\ /
DELTA- SI GVA PULSE W DTH MODULATOR CONTROL Cl RCUI T CR@S@I’—ZE??I%I%E %
CO PENDI NG APPLI CATION This application is a continuati g an part of U S
patent application Ser. No. 08/846,610, filed on Apr. 29,~4997 and assi gned
to the sane assignee as the present app] i cati on. BACKGROUND OF THE
| NVENTI ON The present invention generally relates to an electronic circuit
that controls a signal coupled to a load. It nore particularly relates to a
digital pulse width nodulator using a delta sjigma _nodul ator as an input
stage to control a drive signal to a |load. |nfusts put
wi dt h nodul ators (PW) to supply and control Jlrivgﬁtﬂ%q’tcrrcoétlggsifé@ﬁa SG
direct-current to alternating-current convers aﬁ/Peﬁﬁdmn angpﬂ)@.(r..aglphgédofg,,,,
and many ot her power |oads. As is well known, Clahsy cypdged O ao pagear 80
wave may be varied or integrated to create a ﬁDra&dngnagngbdgu&id[ﬂfmgglgegg_@ﬁg;
alternating-current signal. Due to the non- zej B Abdttachi ngp-tg'bm_\_qopgé@gr_"—v
swi tching devices, the nunber of digital transitdbons.per unif tine T
typically deter- mnes the thermal power dissipation of systens using these
devices. PWMcircuits have a fixed nunber of transitions per unit tinme.
Traditional PWM applications use a triangle or samooth reference waveform
to conpare agai nst an i ncom ng anal og signal (which nmay, anong ot her
t hi ngs, be an adjustnent signal or a feedback signal or both). The digital
result of this conmparison is a PW output. Cenerally, the generation of
such an anal og t DEIPASSICMAPULSE WIBDTH MODUEATOR CONBROISCIRCUIT
acconpl i shed using precision capacitors, resistors, and current sources as
a charge/di scharge ranp up/down circuit Wiile this inplenentation is not a
probl em for discrete realizations, inplenenting such conponents in an
integrated circuit results in conponents that are hard to control. The

conponents nay ﬁljawkéget‘@é kd @Eﬁen@iﬂ?@@?ﬂgatﬁﬁlsped ally if 2 the
integrated circul echnology Is optrmZe or digital operation. PW
t echnol ogy $s rel at i'tas gpplicatidreis aproatiodtion ia pRME TLE. Ratens vgppHtationd¥o.cl osel y

approximates the inpuf signal, (wthjn the frequency band of interest), and
has a fixed nunﬁws‘&é]&@ aé?‘%%aﬁ?éi‘??%aﬁtﬁmﬁ?ﬁ ©Prosent applicationnat el v,

Backeround of the Invention

The present invention generally relates to an electronic circuit that controls
10 a signal coupled to a load. It more particularly relates to a digital pulse width
modulator using a delta sigma modulator as an input stage to control a drive
signal to a load.
Industry has long used pulse width modulators (PWM) to supply and
control drive to motors, direct-current to alternating-current conversion, power
15 supply regulators, and many other power loads. 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 time in power
switching devices, the number of digital transitions per unit time typically
determines the thermal power dissipation of systems using these devices. PWM
20 circuits have a fixed number of transitions per unit time.
Traditional PWM applications use a triangle or sawtooth reference

waveform to compare against an incoming analog signal (which may, among
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the fixed frequency nature of traditional PWMtechnology results in a
significant anmount of spurious harnonic noise signals which can result in
significant electromagnetic inter- ference to other electronic circuits.
Overcomi ng the probl em of harnoni c noi s€ has been addressed before, with
nost net hods spreading the har- monic noise by dithering the PW

f und tal f t t tr it t he PVW f
o tal For t he. opORHEr SHRRHHE B RLRITh: SR i GeCREh 8o or boiS. Tbe digsei 1
the PWM feature ofsuh Jﬂtﬁﬁ@oﬁg in i9h P 5\&“ < sééairrzoﬂé ggxferr? f(ng}IE;%n has

which is inportant for sone |cat|ons

been used ext ensianalog tmamglmaﬂ sagvtmnh defgiched waveforh Qai lﬁenta@coallf;ﬂisﬁ&l using
conversion, and |n8 ut.s are |ca,l |y sanpled at a frequenc several tinmes

hi gher than the P ‘°%F%ﬁ?ﬁl f’éﬁfé’@h%?ndf‘gé?“t‘émgf’%%mﬁ ischprge ramp

Conet derd | nt or SRRSO AT, VBT i RBRA AL 3 AT RR ng (e

shapi ng of quant iredizations) ihplementitg istich @oitp¥néifis intanSh@piatddCartulttesuditige t he
quanti zation noise at |low frequencies relative to the frequency of the

swi t ching cl ock. SYmpoBERththat aedrrdiomoptrel. rths qompsmmtsmampdubit rxdmdmeat

e used 10 1 opr ouBniom BREishly Kb fPar R il RSBl i Dplitena TRl <2

| east hal f of th@)pe@ﬁb@d of the |nput signal. An additional advantage of
DSM tech- nology Is that DSMcircuits can be built using standard digital
CMOS procesHes for i nRWad sechology mt@veWhmpkspmémePMMmulm thate

[ | tch t h
capaci tor et oni SR ARExRaRS Hidapirsteral s B Hestndy bkt it nnge o
DSMcircuits is Hhah kB8 nfmBefofldis @Hl'?ﬂaﬁéin@ﬂ%e‘?ﬁﬁﬁi tifrfe If}ﬁ'ortm%a%?l%,gﬂle rt]' %E(?ES

the frequency of the input signal. This h oversanpling o
si gnal can be r edieqeehdyynatige ngumxtlemalMeetpmlogyGBMtsblyas@nﬁ'wahmnmhﬁ

proper DSM and aver agi ng.techni que. The hi. gh frequency, DSM cl ock results in
many nore transi P?Bi’fg‘%’grha%%ﬁ ois¢ gignals g ‘faéﬁﬁﬁ“? ntﬁféﬂ'atl ng a DSM at
| oner cl ockg‘rqu_ gﬁéﬁ%#e&e}eﬁcé%rﬁhwu on 0 0| se in the frequency

band of interest, nterferes wt the signal. This
i ncreased quan- tlzat®o¢~rcmingaha?fbbwmbem@mwmma@beéﬂmshé@m&oﬂe,er sec-

ond has not encouraged the use of DSM when a PW

with most methods spreading the harmonic noise by dithering the PWM
fundamental frequency or introducing extra transitions in the PWM waveform to
tailor the spectrum. This spectrum tailoring, however, does not retain the PWM

20 feature of a fixed number of digital transitions per unit time, which is important
for some applications.

Delta sigma modulation (DSM) has been used extensively in analog-to-

digital and digital-to-analog conversion, and inputs are typically sampled at a
frequency several times higher than the input signal frequency. (Delta sigma

25 modulation is occasionally referred to as sigma delta modulation. The terms are
considered interchangeable 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

30 of these digital output pulses over a finite period can be used to represent the

input signal, if the averaging period chosen is at least half of the period of the
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technol ogy has been avail able. Thus. in order to overcone the probl ens
associated with the harnoni c noi se generation and the need for triangle or
sawm oot h anal og signal generation, a unique conbination of PW and DSM

t echnol ogi es has been creat ed. SUMVARY SOF THE | NVENTI ON A control circuit
whi ch controls power delivered to a |oad with reduced spurious

el ectromagneti c; e t | . . i ch
accepts a first l@%%%agn'ﬁﬁé%ggﬁlgg%ws%cﬁr@g itgcr@})g’ggbgr@ggps Wé}‘r‘f‘ﬁ% first
signal with a plcan dé bult wdinglitandasd digithiSEMOF prodesses fot tHtéprated ¢irahi®y, , This

i ncluding a pul se counter which weights pul ses before accunul ating them a
| ow pass filter is bgrause Ralbsimuits geeisualinimplementsd s switehocappeitarsincuitssi gna

Wt hrodul at or “AHEReLY B pRRRE MR Al Rt rabt S BbdallE cfifEy Rl P °°
o' SLO0%, Ve dekdvaborgbuediein e thsiid gt et
sinplified bl ockimfssbe feqesncy of dednpdsignal. This bightoversamppling pfthe ilpugh- | evel
resent | mvent ; ciétafias SRt il aebtave P RS bY SteRInE PlineY o

| ator that may bjsrﬂrmhw&@gingltéé)ﬁiq%eqﬂemgm&meh@msﬁ SockresdltinSha Bl i C

di agram of a delta sigma nodul ator that may be enpl oyed in the presert

i nventi on. 4 nrStraggitions periseconk, tian traditiondl BWMI| Operafing & DS at lawer t hat
Is enployed.in the preferred enbadinent. FI G, 5B.is, b%ock di agr of the
bul se” countir "t i HeauediGe SR MV ARGt fnhe Fratery B of

embodi ment . Fl GijpresS vhhidH Mt ferd vl A RkoR Yk &R anq f.hl'l#IP signal s

whi ch may repr esuént dut put  si gflal S pr odlgclglg Ey ts e pre egir%%ggdjnbodi ment and
al ternat e enbodiquentizatiof nbise apd aresated muslvdriod randitiéHs. per decand hdSanott aken
together, are a detailed bl ock diagramof a pulse w dth nodul ator circuit

whi ch may be emSResHEaRsdihe Hée of a3 Whsn 2R WM iterbaelogy-hes bagnjayaijablet aj | ed
bl ock di f i Bl i i i dt h
modul ator Jor Fras T o ptferii REpRERA Soodled pRRME B 1

inverter ti|t noise generation and the need for triangle or sawtooth analog signal generation, a

unique combination of PWM and DSM technologies has been created.

