; GHe3e,), (T6HT & Mcro-controller operated pre-regulator for active power
factor correction TECHNICAL FIELD 5 The present invention relates to a
pre-regulator for use in electronic ballast and el ectronic power supply
~systens and nore particularly to a nethod and apparatus for control of
input current to such systens. BACKGROUND ART 10 Pre-regulators typically
provide current to regulated or unregul ated | oads such as el ectronic

bal | ast an | ectronjc power supply systens. The pre regulator controls the
power fact 'Bfot%ntr 2r F}Pﬁf&tﬂﬁzmr&rreguéamerfmﬁve powee fagtop of
the actual power of an alternating or pulsating current to the apparent
power drawngoh@ctdhi mal efficiency, the power factor is 1.0, and the 15
pre-regul ators attenpt to provide this desired value or a value as close as
possible to 1.0. When the input current relative to the input voltage

cont ai ns phase di spl acenent, harnonic distortion or both, the power factor
will be less than 1.0. The anount of displacenent between the voltage and
current i ndiEGHMCARFIELDiegree to which the | oad is reactive. Harnonic

di stortion, that is, the production of harnmonic frequencies, arises from

the non3linear Tdpepmseohinvbntitverdiord tora PraamigithatoPR usk!iABIStBHIOBallast
si nusoi dal supply voltage. Known pre-regul ator devices or systens generate

t he curr entarlly eRizBbyR ngbh%ubﬁf?/uéy(é@h%a@r?% i V%dﬁégf‘tl\':hféglyif& %\E‘r_g?g‘go%eand

si nusoi dal current through one of the 25
progr anm ng,iMa-Shls iFECh Isq_g{hr' | _conponents such as
- capacitors, p?r%d res?ﬁt%ﬁ@,ﬁo{fﬁg’tulﬂgrsggéhg’ce |§L¥I%gerp§)' agi ng. Conventi onal
power factor controllers often assunme the input voltage to the ballast wll
be substantially sinusoidal. Non-linear |oads drawi ng power fromthe power
mains 5 .ca morari |y distort the mains voltage resulting in a
substantialrbéeur épmﬁ&%l i nput voltage. Input current control dependent
on the non-sinusoidal input voltage is difficult and may |ead to a power
fact or 1€or r ect if5A-ragdiataradypichliin plovide 2urbhyid adgukatedr emumregulied isits, Of
conplex algorithnms froma reference

such as electronic ballast and electronic power supply systems. The pre-

regulator controls the power factor of the load. In particular, the power factor is
the ratio of the actual power of an alternating or pulsating current to the
apparent power drawn. For optimal éfficiency, the power factor is 1.0, and the
15 pre-regulators attempt to provide this desired value or a value as close as
possible to 1.0.
When the input current relative to the input voltage contains phase
displacement, harmonic distortion or both, the power factor will be less than 1.0.
The amount of displacement between the voltage and current indicates the
20 degree to which the load is reactive. Harmonic distortion, that is, the production
of harmonic frequencies, arises from the non-linear operation of the load in
drawing power from a mains sinusoidal supply voltage.
Known pre-regulator devices or systems generate the current by analysing

the input voltage and deriving an in-phase sinusoidal current through one of the

25 foliowing:



10 sinusoidal |ookup table. The converter is controlled by two or nore

f eedback | oops requiring the sanpling of the input voltage/current as well
- as conputating intensive algorithnms. The input voltage to the pre-regul ator
is usually the operating voltage of the power supply systens, which may be
different anong the systens, and may be 15 constant or varying.
Accordingly, it is desirable in electrical and electronic systens to

provi de a pLe- r%ﬂ%‘ll ator which al b-ogls @n i n- phase ?i nusoi dal current to be
drawn into a el’ecPPPPAPIFNYMEIGWhICHANCURgS ie Ur AT slechical sempenpeistsudnast
connected to the oqutput of the pre-regulator such that the current has a
pover fact o?S §8PaFIGReaRNd Fesigiolmithgt aedsurpeptible thagingi Cativenteonalqower 3

