; ede@<=4>: ?7BH@®~@@i 51 April 2004 DELTA-SI GVA PULSE W DTH MODULATOR
CONTROL CIRCU T 5 Background of the Invention The present invention
generally relates to an electronic circuit which controls a signal coupled
to a load and nore particularly relates to a digital pulse walinzomgul at or
using a delta sigma nodul ator as an input stage to control a drive signal
to a load. 10 Industry has |ong used pulse width nodul ators (PW) to supply
and control drive to motors) direct-current to alternating-current
conversion, and many ot her power |oads. As is well known, the duty cycle of
a square wave may be varied or integrated to create a desired magnitude of
an output-alternating current signal. Due to the non-zero switching tinme in
power switching devices, the nunber of digital 15 transitions per unit tine
typically determ nes the thermal power dissipation of systens using these
devices. PWMcircuits have a fixed nunber of transitions per unit tine.
Traditional PWM applications use a triangle or samooth reference waveform
to conpare agai nst an incom ng anal og signal (which may, anmong ot her

t hi ngs, be 20 an adjustnent signal or a feedback signal or both). The
digital result of this conparison is a PW output. Generally, the
generation of such an analog triangle dr sawtooth reference wavef orm has
been acconpli shed using precision capacitors, 2 1 April 2004 resistors,
and current sources as a charge/di scharge ranp up/down circuit: Wile this
i npl ementation is not a problemfor discrete realizations, inplenmenting
such conponents in an integrated circuit results i s conmponents which are
hard to cont r o DELTA-SEGMA BUBSE WIDTH MEDULATOR CONTRILEIRAUITT i f t he
integrated circuit technology 5 is optimzed for digital operation. PW
technology is relatively sinple, produces a PWM out put signal which closely
approxi mates the input signal (within the frequency band of interest), and
has a fixed nunber of digital transitions per unit tinme. Unfornately, the
fixed fisquency nature of traditional PWMtechnology results in a

si gni fi cant WMUS har noni ¢ noi se signals which can result
in signiticant 'electromagnetic interference to other electronic circuits.
Over com ng t he pridgisipessemfinteatiomgenerallp rdgeditasnlslremomcciragsddcthahool, w th
nost net hods _spreadin he, har npni c nagi sg b i therjng,the PWW findanent al
rquency o FREPALAEPY o8 a2 BRE s Yo R S RPADUF T o i of Che
15 spectrum npiddubatdrReia \detd phe fodelatod ayvaiiapy: stigeto ddatrol £driieRighkle PVWI

feature of a fixed nunber of digital transitions per unit time. Delta sigma
nodul ation (BR°3Has been used extensively in anal og-to-digital and

di gi tal y40-anal o &g&y 1 b S | @?WWQ cy
sever al l?i nmes hi gﬁer Exéifo?ﬁgsc?%%lj%%gn?%ﬂiﬁ&éﬁ%sq enc %@F@H?QF%P
nmodul ati on i dri?@tcometass, dineck-cyrreng focaiteguitingreissens capverside) dnd manghwkleet i on. The

terns are considered int.erchangeabl e, herein DSM has the, advant age of

A1 1| owi ng- t he PEHSEIeRY ol 5 HER AL s e R 45 st Wavs ) hvarigdof

si gni ficant| yntegeida & érbfte 8 déiel ZRARhIME DO b Gutpilt-deMafiieiuRRChignl IBlat i ve to
t he frequency of the switching cl.ock. The qutput froma DSMcircuit is a
stream of di & BEMOpErRsYitcipg g@ér‘%@‘é‘”ﬁfs“’i‘tﬁ@%édﬁ?‘ijﬁt% nyhes af digitises 25 over
a finitesperi : : t ' L O : i ded t hat

t he per?%d clﬁggséﬁﬁgspg g%ﬂfgxgg%ﬁhc;aﬁ H%féﬁr? %eef) tgé;trh%erggi!’g?@%r%lgﬂ ipﬁ%ﬁ&\s/i gnal . An
addi ti onal adystemagsangthe@Skvicesc HMuiszuitshavh afixBbiroher ofirarsitvaspdre bui | t

usi ng standamgnghgital CMOS processes for integrated circuits. This is
because DSM Circuits are usually inplenented as sw tched-capacitor circuits
whi ch rely on pr étrkdigonah PR applicandmshisa g rifgle at kesrodth dsferalnealdveforgapaci t or
val ues. A disadvantage,of DSMcjrcuits is that the clock freguency enpl oyed

is at |east IOBPTERHRIBANTLG NEMBE Ajalos sierrl (Whiphmagiagieqe other things, be
20 an adjustment signal or a feedback signal or both), The digital result of this

comparison is a PWM output. Generally, the generation of such an analog triangle

or sawtooth reference waveform has been accomplished using precision capacitors,



1 April 2004 3 The high frequency DSM cl ock results in many nore
transitions per second, than PWM QOperating a DSM at | ower cl ock
frequencies results in nmuch nore quantization noise in the frequency band
of interest. This increased quantization noise and increased guHibBgps of
transitions per second has not encouraged the use of DSM when a PWM
technol ogy has S been avail able. Thus in order to overcone the problens
associated with the harnonic noi se generation and the need for triangle or
sawm oot h anal og signal generation, a unique conbination of PAW and DSM

t echnol ogi es has been created. Summary of the Invention 10 In accordance
W th the i nyemtdedndt | | ' | t. . far cantrolling
power delivered to a ﬁ%ﬁsﬁﬁeﬁ%ggﬁg dﬁgc%%%%gﬁﬁsp 'gq/&e%%%‘glhe IE’ ener gy
gener at i on, Udsipplememasionds uwlatpaokdéry far diorkd mblimtioacingilémentiagsighst  si gnal
and generati nd. signal .representing said first signal wth a
plurality ofglgpgqe?lgﬁg&wzegg‘?eadl%mﬁﬁMFE‘%‘”\RP%F?P%&W%{’(%YF ié‘%lﬁbF@Mo sai d

del ta si gmaamdohiay akigbit neiekneatbebaliog- &xpedhlbar 08 hisrteaLirQiAbaiofobt St 1 M
period,_and,gengerating a third_ signal coupled to the |oad an ing a
first magnit 28 fer digitg! gperation: “nmgni t ude val ue lasting for a second tine
period rel ated tpayg@ak j: . accunul ate said
plurality of digital puﬁlggggg?ﬁg%&gg%é?ﬂg?g%s 58%%&?&9§1%§1&£% wavef or m
gener ator, ¢osgly epproximates the pupus sigod (witkin thet frequeng bahdofiiegest)dndd si gnal

froma predelerpine u r .of said accumul.ate lural ity of digital pulses
of said gengésa{ g}ag%sng'g@ﬁrd%%ﬁgﬁmyﬁﬂﬁp?ﬁﬁt&“ﬁ ?@ﬁ?ﬁ‘*ymgﬁer@‘eﬁ third tine
peri od greaﬁequanbﬁmm@feﬂﬁwpw&cﬁmsgysﬁﬁwﬁw@ﬁ@ﬁﬁ adunidpd 25 a

del ay g?ener ator coupled to said waveform generator for generating a tine

del ay & gnafPuri9ugbarmpnis neispignale kich ces resuli ig sigaifisant eldctremmpgnetiod from a
com"rencerrengmg{-eré.@g%5@&@@&&&@& kod by a time equal to that of said tine
del ay signal In anot aspect, there is provided a nethod of controlling
power del i ver ed Qvercamingebie prioblen ef Ghamohicsyutisei hasiBeet laddressad befo sy, vthener gy

generation, _¢ rising the steps 0.30.agceptin first signal input to a
delta sig namr?%g%?%?%rs,gma&&g %ﬁ%’ﬂ%&fo‘zﬁ% ygj@‘h@?’“%t‘gﬁﬁ“éd Sendamantal gnal
represent i nfre@utnély ériifGédusing BRtra Mhrsitiods Bl thé WM Watdfosh & thiddr ! Ses;

accquqati ng said second signal over a first tine lgerl od; generating a
third 5 gnafPecByp dBisseectm tpifnsingalirvenery Horg ngt retainsthe BMQYiifeandte ofal ue, 5 sai d

first magni B“&p“m*gﬁ%{?ﬂ%ﬁ@ggﬁu‘%gﬁ | time period related to said

second signal; accunu I ng sal y of digital pulses of said
gener at ed secon®ebi gjigmbk modelptiom@ M} buis belert usadexpersively iagralbg-todigrald fir st

tine peri Odé.nd digital-to-analog conversion, and is typically sampled at a frequency several

times higher than the input signal frequency. (Deita sigma modulation is

20 occasionally referred to as sigma delta modulation. The terms are considered
interchangeabie herein). DSM has the advantage of allowing the shaping of
quantization noise in such a way as to significantly reduce the quantization noise at
low frequencies relative to the frequency of the switching clock. The output from a
DSM circuit is a stream of digital pulses. An average of these digital output pulses