Summary of the Invention

A control circuit which controls power delivered to a load with reduced
20 spurious electromagnetic energy generation employs a delta sigma modulator,
which accepts a first signal and generates a second signal representing the first
signal with a plurality of digital pulses. A pulse width modulator, including'a
pulse counter which weights pulses before accumulating them, a low pass filter,
and a waveform generator, is coupled to the delta sigma modulator and creates
25 the second signal over a first time period. The pulse width modulator generates
a third signal for coupling to the load. The third signal has a first magnitude

value, the first magnitude value lasting for a second time period.

Brief Description of the Drawings

30 FIG. 1 is a simplified block diagram of a load control circuit.
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may be enployed in the pulse width nodul ator of FIGS. 7A and 7B. DETAI LED
DESCRI PTI ON OF A PREFERRED EMBODI MENT The i nvention disclosed herein is of
a delta-sigma pul se- wi dth nodul ator (DSPWW), an analog to a PW digital
converter, which reduces the generation40f har moni ¢ noise and is suited for
i npl ementation in digital integrated circuit technologies. Referring first

to FIG 1, it can b een that th | npl.est applj cation of the present
invention is in the%c,l@n?r‘?)f" ukﬁa"lﬁ?ﬁaé’?"%fjﬁﬁ’?@dﬁtaéie 3 Flgoy thmediatop |
circuit 103. AmQRelAdhMgy R HEERNE nvedtigfPl ed from the |oad 101 by

f eedback sensor 104 ygténdﬂf Z‘d back thr}’OUé the control circuit 103 for
further control of tHIG.3peagetnarglized diagedmof a Selthsigmb eesdiabadr thatgna) beray be

conbined in the c?nbi natjon circuit /105 with an adjust signal which may
modi fy the opecHBIoNFdin hspressnt yiveptiah.| oad with an external adjustment. In

a preferredcenbodi : . ' | aQr..iq which an
operating p?il’ anet epqziq?' #tépggé}%g%}lg%gé%ngﬁggawgg{gg?@s ugg)rbygttrﬂ%y Q%nt r ol
circuit 103. Segdpleyeddnnimepressnpinvesiiotne consi dered a servonmotor. FIG 2
illustrates a Delta Sigma Pul se Wdth Mdul ator, émDSPV\M at the highest

| evel of bl ock di agridf SA isiadiegk dizggsam of @ pulse vadtirmedulator that is ergdoyed in
coupled to a deglta si ul at or.. 201, b f an optional input.|ow pass
11 Ter 203 ahi O PrfeReRalnfi 71 98 1 s B Siog SFhe PRe comliioniy b

one hal f the sekers RdighWH #vefdpedséd @ (BE BeBiedtnditdimadi asi ng) and a DSM
cl ock frequency of 20 Miz. Signals above this cutoff frequency are not

al | oned tolBe coupl G 6 is atinDepsliagrmans ofpuse Widh modulaied signatsovhielymage t he
DSM operation. The DSM 201 .is .fol l,owed by a puls i dt h nodyl at or. 205 whi ch
Bt at es 1 ha TR POt Bt PBSne e BrrliT SR RRAA0Y BBt o gnal
over a predefi @ﬁﬂzogﬁﬁérﬁgopfhe{p} nlihP&tWM period) and converts it to an

e w dt e

effective puls nodul a out put pul se for application to the |oad

101. In an integrat &GS, 7ALand 7By dlentodethdroare a detaileédblopladmgfan o4 pRleS i s

usual ly located external to , the inte- grated ciycuit (LC .chip., K The |ow

pass filter 2oidimagdlaigs sirealt wRiPhapashbeerEplgyed igithe pferfed epbedgmenti | ow

pass filtersi s adde t. ' ; | gpcg,u or,

to reject (I)lsjt of i nfi?elpgfgtﬁgg%%ﬁgc?glﬁgl?giag{;agﬁmo{%rgﬁxﬂ%&%{%@f@ﬁ%ﬁ% U adh
the pulse width modulator of FIGS. 7A and 7B.

FIG. 9 is a detailed block diagram of a pulse inverter that may be employed
in the pulse width modulator of FIGS. 7A and 7B.

20 Detailed Description of a Preferred Embodiment

The invention disclosed herein is of a delta-sigma pulse-width modulator
(DSPWM), an analog to a PWM digital converter, which reduces the generation of
harmonic noise and is suited for implementation in digital integrated circuit
technologies.

25 Referring first to FIG. 1, it can be seen that the simplest application of the
present invention is in the control of power supplied to a load 101 by a control
circuit 103. An operating parameter is sampled from the load 101 by feedback
sensor 104 and fed back through the control circuit 103 for further control of the
operating parameter. Such a feedback signal may be combined in the combination

30  circuit 105 with an adjust signal which may modify the operating parameter of the

load with an external adjustment. In a preferred embodiment, the load 101 is a
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Thi s approach negates the need to have a conplicated external filter or an
anal og based switch capacitor filter on the IC chip. It also provides a

nmet hod by which the high frequency roll-off inherent in the accunul ator can
be cor- rected. A clock signal is appli®d to both the delta sigma nodul ator
201 and the pul se width nodul ator 205 for proper synchronization of the
circuit. In the preferred enbodi nent, the clock frequency is 20 M4z, which
i s nuch hi gher oR¥entignal B&smetog ipwRichraaqReratipg parametarieia keocoattiolled and r cui t

the pul e P el s Spitbiictl0s: SU8k of asbéoRalond te s ReBBece W ot

nodul ator. | n tdeprgmaberred enbodi nent, with a clock frequency of 20 Hz,
the PWM frequency can be adjusted from 156.25 kHz to 9.7656 kHz. Wil e not
apparent in the bl ocFIGi 2dlustmates afdelia Sigma Rulsg W isith Modulatord DSPAY ML) aPhs

further proyides pulse dithering and .6 conbination to reduce spurious
har moni ¢ noi seett}%ﬁeéf gﬁvf‘g‘hg.gl%d‘ glam, 4 ‘HBWPZ]E%‘FO“?’@EC‘G‘WH 8 coyple
general i zed bl [ ' i | ' ' i ned
M th the feedbal SN Rodiialor 301 bF Y X an cpfiohdl b Ry pats 1B 905D 1€T'
t hen applied t owvhichonphe pteferredGnbaorlirderitehhslaamit-offifréquengdsfoneIAIlf thy way of
delay (register)_ 305 and output fromthe delta sigma_nmndul ator 201.