DI SCLOSURE OF THE | NVENTI ON The present invention seeks to overcome one or
nore of t hefagiaragontiokares ofient hespmeothar inpullheoliageensd | e WaMstegilla beet hod
of generating an input current to an 5 electronic |oad at a power factor at
or appr oxi nebestantisytsinugatdaldi Neh-Phear 888 d@é\Nln@%ﬁwé@I‘r&ﬁﬁ%éﬁbﬁé{[ Halmad;

sanpling said input voltage to said |oad in a processing device a

predet ers nash itBhRoYALIS AL L6 el Vo1AEE! TR o] %‘de%%ﬁtﬁgy g@%ﬂ;m ng

at the output of said processing device a discre Ime sW't I

sequence rel; O 1 ped Lue A and .swit chi oints k 1Q by .the

rel ati onsh?%ﬂlé’%ﬁsjéllﬂ{}ﬂﬁ{\ﬁ;lgg&l- i&'%%lt r?%‘”ﬁ?faﬁ%f V“c&ep\gnﬁ%npf{n emen dals t he
maxi mum dutyy cycle of .the. sw tching sequence and K is the nunber of

sanpl es, SV\I%PH ?’HISEQ%@ Bﬁiﬁ}m @Bgtragﬁ%%d dQiaPPYaH fagphgotrmetiemintedh teps
signal sequence to generate the input current, and selecting the value 15
of N when pthéﬂl}e@-ng the swi tching sequence such that the waveform of the
generated input current is in or approximates a sinusoidal form The

i nvention al.so Pigdai pexgranmcaingrioy Ineeadobf coniplek |digeritams okt aCkEfeRMcet 0 a
| oad i ncluding a processing device having an input for receiving an input

vol t ageiot o sihesdigaldiookils tablec ahe BenARErGE &RMRIES B;hgué fb?%o}ééﬂfé@cﬂf‘acko

determ ne 20 anplitude A at discrete sanpling points to produce a

di screte t i|86p§%dt§ﬁméa§9@!m§%‘ﬁ‘ﬁ%‘ﬁﬁﬁ Sorh§chRent 00 LY cct)r%utating

relati onship P(k)
intensive aigorithms.

The input voltage to the pre-regulator is usually the operating voltage of the

power supply systems, which may be different among the systems, and may be
15 constant or varying.

Accordingly, it is desirable in electrical and electronic systems to brovide a
pre-regulator which allows an in-phase sinusoidal current to be drawn into a
electrical and electronic load, such as a electronic ballast, connected to the
output of the pre-regulator such that the current has a power factor at or near to

20 unity and has low harmonic distortion.



(sin K) N} k =0,1,2,3,.... K Aswtching device is controlled by the
swtching signal to switch the input voltage to the |oad to produce the
controll ed input 4 current. The value Nis selected to produce an
anplitude of the input current in the formof or approximting a sinusoidal
form Preferably, the processing device ks a programed mcro-controlier.
The invention also provides a pre-regulator for an electronic ballast 5

i ncluding t 1 = I Use of high speed switching of a

di screte t|ﬁ§§€§§%%5&%@%@f&ﬂl controlled by value N ensures a
snmoot h si nusoi dal input current waveformclose to the voltage, while factor
A ensures that Wa&ePHRSANs iRVaniedi ¢gekscltoseverorauehiong tdre mareef of nthef t he
voltage. Thus, the conbi ned usage of both factors 10 achi eves a power

fact or cl osdisadvantagésof theeriorexrt.equl ator. Switching at the precise duty
cycle at every point on the sinusoidal input voltage ensures a snooth

si nusoi dal i npuThe unvertion BRVIFeIESHRIIRT QF ﬁnéﬁﬁnm Otléur?erﬁ’cr & ed

enbodi ment of the invention will now be descri bed, f exanple only,
wi th refser eggsirb@ tlcﬁﬁ‘d@?ﬁ%@? ' ' ' | Gty RISy Arctiifys 2
schematic circuit di agram o oﬁ%&gﬂgggiﬂbﬁ@ﬁ@%@atyﬁ’eﬁﬁ%@ﬁﬂﬂbﬂﬁ PEVHIPe 2%
shows a gra f S) | Ng_sequence over, fi . and 20 Figure 3 shows a
graph of j‘gﬁ%‘f)c"ﬁﬁt? %t%aééﬁé%@agﬁ@p'.gD%%HnWWFdQ%@eTHE Siﬂ%EFfE?@ED a
EMBODI MENT Referring to Figure 1 of the draw ngs, an a.c, voltage source 5
“applies an ROFeSYBY dgdce/ A Riesdefarmingd rinfen!s dtor getermingl gae ramplituider A
conprising diodes 7, 8, 9 25 and 10. The rectified voltage conprises the

i nput vol t dgauiped fop profuciice at éerioatmrt of Sid. precessimgy diesicera disoneteuties an
intrinsic boost converter conprising inductor 11, MOSFET device 13, diode

16 and capawiitahing Sign@hsequernpet retated éotdeterniied vael Aethd Swit@ih§ bbites koad
17. The gate drive 14 is controlled by pul se width nodul ator 19. A

m cr o- cont rig} therreBliofaMiipe i ncl uded to accommodate to a
P(k) = PWMmax {1'A (Sink%)#} k=0123..K

where PWMp.x is the maximum duty cycle of the switching sequence and K is
the number of samples, switching the input voltage to said load using the
switching signal sequence to generate the input current, and selecting the value

15 of N when producing the switching sequence such that the waveform of the
generated input current is in or approximates a sinusoidal form.

