-.;e3e<6Ta{F”WNMNMWMﬂmmmFe9 APri S2002 *@00002* Switch node el ectrical power
controller invention relates to a swtch node el ectrical power
controller. Swkigh+«node el ectrical power controllers are used in electrica
power supplies. An electrical power supply for an electrical system

i ncl udi ng | jliipnduct or or vacuum devi ces i s usuBkplycemequSheer t o
provi de a mmmmﬂwmﬂmnm const ant lodt put voltage from a recti RiApd 2002
alternating voltg@se while an el ectrical power supply for an electrical
notor may be required to provide a variable output voltage for the control
of the notor speefvithis mdde cwhecbklienlf powam elopdindldalr power supply may
be required to provide for either the generation of a stabilised out put

vol tage or a yﬁéigpggFthQ I f 3ge £ Qrean unst abi;ld (H%Adgnﬂ vol tage. An

el ectrical power Supply enploying a swtch node controll er operates by

choppi nge {'B&¢ L PPN ﬁgugqggxngg§§ipgrgo its output port either the ful
i nput voltage or zero voltage. The periods with a non-zero output voltage

al ternate withy,{begsemgheZ @1 ALk PEA) VEblage cBRE rbNE ehdt iad Hfudbg two
periods is varied as required to Take the |long term 20 average voltage

equal toihheleeetiedopgbmelr \WlpgDees neaaf et Becadvant e 0Ofs@ gyt ch node
el ectrical power supply over other forns of electrical power supply. is
that 3 hefopesnténgctregueney steem thEbhthaihgnatsivie sealiectrrihceps the fact
that the energy storage conponents 25 becone smaller as the operating
frequencyr i sacwmom edsetfices- i2 RRapd htgneatusheat ro9phpilde2@ X piernits some
control over the size of the power supply. An object of the present

i nventi ostarstidklprovnsseon afutpswi tohtagdef ebachr realt ifdwst £bvérakler
capabl e of operation at higher frequencies than existing 5 switch node

el ectri calnpoveltzgatwbiler &n lal ectoidahcpowethstbelpr ésentan nekattod-a
switch node el ectrical power controller includes a generator arranged to
provi de el owipent miaygnhke kediuiged repepirovidel § varurbilegoudmuwavelorm a
control input port 10 for receiving a control signal which, in operation,

i s rdordsagn afionetid epptreduinfedloritpREovospags.- f r Shva soRecanippdbyles
which the controller belongs, and a sjgnal processing network arranged to
provi de,f 3% Gift TR F BRPCAAYBPYEH aTHPE-he TBant Pel reaygnard 5o eFavidgefout put

sig 15 nal having a first level for a firs riod and a_second
g éﬁther tﬁé generation of a staé{lisgg output voltage or a

variable output voltage from an unstabilised input voltage.

An electrical power supply employing a switch mode

[
(V1]

controller operates by choppling the input voltage, passing
to its output port either the full input voltage or zero
voltage. The periods with a non-zero output voltage alter-
nate with those of zero output voltage and the ratio of the
two periods is varied as required to make the long term
20 average voltage equal to the desired output voltage.

One of the advantages of a switch mede electrical
power supply over other forms of electrical power supply.
is that the operating frequency may, within limits, be
selected, and the fact that the energy storage components

25 become smaller as the operating frequency is increased



‘I'evel for a second period which adjoins the first period, the signal
processi ng network being arranged to perform in parallel, the operations
required for the generation of the output signal in which the ratio of the
first 20 period to the second period varies with the | evel of the control

signal . The performance, in parallel, of the operations ggmébmned shok. t he
generation of the output signhaj mninses the delay along a cgkﬁhgéi si gna
path and facilitates high frequency operation. In a preferred formof the
present invention, the signal processing network includes a conparator

havi ng PEFEE tinFPeR oRENtAAM POe¥sthensirer of itheutPqwst wpphy.conpar at or
bei ng connected to, receive the output  Replacenment Sheet: - 9 April 2002
si gnal from ffle QRHRFEL B TP (PEeSBBENANVAPEEOPorS &he IRX@Bhpar at or bei ng
connected to the control input $ort means of the contrqller, connected

within BRENCBApA StHItED PRR& EREhEL SR VBOWRFt ERPAG Bl &the conparator to

provide St out put signal changes between the first and the second
IeveIs,cﬁﬁagﬁﬁaﬁgpéﬂﬁﬁﬁgFéﬂqmqqﬂ ?h%rggﬁﬁaPﬁﬂﬁﬂeFoHhiﬂﬂe%%ﬁﬁéaﬁparator

t id tput si |, at, the first | t the begi i f h
arb weSELEER T 519 SFF AR PEHEE CFOTREORIEEEnt T nvent! on, the 10

si gnal proce§sin neaﬁgyk jn%bgfqaba congarator havkn first. and second
input parts, *Ph@F9F512 T Rful’ t*RF PRESEBRpAPYEBF HE Ay Threlted to
e oomhfE, Y kel BRI ASPERE Pl PPaRl S, SRR L Pt ©

trol f b in.t t tQ .
Fegener i TtRAEH Eenity of SFna L S of LBEt feBhvhBT 8 TRRT hond states
whi ch ' J LISt d I feed f d
nelt\(/:\orllg{]g‘\é%\g c%’gggl?g%l:/\ﬁné%hg i“ﬁagﬂiéiﬁlg?o%?%%’?géaiség g’%s%o%fdfttaheegorrpg; \Q?E)r
anfANgef, Oréééfib'i C%*P@éﬁ’c%;lt %Wig#{faf'&ﬁ'cﬁtaiﬁ 8@&9%1%@ i ng of each
nthe tirs e d t he

ranmp wavef or m odi t~of the present ‘invention.

ek R AT £ RBOSR AL A b i 00 gl e
power supply to which the controller belongs, and a sig-
nal processing network arranged to provide, from the -ramp
waveform and the control signgl, a repetitive output sig-

15 nal having a first level for a first period and a second
level for a second period which adjoins the first period,
the signal processing network being arranged to perform,
in parallel, the operations required for the generation
of the output signal in which the ratio of the first

20 period to the second period varies with the level of the
control signal.

The performance, in parallel, of the operations required
for the generation of the output signal minimises the delay
along a critical signal path and facilitates high frequency
operation.

In a preferred form of the present invention, the signal
processing network includes a comparator having first and

second input ports, the first input port of the comparator being

connected to receive the output



'+~ 4 Replacenent Sheet: 9 April 2002 present invention, the signal
processi ng network includes a conparator having first and second i nput
ports, the first input port of the conparator being connected to receive
the output signal fromthe genera 5 for and the second input port of the
conpar ator being connected to -the control input port ofreplabémert8RidtO! | €T,
an output stage connected directty3te the conparator output POAAr 262

f eedback network connected to the conparator and the output stage arranged
to cause tlisdanal fxrqguttbeagenar st candegbeesaicond \inmiteparthesf irst
and second output levels, and a feedforward network connected between the

i nput and tihe QAMRATraegrobeisly t¢rnneapadator tier mogekab smputheort
conparator to its first stat®®8RSthe begi nning of each ranmp waveform 15 In
t he al t er n®fi vdree it nehi e ri feorneebad k washior ikheayr dmparattongetiot o i ncl ude
i nput regions of the output age. In an enbodi nent of the present

i nventi on, cBNSesirpaRNepR bi¥esisn e Wngkofmfhencongarsitny ato f prowiated 20
second channels, arranged to provide, alternately on respective output
ports> repédier iopd PR RAIBRGnEhRNERAS ngetwepnsthieefdir storand fhet peri od
and a second | evel for a second period which adjoins the first period. In
an enbodi mEgcodd v ehesenndi MRANRS oPONRASLSHgWAShAR theo aBPAFaKETWOr k
may i nclude comrutation and bl ank - 5 - Replacenent Sheet: 9 April 2002

i ng networ k8 ALE&Yged e COBRRZRE I YarRFPELARI BR ONE PN ¥fRF L of Tt he
signal processing network, In an enbodjnent of the present invention, the
sig nal pr&BesEirgtnderk aky thsc PRiRY QRdS3EBOAG™ NENREPEMconbi ned

to provide, seriall n a single.out put_port, repetitive output signals
haang a first Fevéréirst emgo imen ofpthe pregent 1nventf€n, t%e