Al t hough the pr%*%FWﬂﬁm%ﬁpr@eM‘@hﬁh%) and FRSLMGFQ?&&@BBMCYM{@%
may be applicatyens ) ?al?%v%‘?ﬁigr& oﬁ‘ﬁj%ueﬁ{}r &ré %0t Bkﬁ@grtg b?rcggélec‘lf fsfgded
0 ac esol ut ed. It r

nmodul ator is requrre eve e I on nee ofution is

not a deterngi niDSM 201 since thege afel likely t@rdigfade’m‘BJIDMpdﬂﬁﬁmt MeheDSMIBOAGe Of
being Il ess conplicated to inplenent. Additionally, it intrinsical I%/ has

nore error noi sfellpwed b aqiuiseavidthemadulater 205 mhichacpumylates tha pluradiaef prdsess t o
di ther the PWM signal. to fi d EM. F - b N t i rst

olr de(rar m)dﬁl at or%%@‘{%ﬁﬁéeeﬂﬁml ‘E@B‘f g&%"%%ﬁ%@i’ﬁg ﬁ%(m%‘ﬂ(gﬁﬁﬁ%ﬁg# r zr der
nodul ators is spwaMpetibdhndRohfetsif RRaiftective phlsé Witith nfodala@st oudgputipulsey cl es

cause harnonics of the input signal to be produced in the error band, which
than can be al ifasapplication ththedoaghtll. nau integrated cithuit fmplemgntatios,tthglow

(accumlauiion) Lo Hlie i se SR eruk et o bt desLan deR ey
1 aneot5 L1 8 P plEE Tt LN NI PR GRSy M
t he DSPWM ( f astierddesl; pfiersthe accumulator in the pulse width modulator, to reject out of
interest band signals from the input signal. This approach negates the need to have
a complicated external filter or an analog based switch capacitor filter on the IC
20  chip. It also provides a method by which the high frequency roll-off inherent in
the accumulator can be corrected. A clock signal is applied to both the delta sigma
modulator 201 and the pulse width modulator 205 for proper synchronization of
the circuit. In the preferred embodiment, the clock frequency is 20 MHz, which is
much higher than the desired PWM frequency. A PWM period adjust circuit 209
25  is coupled to the pulse width modulator 205 by a 4 bit bus and selects the pulse
PWM frequency by inputting a 4 bit binary code to the pulse width modulator. In
the preferred embodiment, with a clock frequency of 20 MHz, the PWM frequency
can be adjusted from 156.25 kHz to 9.7656 kHz. While not apparent in the block
diagram of FIG. 2, the pulse width modulator 205 further provides pulse dithering

30  and combination to reduce spurious harmonic noise generation.
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time). Those skilled in the art will appreciate that any DSM nodul at or of
varyi ng construction and order could be used and still fall within the
spirit and scope of the invention. A detailed schematic of the delta sigm
nodul at or 201 enpl oyed in the pref erred®enbodi ment is shown in FIG 4. An
anal og ground reference AREF is generated in conven- tional fashion froma

G ound such t hat the 107 S50 A BCHAIORER! ARIISGH DL Hen-CHjet SlogRRNegrER of ne
f d enbodi ; : | AL Is | ed
i ough an' opor Saond) WAEAHE Bl aTls AR GIF o Sl Ay o RUEGCTC

to output drive30tapplied & Sinfépbatarathi¢h Ts thén Bpplieduo kicagParator3PB) drkicfedi 0 t he
gate of 7 transistor 407 such that, in the preferred enbodi nent, when

t he anal og vol t §ark torthe pddes g0 bby way of delap(registeghd Grandsytnpt Somithedebiaence,

Convent i onal> sviiEc REAUEEF P CRnd Bh bl Bitfertes oo SN totiloh o g
and four solid gidk®SM theRkasaylbd applicdtions WhePPdseR¥sd braBPbiWes Rithir@Grdet 0Ck

signals at 20 Mz, err], and [err] in the preferred enbodi nent. The out put
from t he swi t chcasspdasd modulator isgequiredie achieveithe re¢solution meededd If rsselhtion is

[ ti [ t of op -t I | jfi 4 I it h t ti
rvert g | oout ol QR i Q0AL TR Sl pAa A RIS LA LI SpE L or
out put of oper aEgﬂ?ﬁéat@J@ ﬂx{F &ﬁerﬁ.liddi-ﬁbﬁa.l?%"if inbidsRAAE hhdhofe! e'rxto? hoisk el €

411 is reference o AREF. The output o e operational anplitier 413 is
connect ed t b0t heignaiMsantl] whichfprd busly inpurisipnal leelpsith ditherdthe B WMfsigrahtoed t o
AREF. The out put, of conparator-415 is sanpled with [err][err] using a solid
state switch an&uthes reduce M. Fog gpr-busy inputscirtheideeBAdylatop mpkrauge binit

i nverter 419 ang%gg%ogg%$£%§?iogh%§g#&§?gl {ngg%ﬁ&r?ﬁﬂ‘x%ﬂu&ﬁﬁ%&hé s al so

fedback to the by way al og converter consisting

of anplifier 41pgrobabilitgoflimitagtiesl Limit becléstande hagronics sfihe diird sipapioiteor
structure 411. The output fromthe delta signma nodulator 201 is coupled to

the pul se wi dt hprasiigedsingthe syer bagdgwhichdhanrgan be@binsed datedhgtignal bapdidwring ¢ he

ot onal A <Pl e Araite w0 B0 FREE Tl Y O D bS8 .
shown in FI G 5geciiBnddétenin® WhhEDSROshould e Ukl 6t /gt upplieutionl TheddS

accunul ates the digital pulses output fromthe DSMcircuit 201 over one PWJ
period. This acedditibpalittadeoffs ipolude the desire for lower oversampling rates, faster PWM

frequencies, desire for less jitter in signal, and minimal latency through the

Q

-

DSPWM (faster response time). Those skilled in the art will appreciate that any
20 DSM modulator of varying construction and order could be used and still fall
within the spirit and scope of the invention.

A detailed schematic of the delta sigma modulator 201 employed in the
preferred embodiment is shown in FIG. 4. An analog ground reference AREF is
generated in conventional fashion from a voltage divider 401 connected between

25  analog supply voltage, VDD, and ground such that the voltage between AREF and
ground equals VDD/2 in the preferred embodiment. The output from the voltage
divider 401 is coupled through an operational amplifier 403, connected in
conventional fashion, to output drive transistors 405 and 407. A bias voltage is
applied to the gate of transistor 407 such that, in the preferred embodiment, when

" 30 the analog voltage VDD is equal to 3.3 volts, an analog ground reference, AREF,
of 1.65 volts is developed.
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determ nes the effective uncorrected duty cycle of the PW waveform for the
next period. An alternate enbodi nent inplenents the accunul ati on of pul ses
usi ng an equal weighting of each sanple. In FIG 5B, the preferred
enbodi nent, different weightings of safiples, nmultiplying each pulse with a
separate coefficient (weight) that is based on the pulse's relative

arate coeffic | _ _
brovide i1 toring of it P rarey € iRt RO b AR bidhurgl

det er mi ni ng t heordistig @ alcapazitot 0¢ aRIEbubawid etate switthey i@ty tiothont Ored as a
table in a ROM 521 and are indexed by a counter 525. The DSM out put pul ses
are mul tipli edovsrlapping sbifipeclogksignals at20i MHzbp3andrihwdn the preferiedr 523 out put

i | ated_in t.h ter. 520 Th Killed i.n t t,wll i at
Uhatany acconPaptateer; TR flriirm S fihilabndir et deBlt ahbis weronting
architect ures githestell!td tHedhlertih mlp"[ilt bl’%e‘iﬁidmﬂ arAplekict 999 BloRb WillfintdpY i ON.

| er

Optionally. a digital |ow pass 27 can be used after the counter 520
to filter out capacuoriah(4X]) sihighds counedtedhepusearthsinyvering anmt and odtpst of£d i n

the PWM out put f T t f haying the digital |

{1 ter here 1 sopsdon amelier 3, T A¥iofrwsoioniiskarecrum Ty bR
th i t | ' +J d ' tt

ey o2 Loe NCAREE. Yhé’éutﬂtﬂ‘ﬂf,’ﬂ& é’pe%tfaﬂh{ %ﬁ@%’ermﬁé édfnlhf{ted Ratheive R

DSM either of I'C or” having to I np nt a pre- er using swtc
capaci tor filt eput oficdringaratGr 4 Gharel it hefertnted toyAREF.0The betposofticopgatater 415

corrected by the PWM pul se inverter 507 and applied to line 502. the start
of the ass iatsééﬂmﬁo yith $eusiag @Jé?lbf’yi%tefswtchaﬂgg@dﬁch%ﬁ% 9f thet er ni ned

nunber of ' syst g ol agh ieKGhSa WDl os Pk o0 Ml NG, EANIAHD nuToer

generator 503. pseudo- Tt an 'S osen su

probabi ity di RtdHed riyld i9alsofedback &f the &iput by MegRIf ¥ 1cbisdigitapinatbghhvetid zero
and the PWM period mnus the corrected pulse wdth. Nornmally the PWM out put

pul se i s a hi geongisting of amplifieiveandi in gornected do thed, degdf switched wapaeisor
il lustrated by wayef %y 601 of FIG 6) or delayed by a pseudorandom of f set
605, gener at ed“ﬁ‘éc\é%rlﬁé'\}i busly described. However, when the duty cycle is

determ nedig 0 be ovehe 3lffubiointBe BN §ifing Snd MRS DN i9Efuphédtodhe pulsd S
applied to line 504, the PWM output fromthe out put wavef orm generator 505