The invention also provides a controller for controlling an input current to a
load including a processing device having an input for receiving an input voltage
to the load. The processing device samples the input voltage to determine

20 amplitude A at discrete sampling points k to produce a discrete time switching

signal sequence related to A and k by the relationship Plk) = PWM,..x {1- A
. ko s :
(sm?)ﬂ’ } k=10,1,23,...K A switching device is controlled by the switching

signal to switch the input voltage to the load to produce the controlied input



5 marginally or continuously varying |load. The nodul ator 19 produces a
discrete tine sequence of pulse width nodul ated signals for controlling
switch 14. Where the load is fixed, a single predeterm ned sequence of
pul se wi dth nodul ated signals is used. Were the load is nmarginally
varying, a nunber of predeterm ned sequences are stored and the output
voltage Vo is sensed and 10 input to the controller 20 which selects an
appropriate store&.se en _dgéendent on the output voltage val ue Vo
sensed. Thi SUTRYUddREK VallR N iselartadaie Heduse andmplitede o iel i cLivedt in
sequences on a continuous basis for a continuously varying load. A sinple
control funth& fermicof op eppraxémabing arsinussidaldbirer 20 to continuously vary the
PWM sequences based on the feedback output 15 voltage Vo. The pul se width

nodul ati on cont Paifefabiy, dne procesbimgatbvice ishepagramesbamidedP¥rolibe

rel ati onshi p: P(k)=PINM', axf1-A(S-n~) H k=0,1,2,3,.... K Referring to
Figure 2, a graphe ohvehoryadise Roides’ @ J‘é@" Oforvahu er
time is shown where: 1. ~is the baseeS frepi;%ern Lgllhb(?fr foﬁegb\/\%ggﬁg[rgag%#l.g&%

2(kT) is thﬁc“ﬁﬂ%@%’”% %t&??_%gﬁgmrt age(typically 50Hz or 60Hz) 3. PWhaX

is the maxi num C Sequence. 6 4. 1 > A> 0 determnes
t he m ni num dut e.required.far proper disgontinuous-node operation of
t he power i nduc%%)é%ib'%%#e%ﬁwﬁ?h'ﬁ%ﬂ a\;iﬁqgge B'fnetwuﬁﬁcprfﬁg@u@{)eﬁu%@il@l Va~.
A may be mar iF?qillgl y varied to acconmbdate margi nal changes in resistive

| oad” 17. 5 eINtiRllediby yalug Nsgapiees thempetiusinkseidal igput eyentovaveonm atoser di ng
to Figure 3. As N increases the input current approaches a sinusoidal form
as N decr ed®ethe veoltrgpuwhiler fastar Appnearssethad Wweléfoshajzedinusbital,Nclosely
selected for a particular |load such that the input current is near to

si nusoi dal matqhingthel wavafoemmoddue ebitae. SHUSS e €brhBineuNEaGaNf2Rth m&{rst he
a.c. input voltage by 10 neans of a zero-crossing detector 22. It wll be

appr eci @t edadtidbed Hr bo0Er PAHSHCIRBE & @!U’f&%ﬁ{épbiér-i étgF'.S %ﬁ%ﬁ]ﬁ i/éei‘r’]tﬁgti on

are possible wi thout departing fromthe spirit o cope of 't I"on

described. precise duty cycle at every point on the sinusoidal input voltage ensures a
smooth sinusoidal input current.
BRIEF DESCRIPTION OF THE DRAWING
15 A preferred embodiment of the invention will now be described, by way of
example only, with reference to the accompanying drawings in which:
Figure 1 shows a schematic circuit diagram of one embodiment of the
invention;
Figure 2 shows a graph of the switching sequence over time; and
20 Figure 3 shows a graph of inbut current against value N.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 1 of the drawings, an a.c. voltage source 5 applies an
a.c. voltage V. via an EMI filter 6 to a bridge rectifier comprising diodes 7, 8, 9

25 and 10. The rectified vott_age comprises the input voltage Vi, to the pre-reguiator