25 over a finite period can be used to represent the input signal, provided that the period
chosen is at least half of the pericd of the input signal. An additional advantage of
DSM technology is that DSM circuits can be built using standard digital CMOS
processes for integrated circuits. This is because DSM circuits are usually
implemented as switched-capacitor circuits which rely on precise capacitor matching

30 rather than absolute capacitor values. A disadvantage of DSM circuits is that the

clock frequency employed is at least 100 times the frequency of the input signal.




generating said third signal, froma predeterm ned nunber of said

accunul ated plurality of digital pulses of said generated second signal,
said third signalincluding said 10 third tine period which is greater than
and whi ch enconpasses said second tine period; and generati Rdagibhse del ay
signal to delay a commencenent of said second tine period froma
commencenent of said third time period by a tinme equal to that of said tine
delay signal. 15 Brief Description of thg Drawings FIG 1 is a sinplified
bl ock diagramof a load control circuit.”FIG 2 is a high level block

di agram of a delta sigma pul se wi dth nodul ator which may enpl oy the present
invention. FIG 3 is a generalized diagramof a delta sigma nodul ator which
may be enplisy/Bighfequanayn@Sh eleel resplty inmiany mare Gansitipes persebemathan PWAGr am

of a delt L O I | . | ayed i n,the present.inventjon.
FIG 5 isaca)?%r] cl)g gl ag%%%wgs%u@%ue\%gﬁ? rﬁrps#gt O SR TRRecH2RHAtoR 19{87 By ed
in the preahefitquencgandof interdstAThis in2@Qstd4ubthtizatibn nSise ahél Mddchsed aGmBE &

pul se wi dth npdul at ed s*i#nal S which na represent an out [}))ut si gnal produced
by a pref dFINSHI0BRBEUFSTRAE hay netrncpuraged theius o DBY. wimnGs PWK tgplinolely basken
t oget heg, : Il ed bl ock diagramof a pulse w dth nodul ator circuit
whi ch may ]%gﬁg@rr%%g%d In the present invention. FIG 8 is a detailed bl ock

di agram of a muThispin erdewrtb chvemeymd ehe ppotistas dssocidiel MHtks ehaMVhaidiorT® gt OF
of FIGS. 7A and 7B. FIG 9 i? a detailed block diagramof a pulse inverter
whi ch may S58€2HPR Apddthennged s irianelgi of Frvipeih araleg sisnel @sneraitomng unRuel10

De ailed [@a{HiRdion s ewe ﬁﬁqurt%mgﬁgp%gggpéeﬂé}g? vention di scl osed

herein is of a delta-signa pul se at or PWW whi ch reduces the
generation of harnonic noise and is suited for inplenentation in digital
i nt egr at ecddummanyiof thelavertiangi es.

10 In accordance with the invention, there is provided a control circuit for controlling
power delivered to a load with reduced spurious electromagnetic energy generation,
comprising:

a delta sigma modulator accepting a first signal and generating a second signal
representing said first signal with a plurality of digital pulses;

15 a pulse width modulator coupled to said delta sigma modulator, accumulating said
second signal over a first time period, and generating a third signal coupled to the load and
having a first magnitude value, said first magnitude value lasting for a second time period
related to said second signal;

a pulse counter to accumulate said plurality of digital pulses of said generated

20 second signal,

a waveform generator, coupled to said pulse counter, to generate said third signal
from a predetermined number of said accumulated plurality of digital pulses of said
generated second signal, said third signal including a third time period greater than and
encompassing said second time period; and

25 a delay generator coupled to said waveform generator for generating a time delay
signal to delay a commencement of said second time period from a commencement of said
third time period by a time equal to that of said time delay signal.In another aspect, there is
provided a method of controlling power delivered to a load with reduced spurious

electromagnetic energy generation, comprising the steps of:

30 accepting a first signal input to a delta sigma modulator;




15 Referring first to FIG 1, it can be seen that the sinplest application
of the present invention is in the control of power supplied to a |oad 101
by a control circuit 103. An operating paranmeter is sanpled fromthe | oad
101 by feedback sensor 104 and fed back through the control 1CA;5rﬁ‘2bb4103 for
further control of the operating paraneter. Such a feedback signal nmay be
conbined in the conbination circuit 105 20w th an adjust signal which may
nodi fy the operating paraneter of the load with an external adjustment. In
a preferred enbodinment, the load 101 is conventional DC notor in which an
operating paraneter is to be controlled and adjusted by the control circuit
103. Such an arrangenent can be considered to be a servonotor. FIG 2
illustrates a [RERERUSE grigcomy signalirgptesaviiag|satdofirst pgEaikyithta plhwalipsofdightelst
| evel of X .diagram A signal input to the control circuit 103 is
coupled to a delta sigma nodul ator 201 by way of an optional input |ow pass
filter 203 whi cltpumilating s§id eé@ndeibnan®ed a TRatimép&icd; cut - of f frequency of
50 KHz and a DSM cl ock frequency of 20 MHz. Signals near or above this
cutof f fr equendFERREDNS Gt thzarﬁl cpuplpd tq Bigpload 2né havimgBekirse ohagsitmde veloey
are |likely, I ' 2 1.S,f0l | onwed by a
Ui se i oA fudsaERGRRTOR 1QBag BRE oo RERKq bilg peanf Rt
constituting thecfMafff sadphuhlityiof diditabyelsesdfpriddehéard speimdageraf; ti me and
1 April 2004 converts. it to a effective pul se. width nodul ated out put pul se
for applicati orscHtiiganBird sises panipd epaldp saif dEgtimereradi cui t i npl enent at i on,
the | ow pass fi : i - 0C : I clrcuit.. chip.
Aol ock 5 gnal §acatey SalFuner ke, FECEFLaddntig hILBO! B S At
pul se wi dtpumahiudfadigital2ffses mf spidograsrasydrsehomahsizadlj said Shiaf sighat iatlodingtsaid n
t he prled erﬁg‘ﬁi enbodi nent, . the cl oclﬁ fre u&r}ixy is 20 MHz,, which is nuch
hi gher 4 hdRT¢ AR qdel EFURI A andAWPIAN gePmpassay Seidiseeqndciime pegod;i
coupl ed tqgpihe pul se wi dth nodul ator 20S by a 4 bit bus and selects the
pul se PWM frequency by inputting a 4 bit binary code to the pulse width
modul at or. | n tdseerpting atinedladasboghaiendslayne chmaentonént fof eajd semmnd dfmeferiddz
the PWM frequency can be 10. adj ysted fromJ56.25 KHz to 9. 7656, KH. | le
ot appar AHEY BFFRETBFBER o it Bk gmePRIASY s e il & il 6 wishlima dslevaos
further prsgsales pul se dithering and conbination to reduce spurious
har moni ¢ noi se generation. The delta sigma nodul ator 201 utilizes the
general i zed bl ock di agram f FIG 3 in which the input signal is conbined
(X T N

with the dnefleserintionefithe Prawinggider 301, |'S applied to a integrator which
I

is then appli edy}0 ! - Ad.fed b 0.t he adder 301 by way
of delay (regi g:tIEe}f)l?%% %ﬁ%ﬁ%ﬁ%@%&o{ﬁzoageﬁ%ﬁéog?lﬁcﬂf&‘ nodul at or 201. A
det ai | ed schen®IGe2a$ ahigh Wetlttdock ¢iagraniDsid @dlarsigd pelkp ks dnbdulitbewhich
preferred enbodinent is shown in FIG 4. An analog ground reference AREF is
20 gener af®Y §TPICY RARFEsShIYeRthi on from a vol tage divider 401 connected
bet ween anal og : ‘ : |t