10 signal orocessing network includes a comparator having
first and second input ports, the first input port of
the comparator being connec;ed to receive the output
signal from the generator and the second input port of
the comparator being connected to the control input port

15 of the controller, a feedback network in the comparator
arranged to cause regenerative switching of the compara-
tor between first and second states which provide res-
pective first and second output levels, and a feedfor-
ward network connected between the input anéd output

20 regions of the comparator arranged to set the comparator
to its first state at the beginning of each ramp waveform.

In the firs:t embodiment of the present invention,
the feedback network may be arranged to include output
regions oi the comparator.

25 In an alternative to the first embodiment of the



for a first period and a second | evel for a second period which adjoins the
first period. In an enbodi nent of the present invention, the sig 10 nal
processi ng network may include a commutation network arranged to operate in
parallel with the remainder of the signal processing network. In an

embodi ment of . the present invention, the genera for may Rglagement Sheet:
non-saturating' emtter coupled_myltivibrator 15 providing fi rgAprippud2second
out put waveforns conprising alternate ranp and constant portions, the first

and second pReekatTs RANGi ShY ke Rulgndll lhrbdeddrmeri@dwbire di spl acenent
between them In an enbodi rent of the present invention, the sig 20 nal

processi ng netMEksTRYy ddifpalde e hevti Nt M4 agel |4 dn@r 0hpaki On
networks arranged to operate in parallel with the remai nder of tie signal

processi ng petrwel kthlen fr eebodpurnipoait t kef piRs efdmpdwebdt OBeihlge si g nal
processi ng network may. be arranged as differentiaZly 25 connected
transi stor cehmeckedwitd) sessbnemate awt it feiaal Rophackeegensiest: 9
April 2002 - 6 tial-node input ports and with correspondi ng output ports
of the fet wooksandnnée exkd¢on@aiapbel poktswift atherodtengd et 6+ chkipower
controller in accordance with the present invention will now be descri bed
by way of connected to -the control input port of the controller,

an output stage connected directly to the comparator

output port, a feedback network connected to the com-

parator and the output stage arranged to cause the out-

10 put stage to switch regeneratively between the first and
second output levels, and a feedforward network connected
between the input and the output regions of the compara-
tor arranged to set the comparator to its first state at
the beginning of each ramp waveform.

15 In the alternative embodiment, the feedback network
may be arranged to include input regions of the output
stage.

In an embodiment of the present invention, the sig-
nal processing network may include similar first and

20 second channels, arranged to provide, alternately on
respective output ports, repetitive output signals having
a first level for a first period and az second level for
a second period which adjoins the first period.

In an embodiment of the present invention, the sig-

25 nal processing network may include commutation and blank-



exanple only and with reference to the acconpanying drawi ngs in which: Fig.
1 is a block diagramrepresentation of a first formof sw tch node

el ectrical power controller, in accordance with the present invention,

i ncluding a ranp waveform generator, a 10 signal processing network with
two channel s, and an out put stage somnected to each charReplaceheritBRedgti gnal
processing net work, Fig. 2 is a diagramatic representati on DApril ban2

wavef or ns pr.uvugdexédmﬁm apnpnyeydetor dpgeneeatin palra 14 YN} t R @g@SSi ng 15
networ k, and the output stages of the controller of Fig. 1, Fig. 3 is a

circuit d|agranmmeﬁkﬁseﬂﬁaﬁmansﬂénémepﬁaﬁﬁswaw@f@@%hﬁﬁﬂﬁrator of Fig. 1
Fig. 4 is a diagranmatic representation of the ranp wave forns provi ded by

the ranp wavef or migenar admsodiméhg. o3, t2@ Présentl S nwveldt0tdn fi agEad); g
representation of a second formof switch node electrical power control | er,

i n accordanceali pircides e emé twayRNEMBON inicN udli Eh rishe asidneécoracessi ng
network and the output stages are arranged differently fromthe signal
processi n§ nehaonle landant jned stagesocot dki,gsetia2dyFiog 6 didn@l & baui-t
di agram representati on of part of the signal processing network of Fig. 5
capabl e of captypoegtoutrdgetitiRepbatcenentighadét: hAvApg la 2002s £ ubetsie@ns of
pul se-wi dt h nodul ati on and out put signal sw tching, |atching, and
resetting, FEgr 2 ifs r&tcipenaed ddrgr ansrepndséetvali dorofa awmtded part odf
the signal processing network of Fig.S capable of
which adjoins the first period.

In an embodiment ©f the present invention, the sig-

10 nal processing network may include a commutation network
arranged to operate in parallel with the remainder of
the signal processing network.

In an embodiment cf .the present inventicn, the genera-
tor may be a non-saturating emitter coupled multivibrator

15 providing first and seconé output waveforms comprising
alternate ramp and constant portions, the first and
second waveforms being similar but with a half-period
time displacement between them.

In an embodiment of the present invention, the sig-

20 nal processing network may include current and voltage
limit protection networks arranged to operate in parallel
with the remainder of the signal processing network.

In an embodiment cf the present invention, the sig-

nal processing network may be arranged as differentially-

25 connected transistor networlkswith common-mode and differen-



. .5 carrying out the circuit functions of commtation and blanking, Fig. 8 is
a circuit diagramrepresentation of an arrange nent of the signal
_processing network for providing a single ended output fromthe controller,
and, 10 Fig. 9 is a circuit diagramrepresentation of a signal |evel
setting network included in both the first and second f Gepmcedfent Bigeepowner
“controller. Referring to Fig. 1, the first formof the sw tcl9 Apmitiz002

el ectrical power controller inctugles a ranp generating oscilla 15 for |,
two pul se-width nodulators 2 and 3, a control network 4, signal |eve

setti ngthel woedke Enpnl eortwo dnd chi by aerreepRad¥ngngugpuindants oaf put
stages 9 and 10, and an external capacitor. The capacitor 11 is required
for thetBBcPeErUREKS 1ICORBEELEGhG 1t PF¥yllel.the oscillator i has output
ports 20 connpected to input ports of the pulse-wi dth nodulators 2 and 3,
and a furthet Dpeh PBAE EIREciisrt PPHRr cBAPEEP! hEF WoPk 22COTKERRGRL 1 O

networ k 4 has out put ports connected to the pul se-w dfh dul ators_2 and 3.
The  pul &EER TR BEGREAECR Y SR Ofh bit pUtoBoPe SERARELPEA BYr ¥3M i o t he

outgput stage, 25 and the latching network 7 [ s connected.internally to the
output STTTRMS S (PRS0 B BUTTC B 55 hERB P SESTPALK  RBAAT ST SS The
pulse-vggtqhﬂgfglator 3, the output stage Repl acenment Sheet: 9 April 2002
g 10) and The atching network 8 are connected together in the sane nmanner

as the pul seyj dtf f?dHIBEBEkZdiEQﬁ¥ﬁgt€| ﬂg%gggagfogngfpgefg§gghi

network 7, are” connected together. evel “setting networ i's
connectgd g DEINGRIGE & PBLER) daPWolk¥ tedde AL &P, | IRUA-L8FRafd NPi th

pul se-wi dth nodulator 2 and is connected also to an input port of the pulse
- Wi dt h fRdyadin . infhenei R3] ilnMeld iy td NEa Mt Wov & Orh SgERBRAGIART, bet ween

a control input port 13 and the pul se-w dth nodulators 2 and 3 in a manner
Silli | ars ihd10 gt iegt heBwek kt Re drewsho SeHd gl et awd Kah batbld pul se
stage connected to each channel of the signal processing net-
work,
Fig. 2 is a diagrammatic representation of the waveforms
provided by the ramp waveform generator, the signal processing