i s transfor medwidtenodudator 205 tofdefihe theuinserréatedpulse wisiiivof thi PWWr sigrsdl or mat i on
treats the PN douPid' e 1ok 3 3 ulborssoted aximim pulte offset agndl A%Sinplified
block diagram of the pulse width modulator 205 is shown in FIG. 5A. In pulse
counter 501, the pulse width modulator 205 accumulates the digital pulses output
20  from the DSM circuit 201 over one PWM period. This accumulation of pulses
determines the effective uncorrected duty cycle of the PWM waveform for the next
period.
An alternate embodiment implements the accumulation of pulses using an
equal weighting of each sample. In FIG. 5B, the preferred embodiment, different
25  weightings of samples, multiplying each pulse with a separate coefficient (weight)
that is based on the pulse’s relative position from the commencement of PWM
period, before accumulating, can provide filtering of the signal that allows for more
resolution in determining the duty cycle of the PWM waveform. The weights are
stored as a table in a ROM 521 and are indexed by a counter 525. The DSM
30  output pulses are multiplied by the weights in multiplier 523. The multiplier 523

output is accumulated in the counter 520. Those skilled in the art will appreciate
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high and all ows the active |low portion, pulse 615, of the waveform (which
has the shortest duration of tine) to be offset within the pul se period by
a pseudorandom del ay 611, thereby creating a wider distribution in tinme of
the PWM pul se of fset for that particul§r pul se than if the pul se were not
t ransf or ned. 9 The pul se wi dth nodul ator 205 al so reduces the nunber of
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register 713 and inverter 710 and NAND 708 (shown in FIG 7A and 7B) detect
a transition fr%ﬁﬁﬁaﬁéﬂvgltﬂc@)ﬁ@[ﬁ 131@“%7@ @m&&tﬁlﬁr@fﬁﬂm{%ﬂmmtgm one PWV

period to the nex CtIV e ther ter 723 via OR gate
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pul se offset. Atimng diagramill ustratl ng five possible variations in a
PWM out put si gnehbos¢rssushahat therprEbz(Blhtﬁ dlﬁhbﬂ@ﬂﬂﬂl@dfsemc@vepbrdlﬂdbmd peri od
two and period three, are Fhﬁ\r?n onwt time axis of FIG vef 601 is
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has a duty cyclifiusitateédBy waveform 601 of FIG. 6) or delayed by a pseudorandom offset 605,

generated as previously described. However, when the duty cycle is determined to
be over 50% by the PWM pulse inverter 507 and a “1” is applied to line 504, the
PWM output from the output waveform generator 505 is transformed under control

20  ofthe pulse inverter 507. This transformation treats the PWM output signal as an
active low rather than an active high and allows the active low portion, pulse 615,
of the waveform (which has the shortest duration of time) to be offset within the
pulse period by a pseudorandom delay 611, thereby creating a wider distribution in
time of the PWM pulse offset for that particular pulse than if the pulse were not

25  transformed.

The pulse width modulator 205 also reduces the number of transitions made
during consecutive PWM output signal periods. This is accomplished in the
preferred embodiment by delaying pulse transitions at the boundary of each PWM
period, as illustrated by waveform 613, by zeroing the offset delay of the PWM

30 output pulse during a PWM period for which the transformation from an active low

pulse protocol occurs from the previous period to an active high pulse protocol. If
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in the third period. (Qbserve that PWM output signal 601 is shown having a
transition at the boundary of each PW 10 period. One feature of the
present invention is illustrated in the PWM out put waveform 603 in which a
random of f set 605 has been introduced Pn the commencenent of active high
pul se 607 away fromthe boundary of the commence- nent of PWM period 1 by

t he pseudorandom nunber erator 503.and the, PWWM ou t .wav.ef orm generat or
505, "The. pur se SEFFOREva R UAR ReReRiulo idtBhed bRise ain BT e E R B Ao
boundary by a highor@itak IgwtPadive 1), tﬁ@?&@%ﬂyﬁ&%ti@ftecﬁOTB_%rHPPéeﬁ&'Qd (20
MHz) system cl ock pulses in the prefierred enbodi nent. Likew se, the active

| ow pul se 615 dutraneguPUhngitionscucipas thetone at edveform 603 stthetbeunddry betaetni s

random y shifted . ayay fromthe PWM period 2 pul se boundary by a
pseudor andom oPF’é‘%q\gM‘iPe?&‘Lgom of fset 611 is created when the pul se

count er 50151 ndi cat Sy AARIHBle RO ITOSA! 1 ol PLES uiIR0A0N 1 e PYM

out put generator 505. tput fromthe pulse counter nver
(corrected) by ifédeptl®and NAND 208 Bhdwhadn BEGi TWouid ZB) detqut b w@nvitidh ikogtef | ni ng
paranmeter to the PVWM out pyt wavefqrm generator 505. The waveform 613 of

FIG 6 illustr&Bastivmiomness wanactvohichpylss foseene FWDEReniashto thesexti JThipul se
607 conti nues ty te, gmgaépa%giga%;@?r%ﬁgﬁllggr engé%/lﬂ‘)p a%:/cerga/tijx{gza,‘ﬂldom of f set

605. AdditionalTly, I erio I ns di sp random ti ne

611. In order feffettbeizessasibmitpitfon tdimseuddraidoansiurhbe? pensthiob 503,aherbby
period, active high pulse 612 is not placed randomy within the PW period
3 but is mdedfersingrpyss effsehofizrter Signahild oupus fronnthe pulse davester 587 gnall

during a present P ri od.uses an active high o} foll ow ng an
e at ey pr FRAPFEISH Ber R RiRe BE RIS o P ko LE POTFE ol STV
hi gh protocol gpd %@ﬁ%ﬂ‘f&tﬂe%lﬁﬁl@ér@qg! MUIHBREr311 8 leffed el y0saled PheédédrteéRdhi gh
protocol, the pulse’in the present period is randomy offset fromthe PW
peri od boundar yndxymammmasecaffsenhsigmal 6110 by tthe phetdorhmdom menbangeneratedibysi gnal of

t he present PWM period uses an active_hj protocol imedigiely follow ng a
PN et od. e POSHAAAIAMSRET SR SPORFIST SVboDIS PRITESTETI o5 theginap trdgmized

al igned atjthe &MMIQ‘@WM uldd §fksckhe sane signal value, thereby keeping
num ber of transitidns pet cycle constant for the system This

A timing diagram illustrating five possible variations in a PWM output
signal is shown in FIG. 6. Three PWM periods, period one, period two and period
three, 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

20  and in which the PWM output signal has a duty cycle of 70% during the second
PWM pulse period and which the PWM output signal has a duty cycle of 20% in
the third 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 random offset 605 has

25  been introduced in the commencement of active high pulse 607 away from the
boundary of the commencement of PWM period 1 by the pseudorandom number
generator 503 and the PWM output waveform generator 505. The pulse 607 is
displaced away from the PWM period | commencement boundary by a time equal
to a pseudorandom number of 50 nanosecond (20 MHz) system clock pulses in the

30  preferred embodiment. Likewise, the active low pulse 615 during PWM period 2

is treated as a discrete pulse and is randomly shifted away from the PWM period 2
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11 zeroing of the offset occurs whenever the pul se protocol transitions
fromlowto high. This is acconplished in the preferred enbodi nent by
zeroing out the value output from pseudorandom nunber generator 503.