et eon AREF andeoy olmeceaars Aol A phaaa pid kol Be'cAiffoyed

out put2{f r omtherpresent invgatiati.vi der 401 is coupl ed t hrough an operati onal
anplifier 403, npected i n conventiqgnal fashion, .to output drive
transistors 40§ﬁ§n 1§16§%egla&cag€ag;g}pto§§éiqltg S@aa‘ﬁ‘ﬁﬁ?lé@rtvﬂ“ah@aﬁé’fiéﬂﬁ’ﬂoyed
transi st ofiy HEhrestehinkBaon.i N the preferred enbodi nent, when the anal og
voltage VDD is equal to 3.3 volts, an anal og ground reference, AREF, of
1.65 volts is ddebdpedlockndiagmpuef & pylsalwidth modiphted wihictameyp fve eemipiloyed! in

swi t ched Q%Daci tgr Vst%ucture 411 consisting of a capacitor C | and four
solid state RWPTEHES ¥ ven by two non 30 overl apping shifted clock signals
at 20 MHz, ~,, arid ~=in the preferred enbodi nent. The output fromthe
swi tched capacitor filter structure is connected to the inverting 1 April
2004 6 input of operational anplifier 413 along with integration capacitor
C2 which is connected between the inverting input and output of operational
anplifier 413. The output of the operational anplifier 413 is connected to
the nan-inverting input of |atching conparator 415 and is referenced to
MREF. The latched result of the 5 conparison is the digital output. The
digital output signal is also fedback to the input by way of a 1-bit

di gi tal /anal og converter consisting of anplifier 417 and is connected to
the ~ leg of switched capacitor structure 411. The output fromthe delta

si gma nmodul ator 201 is coupled to the pul se wdth nodul ator 205 to define
the uncorrected pulse wdth of the PWM signal output to the 10 | oad and an
uncorrected maxi mum pul se of fset signal. A sinplified block di agram of




the pul se width nodulator 205 is shown in FIG 5. In pulse counter 501 )
the pul se wi dt h nodul ator 205 accunul ates the digital pul ses output from
the ASMcircuit 201 over one PWM period. This accunul ati on of pul ses
determ nes the effective uncorrected duty cycle of the PW waxgfiopgyfor the
next period. Once the duty 15 cycle of the next period is corrected by the
- PWM pul se inverter 507 and applied to.l in‘?e 502, the start of the associated
PWM pul se is del ayed for a pseudo-randoniy determ ned nunber of system
clock cycles which is determ ned by the random nunber generator 503. The
pseudo-random nunber is chosen such that the probability distribution of
the offset is evenly distributed between zero and the PWM 20 period m nus
the corrected pulse width. Nornally the PWM output pulse is a high going
pul se commenci ng BIG.téhis agirsing diagramhef fal¥el width médulmed sigrads whichanagf or m 601 of

FIG 6) or del y. seudor andom of f set  60S,. generated as previously
Gescribed.  HREvER Ao Sbl 3ROSR s bferd sl BLEB NS08 5006 by t he
PWM pul se i nineedtiom. 507 and a "I" is applied to Iine 504, and the PWM out put
fromthe output 25 waveform generator 505 is transformed under control of

the pul se invert eF’5p7A and(TBs takem Rerbrmare dctiled Mlockdizgrompf apulset si gnal

as an act4 vegylt e, [ j gxlsélﬁn ctive | ow
portion) spulgke 6(%@hfgﬁ;rtckgﬁ€\g%?%%b}ém%@%ggﬁf%géss or%égg?&durati on of
tinme) to be of f seFIGni& kiardetaliled plotls diapmm ofth toyltipligrsehichomay e mmghlyed/in61 |,

t hereby creaging,a w,der distri i in time of the PWM pul se offset for
30 that part#’&ﬁggf vﬁﬁﬁgﬁxﬁ"ﬁ?{ cif&q{:'ﬁ‘gﬂ&pﬁ?%@'were not transfornmed. 1 April
2004 7 The pul seFIGd s @diiledtbiick 2Hprah 80a kElePmvEQRSHEEE mhjBe NUNber  of
transitions made during consecutive PWV out ut7 Si gnal periods. This is

acconpl i shed BPPI¥FhIR We Pplse ¥idth modulator gR K] HBundary of each PWM
period) gp illustrated by waveform 613, by zeroing the offset delay of the
P WM out put pulse during a PW 5 period for which the transformation from

an active hi gRetmiled £ d Embpdimetow pul se protocol (or vice

q) g 3 Lo CEAN

versa) occurs fromthe previ.ous riod. lf,consecutjve P Lods utilize
ent1 cal pui se. prgt gy iEsioRERF R pid Sip PR AR AT aw t o
active | ow), (SPWhBeREH@dids T lgeRtitiondf 8emokitingisa hhEiisalt@Sfof Xt I aneous
transitions such as the one on waveform 609 at the boundary between period

1 and peri odimelesrentatn ip digital igtegrRiadeipRibterhnglgi®SG 5, it can be seen that a
regi stery413 and i 1L : detect a
transiti })% from agﬁfﬁﬁiﬁgh%?dﬁégjg%%ggfﬁﬁm%&vug I%Stgéﬁ%)crg&%l gﬂrﬁéensi tion
from acti ve presenpinveatontis inatbe congrohpfpowsn bupplied w@rivadnld | Pyl qoetroletctid t he

next. This d cfion deactivates the,register 7 i ate 741  thereby
creating as g@fe‘%’??%a RETATEteL IS BIPIs %xﬁiqaﬁjsbé%%gﬁagﬂaﬁo& nunber
gener at or 50znd feb @Ecirdufk tHeRtgnteol RiEEE1 03 thsREth@fcoZed] @f theiopeatind 10 out put
fromthe pulse inverter 507 represents the maxi num corrected pullse of f set

avai | abl e foP“?‘Hé‘eP\ﬁZ"B&tfﬁ‘i[PaC&Lﬂi@él BAYLS @“&’é‘}?ldii’éﬁletc_empiﬁ’éﬁ‘?ﬁﬁlf%l 2r 513.

Mil tiplies Slanahberld @by whicRhis Mﬁ{%@p@ﬁﬁ@@pd}ﬁﬁétmﬁ@wﬁﬂ&et si gnal
510 by the pseudorandom nunber generat ed bg/tagseudora.ndom nunber gener at or
503. This preodesel adiustthens. Ina priferred embodipentathelload 2@ldis@dionveationt DC W pul se
offset. A tinmpa.di amillustrati 1 hr I, bl riations in.a PW
out put si gnafmlpcgugi g%haflﬁpﬁat@g W\?\% ‘%%%8&?@%%?"%%% (tjec?au ntge gor?goberi od
two, are shovifcubl0BhSuth dearfispemait cdrl ¥a cofisidébéd/eibeame®@Ohotos. a conventi onal
PWM out put signal jn which the_output duty cycle is 20%for the first pulse
peri od and i n whi dHCt haleTFTPHR ems Bt MR AL TS e PROSGre 70% dur ng
the secopsl PhiplkgidveRoftiddkherda? SR iRl iRRl (RS LOHHoD LikcLB 1993 cRBledits Shown

having a transition at the boundary of each PWMV period. One feature of the
present i nveht¢lasigna modulstor 201kl Wy efpa opvignadinppiiowpassdiltsr A0BBBicheinwhi ch a

random of f Se&e%?é'cggfﬂg@qgﬂnén ;‘?agggﬁtgﬁ%%%[‘]@ o%m&ca%gtgr}% ﬁ]l‘ﬁw%ﬁt ive high

pul se 607 away ‘from oun onmencenen period t by

t he pseudor dfrequenoyofzd Miizn Sighblene& Q3 above thil eutéiifequenpyiire wavatfosedtgener at or
505. The pul se 607 jis displ d, a fromithe 1 ri 004 P eriod |
comrencenent g‘b‘é‘ﬂ’r? 9 ttlﬁﬁtha%%iréméﬁ Y a?g'kﬁfyﬁ%gwm%ﬁﬁé@mg%o

nanosecosgl ( BEMVEDZis fSlYe By fifdé vRlthTesdulatbr 20$ which hedunfitht& RO gluflRy -
Li kewi se, the_active |ow pulse 609 during PMM period 2 is treated as a

di screte pul 8epysry cpastingingdird HSKH0A routpubsigns! pyes mpredelimedigeped phidmeanl| se
boundary by a