15 network, and the output stages of the controller of Fig. 1,

Fig. 3 is a circuit diagram representation of the ramp
waveform generator of Fig. 1,

Fig. 4 is a diagrammatic representation of the ramp wave-
forms provided by the ramp waveform generator of Fig. 3,

20 Fig. 5 is a block diagram representation of a second form
of switch mode electrical power controller, in accordance with
the present invention, in which the signal processing network
and the output stages are arranged differently from the signal
processing network and output stages of Fig. 1,

25 Fig. 6 is a circuit diagram representation of part of the

signal processing network of Fig. 5 capable of carrying out the



"width nodulators 2 and 3. The operation of the switch node power controller
of Fig. 1 may be understood by referring to Fig. 2 in which the waveforns
| abel | ed CAP A and CAP 8 represent the sig 15 nals provided by the
oscillator 1 at the input ports to the pulse-wi dth nodulators 2 and 3, the
waveforns | abell ed CONTROL A and CONTROL B represent thergliggmkst gpesvi ded
by the control network 4 to the-ptlse-wi dth nodulators 2 and 8apfi2802
wavef orms | abel |l ed PWWA and PWWB represent the out 20 put signars fromthe
pul se-wi dt h nodul ators 2 and 3, and the waveforns |abelled OUTPUT A and
OUTPUT B féprsdons ofe RGRT¢I4ERNmPAB a1 POt 288agu§PYtasd 9P@L Referri ng
to Fig. 2. the wavefqorm CAP A includes alternate falling ranp portions and
constant BEFECTIBLri RS IB Nthd 3RS TATELELRECAP B has the sane form as the
waveform CAP A _but is shifted fromit in time by a half-period of either
wavef orm The Rader &r ePAM%A TS LhofA288 Rat FRECSREPEACEBHL BRI 9

April 2002 - periods corresponding to potions ,of t
a

hal f h
maveforn1eﬁﬁtioﬁufgfssﬁﬁqéiI?@p%?sg PEwWF V8Fkgﬁg Eﬁgﬁéescgg q)ng a
hi gh | s i ' h f CAP A
The changS T AYiRS PAVeTE ST iret et At RORIRAL w8585 EoR SR "t e when

the in pu 1§hggﬂé on one of the control input ports 12 and 13 is such that
the signal "at a Sécond of the input ports of the pulse width nodulator 2 is

equal to the r@g@.' gvels, atf&ﬂ@yﬁoam’}l\%ﬁaﬁﬁ&gg?hewt%h' B £t :3%_ A fvel

is the 10 great and the waveform being h e ranp level 1s the

| over, of mbhe bWorfkgBalghall tpMbddsHengPREEGHRK €Hot hatol/hAiRat k0 safindine
fleriod for which the waveform PAM A is |ok to that when it i's high wll

alter as th@elnputpekCEomrHhecPREtolRepl dRayaries The level setting net
15 works 5 and 6 are required to adjust the range of the sig pal appearing

at theoi nput ppigs of ikha pulrse:int did bagpdul aéppss@neadidnt 6fmat g
anplitude c. the ranp. The wave form PWM B is generated in a simlar nanner
to that oTefeh' seAting newwchrk irechofed ihaboth PV AbdsPV\WBdamse coatd
shown. 20 for the period during which the wavefornms CAP A and C~.P B are
const ant formshefr eheopowehatccPWrel land PWD1B are neani ngful only during
peri ods when CAPA and CAPB are rama waveforms The waveforns CONTROL A and
CONTROL B are Retdrringetot Fd Pul be- het hinpduf axmref 2thads8iteht hewide 25
respective_high output |evel states. that is, to effect blanking duan%
t hose perg¢bgigtrical power controller includes a ramp generating oscilla-
15 tor 1, two pulse-width modulators 2 and 3, a control network
4, signal level setting networks 5 and 6, two latching net-
works 7 and 8, and two output stages 9 and 10, and an external
capacitor. The capacitor 11 is required for the oscillator 1.
Referring to Fig. 1, the oscillator 1 has output ports
20 connected to input ports of the pulse-width modulators 2 and
3, and a further output port connected to the control network
4. The control network 4 has output ports connected to the
pulse-width modulators 2 and 3. The pulse-width modulator 2
has an output port connected directly to the output stage 9
25 and the latching network 7 is connected .internally to the

output stage 9 and to the output port of the pulse-width

modulator 2. The pulse-width modulator 3, the output stage



~Replacement Sheet: 9 April 2002 - 10 when CAPA and CAP B are not ranp
wavefornms to provide the output waveforns OQUTPUT A and OUTPUT B. The out put
wavef orms OQUTPUT A and OUTPUT B may be conbined to provide a single-ended

"~ out put device or the 5 wavefornms OUTPUT A and OUTPUT ~ may be kept separate
to provide a doubl e-ended out put device. Fig. 3 is a ci RepademgntBeain
representation of the oscillator of Fig. 1, and, referring t8APig00Z, the
oscillator includes portsl4 and 4 58between which are connec 10 ted the
frequency-determ ni ng capacitor (the capacitor 11 of Fig. 1). The

oscillator is an_ intecrated.circui o] bgak teet UL At i N
emitter codpl eéndnithe viBFﬁ 69 nn%‘f’égkghegfr@egégﬁg%ggt e??ﬁl i ng °

capacitor il is connected het Lot SmehuTHeokr 2nsitdeorcuds
suppl i ed H‘yh%Lﬁ"’f“é‘?\t‘“%%ﬂ?ge?%a\rﬁ?%nﬁnggﬁhéﬁgpemarLel feed back connections

between the transistors_t hh ha hieeworkhe,t weecaorerecsadr ce
currents :H"b’%/\,i%"ga‘i‘?r 14 Sﬂg 3\%}?&%2%8% tahe capacitor and then the ether way

t hr ough the capacitor e1 £0e 1M 28R tuAGeherwoak Bhe 2Cenra@skstors
switch al t"'e‘??lea@é?f/‘ onT%%dgg[é?{%see El ectroni ¢ Desi gner's handl;ggkégy T. K
Hem ngwagages 191 to 1l N Fh9r Borii @ 2capdcianodnpliti pagdhreEt B8t o t he
en‘ittg%Nz (??ett"}"u e?r%n(s:%gl?)gros 3) %nd 2 for which to transistors ;3, 34 and
35 and the L;le%g_sé,g{aéﬁ RloAVi 106 6 02 cHnderits Smnmee.ed2s LEige 9 il $7BEVel oped
at the colPector el ectrode of the Repl acenent Sheet: - 11 - 9 fpril 2002
transistor 3l ase f{ge badlsd-avidehbasdudlagsiy dde Ghe 54 93Nt §YBF32 by way
of the tra%5| stor 37 and the signals at the collector electrode o; tl&?t
transi storg3g.8h§ hedwornkk 6 ais heobasstakdiatotRerf 138 tr%hstRPEF §°7 o
pro s vide cross-coupling between the output and input, ports. T L&
el ectrode ok the thanpudtser-svBIvhdr@dyladaide 4 @hthet ldﬁt%d?a’b%??sg?g:l t he
oscillator. Referring to Fig. 4, waveforns of the output signg&stﬂ\éaipltﬁtgee
fromige pesttheotonhectsion |af okhes 1aHfn SAREHHT MEUFE Yavef orm Ssay,
of Fig. 4, and the waveform of the _output signal available fromthe portly
of the osciwilahf modud atiesrs theaNBwer: wavef or m of FAQ 4. As is evident from
the two waveforns, the oscillatqor provides a signal i 1 Chr-811er of
negati ve- gci ng Thep oplenati@RsOfhi east“blntscfkérﬁocg%aéoe‘(/e V%R)oug whi ch the