Wavef orm 620 shows an al ternate embodi #€nt whi ch perforns the alignment at
t he PWM boundary for when the PWM out put S|gnal of the present PWM peri od

uses an active | r ot.oc | at el per od enpl oying an
active high prdf"gi‘o& ““‘Fﬁ?%ﬁa@%ﬁeﬂ Pys :{Mvg%é‘af’mt ’SFFﬁaGPPS in
that both wavelgrpRioaREcYnttHIS0 Mdetes Qg%&s'ting&le@aﬁ}gg gf hBCSGoRe L0 DE

the sane as the origi wave orm61tra | tron in

the nunber of tthePVM anputgenemtt 505l The patpai fodm the puliecdliidr 50 iiavsrted
alignnent is per{cforne@[for both an active high to active |Low and an active
Bﬁe‘ﬁF

| ow to active RycRWM pulse jnverter,307 “N'Pé ippug 3¢ @ pulse S‘ﬁ%‘?eﬁﬁlnﬁavef orm

630. It cangbe ‘IJ’XE?CH}M A% e

transitions th | n vvav orm 60 l‘Egvraqgorre Aﬁ?’%é??ome ?Efe Is a
benefit int hatFIIG 6villustratexchnothet fﬁawemﬁﬂle|p@ésbnﬂ ifvdntions P6§1ﬁ{/e §Wsé 667 ng and
will further reduce spurious EM em ssions. gl ications that require a

const ant numbercosfinuesstadietaffsatirgra thepesiod IRWM Seundarhey rapdomfosfsat @53 or

wavef orm 620" s The enbo S ch sen form 613.
Specifically i n‘&?ﬁé é@?é‘??@eﬁngFﬁg%fem%{ﬂﬁgﬁ%@%& yr{an %ﬁ and 7B,
t he output of tmem%d?e&mwmﬂferaﬁ&arsm&svaﬁﬁ%le&hzi»@hesohcayemgﬂ of f set
di sabl e function. Inverter 710 and NAND 708 and regi ster 713 devel op a

si gnal t hatlOesspisd Gl2 ig nmplaeedmndmﬂe' withip the RNVNppmmb} hmtdsmqvaqhneme

t 503 f t.h I I
"t oari ng i grifise e TRE Ware M R oo REBE e el PV or 1 hat
one PWW peri od Qyiolqised Ma&w@ 'ﬂ?g??pm@gefﬁr%c&%ll&@ﬁfg aﬂ%ﬁ:f‘edla-féﬁ phigt BgAvar €

al ways inverted (1.e. the pulse protocol 1s active | ow when'the duty cycle
is greater t harpeﬁf»%mlﬂua P cml;iut signalsenspEloying anactwednglypmmml bhar &ctive

active low to active hi FI GS. 7A and 7B |IIustrate a detailed
bl ock di agram PWtIHTBtOﬁBlg Sthik: el Sallonys ae aﬁthg@ h prpiocph heaailse ip She PRERSBIh ¢ he
accumil at ea% ha par de EaplF Girid iy &8 PRvBtbSBURRURAEY by Hbsiidoblidom 12
offset. But when the PWM output signal of the present PWM period uses an active
high protocol immediately following a PWM period employing an active low
protocol, the active high pulse is aligned at the PWM boundary with the same
signal value, thereby keeping number of transitions per cycle constant for the
20  system. This zeroing of the offset occurs whenever the pulse protocol transitions
from low to high. This is accomplished in the preferred embodiment by zeroing
out the value output from pseudorandom number generator 503.
Waveform 620 shows an alternate embodiment which performs the
alignment at the PWM boundary for when the PWM output signal of the present
25 PWM period uses an active low protocol immediately following a PWM period
employing an active high protocol. The waveform 620 is equivalent to waveform
613 in that both waveforms preserve the number of transitions per PWM period to
be the same as the original waveform 601 transitions. A further reduction in the
number of transitions per period is possible if the PWM boundary alignment is
30 performed for both an active high to active low and an active low to active high

protocol transition. The result is shown in waveform 630. [t can be readily seen
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11 bit bus which. upon the occurrence of the end of the current PWM period
I's coupled through a register 701 to the asynchronous pul se inverter 507.
The pul se inverter 507 al so accepts an 11 bit wi de MAX bus input in which
the four nost significant bits are préHbterninedIy selected by junp- ers
(as indicated by junper field 705) or by switches or by other neans and

whi ch i ' . . id
o zero ( act odPdBGAREFR it held R BT s bRl Pl L TR, T2, %507

enpl oys the tvwnidagplicatiorsethis Ranled Brabenefit inahatut willcé@hce the gowepdosiuy pul se
of fset of the next PWM pul se and presents the duty cgcl e to the duty cycle
counter 707. Twensporsavitchingandrwi(farthergedynespurneus EMbemisgionsinApplications f set

toth I tipl) 513 f d d | i i ch l.ed I t
o' turn, " piebedbityn BoeRig HBbA0S RN RS Pt e e SteraRpBru e Soo)
and | oaded 5( at o WeveIBHR 620°5 BptohdHTEVhe Srefirtel UnbBditleAfhas (hdish WivdfSms! gnal

0
on line 735 which in turn ena%rl es the duty cycle counter 707. In order to
performthe fudtion of a pulse protocol inverter. the pul se inverter 507

Mnver tor 710 that oSPIRRGIYH e s et orfod RG240 SAORCTA 981 o

pul se to activ ' ' ' | Lt h

ogister 713) o Qi PER e Bn R pRaate BERAGE sifis 200R1B5 AT

cl ock counter disable functiont Inveerter 7108andsNANIRY08 andtriagisted 713 devielop dsignalt he PVW
| ogi.c 715 outputs a pul se indicating

period is deened ended, the control
the end ofl®} hgﬁmsmla@em out the optput OF REPULOTIEJPIPPRIMBEN BBeraten 39 for the

i mMedi ately fo . gt t r . ack of
the Pt duty. ogretostar BT DS it e BRERL B QS Al SRS 7701 e
control | ogic fhatgh therdithtfing Spératidreweridishbled for thatdrel WM?eﬁdeE)Cfo?ﬁﬁ@ gON in
the preferred enbodi ment and 1 s physically arranged in different areas of

t he i nt egr at edphsse offset fonthappudses Fherpmlses areiwayseingertadr(be. the gilse pagogod t o

ook counter  BagRTS B riE té i Big Seiiealer sR B b Be BRI ralf 81 e
MAX bus, aryd i gh19th! ther8Bactive M th 4dtvethigitchahge. Starting at "0" and
continuing through a total clock count equal to the nunber set on the MAX
bus. As ill ustrat edFIGS. TAendTBillustrett adetaittdrbdonk diagramof thecpulssef wislttock
counts are in prlrjxtodttﬂg.to‘fjr1 2'8%.“ [l'ﬁcle ip%l%esogut&% ot teocie?tatsf)gma modulator 201 are input to
a pulse counter 501 which accumulates the pulses into an 11 bit word to be output
to an 11 bit bus which, upon the occurrence of the end of the current PWM period,
20  is coupled through a register 701 to the asynchronous pulse inverter 507. The
pulse inverter 507 also accepts an 11 bit wide MAX bus input in which the four
most significant bits are predeterminedly selected by jumpers (as indicated by
jumper field 705) or by switches or by other means and which utilizes an adder 702
to increment the MAX bus by one to provide a non zero (actual count) input to the
25  pulse inverter. The pulse inverter 507 employs the two 11 bit buses to determine
the duty cycle and maximum pulse offset of the next PWM pulse and presents the
duty cycle to the duty 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
30  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
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generate control signals for the remai nder of the pulse wi dth nodul ation
circuit. At the first clock count (clock count "0") the control |ogic 715
creates a binary "first" pulse applied to line 719 to distinguish the first
system cl ock cycle of the current PW bgri od. The first pulse is coupled to
the "clear"” input of pulse counter 501, the "enable" input of register 701,

dt I tipl f | ;of offset I t R . Th
control Togi ¢ TReror e RhotBOA TR grifor dfnydHer 36 AL LEERFROTAR T re 706,
The start signabutpufs 4 fdsdpdtardy (6 RsIREiodB SignRICsitlike S_iﬁ tbhﬁvérte@m'g{ai fth

cl ock count and indicates that the nmultipliér output w be |l atched at the
next clock pul seutpFisgo NAND H)i8mdhichi fanctioms lagan activetiew pubsedo activertdghrpulserber

generator 503 which in the prefetred,.enbodi nent,, is conventional Linear
feedback shift P® ??ﬂ&?%%ﬁf‘%é‘bﬁﬂ%ﬁﬂ%ﬁgﬁd f&@ﬁéﬁﬂ R Fxclpsive r Ofger

e Dene” 290,71 6Oy IS TR ok S 70 Lk e Y S

coupled, as a "l oad” to t e counter
counter 727. A tosthedidit MADS bug) dreck WiV derddd is ldeernedieridedf the bentssidogid 7¢5 ock

count is coupled via line _75,6 {0 élhe Egg@l(!e ort of register 723 to_allow
passage of a geﬂ'étPﬁisé’oP"B%ee‘B ISRUREIGR SR PVWM pagiod on ling 720, and 2aem P&IM: o
the multiplier s L4 3 fnh@: FolW o) nt er
727 generally ké%iggﬁ %}rl%dc'gﬁgg&?lﬁ%qﬁgg‘gge!d 0 gglfhteggwa@qeogrbup%gggmé}élu%% In
addi tion to theoSthaPWM gutgleycle Aad dlotlyowrtenmgrkedpbirdchdf tite PWM paticd! at ed
PWM of fset for the new PWM pul se from nultiplexer 509. The random nunber

generator 588 out put $hasontroldegic fisction Fh? isHimplenaentgst iae distribuiga degie fashion

excl usi ve OR galu s gttt i hadinchCorls pfv RGNS drtctls dioBantisilne o ¢ e
nul tiplier 513 piéhradeg citbhit.| PhedBic fR&iondTahétdrtioPldgh 75113 tab&erae 68ftsl an