5 pseudorandom of fset 611. ' Random of fset 611 is created when the pul se
counter 501 indicates a (positive) pulse width greater than 50%to the PW
out put generator 505. The output fromthe pul se counter 50l is inverted
(corrected) by PWMpulse inverter 507 to be input as a pul se xhfitohoglef i ni ng
paranmeter to the PWM out put waveform generator 505. The waveform 613 of
FIG 6 illustrates another feature of tHe present 10.invention. Positive
pul se 607 continues to be offset fromthe period 1 PWM boundary by random
of fset 605. In order to keep constant the nunber of transitions within each
period, active |low pulse 609 is not placed randomy within the PAM period 2
but is noved to the pul se boundary at which the value of pulse 609 is equal
to the precewinmertsFvil acaffertive palsemadth widduRted Ritpub p SO agdlicitlo®to fedS hegati ve

pul se 615. Thu en 15 the PWM out put signal during a present PWM peri od
uses an act il\?@%?%ﬂ"ﬁﬁF’é’@"ﬁ?do‘i‘@HBFmPlﬁﬁnFW%ﬂ‘&@‘f’m%lﬁf}é)f!?yis brcated PV
period with extdiYomk pitbgrabOAkitRHR QYN ﬁéha?&}ap%l?ed[lhg%%ﬁoée?&‘" , the

m t he

pulse in the present period is randonly offSet peri od boundary
by a pseudorsisdmedyliateel0! apd thepulss with nvddilatar28 forprapeabynolirohiastiqar esent  PWM

eriod uses tive i.omedjiat el v .20 fol | qu a P W period
grrpl oyi ngsgsean&g?:fﬁ%gﬂ'h{dg[ﬁx\%@%%ggﬁ%o##ﬁc F@’é’\(F‘SW"Bﬁ# ?g\al:hgﬁzdlwt@%'d gt t he
PWM boundar ymught Higheh thas dmiesiied PAVMbdguency! Rep driRd g jue:i er of
transitionsy?or ‘ﬁhe S teme 'I?ﬁi zergi gcyof _t‘ﬁgy%ffsetjuggcéﬁtf{rigz%gﬁever t he
pul se pr ot ocSFPEY tibt 5@%@%@1@@ @égéfﬁrﬂ hitbrsand seleqtethe pulse BBM enbodi ment
by zeroing Grdquédes bY%hﬂﬁ&in@%%éb&ﬁr@%dﬁ@M@%@?&Bﬁ oJepgLat or 503.

Specifically, ZS and referring to FIGS. 7A an , the output of the
pseudor andorArefemesbimbpdireant vath B0eck foequency of 20 WHz thedWhkfreqibsaltae b unct i on.

Excl usi - IRGH ¢ % a_.signal . whi essentially

zer os O\l}? tﬁg]':)gt&,? %S?P gsfs zgg%z} orgagnéagnlﬁ%uwc@éﬂ%‘%ﬁ%fn\,@f@ﬂ?]ﬁa‘a@ﬁ@

particul ar RFIGL, itepulse width erdalatdDB0PAlterptividaulR HiBerigaai Ng si gnal as
t hough t he di tglgeri.nlg ogfr ation re di sabled for that one PWM 30 period by
forcing a pHISCTBHPEEIUGE SRURQYS RATORIC nYtReMrae” are al ways inverted (i.e.
t he 1 April 200fhduéhs SicRh [ ' 'g@ﬂ@ml . le is
greater than 50% but_thgﬂoﬁogg?{oirgélsg?%%&g ro O%@Q%@%mﬁﬁ%ﬂé_ an
active hi gbBdamhich thoinpuisignal is hembjsedwitlathedfesdbaak sigmal inaniadder 30gh change.

FIGS. 7Asan i Lust tai | ed.bl ock di agram.of pylse width 5
nodul at g\rs 2%8‘3‘%&%%%@?‘8@% %Etﬂﬁnragﬁliwfintg a&gfﬂpﬁ@%%ﬁe&bﬁ%p BH1 are
input to a pddad0tbywaeot &k (ryistd) F0ScuTGLRLESoh e dlth SREaimidlaen 11 bit
word to be au put to an 11 bit bus which, upon the occurrence of the end of
the current period, is coupled through a register 701 to the
asynchronous pul 3edekdié@ §dh@iatROot thel diébta RigGnddRY RS2 ccepts an 11
bit wide MAX bus input in _W?]i ch the four nost 101- Si 5%9?"}){2%%%% ts are
Er ede_ttergi né&Her;@@T@@téaﬁl@lfnbl;Sllqm@grgﬁ_(‘bsAnnpﬁlw_ gredndayfqmnp;jd M?OZiifl d 705) ort
y swi tefes oot.. by i C i lizes,an adder 0 incremen
t he MAX bus gbye on%ﬁt OS%P g@lﬁggasggng\éﬁlzaeﬁégéea%mgﬁ4636:3%3" °f‘#?5fﬂ°°?o t he pul se
iﬂveater. Thfmlwmgplyi\r@wd;ﬁfm?@ﬂdgﬁpﬁf d)stﬁh:lheﬁbmltiglebbﬁﬁeeblﬂml einﬂddeterm ne
the duty cycle an Laum pul se, of fset of t next PWM pul se and presents
the duty cy§f°ém?5q‘i‘#2€ﬁé%“ FE?/%F@%WFE?“?%?W%‘%W%WWHH 507
al so presents/iddd @0 MRX%bpled RusE a0 bt RonkiQnidiger 3t Ldtnk&Ed B13 for

In

pseudot andom scal i n whi ch scal ed pul se offset is, turn, presented to
t he del ay CG‘EJ‘HFB'P""?ngS‘PHy IQREP W friiye renspras 495 B0 aAdbitsomitegk i6at t he
appropr pgt eabd i Y C Lgnal on |ine 735 which in
turn enabl eslgétlﬁg)wdgl? thg&gF-ﬁemggdgﬁtﬁ ée‘%%ygﬁ}ﬁ 'P%%oérrggl?&?%m °ed|!rf1%r1't’rﬁvnkfeﬂ %unction
of a pul se 2rleE vilagoV DDy equatto)3.3 heltspad saldgvamiesfezade, AIREF, 6013t S a

pul se pol ar L&lysiggéveoulege protocol) signal on |ine 504 to exclusive - OR 709
(which functions as Ahactive hi gh/ active | ow pul se protocol change

detector in conj URCinp@3ightliB céuPHdXb @lcortioRDEvitcBe® Xdpatitdr ¥ouau PR Y11 by way
of register 713.. V\th the clock counter 717 count at line 718 is equal to

the 11 bit FARISHOSS! & treagipplpend byr salid st ptcherddiven bligwegoreont rol | ogi ¢

715 out pyit s Se Jd:/d] IR h of, the P eriod on tine 720, and
a new PWM pu é@ygggf%gg‘!‘ﬁn%%‘aﬁ‘%&%@ﬁ%ﬂf%&s@fﬂl ‘mef?éffﬁ‘gﬂaﬂ%&»qu e
counter 707Theepputtffoac ke oitétaa chpablishilitr anehRe ARdntdcRako BRUMVeRINg’ 17 keeps
track of the PWM period. The control logic function 715 is inplenented in a

distributed logic fashion in 30 the preferred enbodi nent and is physically
arranged in different areas of the integrated circuit. The basic function
of the control logic 715 is to generate control