ranps are symrerrical The wave for of FI 4. are,, Of; £OUs Sen WhG cIANE as
t he upper Wwagef dr mYoqu:i‘g‘?d%Fs’Fﬁgr%s‘%XI’f% o?rll‘%:l u%lesl(g frequencycontr ol

i nput port |5permtting contr . ABOBIr £ak &gt sheasd ghher eby
t he oper at ithg WR¥GFOTEHRS %%H'ﬁ%y %&aﬁﬁgﬁgstor %ﬁp Referring to Fig.

5, the second formaof_t sw i.ch & elestricat gmt{@xherpbnclsucte‘s, as
for the fimadsf &Frﬂvﬁtﬂﬁ%?@ﬁ\t’\%hgbf i'g. 1, a ranmp qganerating oscillatcr_1,

two pul se-wi dth modul at or 19 a2 o5 OPahnbevel tset vavef oenaodkbelsied and
6, two out ﬁﬁ‘F) Pé‘tr{%gfeswg%ﬁdaig, gndo an external capacitor

CONTROL A and CONTROL B represent the signals provided by

the control network 4 to the pulse-width modulators 2 and

3, the waveforms labelled PWMA and PWMB represent the out-

20 put signals from the pulse-width modulators 2 and 3, and

the waveforms labelled OUTPUT A and QUTPUT B represent the

signals from the output stages 9 and 10.

Referring to Fig. 2. the waveform CAP A includes

ions
alternate falling ramp portions and constant level portio

25 and the waveform CAP B has the same form as the waveform

. a - . f
CcAP A but is shifted from it in time by a half period ©

either waveform. The waveform PWM A is shown as having



Repl acenent Sheet: 9 April 2002 - 12 11 required for the oscillator 1. The
second formof the controller includes, connected to the oscillator 1 and

t he pul se-wi dth nodul ators 2 and 3, a comutation and bl anki ng network 20,
two | atching networks 22 and 23, S and a latch reset network 21. Referring
to Fig. S, the oscillator 1 has output ports connected tRepiabéént BRdd:S Of
the pul se-width nodulators 2 and 3, and a further output port9 geoingmeted to
t he conmut ati on and bl anki ng netwbrk 20. The conmutation and 10 bl anki ng
network 20 has out put ports connected to the pulse wi dth nodulators 2 and

3. The pul ﬁ?a'lv\@-gé;%&—?ﬁégl 2b¥r & 5 fflg ObPHhe PREMpCBBREG LAY g agldy to the

out put stage 9 e latching netwofrk 23 I's conhected internally to the

pul se-wi dt it 3 ofa3 ANl SGs toni DL QYL PHE RONLWOR eh/BE B Wisenyddth
nodul ator 2. The latch reset network 21 haS input ports connected alSo to
the output norise 0§ tHeaoptigh atdrei @@Qiﬁ? eHEPHL i Bekhcef otfhecﬂeatlcé}n;_sreset
network 21 is connected to an input port of the latching network 23. The
pul se-wi dt ihomdidrat®f BhBawaaie RtRUEAPOAL CORBEeniAgkedndihectilaydp the
out put stage 10 and the latching net work 22 is connected internally to the
pul se-sm dt o fmarhd afove Boammd FaIMPO WDl 1 heécout pat pREt t@fet hBepultIfr Wi gt h
nodul ator 3. The latch reset network 21 has a further output port connected
to an i nputpywrdigiial hénl anehiofy tied Wookt2adl 2hplbepsikgsall 2l evel SEtting
network 5 is connected between a control input port 12 and an input port of
t he pul se wigdtduch Rephacenentsigreel (a® ApsetoR03f-thd iabua tgaarnss stor 55
whi ch has a current source emtter. |oad 6a, and a collector load resistor
64 The col lefcttdre eberseedatdf nMdibnlavosi 8t bs 8§ual tonnbet ednto lteheebase
el ectrode of a transistor 54 which has a current source 5 emtter |oad 00,
the en tterthe eveiiernf PWie A anisigt bow 19hibe 260h84rbmpndevennect ethe o t he
base el ectrode of the transistor 5i A transistor 56 is connected in
par allloel wigreattesr tamdstbeowaSte fsdwm i pgingehtohl| bt de’ Lbad reaw siereb4 and
the emtter current source 6?, The transistor 56 is biassed ay neans of a
base resi stisr ©% corwertedfbshediwdtsipagtsel eétrvdélahg apposiaiaked
vol tage (which is the positive vol rage supply for the other transistors )
and a currédmatsdlreer$ticonfedthed prx We@nfprswhash ehecvaryed o Bk ri cal
ground. The base el ectrode of the transisfor 56 is connected to the base
el ectrode d&fs tieer %9 apBest ¥heSO Iy WayhofnawthpatiE6F §6. TAS didy Si¢-
transistor 5 has its emtter electrode connected to the current

nal on the port 12 or 13 varies. The lesvel setting net-

15 works 5 and 6 are required to adjust the range of the sig-
nal appearing at the input ports of the pulse-width modula-
tors 2 and 3 to match the amplitude c¢i the ramp. The wave-

-

form PWM B is generatedé in a similar manner to that o

h

11 be noted that PWMA and PWMB are not shown

$2.

PWMA , It w
20 for the period during which the waveforms CAP A and CAP

B are constant for the reason that PWMA and PWMB are

meaningful only durinc periods when CAPA and CAPB are

ramp wavefcrms. The waveforms CONTROL A and CONTROL B

are used to set the pulse-width modulators 2 and 3 to their
25 respective high output level states, that is, to effect

blanking during those periods



. source 52,and its collector electrode connected to the positive supply for
the other transistors. The base el ectrode of the transistor 57 is connected
to a further resistor and a further current source simlar to the
“connections of the base electrode of the transistor 56 to its resistor 6'S
and current source 61, but the further Repl acenent ShRedlacetesyBhekt: 2002 -
13 nodulator 2 and is connected also to an input port of théApdl28e2w dth
nodul ator 3. The signal level settiXfy metwork 6 is connected between a
control input port 13 and the pulse width nodulators 2 and 3 in a manner

simlar 5 tQudie Gopeshioead’ 8 hard avet sehpi WevaebyasktS padiisie
pul se-wi dt h nodul ators 2 and 3. The operation of the second form of the

switch node u GOt ' Qb belk Fimd i@ TRUDi Xeandi 68TPOTt Be wavef orms which
are illustrated by Fig. 2, that is, the operation 10 of the second form of

the switch' node powes,eplkr Wadwifdsmé heusate asahbaouwPUTh® fmaystbéor m of
the switch node power controller. Referring to Fig. 6, a signal processing

networ k i nclusiasi £id st oapsocsa@n t agi -engdeBOoandusldevisieecdrl 5t heget her
at their emtter electrodes and sharing a current source 58 connected to