11 bit signal fromt heégul se inverter 507 representing the maxi mum possible
of fset to whi chsignalafoerdthe pulsq width omndulation eircuit frguutbe alook cqurBer eountieteling n

The prosent . THSh ERARGHER staihes Bt BAXChus a0 intekoatBuBoniTed e
(truncat ed) | put BiiintPlraitli o4 ol dofintig BroelnPRMI CRRASHARIABERY at | on of

t he pseudorandom nunber ultiplied by the maxi mum possible o A carry

out put i s coupl pamber sehen thel MAK buse rAsSll8sttavedsfor thetprefesredramboddinene thé609 when
t he maxi num possi bLe offset is the full wdth of. the PWV Period (all "1"s).
In this case a MPPFLR y:lqrg{ GOMRIS AEIERRY IO ity of comparators to generate control

signals for the remainder of the pulse width modulation circuit. At the first clock

count (clock count “0”") the control logic 715 creates a binary “first” pulse applied

20 to line 719 to distinguish the first system clock cycle of the current PWM period.
The first pulse is coupled to the “clear” input of pulse counter 501, the “enable”
input of register 701, and to multiplexer 722 for removal of offset at pulse protocol
change. The control 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

25  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 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

30  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
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the pseudorandom nunber is used as the output of the nmultiplier 521. The
del ay counter 727 outputs an 11 bit bus to a count detector 733 which

provi des a binary output on line 734 vvh;;n the count output fromthe del ay
counter equals "0". This output is couﬂ) ed to the noninverting input of a
AND gate 737. The output fromthe duty cycle down counter 707 is output as
an 11 bit bus : \ | frem.guty cycle
down count er 7%)#1%%3 ttg?lggtp%%sg%étgm‘(\géro&g%gfb %ﬁ?z@?ﬁ% rﬁﬁ%@#&:’r s}i‘g{rpé S

appl i ed to thepulsy &rdouplpdito thetmottip e IFadreline3728wb iterh thesmuhtiplief 6n.coupl ed to
excl usive-OR gate 711 for coupling as a PWM signal via register 739. A
non-zero val ue in t A8edela cewnier &/ geosrally kseps teack of thecepdedmffsstidelay &mn t he

AND gate 737 (aGtd 0 t.Qr ' [ |, s "en d" by, the
outpat of ' det clFd WHLBsE PRI &'ole s biba, BR3ets) BBt P4 LipuiRlng (e 1 <
then pol arigedcilyulaie@ PAMMA ofFdey Sor @i G & WNL pulsedrdnh erubileer 599 ( Mpet ocol )
signal from 713 to create the final PW pul'se illustrated as PWM out put

wavef orm 603 i randp nugnbergenesator 30k outputs andd ditrwerd\(wllichyis coupled by registerand
NAND 708 when cti.ve | to.,active. hi rot,qcol fli fromone PW
period to anot kgf‘"@% I ggﬁ‘fﬁ%@' ?‘ﬁgr:itv\m%lfaﬁgé[)eaﬁqg’yéh‘f P?tlﬁgtsﬁr?mteb‘c]?é’r"ﬁ'f or
that ‘one parti ol aite F¥bich B pue prblobslchhed) 6 cBUNRUb B mbRiEEEPS 1Y 613

Duty cycle counter 707 and delay counter are 1 npl énmented, I'n

preferred enboandrthetmultiplezentfdn{The makltiplier$ilf atbovaaceptaiant Bl bit sighkl frgrhitier 513
Is shown ipn further detajl in FIG 8 This multiplier is a fypical "shift
and add" nif t i BRISBIRVeRtEr I, reRrepgiiing the maximym pessihic offest BB AANe R | o
considered to be» [ i : rat or
o consi 0 or ed! 1 SUBHES Peie BRrkhfrd R hacd TR RIS LERE BRI ° ¢
the 22 bits i sthe maltipiern®l3t Unista festurel offthié présdnt Qivehtion thaethe additiond@f1’hunber
generator 503 is first input to a |latch 801 and coupled as an 11 hit w de
number to nul t RsMESEdhe mﬁmﬂféms ated) Quipyt ofthe mpitipliertodg gogd reundsdt wi de
nunber, is det ] . l,at c Y‘\ﬁlﬂ I ' . it W de
nunber fromt hgerp %ﬁgggug%ﬁﬁ@%&g%y%g ggln%%g . gdcl))g’f‘ ;ﬁ)%%ﬁ%?}n%pnn#éfﬂ%l exer
803 is inpLy teffet. A sarAdsi@put3Odoupal 18 thd muRipdkdesod @ stvtchithe iutteplénerber
fromthe shift u’s) translation 809. The 22 bit output from adder 807 is
applied 509 when the maximum possible offset is the full width of the PWM period (all

s). In this case a multiply is unnecessary and the pseudorandom number is used

‘61”

as the output of the multiplier 521.
The delay counter 727 outputs an 11 bit bus to a count detector 733 which
20  provides a binary output on line 735 when the count output from the delay counter
equals “0”. This output is coupled to the noninverting input of a AND gate 737.
The output from the duty cycle 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
25  of AND gate 737 which is in turn 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 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
30  (protocol) signal from 713 to create the final PWM pulse illustrated as PWM

output waveform 603 in FIG. 6. Extra transitions are removed by inverter 710 and
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to register 811 and output to nultiplexer 509 as an 11 bit nunber (the nost
significant bits of the 22 bit bus). A detailed diagram of the pul se

i nverter 507 is showmn in FIG 9. The in{)ut of the MAX signal is divided by
two by shifting in divider 901 and appl19d to conventional 11 bit
conparator 903 where it is conpared to the 11 bit nunber fromthe pul se
counter 501 to ' r,:1 current, PW gut pui. sk gnal duty
cycle of great e?\%{\ﬁan %%‘Hgﬁ'q}&g‘: Wér:@ﬁv Eoﬁﬁgiihlﬁwrﬁﬁ?fﬁgt‘psf ﬁg‘ﬁnq’ﬁ se
counter exceeds pefied e hhiothbrebyMAsabsing iRl PWIN S ERAs@AE itQH BN for an{ikf‘ry
pul se indicating a reversal of active high to active | ow protocol w be
needed. The pul ParticularBWM pelgeias dlugtrated as PAVMowpyp Waveform 6181 Dyty exele 905
and rul ti pl exer heh l,ect bet n_the . pul se, counter_signal and the
di fference bet w@ﬁxﬁeﬁzbwgﬁl%s‘?@%ﬁ?ﬁ& iRl e‘?‘fﬁ%r\’?&‘@?@ﬁﬁ egbodmfat.at ed
by the 11 bi§ addebn@d¥ionMi tBiPdRWEE st hus sel ects between the pul se

counter 11 bit nunmber and the difference between the MAX signal and the
pul se counter nunber .Muhiplisu$ pis shewn ésfurthendetsit irpFlGs 8. iThismuktipliaf & a

consi dered correct.ed . values, Thus, .a.deltg. sigma nodul at or when coupl ed
with a pul se w Emcﬂoaﬁiﬁamwér H!Hhéé’ser’am ﬂbfglFé?Pqt froputhepise m‘cﬁrgeg)s
generation with ; ' ﬁ.ﬁ%% L] I h_anal og _si gnal
generati on. Redsg?silg%‘égﬁgtgﬁgﬁ pe }gr#{e{ri%;/ é)#%{aﬁ‘{e&ﬁ%rs%@%%g? {r'n ezégﬁé%}qs

gener ation has Isenrsideddtebe a filactianhiauhe fafigel Bf (NP ahedsé 6f 1 haf theD2 bitsis a
conventional . se wi gth_nodul aji on techni ques, 16 CLAIMS: 1. A control

circuit for RontPHidngfnctor, Ingat Ao thepseudorandemypumber generater Sp3is Gust

el ectromagneti c: ' LLShRE. elta si d t
accepting a fir APEiSX AB RGP dupkd IR 11 B e Binhs & RalRRR Y e o
first signal wi oltputpf tiuitipleser 803,dindiltti witlel fuber, a8 determiiibd By buhbby latch
nodul at or coupl ed_to said delta sigma nodul at or, accumul ating sai d second

signal over a fi8P3twhichecpives all bifwidpmmberifrom thetpuise¢orntgn307 asoaminput. t o

the | oad and hawi ' W | ue, said fi | tude, val
asting for a causmh: RoHmPRBkAeLRG: KihbG o 37 b eat iy SR 1 Sadel 1 <
Wi flth g?dgéilg at op bitwide@HunfRPEbMAS shift uptnSlafion BOR! ThEaD viRbuhRIdds each
pul se

adder 807 is applied to register 811 and output to multiplexer 509 as an 11 bit
number (the most significant bits of the 22 bit bus).
A detailed diagram of the pulse inverter 507 is shown in FIG. 9. The input

of the MAX signal is divided by two by shifting in divider 901 and applied to

20 conventional 11 bit comparator 903 where it is compared to the 11 bit number
from the pulse counter 501 to determine whether the current PWM output signal
has a duty cycle of greater than 50%. Thus, when the 11 bit number from the pulse
counter 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