CLAIMS: 1. A nmethod of generating an input current to a | oad at a power
factor at or approximating unity including the steps of: a) providing an

i nput voltage value to said load; 5 b) sanpling said input voltage to said
load in a processing device at predetermned intervals to determ ne
anplitude A of a sw tching sequence; c) producing a discrete tinme sw tching
signal sequence related to determned value A for a predeternined | oad,

d I h I k PVWha
(<0, 72,5, % PR el e duibiivbRS 4ot slr RoRtioodvekin TR s i)
nb f t hi th t | t t
e e S T e T Sopr it TG i e e

current; and e) selecting the value of N when producing the sw tching
sequence suappliede resistivaalpedotf of tTiee igaprutrivairddatcontroiled by @pse evdtmt es
a sinusoidal form 2. A method according to claim1l wherein the processing

devi ce is amd@uiataglammAadmidrosoontoliér ol may Be ifcli@édad aseeidbdget & al ai m
1 or 2 wherein the nmethod includes synchronizing the switching with zero

crossi ngs anat'd]ﬁa!!y"@ﬂ&or\ttmdo%gﬁy va4ym© Beat red ﬁfodhfda orc?@tpfré’éudééga AkcrgBut

current to a | oad i ncluding: a) "a processing device aV|ng an 1 nput for

o0 V'sQ%@éﬁﬁéhﬁﬁﬁ%wﬁﬁ%ﬁg@l%Obﬁ@*’?d Lt CHMARS
GeL SIS L, R B e BB et B O

val ue A and sanpling points k by the reI ationship: Pﬁk) =PWVmax( 1- A(sin~) N ~
k=01, 2, 3, _r_np_d&@lted signals is used.” Where the load is marginally varying, a number of

predetermined sequences are stored and the output voltage V, is sensed and
10 input to the controller 20 which selects an appropriate stored sequence
dependent on the output voltage value V, sensed. This feedback arrangement
can be expanded to provide derived sequences on a continuous basis for a
continuously varying load. A simple control function is provided by the controlier
20 to continuously vary the PWM sequences based on the feedback output

15 voltage V..
The pulse width modulation control factor is related to the derived values

by the relationship:
P(k) = PWM ey {1- A (sin%’) ¥} k=0,123,...K

Referring to Figure 2, a graph of the value P(k), for a family of values of N

20  overtime is shown where:

1. % is the base frequency of the PWM generator.

2.

20T is the frequency of the a.c voltage(typically 50Hz or 60Hz)

3. PWMpax is the maximum duty cycle of the PWM sequence.



10 where PWvirax is the maxi mum duty cycle of the switching sequence and K
is the nunber of sanples; b) a switching device controlled by said

swi tching signal sequence to switch said input voltage to said | oad and
produce said controlled input current; and wherein the processing neans is
responsive 15 to the anplitude A of saidginput voltage to select a value of -
N in producing the sw tching sequence such that the waveform of said
controlled t ¢ e in the, formof or proxi mat es _a si_nusoi dal
form 5. A onfr ol e% Z’cdf’iﬁ”ﬂae?oﬂ'lﬁ aP]Wrﬁ“WnéﬁE nCYdhe [HEds ey RieRdlce s
-a 20 prograrmed m cro-controller. 6. A controller according to claim4 or 5
i ncl udi ng a lﬁwﬁlmgﬂﬂge@@ﬁéﬁmoﬁtésmmmedm@om hé neapandsit geak vebres
synchroni zing the switching device with zero crossings of the input

vol tage. @i the F@-inpglubimusoid V..aA wlgches anagimlyl asfied el astionemadate
controller according to claim4, 5 or 6.
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10 invention are possible without departing from the spirit or scope of the invention

described.



10 10f O<MLO%& ()-:i!10%& ()- 7)10%& ()-&o0 [
dEbC(I\/IlO%&'i!1(()2’/4&'()-si!(12)%}&'()-PS#10%}&'()-,i!10%&'()-i!10%&'()-!10%}&
"()-  KdJEbC( MLOY&' _ |

'F1I0%% & ()-cl0% & ()-@!10% & ()-#10% & ()-i!10% & ()-10% & ()-Ld O
dEbC(MLO%&' v.i!10% & ()-S,i!10%4 & ()-*i!10% & ()- 'F10% & ()- %