the coup ed wdtSFRs Autrhind A randi SUPPUT2BI magobresepd isepgaraltie ekowi th
the transistor SI to share its collector |load resistor 63 and the current
source 58. TheoeDhé est abusllectaroilsd obtphe 2e@vicansistors 51 and 52 are
connected to the base el ectrode of a fourth transistor 53 ,which has a
current source 59 t@nnactied aacitcueti disgravadeangsensasiion & ettt rode
of the transistor 53 is connected to the base el ectrode
oscillator of Fig. 1, and, referring to F1ig. 3, the
oscillator includes ports 14 and15 between which are connec-
10 ted the frequency-determining capacitor (the capacitor 11
of Fig. 1). The oscillator is an integrated circuit form
of a symmetrical non-saturating emitter coupled multi-
vibrator in which the freguency-determining capacitor 11
1s connected between the emitters of two transistors
15 supplied by current sources and in which there are feed-
sack connections between the transistcrs to cause oscilla-
tion, the twc current source currents fiowing first one
way throuch the capacitor and then the other way througn
the capacitor tc generate the ramp waveiorms as the
50 transistors switch alternately on and cif (see Electronic
Designer's Handbook by T. K. Hemingway pages 1921 to 194).
Iin Fig. 3, the capacitor 11 is connects¢é tc the emitters
of the transistecrs3) and22 for which the transistors 32,

34 ané 35 and the resistor3eé provide twc current SOUrcCes.

25 The signals developed at the collector electrode of the



‘ Repl acenment Sheet: - 15 - 9 April 2002 resistor,and current source
associated with the-transistor 57 are not shown . in the operation of the
signal processing arrangenent of Fig. 6 , the base el ectrode of the

transi stor 50 receives 5 a ranp waveformsignal fromthe oscillator 1 of
Fig. 1 while the base electrode of the transistor 5 recriyKImaniChRst ant
Tevel signal which is an error vollage which will represent tbe mqg;erence
bet ween the. desired and actual output voltages of a power supp y to which

the signal pr&ndPsE88S3N0 a4 aewrmtkbeboegé ngeeve YRS QM an

initial rapid risé f rocs the cons rant voltage V\/mch prece es it

and this juppah8ibeyehai HyCUEPNICatRE, tPXn%)é..Bt 398nRARAE g f stO the
base el ectrode of the transistorss causing an abrupt rise is |ts coflector

15 current andepd aBYBLt@ORIdLiESaE0bkechar tYQhE@g%oE d2|aré hgegol | ect or
vol tage | evel drop being communicated to the base electrode of th e

transi stor Scbyrdaynef Hake tdansd sé@E 8t enbBokdahEaasbst 91, 34

non- conduct ?ng state. Also the ranp voltage Level will start hig er t han
20 the ®rrofige®l ¢ 28esapduiplant Boiwddni thebgubglE bRl i HpRen-gORLsct i ng
state so that the collectors of the transistors 51 and 52~i 11 be at a high
vol t age | evEthe adifi t t BepledeimdsSheet th8 Apahki2082s- 3ﬁ§ndt§1§ Pl e
voltage fromthe emtter electrode of the transistor53 will be high. The
out put vol thgetivért | ot epaith gords afot hehéadpch gvgkotal | s but remai ns above
the error signal |evel but as the ranp | evel goes bel ow the error signal

| evel the transimséberblingl ltdagigl to, coadatbrmpdeit sheobhephar sdthage wil |
drop. The drop in the collector voltage of the transistor 51 wi 11 be
conmuni cat edvd il dlhket £ apsi sther T tahd &basha getfafetdropsamsthdwn tdae

transi storss and 54 as a voltage rise, causing a regenera 10 rive effect
resul tlilng ithd heppeapi daseifioaim orsanf, tdE Fignsé st end52handavied dah obf ng of
the feedback loop with the transistor5~ in its conducting state. In due
course. thehe ansiptor Signialll abeddresb¥eall f yomonbacpove landfwithe rasmi hlgoe to
the end of the ranp waveformat -which tinme the ranp 15 waveform changes
abruptly tdathe sonsemntheevesivasmivsdvedyrnief bELow the B8sras woiidgrt| evel
and as a result of which the transistor :.I may not be switched off and may
cause the dugiutthel tegevayetfearaisn 0w adseil tatoendrovidRe earfi IR&ef orm
so that the output state of the arrangenent of Frg . 5 20 is undefined
during t he izemhdd-thed veegatid ergsy VVRATP Nl FEriSTfAPYE FANE RIS taet
output voltage frog the signal processing arrangenent should return. to a
hi gh Rével l@velhekent oVhige &fp SARRS oA FE aFPRE51F3Ll ensEPEd YA¥ Q@ he

contr ol - 17 Replacenent Sheet:_ 9 April 2002 of the current source 58 to
switch of f @S dnsE s or 4S8 & (e EMF B - t’h'eeréﬁiﬁewa%efaﬁmupﬁﬁrh cont rol

of the current source |s_|IIu%trategl%gé{$agﬁg qc{u A e”EQ&equenc

waveforms of Fi
control input port 16 permitting control of the current
source currents, and thereby the operating frequency, by

20 way of a transistor 30 .

Referring to Fig. 5, the second form of the switch
mode electrical controller inciudes, 2s for the first form
represented by Fig. 1, a ramp generating oscillatcr 1, two
pulse-width modulators 2 and 3, signal level setting networks

25 5 and 6, two output stages 9 and 10, and an external capacitor



- Referring to Fig. Z, a signal processing arrange S ment includes the

"l eft-hand" transistors 50, 5i and 52 as described in Fig. 6 and
.correspondi ng "right-hand" transistors 101, 102 and 103 sharing a current
source 91 connected in the emitter circuit of the transistors Sb, 51 and 52
by way of of a transistor 90 and connected in the enitt eRepRiéhsht bhddd of the
transistors 101, 102 and 103 by way of a transistor 92. The baamgi eto2ct r ode
of the transistor 90 is conneetgd to-the base el ectrode of a transistor 93
the emtter elec erode of which is connected to a current source 95 and the
base el ectrode of the transistor 92 is connected to the base 15 el ectrode
of a transistérrequihnederfidt erhel@stidiiatot Whi clthessateondcdwmactesd to t he
current source 95. The collector electrode of the transistor 93 is
connect ed tothfecentrediler dlrechydeie, ofonhectednspstbesos021dmdor0d and t he
coll ector electrode of the transistor 99 is connected to the collector 20
el ectrode ofaﬂﬁetbﬁaﬁ§ﬂ§ﬁmw§@ﬁhﬂmp@@1@ﬁ@r§péraﬂﬁoﬁ:oﬁ chmmyitgitdion
processing arrangenent e~ Fig t he base el ectrode of the transistor 0O

i s driven b42ngnBlapkéngr me@mmm of Wi YatchipgdnerBophsed #rd et r ode
of the tgansistor is driven by the wayeform CONTROL 3 25 oz Fig. 2, the

t wo mave%orn%n e?ns BFBVF&@@qJ SHEBE Lt at or Replacenent Sheet : 18 _

o 651 e the wever BFFEELERAS Fridhy' Hiibbr O85! P20} B SOHEBHE Phat < he
f I

ransistors &0 Ty cg“naeg?%ds‘*ﬁ Hliesedis E?ﬁ%iia?o? “GhBEhr g wies

periods when.the §¥ghé\§avgf Eh&P”éﬁ ﬁe COngeEBgQ; of the

transistor 94°1% superlnpose i's and r ector véitage

of the transistflisatioANdna2 oti%ern&.{belr@la&mk swce %ﬁ@oég@g%tgov@w

controls the transistor 99. 10 Simlarly, the transi st rlven

the CONTROL Hiavaveier newhbke e HEANTRA ot Woef or fogidvesat b8 Ehéniiu&ts@-
93, so the output signals fromthe left and right hand stages renain