25  pulse counter output signal is also applied to multiplexer 905 and multiplexer 907
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 selects between the pulse counter 11 bit number and the
difference between the MAX signal and the pulse counter number. The output

30  values from the pulse inverter are considered corrected values.
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plurality of digital pulses with a weight, said weight determ ned by
position of each pulse relative to conmmencenent of said first tine period,
thereby creating a plurality of melghted pul ses, and sai d pul se counter
accurnul ates sai d wei ghted pul ses over Did first tinme period, a |ow pass
filter, coupled to said pulse counter, to generate a filtered bit stream
and a maveforn1gene t or oupl ed t sald | ow ene te, from
S d i tered bie srhusmdela st modEBt et PGt 2 2tlsrAaferabiigt | oo
greater than apdyRiReATPARH0A%Nh ﬁmnaea&&dgénhfaﬁo%mhe& thé re m%nﬁaatﬂsp'
circuit in accordance wwth claim1 whereih, said delta S|gna nodul at or
further conpritiegh drisawtooth srlogisipnal gsngatmmtﬂhﬂuanm in the pddleenergyt oftthe
circuit in accordance.,with claim 1 ein. said dejta ma nDd at or
further conpr i BETORCEERICEBeRsFatise %%squmam ot 10,8 Sorabarehia Bt
circuit inagcc delta sigma nDduIator
further co%rlgggﬁggﬁgrﬂé%gggég%d%gdc@ tghgﬂi ta gl gma nodul ator. 5. A
control circuit for controlling power delivered to a |l oad with reduced
spurious el ectronmagneti c energy generation conprising: 25 AUG 1999 17 a
delta sigma nodul ator accepting a first signal and generating a second
signal representing said first signal with a plurality of digital pulses

t hereby creating sec- ond signal pul ses; and a pul se wi dth nodul at or
coupled to said delta signma nodul ator, accunul ating said second signal over
a first tine period, and generating a third signal coupled to the |oad and
having a first nmagnitude value, said first magnitude value lasting for a
second time period related to said second signal, said pulse w dth nodu-

| ator further conprises: a pulse counter that nultiplies each pul se of said
plurality of digital pulses with a weight, said weight determ ned by
position of each pulse relative to conmmencenent of said first tine period,
thereby creating a plurality of weighted pul ses, and said pul se counter
accunul ates sai d wei ghted pul ses over
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said first tinme period, a |low pass filter, coupled to said pul se counter,
to generate a filtered bit stream a waveform generator, coupled to said

| ow pass filter to generate, fromsaid filtered bltlﬂllmﬂmwmﬁ)"“rd
signal including a third time period grtter than a hlIai d

second time period, a pulse width indicator to indicdtewhen n "accunul a-
tion of said second signal pulses create |asting for greater than 50% of
said third ti e erjiod, and a pul se protocol inverter coupled to said pulse
wi dt h i ndi cat or @gnsfransform said third signal froman active high first
magni t ude val ue protocol to an active low first magnitude val ue protocol.

6. Acontrol circuit in accordance with claim5 further co Iﬁﬂ‘& a del ay
generat or coupl bdAteontral eiropi E9Dfes W%W@ﬁéel&éﬂtaﬁlﬂg 0 hgelay to

ff f. i, d .t ' : f
Cai o third 11 o Ry R Eain - fR by Sl cOpfsbR 0o

del ay genera or disabl e cpygtefighodmdaildtod €26 ageupeing b dirst diptlalund Generating
protocol inverter for forcing said time delay to be zero tinme when said

first time period hag senend signalirerreseating said firstsignal withea plurality ofrdigitad pulsesng | s
[ diately foll d.b f ol.] owi first A hav- i id acti hi gh
I medi ately foll owe gl%qbgt%eohpé)‘é%cﬁgﬁlgl'g{}ﬁpggg !aﬂéj av- ing said active hig

first magnitude valu g¢ing the nunber of transitions
fromsaid first magnitudeapalséidtR nibdaREHI05R@apled 86 saiddelea sigma ng sai d
following first period. 7. A control circuit in accordance_w th cl ai& 5

t or

further conprising: modulatoy (3¥)ecacsumnlating paid second signal oyes & first Hing PFEP

and generating a tine_delay.to offset co C | ond tine
peri od fI’OTT#(g conmren8¥ ‘?ﬁey%‘f‘gégms‘ff‘ﬁ‘?"?8°‘fﬁ% ptglgf(g’g a@{i/hg‘%gﬁeﬁfégqual to
said time delay; andmpgfitlRWwaRRNQiEHSE magEaRide valae Wistifgifor @ seeind tilss period
generator and said pul Se protocol inverter for forcing said tine delay to

be zero time when sardated tassaid secongreignabdsaid pulsewiith madylatari(@Pd)ihrther
magni t ude val ue protocol .and is inmediately followed by a followi ng first
peri od hav- ing sai d°3@PPF& | ow first magnitude val ue protocol, thereby

reducing the nunber of transitihQgfeth@iteS@0Y) that multiplies each pulse of said
15 second signal plurality of digital pulses with a weight, said weight

determined by position of each pulse relative to commencement of
said first time period, thereby creating a plurality of weighted pulses,
and said pulse counter (501) accumulates said weighted pulses over
said first time period, |

20 a low pass filter (527), coupled to said pulse counter (501),
to generate a filtered bit stream,

a waveform generator (505), coupled to said low pass filter
(527) to generate, from said filtered bit stream, said third signal
including a third time period greater than and encompassing said

25 second time period,

a pulse protocol inverter to indicate when an accumulation of
said second signal pulses create said third signal second time period
lasting for greater than 50% of said third time period, and to
transform said third signal from an active high first magnitude value

30 protocol to an active low first magnitude value protocol.
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first magnitude value to a second nmagni tude val ue during said foll ow ng
first period. 8 A control circuit in accordance w{gmﬁwmg [Ir er
conprising: a delay generator coupled tp said wave . H ”ﬂﬂd
generating a tinme delay to offset a co ncement of said sed'ond trme period

froma comencenent of said third time period by a tine equal to said tine
del ay; and a del ay generator disable coupled to said delay generator and

sai d pul se. Pr ot ophe Ll Liad Q03 RIgELamRR U IIPhin! AidRIE SN | T

when said first tine period has said active rst magni tude val ue
prot ocol and i smodatstdr (20d)) furthet tomprisebw finstfordéraleita gighmamsaduaton. od hav- i ng
said active low first nmagnitude val ue protocol and when said first tine
period has said active | ow nagnitude value protocol and is inmediately

fol | oned by sai LD Qirdudi Il i il Rfedréid Ssalll G §“;a 9
first magni tudejj'vmé&}gdg?g@éﬁeb%ﬁgraggﬁd?g%tﬁ?‘ng%e nung’er 0 ta'rsl nsitions
from sai d fisr stmodgatot (204) fiathee coraprises acecuhdroader deita sigmalmeduthtor. ng sai d
following first period. 9. A nmethod of controlling power delivered to a

| oad with reduced spurious el ectromagnetic energy generation, com prising

the steps of: C ' Ny ' ' b T 6): ""&}?&%‘ dul at or;
generating a sglg'o%g:togﬁgln%cmrtégégszan |k%&§§%hfc%@tld@%%%a® t gg plurality
of digital pulses; accunui délayngenesitor (568 peuliplddyoahidovaveformfgenaratdri(565)
period, further conprising the steps of: nultiplying each pulse of, said
plurality of digital2qsigepemting 8 Hme delay g ofisets conypensamentaf spi;serand gime

rality of digital st R SRiispRoBsy
beri od, el eby of eckersy Sop SompRps Aok QERRTAEARh: Sericd s b v M® L,

said first time perisid dmedelgialt ed pul ses to generate an accunul ated
second signal, setting a third time period egual to said first time period,

and generating, from sai d@gelavaenceaterdisable) 788} eapind tosaididelay SPYAMAr, sai d
(i s anal il ol gl s FSA OO o 1 B9
zero time when said first time period has an active low first magnitude value
15 protocol and is immediately followed by a following first period having an
active high first magnitude value protocol, thereby reducing the number of
transitions from said first magnitude value to a second magnitude value

during said following first period.