1094 & ()-#i!10% & ()- 4&(§Hb%l}v{10;/ag}% 0% & ()-

1094 & () -1Q9. & .()-0s10% & () -
)10}\/%10%\&8@?M%dEbC(MLOW&'i!10%&'()-i!10%&'()-i!10%&'()-_si!10%l&'()-P
6#109% & ()- ,)10% & ()-+V; dEbC( MLOY&' & #10% & ()-% ! 10% & ()-"i!10% & ()-
i110% & () - Hay 109pethop- ef\generating an input current to a load at a power factor at or
10%U&'()-iPdEbC(I\/[LO(V&'4i!10;/]%&'()-1#;8;’?;‘8-“!1%?/@4&&'6)'-_;;!01/008{(}2&')()-10}

| +F10% & () approxDaatiig dnigGnblGdMLORe st ok ()-L1'10% & () - % & () -

10} 1()/%9”()10%&?‘;’@4_'\%?\” 10%4 & ()-#w)r dEbC(MLO%&' i!10% & ()-i!10% & () -
)10% & ()-110% & () - prolRftrgaklinput voltage value to said load:

5 b) sampling said input voltage to said load in a processing device at
predetermined intervals to determine amplitude A of a switching
sequence;

c) producing a discrete time switching signal sequence related to
determined value A, for a predetermined load, and sampling points

10 kK by the relationship:
. ko1
P(k) = PWMpmax {1- A (sm?)iv } k=01,23...K

where  PWMmax is the maximum duty cycle of the switching

sequence and K is the number of samples;

d) switching the input voltage to said load using the switching signal
15 sequence to generate the input current; and
e) selecting the value of N when producing the switching seguence

such that the waveform of the input current is in or approximates a
sinusoidal form.
2. A method according to claim 1 wherein the processing device is a
20 programmed micro-controlier.
3. A method according to claim 1 or 2 wherein the method includes
synchronizing {he switching with zero crossings of the input voltage.

4. Acontroller for controlling an input current to a load including:



10% & ()- \: dEbC( MLOY& 9%+109% & () - #10% & () - *

10% & ()- @1 10% & () -#10% & ()-M 10% & () - YAEbC( MLO%&' 410% & () - 010% & () - <
.10% & ()-p, 10% & ()-< O* | ‘

10% & ()-(10% & ()-]bC(MLOY& i ! 10% & ()-Lft10% & ()- 10" 10

10°: #10% & ()-8 !10% & ()-< 6*10% & ()- Q9dEbC( MLO%R: \

) 10% & ()-VCL0% & ()-36#10% & ()-i!10% & ()-i!10% & ()-i!10% & ()-  3dEbC( M
0%& : , , . . .

') 10% & () - Y098K () - #Praesssiny feviga bwving an inpdderreceiving emsiapyt vataged EbC(
MLOYE' H710% & ()- @10% & ()-1) 10% & ()-< / 10% & () -

S, 10% & ()-*10% & () -Mgsdid load ; said processing device responsive to : . .

bC( MLOY& j ! 10908 ()-j ! 109D& ()-!109%D& ()-ifs10%& ()- 10° 10" 10°,;

10% & () -1 sttt "dEbC( M.O%&mple said input voltage to the load at predetermined
F109D&' () - 109D& ()-j ! 109D& ()-j ! 109D& () - | SH109D& () -, 109& () -

et () TECMLO%E L1094y o0 400 LU re ol HARUNG R vtage

@ 1090D& () - 109D& () - "" O#e###SIEND

| 109%& ()s &10%& () -! 109& ()-a%g%ﬁ" ng%})ﬁ% $$( YaBmb C( MLOY&
1 1 1 pl g 1
9 - 9 -1 109 () - E & () -
gg(gf/(&'(%)-}f}/é%ﬁ/‘&/g\/&’\&dEnb() MLOY& - 10%&' () - +1(()2’/&' (I)]- < f)*10%& ()-C 10%& () -
-C]{. produce a dﬁlgécg’gte time switching signal sequence related

to determined value A and sampling points k by the

relationship:
P(k) = PWMmax {1- A (sin%ﬁ } k=0,123,...K

10 where PWMnax is the maximum duty cycle of the switching
sequence and K is the number of samples:

b) a switching device controlled by said switching signal sequence to
switch said input voltage to said load and produce said controlled
input current; and  wherein the processing means is responsive

15 to the amplitude A of said input voltage to select a value of N in
producing the switching sequence such that the waveform of said
controlled input current is in the form of or approximates a

sinusoidal form.
5. A controller according to claim 4 wherein the processing device is a

.20 pregrammed micro-controller.
6. A controller according to claim 4 or 5 including a zero-crossing detector
responsive to the input signal for syn.chronizing the switching device with zero

crossings of the input voltage.
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