1 April 2004 10 signals for the pulse width nodulation circuit fromthe

cl ock counter count on line 718, the PWM peri od established by the MAX bus,
and internally nonitored clock counts starting at "0" and conti nui ng
through a total clack count equal to the nunber set on the NRhipyses As
illustrated for the preferred enbodi nent, the nunber of 5 clock counts are
input to a plurality of conparators to generate .control signals for the
remai nder of the pulse width nodulation®circuit. At the first clock count
(clock count "0"'~ the control logic 715 creates a binary "first" pul se
applied to line 719 to distinguish the fast systemcl ock cycle of the
current PWM period. The first pulse is coupled to the "clear"” input of
pul se counter 501, the "enable" input of register 701, 10 and to

nul ti pl exerinp@poffoperationabwaplifdr 403 tloag with inegratonapicasot2 Whamge. The control
| ogic 715 al s tes a bjnary "start" si plied to |ine 725. The

|
start si gna‘f",ngfc(sigcfﬁeéwbﬁ“et%wg&xéWBHM“QQ&PG\%%"%[ amplifienddat fheift h cl ock
count and i sdp@atas dpeatiotdd emplitidrianb idonittdAld Mnbh-iﬁ%r&x?cj_gﬁg%fat the next

clock pulse. The start signal is coupled to the pseudora nunber
gener at or 5@tFhing;comparatpr ¢h anst is refereeqsd s YREFdhe Jatthed zestB of drevent i onal

| i near fge =S b L : randem,nu r .geperator, to
trigger fhe ggne%%%crdg?ﬁazgﬁéw Ig@%@%@%ﬁ@’g% RiinEre g?ﬁaé:kg? %’P@ﬁtgnal i's
al so coupl et wagsofa I-bivdifitaBirglogl coteertehensisting afualplifieoilTagd is'inad a del ay
counter 727. A "second" pul se generated at the count of the second cl ock
count is cofphed: log af swikkaedsapagiior sctisndbl-e port of register 723 to all ow
passage of a ge At hird: pul se.i.s coupl ed
to the multipli DRl B AHA06E0 SRRl ?Oﬁrﬁﬁb‘\ﬁ“é{é?é? s Ride ay
count er 727mgddsra?05toldefimesthe namkreatd pidse widdrefahelf WhLsighle batuf ©thd he PW

pul se. dditipon to the start sigpal . the delay counter 727 inputs the
ol cui G Bt Pulorsiedmbtnud sl o S6otly AmarssMeskdisesen of The

random nunhe pdise iR HRERECPOF BubdWl B RO, 4 lnphulse Wk B0 piuse COUp! ed by
regi ster 723 which is enabled by the first pul'se and cl eared by the output

f rom excl usVigeh megulatar 205agoumplates the digitg] risep petpuidinm SisdPRM sireiit20lcoupl i ng

to the mul tipl] ' 9 e L tiplier 513 al so
accepts an dﬁ{%ﬁp\ﬁ‘gﬂ%ﬁq’f?@% ﬁe dlpﬁ'}og)e%??ﬁl\g%r etee:r}ggﬁgh!lfg B8&nting the

maxi mum poswsichirectaf disetydaofiths BWM waedforen faf tht neftrrefio®006aEe W@ Ue gener at or
745 is ded i n_.adder 73| before i ied,.to the nmultiplier 513. It is
a feature oﬁyc{el?ﬁlber periof W%‘E% %P%“&Bdﬁvfﬁﬁrﬁ%&mf appiedifes the 1
April 2004 link 50ZLME Bk of theabkeiaftd P WMIguEe iOdeldyBe forulpkddbl8tdokdy Pe a good
rounded representation of the pseudorandom nunber nmultiplied by the maxi num

possi bl e offesamingd aymber of sysem closk exnlns|vehich is detpraningd by the esudem509 to swit ch
the mul ti pl t hJTHIY j ef e full wdth of

t he PWM peri 08 fg%lgm\eél}%@; l?ﬁeh E%ls ca‘g&eﬁgbgérﬁrﬁﬁolg%{’/‘mii’gnhﬁ‘ﬁecessary and the
pseudor and mretrabiline disiributism of the offtee iscvendytisafbutel betwekd érb iand tha2WMThe del ay
count er,~727_ autputs an 11 bit bus.io coun tor 733 which provides a
bi nary But pblfpo‘gf%’?lfs e%ﬁrc%‘@ﬁg? M%O@W%&WWW sa8 R ount er

equal s "0".goTy pul@WoRitienting @OHP kad ofﬂxetP'WMr(millﬂét@EeHib?Q)vﬂvE% gt oft AND gate
737. 10 The g'uft%fut fromthe duty cycle down counter 707 is output as as 11
u

bit bus to [dGufitordistayed by a pssadeandom offcb8Q5s sensragndias previqusindgsanpedycl e down

counter 70&aial R i i j { is applied to
the inverting input ﬁ%@gé‘%‘gls?ggﬁ\ﬁﬁ%wgvfﬁsoﬁgﬂﬁ%oup 1Stt"o excl usive -
OR gat e 71InYester 8&lqld ait) " asapplielw lise §Adh| and ithe VM ettt frod0the Autpan- zer o val ue

in the ter 707 SEeS "1" tQ be ouytput 15 fromt D gate 737
(ot ndas Bt Hen s SR WinGorpied uhfer o oF e ot i il i ki

det ect or 73fnsfostiitidnneeaistheaP Wohonphtaignied alP\Wdvaud s eathel ligainulas@vd S t hen

pol ari zed the exclusive - OR gate 711 _and the polarity (protocol) signal
from713 t ‘@?@éltailc’t”ﬁéheﬁcfﬁq I°P\_N9I%b‘lﬂ BWss 9§09, ek the, warefer (iFstoas et wavef or m
603 in Fl GshbresEebafod 6BRRd) % POSHERE Rithi@NRY) ; V8o ate 709 when
the active hi ghS/ active 20 [)ow pr ot ch)'lI fl i%cﬁgﬁ(@ngﬁm%@ﬁngd t o anot her
by di sabl i riglayt$d | Fianeby ¢rsatinganvdideredistiibugiont inttionexdithe WM pidsd ofseefopar t i cul ar
PWM pulge, illustrated as. .PWV,out put waveform 613. Duty cycle counter
707 angﬁdeltg@ p(%%ﬁﬁ reF&ﬁ'g‘a%ﬁéhel "lﬁcewrfee??l?oetér,mﬁﬁ”qe e preferred enbodi nent, as

conventional 11 bit down counters. Miultiplier 513 is shown in further
detail in FIG 8. This nultiplier is a typical 25 "shift and add"
multiplier, in which the input fromthe pulse inverter is considered to




be an integer and the input fromthe pseudorandom generator is considered
to be a fraction in the range of (0,1 ). The use of 11 of the 22 bits is a
roundi ng function. Input A fromthe pseudorandom nunber generator 503 is
first input to a latch 801 and coupled as an 11 bit w de nunfp&;ritﬁm

mul ti pl exer 803. The output of nultiplexer 803, 30 an 11 bit o’e nunber,
Is determ ned by output by |atch 80S jch receives an Il bit w de nunber
From the pul se counter 507 as an input. The output from rnultiol exer 1
April 2004 12 8D3 is input to 22 bit adder 807 where it -is added to 22 bit
wi de nunber fromthe shift up translation 809. The 22 bit output from adder
807 is applied to register 811 and output to nmultiplexer 509 as an 11 bit
nunber (the nost_signifi, t%nt bjts _of the 22 bit bus). A detailed diagram of
the pul se i nvertgi‘ef%’ésf"f‘é tqr70plep kepps sppstantihe pumperah gangigensi gnal i s
di vi ded by +08 b hdat [ VA : kd : ntional 1 |
bit conpar a[%%\&r2= %g&ﬁﬁgﬂ% P:Wsﬁc?g gﬁl#%‘(z)&{aﬁé?%g Igb‘%tgo%@?%g‘?yfrom t he pul se
count er 501delayingpusertiansitiohset therbotudaric off qacin P WiN\berindy puillusttagmicly has a duty

cycle of gr (_than, 50%. Thus t it n er .fromthe pul se
counter 10 %%:eg% sg%hgy- ﬁ"é‘i"flg%@%@?32&1‘%@“&%‘%@&?‘8?8&@%s a binary
pul se i radi cpdriodJowhiel the &@hsferimatici frud Aniaglive logtogilieiRototV t9aPiceee! Wil | be

needed. The gylie counter output signal is also applied to nultiplexer 905
and mul ti pl ‘QRRUISFPPOQREA! (97 vice VETP) FEERER PR BreNigs Beriody A womsesityeal  and t he

di fference priBaibdsReMAerticAMlse SR RadtiVe BENGO UV high gener at ed
by the 11 bit adder 9055. Ml Iti %Iﬁesigr 90t5}'ett hus sel ecthé %{Q%\rgﬁé?he pul se