conpl enent aryi il hd@ubhapes Cpemd e al tEidabel ye-JTHEL 151 Bb\dh 1 EBLEISINAG
arrangenent of Fig.7 provides 1~ a dual output that is, an output for a
doubl e- endechrcadutput port connected directly to the output stage 9
and the latching network 23 is connected internally to the
pulse-width modulator 2 and also to the output port of the
15 pulse-width modulator 2. The latch resst network 21 has
input ports connected also to the output ports of the
oscillator 1 and an output port of the latch reset network
21 is connected to an input port of the latching network
23. The pulse-width modulator 3 has an output port connec-
20 ted directly to the output stage 10 and the latching net-
work 22 is connected internally to the pulse-width modula-
tor 3 and also to the output port of the pulse-width modu-
lator 3. The latch reset network 21 has a further output
port connected to an input port of the latching network 22.

25 The signal level setting network 5 is connected between a

control input port 12 and an input port of the pulse width



trolley. The signal processing arrangenent of Fig.7, may be converted to
provide a single output by the renoval of the conmponents 93, 94 and 95 and
the connection, in parallel, of the two channels. 20 A circuit diagram
representation of the circuit arrange nent of Fig.7 nodified to provide a
si ngl e-ended output is shown in Fig. B where the stages ®RepB&dnidniEhdel®
transistors 120 to 127 corresponding generally to those parts gyt Jt@zSi gnal
processing network represented bysFLg. 6, and the stages 25 conprising the
transi stors S0, _51,52.04: 10/, 102, 103 and - 19 Repl acenment Sheet: 9
April 2002 10S correspond to those parts of the signal processing network
r epr esent edf by -EransisteriiSighpemdas ahsunnent (ORY SeorILfHueEHd orsd
provide current limting in this_arrangenent aniéerformthei r functiqn in

paral | el ®idvhasdala ced berso¥ uheadneesketomitfy t Fe g3 1aqtqr| eline-
2 prac t ooy BE thR T aRsIBPEEss 3¢ PhhRssTE Y U Bas e 08y
oaci [T at o i &F A Ergitls FRERE 2404relth BabTar cBh eS8 F00P8E cvea by
tornat | SHR b FULAT, 60, CERY 4RI P BRRLETOET il RERDR R,
(elther thE Bedf iqotneltidar LB the"blse’ ePedtfby plithe LraBlFipe" «
Ly anst Stoys 70 aCURAGH £0 e 3e0aic Shh AR A1 Shlra FPLNCGHAN ARA LT [ L el

el ectrode® Fesist ors, a secon transi stor connhect ed base el ectrode

to base ek@%ﬁ&%&%@ %%é:.hfng aa;%é%egx%\f&tmasxag;%fecﬂ% 8% cafjgctor

and emtter eléctro resistor thir transi stor vilng 1ts base

el ectrodee (ANIRTLERL OchRe &AL! QUK B! £51 M OUeltidfis 1 8T 560{571 W LN

an associ ated emtter electrode resistor; "and a fourth NPN transistor 76,

havi i tg; ebect ogn tLaslh 55t k widtth
traay st of 1 9Eseg P s o  E e Ce T e P e

Repl acemﬂéssﬂsg{ei e LPEFLbFP0Eny 2D pbs3RIvel Wolkadé FORRRH efis Celeect or

electrode to collector electrode with the transistor™ 71, has an associ at ed

emiter eleciipde LRI g ANy cRpPeehed e &Anis 9880k Pagad
electrode wth a sixth N transi s
a current source 61 connected between its base electrode
and electrical ground. The base electrode of the transis-
15 tor 36is connected to the base electrode of the‘trar;sis-
tor 50 by way of a capacitor gg. A further transistox 57
has its emitter electrode connected tc the current
source 52,and its collector electrode connected to the
bositive supply for the other transistors. The
20 Dbase electrode of the transistors? is connected to a
further resistor and a further current source similar to

the connections of the base electrode of the transistor

56to its resistor 65 and current source 61, but the further



..5 for 73 which has its base and col |l ector el ectrodes connec ted together.

The transistor 73 has a collector electrode resistor and its emtter

el ectrode is connected to a seventh NPN transistor 74 which has its base
and col l ector el ectrodes connected together. The emtter el ectrode of the
transi stor TO 74 and the emtter el ectrode resistors ofRepasemerii$beeit ors 70,
71, 72, 75 and 76 are connected together. Al so, the coll ectof Aall@e®s ode
resistors of the transistors 7Y ahd 73 are connected together and to the
collector electrodes of the transistors 75 and 76. The col | ector el ectrode

resistor 15.0 he tr § St ar dsccoanget8deboahhd npartt rdrnpéit port 12,
say, of FT“@?’“E?EPﬁ ?héaar}g%e%gt Fgﬁ\ of the Level setting network of Fig. 9, an

i nput control volta thsamardtde Produressagealr depveldi sgttingent in

t hrough t h8%t Pgﬁgﬁstq'giré% and its 20 associated resistors, and tg% sane
anmount of _current .fl. Hheedled heetwasni at eontrodnd npst aB8BEI ated
emtter ef‘&%{’??&ﬂéﬁ'ﬁﬁr, The current flow ng through the transistor 71

| nfl uenceg hhewolt A | wYaknAmddelauocsi Bnachl i srcdl AR RPT e PaBY I

t hrough its cofTeétor electrode resistor. 25 and the transistors 75 and 76,
whi chgact (as @ oC UERGHEEE i oReplfacenl eSatebe teingr NetAPE -3 280 &M% ter
foll ower, comrunicate the voltage,,|level of the collector electrode of the
transi Stobuzlset—%ifd@u abdttatedresct2ogdedoB.the transistor 76. The emtter

el ectrode of the transistor 76 is the output port of the Ievgl 5 s%teting
network. The caelee@gurapivagebitheesecandi feam PE ithey 39* fh 085&d by
the current flowi ng through the transistor 72, the current flfg_vm'rgg t hr ough
the transigshel Gortaidplset ofy Rig. t badsVesord SE3 tehd e YAYSERE Pesi st or
associated with the collector electrode of the transi sé or 1g thi];ﬂg out put
vol tage | eglcH e tikl ssgraltddviey Edgting &haduils i SHRPBRSFS fthe
conbined result of a fixed current flow,ng through the tr ' el £4d a
si gnab- depgndeet sauomdt £orowial Y—‘h?oﬁyﬁtgﬁe e, ipsqv'befé 7€$§%‘§téﬁn§xi mim
out put voltage level will be set by _the fixed cyrrent Snmble

si gnal - deptved esaimec s ethaks ofertthanfifRt ﬁPﬁFhﬁ:‘ﬁo D J\?gfltliagle 'evel will
be set by the collector and emtter electrode resistors of the transistor
71, i nter pedieat canttpt 18-t age | evel s being in proportion to the signal

applied to the control port 12.so bon Eiip&! | &L Shgnak thw 30 bel ow
the val ue to cRefeXRENE & Jut But gv%ﬁtgg’%é& I eveﬁs. Thg arrangenent of

the active conponents in Fig 9 is als &5 ¢ oAp@nsat edupled | evel
setting nethghudes ﬁﬁ?tQaﬂ%)\ﬁﬁggnfie\?'é:}a%rsgﬁ%%% for interfacing with the