20 5. A control circuit (103) in accordance with claim 1 further comprising:

a delay generator (503) coupled to said waveform generator (505)
and generating a time delay to offset a commencement of said second time
period from a commencement of said third time period by a time equal to
said time delay; and

25 a delay generator disable (708) coupled to said delay generator
(563) and said pulse protocol inverter (507) for forcing said time delay to be
zero time when said first time period has an active high first magnitude
value protocol and is immediately followed by a following first period
having an active low first magnitude value protocol, thereby reducing the

30 number of transitions from said first magnitude value to a second magnitude

value during said following first period.
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signal to the |oad and having a first nmagnitude value, said first magnitude
value lasting for said second tine period related to said second signal.
10. A method in accordance with the nmethod of clai si ng
the step of generating a time delay to bBfset a conleﬂmammIUHﬂmm second
time period froma comrencenent of said third tinme péri‘od‘by"a fink equal
to said tinme delay. 11. A nethod in accordance with the nethod of claim 10
further conprising the steps of: generating a fourth signal representing
said third tinme period dividing by a factor of two, said forth signal to
gener ate a hal véd A centtdh cscun@D3) innndcddéncuithlcigim 1 further comppisingi ng a two

state signal representing wth a first _state that said accunul ated,  second

signal is greater than saia\é\geﬁ?ﬂlg%‘aa%tﬁﬁ‘) @P@WQF‘? sqif, sayeform genezater (95) hat

said sec- ond tine pghy eshddath ' TN ' '

representing with a secgnﬁas&'.ngfagﬁ?%g%asgiogﬁgg%érm-g?ctae{ eg i}fegéjg% °°s“?3ﬁ% S

| ess than safd hal vegefiodifibin ss¢ogamdncemérarofisaidithict thae perdod hed timaiequat @sond

time period does not eﬁc_eedQ?fO% of said third tine period. 12. A nmethod in

accordance with the SUEHHRE daveand m 11 further conprising the steps of:

subtracting said accunul a | Ll f Qi |

representing said third t}are}délagg%{l?ég °fﬁ§§%%§/ﬁg82nmé‘?@wﬁgsgf§ W@?@?gg si gnal ;

and receiving an i ndi(8C&)iand saithpalss protoct inverdert (SOF) foe forcitlg eaid ciansiels) %o bk

said third tinme period; outp tt;@g(g sai.d accunul ated ,second signal as said
i

differ- ence signal &#pGHE&M frgt e gerierbbas anagtive ugh frst Ageatds

di fference ghgnal as ' t: | BFER gg di ng of
50% 13. A ?}%t hod of @%?F@??#%a %O%eﬁ%gﬁg)gﬁggatﬁgaa oa %Eé?%uced
spurious el ect r omagnéhvifig anactiye 164 fiest atdghitudecwalie profoadl dndevikhenid fivét:time

accepting a first signal input to a delta sigma nodul ator; generating a
second si gnal repr es®8HipchBasan;agtive lost first magnitude velue apd is immediptely folloywed a)

Compr ee. the st eps 47 & ROEG REr RS0 haikiin ok} i ot FRgRBid-(ut i 671 o

pul ses protocol, thereby reducing the number of transitions from said first

15 magnitude value to a second magnitude value during said following first

period.

7. A method of controlling power delivered to a load (101) with reduced spurious
electromagnetic energy generation, comprising the steps of:

20 accepting a first signal input to a delta sigma modulator (201);
generating (201) a second signal representing said first signal with a

plurality of digital pulses;
accumulating (501) said second signal over a first time period,
further comprising the steps of:

25 multiplying (523) each pulse of said second signal plurality of
digital pulses with a weight (521), said weight (521) determined by
position of each pulse relative to the commencement of said first
time period, thereby creating a plurality of weighted pulses,

accumulating (520) over said first time period said weighted

30 pulses generating an accumulated second signal,

setting a third time period equal to said first time period, and
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with a weight, said weight determ ned by position of each pulse relative to
the comrencenent of said first time period, there rallty of
wei'ght ed pul ses; accumul ati ng over said f| rst ti n’%"ﬂm & ﬂ ﬂl@l ght ed

pul ses; generating a second tinme period 1%l ated t |*gnal

setting athird tine period equal to said first time period,
generating fromthe accunul at ed nunber of wei ght ed pul ses, a thi rd si gnal ,

said third signal including said thi.rd er dWhI at er. than
and whi ch enconpasses sai d secdfl® rf‘*%( % 8" ‘{'lﬁd §ﬁ°§ﬂ‘gf“gﬁ%\ﬁ ng a
first magnitude val ue, saigid b:%ﬁél ﬁﬁgﬂﬁhﬁ% aMﬁJ:lHﬁné@ﬁH'ﬂﬂﬂi e g&%djwﬁi%ﬁiyqd

time period; indicating when t accunul ated nunbefr of weig d pul ses
create said second tine pegreater thasandwghith engpngmsses atsbaomd 36 periodaand t hi r d

time period; rece|V|n in I on a tinme rlod.eceeds
500 of sai'd third tiRupe B Gt SeSHP e 4 AT SRS haring B AEF medns

active high &irst m%&“%ﬂﬁﬂ%gﬂﬁﬂg%ﬂbl&ﬁn r%ﬁ?d's%@odd%ébérﬁdx@ﬁ i tude
val ue protocol upon receiving said In catlo and coupling said third
signal to the | oad. 1d.saidseendsignaln accor dance with the method of cI a| m 13

further conprising the steps of: generating a tine delay to offset a
comencenent of said second time period froma comrencenent of said third

time period by agti nrﬁg‘eg_gq]}ég fapgd}déﬁg%ﬁitﬁg RAof i fﬁftﬁér%n@?isﬂgtthérﬁeﬁjel ay

to be zero tinme whe Irst tinme period has sal active i rst
magni t ude val ue qtfrganeratmgjdtmedel'ajs(SO’SMbﬁ'se&Ia;coﬁmlanMtb{]‘sad Sedohdtimeg fir st

peri od havi sai q, ive high first Lt yde val.u rofocol . thereb
reduci ng t ndBurseiod dom 4 sorumeRcsient ot AHAA timeReriof by ik AP Lo el
second magni t udege Kagl ue during said following first period. 15. A net hod in
accordance with thé nethod of claim 13 further conprising the steps of:
generating a tinme delay to offset a commencenent of said second tine period
froma connencenent of said third
9. A method in accordance with the method of claim 8 further comprising the steps
of:
15 generating (702) a fourth signal representing said third time period
dividing (901) by a factor of two said forth signal to generate a halved
fourth signal; and
outputting (903) a two state signal representing with a first state that
said accumulated second signal is greater than said halved fourth signal, '
20 thereby indicating that said second time period exceeds 50% of said third
time period, and representing with a second state that said accumulated
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.

25 10. A method in accordance with the method of claim 9 further comprising the
steps of:
subtracting (909) said accumulated second signal from said fourth
signal representing said third time period thereby generating a difference
signal; and
30 receiving (504) an indication when said second time period exceeds
50% of said third time period,
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time period by a tine equal to said tinme delay; and forcing said tine del ay
to be zero tinme when said first tinme period has said active high first
magni t ude val ue pro- tocol and is inmedi ately fo”lﬂ'ﬁrmmllﬁmlﬂﬂ wing first
period having said active low first mag#f tude va t her eby
reduci ng the nunber of transitions fromsaid first n‘agnltude val ue to a

second magni tude val ue during sal d foll ow ng first period. 16. A method in

accordance with the nethod o 13.furth t he ps_ of :
generating a tine delay tSB{tHES fdog} %&@?ﬂcs‘%’g iﬂ%géﬁ&%aﬁe *FPE® peri od
froma commencenent ﬁ)é,,aﬁe@&,mé,@eéd“@oﬁaﬁm%dby atinme equal to said tine
delay; and forcing sard time delay to be zero time when said first tine
period has said acti ve | coutputting (30ay said differenat signgdras said acaimulated pesond

i medi ately followed.b afoll W NG, fir eriod having said active high
first magnitude val ‘P ﬁgwﬁe?fst@odpd first tinme period has said
active highsfirst magni tude val ue protocol and is inmmediately followed by
said following first period having said active |ow first magnitude val ue
protocol, thereby reducing the nunber of transitions fromsaid first

magni tude value to a second magni tude value during said followng first
peri od.
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