count er 11 tiactivrlobdrthiagetoingds atit A¢tivatedc clivalleristes ekteankdus teingjtiads and t he

pul se counter. n er. The aut | yes fromthe pul | nverter are

consi der ed %Sl?ra‘g@ttg@ © 0ar ‘éeg‘.’m%sﬂg’#’gﬁ%:’é it *"r%ﬂﬁ‘?ifﬁ‘?m% “coupled with
a pul setoni dt h nowlllehaipefReivibie 88mFIGESUCidnda skdh thaaredister TIQiag@aiener ati on
wi thout the requirenents for 2Q_triangle or sawm ooth anal og signal

generati on. °"RB’di)’8t'iQ§ﬂ7q9r[s€‘?@ ig AR thard{BlseteptATansitiap fom schueighcy
donvent | ondl s FE et UL oS rRRin S HEvE IPRIGE 0 edBBlaBiisgs | 004
13 d ai nms: fromane 8N periad wodhs text. oThivdateatioh Heagvatesithe register 723 @l QR a | oad
with reduced, SPAY LQUS, R3ELd QMBS r P Wi dPESH Rd R0udofadBL ST N9 S
15 number generator 503, thereby forcing a pulse offset of zero. Signal 510 output from
the pulse inverter 507 represents the maximum corrected pulse offset available for the
PWM output pulse and is applied to the multiplier 513. Multiplier 513 effectively
scales the corrected maximum pulse offset signal 510 by the pseudorandom number
generated by pseudorandom number generator 503. This process results in the final
20 randomized (dithered) PWM pulse offset.
A tirning diagram illustrating three possible variations in a PWM output signal
is shown in FIG. 6. Two PWM periods, period one and period two, are shown on the
time axis of FIG. 6. Waveform 601 is a conventional PWM output signal in which
the output duty cycle is 20% for the first pulse period and in which the PWM output
25  signal has a duty cycle of 70% during the second PWM pulse period. Observe that
PWM output signal 601 is shown having a transition at the boundary of each PWM
period. One feature of the present invention is illustrated in the PWM output
waveform 603 in which a rand.om offset 605 has been introduced in the
commencement of active high pulse 607 away from the boundary of the

30 commencement of PWM period | by the pseudorandom number generator 503 and

the PWM output waveform generator 505. The pulse 607 is displaced away from the




a delta sigma nodul ator accepting a first signal and generating a second
signal representing said first signal with a plurality of digital pulses; a
pul se wi dt h nodul ator coupled to said delta sigm nodul ator, accurnul ati ng
said second 10 signal over a first tinme period, and generat i1%rﬁlzb@4rd
signal coupled to theload and having a first magnitude val ue, sard first
magni t ude val ue lasting for a second t$me period related to said second
signal; a pulse counter to accumulate said plurality of digital pulses of
sai d generated second 15 signal; a waveform generator, coupled to said

pul se counter, to generate said third signal froma predeterm ned nunber of
said accunul ated plurality of digital pulses of said generated second

si gnal, saiPWMlperiod & cofimbndemehtidundarpby Bitine eqiaieo ppseudstagdoanmenberhan and 20
enconpassi ng_said second . tinme period; and a del a neyajor coupled to said
wavef orm g@gé‘? BI9=CPB} aﬂéﬁ%@éﬁ’?‘ﬁ‘ﬁc ckip =%|W%¥ggf§fm§@*aartay a
CPmTencermzﬁnBe%e?&chém&Ogmke 58 diinig POV I RELA 2 GORTIRAGE ARINkre® puil d third
time perio y a tine equal to that of said tinme delay signal.” 25 2. A
control ci recdistraidomdy shiftetbavee figim the PVEVImenodA puiss poundhmy biviar st time peri od

is equak to said third time gerjod . i it ] cor dance

:M' t hqgl gi mpie‘@,hré?é?’#ﬂogsef}ép%u?‘g%do\% %?%P%gﬁdﬁﬁrggg‘?wfh%# F%:gﬁl&gg%@nl}%}ss@g a pul se

Wi dth i ndi GRfi@itestaqpsihiey phlse widengreaeraha 0% af tho AWM camutiggakmatarls0sy of 1
ril 2004 _14 digital pulses of said generated seco lgnal, creates a

tAﬁi rd si gn&l‘neglé@gh@f’@ﬂ}%éubé:c?%fl5§%ﬁ Yered °°§F&‘§§)«§?ﬂ’mg‘gi}w}5‘fm§ai d third

time periodgyd, w%@ﬂ%asms&iﬂ@yaéﬁmﬁﬁﬁémﬂ&ewm\@@w&oee@erei n said

pul se width indicator 5 conprises: a divide-by-two coupled to a fourth

si gnal repgesartor §1§. Jhe vaveformi613 ofFIGef ilbngtrates apother fearrecfithe prewent ourt h

signal ;,,and 10.a ar at.or . | L Visde- t said
D vaq 10, seyentich, IR Bt 6FPuRLs tObe St Mok hilebiba § Pl boBEERP" S

hal ved

by random offset 605. In order to keep constant the number of transitions within each
period, active low pulse 609 is not placed randomly within the PWM period 2 but is
moved to the pulse boundary at which the value of pulse 609 is equal to the preceding
PWM output signal value and is shown in FIG. 6 as negative pulse 615. Thus, when

15  the PWM output signal during a present PWM period uses an active high pulse
protocol following an immediately prior PWM period with a PWM output signal
employing an active high protocol, the pulse in the prc;sent period is randomly offset
from the PWM period boundary by a pseudorandom offset. But when the PWM
output signal of the present PWM period uses an active low protocol immediately

20 followinga PW'M period employing an active high protocol, the active low pulse is
aligned at the PWM boundary with the same sigual value, thereby reducing the
number of transitions for the system. This zeroing of the offset occurs whenever the
puise protocol transitions. This is accomplished in the preferred embodiment by
zeroing out the value output from pseudorandom number generator 503. Specifically,

25  and referring to FIGs. 7A and 7B, the output of the pseudorandom number generator
503 is zeroed by the offset disable function. Exclusive - OR 709 and register 713
develop a signal which essentially zeros out the output of pseuderandom number
generator 503 for the particulai PWWM period in process. OR gate 741 couples a
clearing signal as though the dithering operation were disabled for that one PWM

30  period by forcing a phase offset for that pulse. The pulses are always inverted (i.e. the




said pul se counter to accept said accunul ated plurality of digital pulses
of said generated second signal, and outputting a two state signal
representing with a first state that said accunulated plurality of digital
pul ses of said generated second signal is greater than said hggm%oaourth
signal, thereby indicating that said second tine period exceeds 50% of said
15 third time period, and representing $ith a second state that said
accurrul ated plurality of digital pulses of said generated second signal is
| ess than said halved fourth signal, thereby indicating that said second
time period does not exceed 50%of said third tinme period. 5. A control
circuit in accordance with claim3 wherein said pul se wi dth nodul at or
further 20 pEIBPPctRE! i8 aRive G PWIRNABOHuL) BYedd i @Feated thah 8094, BursRé Skrfabfsse Wi dt h
indicator to transformsaid third signal froman active high first

magni t ude vt {29 BRIFMHEn therein ap agtive BighAstivs lowtPulss Ghaneg e ay agtive pr ot ocol .
6. A contro | okl BaaCOrdance wth claim5 wherein said pul se protocol
i nverter ZSIOgghn%{r%Fyegg:CHml%ghdder) coupled to said pul se counter, for
subtracti ng sai dFKsciahd 7R diystrate aldetailediflock djagrah o tHegmise ofidthai d gener at ed

second signal . froma. fourth signal. representing said third tine period

t her eby en&pgwﬂ‘i’gb@s'dﬁef ST EPY,; Hb&mgﬁ ‘%gmﬁulﬂ‘ﬁ?‘#{?ﬁﬁf“i@%

nul tiplier paspécaeter 905 #hidh RetuiRlatRURE Rilsek @ito b CEDIY WaE] GdeGuucisnml at ed
plurality of digital pulses of said generated second signal, coupled to

sai d adder bbpit %@WRH@O@Q&@CW@?@&B@%%@HemawcF‘wggﬂr@d,tﬁo sai d pul se
width indic t 'gfste? i pdi ' ryggg ' drid eriod
exceeds 50%9% licsdatﬁ?[‘%?lr-e t 2%1 %ce%lfo gﬁo S ‘fdcgzﬁ?‘g%éﬁ%gz'l ﬁlép es;(cgs 5 of said
pul se w dt hinvederl 587 also eaepts aail d b cddnMIAK bub ippuy irawhich theffodtimestal pul ses of

o 500 16 “HEUEREFAI aF prern A KR Prn Rt RURERE Sy | i ng:
10 a del ay 9@9)ek 8y owitehes abbyeotb@uiMaBlaridonisiet ctiled aYaddenmu2ab derdidht sai d pul se

protocol inverter ) . .
the MAX bus by one to provide a non zero (actual count) input to the pulse inverter.