pul se wi dt h nodul ator 2,25 or_ 3. I @1 ektddded sthdronadeagdiavicioneny a
factbb of wagrihe® ahi EREAE ceon%reg\eﬁe% by the ratio of the collector and

emtter resistors_of the t i 8L,0 Ocqtipl dd ramit tgrand godchicshtrol are
achi eved WYL s%%SSPHeeC;’(t?l}?s?%nESF <

transistor 52 is connected in parallel with the transistor

51 to share its collector load resistor 63 and the

current source 58 The collector electrodes of the

20 transistors 51 and 52 are connected to the base electrode

of a fourth transistor 53 which has a current source 59

i i i lectrode
connected as its emitter load and the emitter €

of the transistor 53 is connected to the base electrode



C Zél_ Repl acenent Sheet: 9 April 2002 about 1 Volt. An advantage of

I ncluding the level setting network is that a large error anplifier output
range may be used, giving good control through high sensitivity, while a
match is maintai ned between the 5 sawm oot h waveform anplitude and the

di vided down error voltage. Repl acenment Sheet: 9 Apri | rgid¥8mentdheetl: A
swi tch node power supply control hegr -of the type that providesgapsiepgiitive
out put signal having a first state and a second state wherein tﬁe rati o of
the first state of the output signal to the second state of the oufput

si gnal varrsieessl Pt 2P nfe&f%%ei‘nt efablrr%lﬁﬁﬁgcélagﬁ | Yt ebft SEARS bt teke
di fferenc ween, the actual output voltage of a power supply to which
sai d cont?gl%l%I qfdﬁﬁ?“%hu a desired output voltage, said 10 switch node

I tral l i.Si_ng: for. ti illat
Signal and & cdit e PR T RS AT ERR S 9RBLCPFPGESS 1% AF F SRGSRa Rt
sai d oscill.a sai d

cont ror 187eFgHa SraFRE PAPol LEAEECR A (AR FE SRS LARPT A0pE BERTRS of
port i on of L8 BeeTafl <iERET SR BSioARERERRPE R uEr L
SR B AT NI G EC TR A A
second | eghsBILS, hoRRTES A" TR S ar HFA0E PATR, LR YT R
RGNt Ude 6l LDERET PORL YL PLL® SEELELA' Un ADBLrEE bR 4 AL
output voltages of a power supply tc which the signal pro-
10 cessing arrangement belongs. The ramp waveform has an
initial rapid rise from the constant voltage level which
precedes it and this jump in-level is communicated, by
way of the capacitor 66, to the base electrode of the
transistor 56 causing an abrupt rise in its collector
15 current and an abrupt drop in its collector voltage level,
the collector voltage level drop being communicated to
the bese electrode cf the transistor 52 by way ¢f the

transistor 5 to hold transistor 52in a non-conducting

state. Alsoc the ramp voltage level will start higher.than

20 the error voltage and transistor 5] will be held in its
non-conducting state so that the collectors of the

transistorssl ané 52will be at a high voltage level and



Repl acenent Sheet: 9 April 2002 - 24 feedback neans for |atching said
conparator at substantially the sanme tinme as a change in the output signal,
means for bl anking the conparator such that the 5 output signal does not
change states during the second portion of the oscillator signal. 2. A
swi tch node power supply controller as in claim1 wherei rhegpa@ t- he
out put signal and the latching of 10 the conparator occur |rr{ggf’ﬁ5§§§;sly.
3. A switch node power supply contfdéer as in claim1l wherein sald means
for blanking the conparator is responsive to the control signal. 15 4. A
swit ch no&BepOREPUUPYP ) tager Silasn tibei emi tier lelartredecaprikieng a
pul se wi dt h nodul ator having simlar first and second channels to provide
two out pubT3ngaarer hbewdild shed Hight aMbessawrputhunhehygeanel Tbnmretret il
20 using said control signal wthout delay. 5. A switch node power supply
control | eP188 2R sh& wamghdreve lsafal ksabutf aren@ins aabayeart bescet kaor
signal further_ conprises a non-saturating emtter coupled 25 multivibrator.
Repl aceneht9BAtel evelpdenre Epothesramgp Avsml rewdee powethsupstyor
controller _as in_claim1 wherein said pulse w dth nodul ator network further
conpPi sesStPRdtit heved Meh@ob&ANnsiBtor sit Wil Indirgifovke capgiluctoandol | er
of the type that_ provides two repetitive output signals each having a first
state and-%S seebhecton cvaAdage wid } Aropef Mhe fduep Ematheofcahkecout put
signal tq the second state of the output signal varies in response to an
error voltgeyeidaganaf repre SR BSLAL Y 5gﬁldilffb@rquééﬁd Heoact ual
out put voltage of a power_guppl whi ch said controller bhelongs and a

th s3qsag ;o he

desired S RFaNIIaEers agode YolErRISUESIOP @ad rop| &
conpri si n%_: a non-satur at |$g emtter cciupl ed mul tivibrator of 15 the type
that proWFdSiSHAFSP 08N 9 P4t &S sRgNL tAge ar 388en§2YSIING B oFegieRRTa -

whey gin gaid oscillator signals each _have a ranp portion and a second
pori&on anyeaed fach RSP 1 i pghet By then A3PimvEVERGhhona Of (ke c§Fayr
signal and_a 2Q.second contyol signal, .sai.d control signals being derived
from sai 513§8F%2;F6}£5F§ﬁalgagﬁ&r?' FapPEs &he c’cﬁn?‘iibf-ci‘i SHQIPS Yl EhE st
state copgresponding to.the ra oftion of said oscillator signals and a
second s ﬁ?@géﬁgeé%%sbﬂndi%nggprté‘i’ﬁt§580ﬁfﬁiﬁti ohf ofU€a COWREE | FRSOr

signal S’transistor51 will become fully conductive ai';d will remain

so to the end of the -ramp waveform at which time the ramp

15 waveform changes abruptly to the constant level which may
lie below the error voltage level and as a result of which
the transistor 1 may not be switched off and may cause the
output voltage to remain low after the end of the ramp wave-
form so that the output state of the arrangement of Fig.$

20 is undefined during the period between the ramp waveforms.
t is important that the output voltace f{rom the signal
processing arrangement should return tc a high level at the

end of the ramp waveform and this is ensured by the control



“a pul se width nodul ati ng network having two channel s, each channel

conpri sing a conparator Repl acenment Sheet: 9 April 2002 - 26 having a
first and second input ports, wherein said first input port is connected to
one of said oscillator signals and said second i nput port being connected
to said error voltage signal, the 5 output signals of saRrépisambaisheRde
power supply changi ng states when 1he nmagni tude of the ranp poppidi@oge of the
oscillator signals are |ess than the magnitude of the error voltage signal,

f eedbackofregne aggeeind esbuttl s8dly 0_=]‘w§@éﬁi SPPHEEéStéQnEQf tg ghi ng said

conparators in a'known state at substantially the sane tinme as a change in

the out pat chenahg, owheaires nrihe Walvedlidin Of S@:H ECORPRBLRL BIFS (YL UrS
simul taneously with a change in the output signals, 15 neans responsive to

sai d contuptent Us8Lg leori dl ankuBe rsdich apPAiat pI§. SUChr ARG i Ut put
signal does not change states during the 'second portions of “the OSCI||at0r

signals, and pepesrigg cympigling tﬁ%aped,ﬁyc&lgdnél hstadRe 20 second
channel s using said control signals. .AL. A@. AS .

