﬂmﬂé‘éﬁ@ﬂatﬂeﬂ@ﬁi relativeriata prgvious zero
fil

cur {:g{%ltswg(tﬁ%) %é’r’r@rahﬁg L&tk sWﬂcHﬁsi re[e?%yAC

output®to generate a

out put to power the |oad; detecting a zero crossing

1391 uPdrelipedpr Biproufite

R geBty Beh 5 ettt 6% oo, e

CONffetidd 8¥ipeiBingd frequency of the |nverter in
response to a change in the DC i n{o 14. The met hod
s ca

of cl ai nfecgivipgardifact cHeenk(Ry) ingu

used by setting

" ER G B TR e A S cron

ti mpAdeobatpuy ir fespoase to theeDEfinpat]  function of the DC

i nput, wherein the variable tine value increases as
the DC N@HRY ek ket togenpiers lilkad erinuhtq gower the
whe

i nc

[oedn the controlling of the plurality of sw tches
éjes pl aci ng each switch in the plurality of

swi t chesdetecting @\zarp appssing of the AC output; and

14.

15.

16.

17.

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
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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state, and by adjusting a tinme period in the ON state.
17. The nmethod of claim 16, wherein the del ayi ng

i nposes a tinme delay neasured fromthe zero crossing
to a change in the ON or OFF state. 18 18. The nethod
of claim 16, wherein the tinme delay causes an
adjustnent of the tinme period in the OFF state to

mai ntai n the constant switching frequency. 19. The

met hod of claim 13, wherein inmposing the tinme del ay
causes a subsequent zero crossing of the AC output to

180 eNFing rhbthd dfelidill ¥8, Wilerin tHeSih 6 YRl RLERSEsAPhdidstment of the
t her eby generati ngat:he constant swi tching frequenc

20. timeepefiatbutherOEF state 1o maiptairthe eonstanisyetahing ¥requency-
zero crossing remaining fixed relative to the
previ ous zero crossing generates the constant

19swi fTdlei mgthodrafaplainc 3, Rhereith enpedifg theofimel delay ¢3uses a

wherejn the load is a co cat hode .fl uorescent, |
( ComtbSedusnt g0 AT fidfern QUK (@ JSTan piedgpTatve to a
CONprévibid zercPcrdsSinhale By deter e ddh‘é@éﬁt%itch{nr?efrequency.

operabl e to provide power "to the display device,
inverter including: a pulse start conponent operable

{0 I C r . .
20,5 el of il 1P Whers st BinstyBhe Bl orBe rpmpining
out fied relatioa o thee previdusetedo Cressingigedératdiethlel daiistant switching
inpzt; a gulse durati on conponent operable to receive
a s&®9H8CY-nput indicative of a display device current
and a third input indicative of a direct current (DC
i nput vol tage, the pulse
21.  The method of claim 13, wherein the load is a cold cathode fluorescent lamp

(CCFL).

22.  Aninformation 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

19



23.

durati on conponent being operable to generate a second
out put responsive to the second and third inputs; a
ti me delay conponent operable to receive the first 19
out put and the DC i nput voltage, the tinme del ay
conmponent introducing a tinme delay to generate a

del ayed first output; a |ogic conponent operable to
receive the delayed first output and the second
output to generate a plurality of control signals; a
plurality of swi tches operable to convert the DC input
to the primary current in response to receiving the
plurality of cont [ y ' i

conmponent oper abl eBte{(?u?:aPtagbéth ru?r\{éfrtélé%l}bggme d?lgy
gener ati ng t heonlipppeatyinttediuciogautimertelay®. gdaiterateya detayed first
of claim22, wherein the display device includes a
col d cat hode OFﬁﬁ@rescent lanp (CCFL). 20

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.

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

fluorescent lamp (CCFL).
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