The pulse inverter 507 employs the two 11 bit buses to determine the duty cycle and
maximurm pulse offset of the next PWM pulse and presents the duty cycle to the duty

15 cycle counter 707. The pulse inverter 507 also presents the maximum pulse offset to
the multiplier 513 for pseudorandom scaling, which scaled pulse offset is, in turn,
presented to the delay counter 727 (by way of multiplexer 509) and loaded (at the
appropriate time) to output a binary duty cycle signal on line 735 which in turn
enables the duty cycle counter 707. In order to perform the function of a pulse

20  protocol inverter, the pulse inverter 507 also outputs a pulse polarity (or pulse
protocol) signal on line 504 to exclusive - OR 709 (which functions as an active
high/active low pulse protocol change detector in conjunction with register 713) and
to exclusive - OR 711 by way of register 713. When the clock counter 717 count at
line 718 is equal to the 11 bit MAX bus, the PWM period is deemed ended, the

25  control logic 715 outputs a pulse indicating the end of the PWM period on line 720,
and a new PWM pulse period immediately follows. In short, the duty cycle counter
707 keeps track of the PWM duty cycle and clock counter 717 keeps track of the
PWM period. '

The control logic function 715 is implemented in a distributed logic fashion in

30  the preferred embodiment and is physically arranged in different areas of the

integrated circuit. The basic function of the control logic 715 is to generate control




for forcing said tine delay signal to be zero tine when said first tinme
period has said active high first nagnitude val ue protocol and is

i medi ately followed by a following first period having said active | ow
first magnitude value protocol, thereby reducing the nunmber OApdiansitions
fromsaid first magnitude value to a second magni tude val ue during said 15
following first period. 8. A control ci®%cuit in accordance with claim5.
wherein said pul se width nodul ator further conprises: 20 an adder accepting
a bus output fromsaid pul se protocol inverter; and a ones val ue generat or
coupled to said adder to increase a digital signal present on said bus

out put by a value of one for rounding of said digital signal. 25 9. A
control ci signals fdrnhegtenddiharodildtion elraiinfrém thercldiR coanembliondinea del ay
generator disable coupled to, said delay, generator and said pul se protocol

i nverter fBFB’m%WP%dGS?PIF%CQEY%%?P&F’ apd) inggnally mmonifossd algekn said first
time peri OoiSesdhélateP niedbiiing uirilehPIGRI Aol ddfalhh B QafheANd | S

i medi ately followed by a follownhg fitst period 3 aving sald active | ow
first magnsatedsheMAdebysr dtsoliwitrated dontheprefeared ehbodiment tive nprebérad has sai d
active Low first magnitude val ue and is i diately followed by a follow ng
Frrst 59" slopk RouBEAte w8 arlitiy P o et P T RRbB ool FPEEE S8 ¢ e

val ue pr ot egelindet bEthe Pylsé ®ilids mogulatien direnhent of fikst alosk td@ngldck@Bugai d first
magni tude value to a secqond nmagni tude val ue duri@% said _follow ng first

e‘C : (17 i)
period. 5 197 the spBERUASET 12 6REED? PirAY “HethepulitaPPiaditadne 31%4t0 oad wit h
reduced spyict gmp ' QEPAPRN Yok AR Frs | he steps
of : accept %y%@?ﬁgtﬁ}sgl gha a?ﬁ%fﬁf‘gg% delta si rraoa:rro ulﬂé%g{rlfge E150
gener at i ngcenpbeskionke ‘Slagridhput of pdseeduntey S&lathe “tnablel’ inpuynfdegisiet W0la plural ity

o 9162 alloTEip G Y kY LSk F B PR BB U bl 11

logic 715 also creates a binary “start™ signal applied to line 725. The start signal, in
the preferred embodiment, occurs at the twenty-fifth clock count and indicates that the
multiplier output will be latched at the next clock pulse. The start signal is coupled to
the pseudorandom number generator 503 which, in the preferred embodiment, is a

15 conventional linear feedback shift register (LFSR) pseudorandom number generator,
to trigger the generation of a new pseudo random number. The start signal is also
coupled, as a “load” signal to the duty cycle counter 707 and a delay counter 727. A
“second” pulse generated at the count of the second clock count is coupled via line
726 to the enable port of register 723 to allow passage of a generated pseudorandom

20 number. A “third” pulse is coupled to the multiplier 513 on line 728 to tumn the
multiplier on.

The delay counter 727 generally keeps track of the needed offset delay for the
PWM pulse. In addition to the start signal, the delay counter 727 inputs the calculated
- PWM offset for the new PWM pulse from multiplexer 509. The random number

25  generator 503 outputs an 11 bit word (which is coupled by register 723 which is
enabled by the first pulse and cleared by the output from exclusive -OR gate 709
when the pulse protocol changes) for coupling to the multiplier 513 and the
mulitiplexer 509. The multiplier 513 also accepts an 11 bit signal from the pulse
inverter 507 representing the maximum possible offset to which a value of “1” from

30 ones value generator 745 is added in adder 731 before being applied to the multiplier

513. Itis a feature of the present invention that the addition of “[” assures the




generating a third signal coupled to the |oad and having a first magnitude
val ue, said first 15 magnitude value lasting for a second tinme period
related to said second signal; accunulating said plurality of digital

pul ses of said generated second signal; setting a third ti e R ipgsequal
to said first time period; 20 generatlng said third signal, froma
predet er m ned nunber of said accunul at d plurality of digi t_aI pul ses of
sai d generated second signal, said third signal including said third tine
period which is greater than and whi ch enconpasses said second tinme period;
and 25 generating a tine delay signal to delay a commencenent of said
second tine period froma commencenent of said third tinme period by a tine
equal to thevenohl Emnchtad) maputedfd;c raulgplidr to Bela gaddreinied rdphesat@indance Wi th

t he met hod f clg 0 furqg cclnHrbl S/ e;% the step of indicating when an
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signal and malludhaddmnul at ed plurality of digital puI ses of said generated

second signal; put e signal resenting wth a
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i ndi cating that sal d second tinme period exceeds 50% of sal
period, anciapr€scliis ougputiis ¢punled éo bin aorinyariing input of aiAdNRgata AdT.at ed

pluralifgy of di GileRhuepBtrS%thePduty &t down counter 707 is output as an 11 bit bus to

count detector 738 which detects an output from duty cycle down counter 707 equal to

0. Upon this occurrence, a binary signal is applied to the inverting input of AND gate
737 which is in tun coupled to exclusive - OR gate 711 for coupling as a PWM signal
via register 739. A non-zero value in the down counter 707 causes a “1” to be output
15  from the AND gate 737 (acting as a comparator). This signal is “enabled” by the
output of detector 733 resulting in a non-polarized PWM pulse. The pulse is then
polarized by the exclusive - OR gate 711 and the polarity (protocol) signal from 713
to create the final PWM pulse illustrated as PWM output waveform 603 in FIG. 6.
Extra transitions are removed by exclusive -OR gate 709 when the active high/active
20  low protocol ﬂips from one PWM period to another by disabling the PWM offset and
setting it to zero for that one particular PWM pulse, as illustrated as PWM output
waveform 613. Duty cycle counter 707 and delay counter 727 are implemented, in
the preferred embodiment, as conventional 11 bit down counters.
Multiplier 513 is shown in further detail in FIG. 8. This multiplier is a typical
25  “shift and add” multiplier, in which the input from the pulse inverter is considered to
be an integer and the input from the pseudorandom generator is considered to be a
fraction in the range of [0,1). The use of 11 of the 22 bits is a rounding function.
Input A from the pseudorandofn number generator 503 is first input to a latch 801 and
coupled as an 11 bit wide number to multiplexer 803. The output of multiplexer 803,