A& A %mn@ﬂ%@dé@@h‘@ Bélst-h@h@ ASL&%PP@ste?r@S/W 51A@hd 52 as
.A@A@. AY(T. A, . Aa, .. ASN, . Af,.A Ay, #K GHLM\~ K |
described in Fig. . 6 and corresponding “rlght -hand" transis-
tors 101, 102 and 103 sharing a current source 91 connected
in the emitter circuit of the transistors 50, 51 andS2 by way
of of a transistor 90 and connected in the emitter circuit
10 of the transistors 101, 102 and 103 by way of a transistor
82. The base electrode of the transistor 90 is connected
to the base electrode of a transistor 93 the emitter elec-
trode of which is connected to a current source 95 anéd the
base electrode of the transistor 92 is connected to the base
15 electrode of a transistor 94 the emitter electrode of which
is also connec:i=@é to the current source 95. The colleczor
electrode of the transistor 93 is connected to the coliector
electrode of the transistors 102 and 103 and the collector
electrode of the transistor 94 is connected to the collector
20 electrode of the transistors Sland 52,

In the operation of the signal processing arrangement
of Fig. 7, the base electrode of the transistor 20 is driven
by the waveform CONTROL A of Fig. 2 and the base electrode
of the transistor 92 is driven by the waveform CONTROL B

25 of Fig. 2, the two waveforms being provided by the oscillator
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) 10918 ()"-eé"“ﬁffg%%ﬁglﬁ%f g‘!%r 0%/1:‘&'-.( *1f @od& FpP- booted that the
transistors 104 and 105 provide current limiting in this
arrangement and perform their function in parallel with

5 all the other functions.

Returning to Fig. 3, it will be noted that the oscilla-

tor frequency is controllable by way of the port 16 a prac-
tical effect of which is to permit the operation of a power
supply equipped with a controller comprising the voltage
10 controllable oscillator with a variable freguency. Such
operation would be achieved by an arrangement in which an
error voltage was applied to the port l6as an alternative,
or in addition to an error voltage applieé to the pulse-
width control input port.
15 Referring to Fig. 9, a signal level setting network
(either the network 5 or the network 6 of Fig. 1) includes
a first NPN transistor 70 connected as a diode with associa-
ted collector and emitter electrode resistors, a second NPN
transistor 71, connected base electrode to base electrode with
20 the transistor 70, with its associated collector and emitter
electrode resistors, a third NPN transistor 75, having its
base electrode connected to the collector electrode of the
transistor 71; with an associated emitter electrode resistor,
and a fourth NPN transistor 76,ihaving its base electrode

25 connected to the emitter electrode of the transistor 75,

with an associated enmitter electrode resistor. A fifth NPN
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ol e LB o S L), e

% 1 Bl e st (el O g e 0
10N1T @H1@W%é)tggégher. The transistor 73 has a collector electrode
resistor and its emitter electrode is connected to a seventh
NPN transistor 74 which has its base and collector electrodes
connected together. The emitter electrode of the transistor
10 74 and the emitter electrode resistors of the transistors
70, 71, 72, 75 and 76 are connected together. Also, the
collector electrode resistors of the transistors 71 and 73
are connected together and to the collector electrodes of
the transistors 75 and 76. The collector electrode resistor
15 of the transistor 70 is connected to the control input port
12, say, of Fig. 1.
In the operation of the level setting network of Fig.
9, an input control voltage to the port 12 produces a
corresponding current in through the transistor 70 and its
20 associated resistors, and the same amount of current flows
through the transistor 71 and its associated emitter elec-
trode resistor. The current flowing through the transistor
71 influences the voltage level at the junction of its
collector electrode through its collector electrode resistor:.

25 and the transistors 75 and 76, which act as a compound
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S setting network. The collector voltage of the transistor
71 is also influenced by the current flowing through the
transistor 72, the current flowing through the transistor
72 being set by the transistors 73 and 74 and the resistor
associatéd with the collector electrode of the transistor

10 73. The output voltage level from the signal level setting
circuit is therefore the combined result of a fixed current
flowing through the transistor 72 and a signal-dependent
current flowing through the transistor 71. The maximum
output voltage level will be set by the fixed current when

15 the signal-dependent current is zero and the minimum output
voltage level will be set by the collector and emitter
electrode resistors of the transistor 71, intermediate out-
put voltage levels being in proportion to the signal applied
to the control port 12 so long as the applied signal is

20 below the value to cause the minimum output voltage levels.

The arrangement of the active components in Fig. 9 is also

temperature-compensated.
The level setting network of Fig. 9 provides level
shifting for interfacing with the pulse width modulator 2
25 or 3 of Fig. 1. It also provides division by a factor of

about 10 which is controlled by the ratio of the collector

and emitter resistors of the transistor 70, and linearity

and good control are achieved with a sawtooth excursion of
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sensitivity, while a match is maintained between the

5 sawtooth waveform amplitude and the divided down error

voltage.
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CLAINS:

1. A switch mode power supply controller of the type
that provides a repetitive output signal having a first
state and a second state wherein the ratio of the first
state of the output signal to the second state of the
output signal varies in response to an error voltage
signal representative of the difference between the
actual output voltage of a power supply to which said
controller belongs and a desired output voltage, said
switch mode power supply controller comprising:

means for generating an oscillator signal and a
control signal derived from said oscillator
signal, wherein said oscillator signal has a ramp
portion and a second portion, said control
signal having a first state corresponding to the
ramp portion of said oscillator signal and a
second state corresponding to said second portion
of said oscillator signal,

a pulse width modulating network comprising a
comparator having a first and second input ports,
wherein said first input port is connected to
said oscillator signal and said second input port
is connected to said error voltage signal, the
output signal of said switch mode power supply
changing states when the magnitude of the ramp
portion of the oscillator signal is less than the

magnitude of the error voltage signal,
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feedback means for latching said comparator at
substantially the same time as a change in the
output signal,
means for blanking the comparator such that the
5 output signal does not change states during the

second portion of the oscillator signal.

2. A switch mode power supply controller as in claim 1
wherein change in the output signal and the latching of

10 the comparator occur simultaneously.

3. A switch mode power supply controller as in claim 1
wherein said means for blanking the comparator is
responsive to the control signal.

15
4. A switch mode power supply controller as in claim 1
further comprising a pulse width modulator having similar
first and second channels to provide two output signals,
wherein gaid first and second channels are commutated

20 using said control signal without delay.

5. A switch mode power supply controller as in claim 1
wherein said means for generating an oscillator signal
further comprises a non-saturating emitter coupled

25 multivibrator.
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5 7. A switch mode power supply controller of the type

that provides two repetitive output signals each having a
first state and a second state wherein the ratio of the
first state of the output signal to the second state of
the output signal varies in response to an error voltage
10 signal representative of the difference between the
actual output voltage of a power supply to which said
controller belongs and a desired output voltage, said
switch mode power supply controller comprising:
a non-saturating emitter coupled multivibrator of
15 the type that provides a first oscillator signal
and a second oscillator signal wherein said
oscillator signals each have a ramp portion and a
second portion and are displaced in time by a
half wavelength, a first control signal and a
20 second control signal, said control signals being
derived from said oscillator signals such that
said control signals have a first state
corresponding to the ramp portion of said
oscillator signals and a second state
25 corresponding to said second portion of said
oscillator signals,
a pulse width modulating network having two

channels, each channel comprising a comparator
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the magnitude of the error voltage signal,
feedback means associated with each of said channels

10 for latching said comparators in a known state at
substantially the same time as a change in the
output signals, wherein the latching of said
comparators occurs simultaneously with a change
in the output signals,

15 means responsive to said control signals for
blanking said comparators such that the output
signal does not change states during the second
portions of the oscillator signals, and

means for commutating without delay said first and

20 second channels using said control signals.