30 an !l bit wide number, is determined by output by latch 805 which receives an Il bit

wide number from the pulse counter 507 as an inout. The outout from multiplexer




generated second signal is less than said halved fourth signal, thereby

I ndicating that said 15 second tine period does not exceed 50% of said
third tine period. 13. A nethod in accordance with the nmethod of claim 10
further conprising the step of transformng said third Sig”aﬂAMMbboé pul se
protocol inverter froman active high first magnitude val ue protocol to an
active low first magnitude value protocgl. 20 14. A nethod in accordance
with the nmethod of claim 13 further coﬁgrising the steps of: subtracting
said accumul ated plurality of digital pulses of said generated second
signal froma fourth signal representing said third tine period thereby
generating a difference 25 signal; outputting said accunulated plurality of

digital pulses of said generated second signal; receiving an indication
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cycle of greater than 50%. Thus, when the 11 bit number from the pulse counter

10 exceeds one-half the MAX signal, the comparator outputs a binary pulse indicating a
reversal of active high to active low protocol will be needed. The pulse counter
output signal is also applied to multiplexer 905 and multiplexer 307 which select
between the pulse counter signal and the difference between the MAX signal and the
pulse counter signal as generated by the 11 bit adder 909. Multiplexer 905 thus

15  selects between the pulse counter 11 bit number and the difference between the MAX
signal and the pulse counter number. The output values from the pulse inverter are
considered corrected values. |

Thus a delta sigma modulator when coupled with 2 pulse width modulator
provides a reduction in harmonic noise generation without the requirements for

20  triangle or sawtooth analog signal generation. Reduction in the peak energy of the
harmonic frequency generation has been shown to be about 10 dB compared to that of

conventional pulse width modulation techniques.

1 Claim:

25




adding a value of one to said bus output to increase a digital signal
present on said bus output for rounding of said digital signal. 17. A

met hod in accordance with the nmethod of claim 13 further conprising the
steps of 20 forcing said tinme delay signal to be zero tine whem sgd first
time period has said active high first nmagnitude value protocol and is
imedi ately followed by a followng first period having said active | ow
first magnitude val ue protocol and when ?aid first tine period has said
active low first magni tude val ue protocc& and is imrediately foll owed by a
follow ng first period having said active high first magnitude val ue
protocol, thereby reducing the 25 nunber of transitions fromsaid first
magni t ude QJ@iMse to a second magnitude val ue during the following first
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&0 us? pred%t%%%egi)number of said accumulated plurality of digital pulses of said generated

second signal, said third signal including a third time period greater than and

20 encompassing said second time period; and

a delay generator coupled to said waveform generator for generating a time delay signal to
delay a commencement of said second time period from a commencement of said third
time period by a time equal to that of said time delay sigﬁal.

25
2. A control circuit in accordance with claim 1 wherein said first time period is equal to

said third time period.

30 3. A control circuit in accordance with claim 1 wherein said pulse width modulator further

comprises a pulse width indicator to indicate when an accumulation of said plurality of
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digital pulses of said generated second signal creates a third signal second time period

lasting for greater than 50% of said third time period.

4. A control circuit in accordance with claim 3 wherein. said pulse width indicator

5 comprises:

a divide-by-two coupled to a fourth signal representing said third time period to generate a

halved fourth signal; and

10 a comparator coupled to said divide-by-two to accept said halved fourth signal, coupled to
said pulse counter to accept said accumulated plurality of digital pulses of said generated
second signal, and outputting a two state signal representing with a first state that said
accumulated plurality of digital pulses of said generated second signal is greater than said
halved fourth signal, thereby indicating that said second time period exceeds 50% of said

15 third time period, and representing with a second state that said accumulated plurality of
digital pulses of said generated second signal is less than said halved fourth signal, thereby

indicating that said second time period does not exceed 50% of said third time period.

5. A control circuit in accordance with claim 3 wherein said pulse width modulator further
20 comprises a pulse protocol inverter coupled to said pulse width indicator to transform said
third signal from an active high first magnitude value protocol to an active low first

magnitude value protocol.

6. A control circuit in accordance with claim 5 wherein said pulse protocol inverter

25 comprises:

an adder, coupled to said pulse counter, for subtracting said accumulated plurality of

digital pulses of said generated second signal from a fourth signal representing said third

time period thereby generating a difference signal; and
30
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10 a delay generator disable coupled to said delay generator and said pulse protocol inverter
for forcing said time delay signal to be zero time when said first time period has said active
high first magnitude value protocol and is immediately followed by a following first period
having said active low first magnitude value protocol, thereby reducing the number of
transitions from said first magnitude value to a second magnitude value during said

15 following first period.

8. A control circuit in accordance with claim 5 wherein said pulse width modulator further

comprises:
20 an adder accepting a bus output from said pulse protocol inverter; and

a ones value generator coupled to said adder to increase a digital signal present on said bus

output by a value of one for rounding of said digital signal.
25 9. A control circuit in accordance with claim 5 further comprising:

a delay generator disable coupled to said delay generator and said pulse protoco! inverter
for forcing said time delay signal to be zero time when satd first time period has said active
high first magnitude value protocol and is immediately followed by a following first period

30 having said active low first magnitude value protocol and when said first time period has

said active low first magnitude value and is immediately followed by a following first
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10 generating a second signal representing said first signal with a plurality of digital pulses;
accumulating said second signal over a first time period;

generating a third signal coupled to the load and having a first magnitude value, said first

15 magnitude value lasting for a second time period related to said second signal;
accumulating said plurality of digital pulses of said generated second signal;

setting a third time period equal to said first time period;

20
generating said third signal, from a predetermined number of said accumulated plurality of
digital pulses of said generated second signal, said third signal including said third time

period which is greater than and which encompasses said second time period; and

25 generating a time delay signal to delay a commencement of said second time period from a

commencement of said third time period by a time equal to that of said time delay signal.

11. A method in accordance with the method of claim 10 further comprising the step of
indicating when an accumulation of said plurality of digital pulses of said generated second

30 signal creates said third signal second time period lasting for greater than 50% of said third

time period.
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5 halved fourth signal;

accepting said halved fourth signal and said accumulated plurality of digital pulses of said

generated second signal; and

10 outputting a two state signal representing with a first state that said accumulated plurality
of digital pulses of said generated second signal is greater than said halved fourth signal,
thereby indicating that said second time period exceeds 50% of said third time period, and
representing with a second state that said accumulated plurality of digital pulses of said
generated second signal is less than said halved fourth signal, thereby indicating that said

15  second time period does not exceed 50% of said third time period.

13. A method in accordance with the method of claim 10 further comprising the step of
transforming said third signal with a pulse protocol inverter from an active high first
magnitude value protocol to an active low first magnitude value protocol.

20

14. A method in accordance with the method of claim 13 further comprising the steps of:

subtracting said accumulated plurality of digital pulses of said generated second signal

from 2 fourth signal representing said third time period thereby generating a difference
25  signal;

outputting said accumulated plurality of digital pulses of said generated second signal;

receiving an indication when said second time period exceeds 50% of said third time

30 period; and
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15. A method in accordance with the method of claim 13 further comprising the steps of:

forcing said time delay signal to be zero time when said first time period has said active
high first magnitude value protocol and is immediately followed by a following first period
having said active low first magnitude value protocol, thereby reducing the number of
transitions from said first magnitude value to a second magnitude value during said

10 following first period.
16. A method in accordance with the method of claim 13 further comprising the steps of:

accepting a bus output from said pulse protocol inverter; and
15
adding a value of one to said bus output to increase a digital signal present on said bus

output for rounding of said digital signal.

17. A method in accordance with the method of claim 13 further comprising the steps of:
20 forcing said time delay signal to be zero time when said first time period has said active
high first magnitude value protocol and is immediately followed by a following first period
having said active low first magnitude value protocol and when said first time period has
said active low first magnitude value protocol and is immediately followed by a following
first period having said active high first magnitude value protocol, thereby reducing the

25 number of transitions from said first magnitude value to a second magnitude value during

the following first period.




