WO 01/ 10017 PCT/ USOQ 20374 BREAK- BEFORE- MAKE DI STORTI ON COVPENSATI ON FOR A
DA TI AL AMPLI FIER 5 BACKGROUND OF THE | NVENTI ON The present invention
relates to techniques for alleviating distortion in switching anplifiers.
Mor e speci‘{,apmdoy the present invention provides methodspapglsee@gid at us
for conpensating for "break-before-mke" distortion in digl taf swtching-
anplifiers. 10 Digital power anplifiers are increasing in popularity due to
their high power efficiency and signal fideli tg. An _exanpl e of an digital
audi o anplifier 100 whi cBR%Mﬁ-B}E MAKIE RASTRRREDDe- shapi ng

t echni ques i s shown COMRENSATIONIFQRIA DIGITIALL AMPLIFIBRer sanpl ed and, *
converted into 1-bit digital data. These data are used by power stage
driver 102 to control power switches ML and M2 which, in this 15 exanple,

conprisestwo nnos power traggi GUNDDOF SHEARVENTIONANt | zat i on noi se
I ntroduced by sanpling, anplifier 100 enpl oys a noi se-shaping |loop filter

104 in a feedbachg&%%gwmggﬁgisoaggp@t&@am B Fdr afkvi f gl'gértﬁxﬁioﬂ'iﬁ of the

audi o signal band. ter conprising In and capaci tor
CAP filters ' ' . LA dio

St gnal  whi onSaps SR NGK spRShARy AP plRER Ktk dr o AR bR B

br eak- bef or e- nake (BB ener at.or. 10 ecei yes..t.he. 1-bi.t .swi t.chi ng signal
V£ 1 om conpaP BRI onCRRF e ok O TIkT cctftion 37 weihl hiling” 1 30
degrees out of ase with each other. A and B are level- shifted by power

stage driver @By pecome A and B which are used to alternately turn on

power transistors_M. and M. As is well knaown, if there is no dead tine -
10 Digital power amplifiers are increasing in popularity due to their high power

efficiency and signal fidelity. An example of an digital audio amplifier 100 which
employs oversampling and noise-shaping techniques is shown in Fig. 1. The input
audio signal is oversampled and converted into 1-bit digital data. These data are used
by power stage driver 102 to control power switches M1 and M2 which, in this

15  example, comprise two nmos pbwer transistors. To teduce the quantization noise
introduced by sampling, amplifier 100 employs a noise-shaping loop filter 104 ina
feedback loop which pushes the quantization noise out of the audio signal band. A
low pass filter comprising inductor L and capacitof Cap filters out high frequency
noise and recovers the amplified audio signal which drives speaker 106.

20 | Referring now to Figé. 1‘ and 2a, break-before-make (BBM) generator 108
receives the 1-bit switching signal Y from comparator 110 and generates two signals
AandB which are 180 degrees out of phase with eacﬁ other. A and B are level-
shifted by poWér stage driver 102 to become A’ and B’ which are used to alternately
turn on power tr_énsistors M1 and M2. As is well known, if there is no dead time

25 between pulses in A and B, i.e., time whgn both A and B are iow, there is a possibility

that both of transistors M1 and M2 may be turned on at the same time creating the



25 between pulses in A and B, i.e., tine when both A and Bare |low, there is
a. possibility that both of transistors M1 and M2 nay be turned on at the

sane tine C@a@l@ggt he WO 01/10017 PCT/ USOQ 20374 potenti aﬂq’ﬁﬂ%&ﬂ?@@
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undesi rabl e si bly catastrophic shoot-through current

positive power supply VCC to the ne I ve power suppl SS at. eac
transition opotentiglfor @W‘rﬁweﬁﬂ‘épﬂé@i}‘f W??Bﬂé@? M‘gﬂgﬁl gurre I<'}‘e
condition may arise, for exanple, due to the delays for signals and B

t hr ough powepositivepowsr surply YEE to the negative power gupply V33 absagh frapsition of
transistors ML and M2. At a mninmum such shoot-through current increases
swi t chi ng | o¢asebowh iy thb yvarefaum designated IsthpSuchiagonditign may agise,iferexpmple, | n t he
wor st case, power transistors ML and M2 may be damaged or destroyed. To

el i m nat e shdo¢ totthe delays forsigrals A andiBahroiigh pewergtdge davérd (2, asfwelbasshe and as
shown in Fig. 2b, a period of dead tinme (also referred to herein as

br eak- befor erigadsl fall in{eBBMrarisistorg M1sanid M 2. oAtis mihiamnt) stoheshootsthpagh s A and B
such that there is a period of time between signal transitions during which

bot h si gnal s caéht iftYéasdsSwitcRIng Wossds thédteBy refhiciSthe afbfidfls povekr Wlicéney.never
turned on at the sane tinme even when there are delay m smatches between

the rise and%ﬁﬁklwotrét@ﬁs% Plwdri@ndi&aR NI B bt $12 rhd}bd dasiad SRdERogea. al | ows

adj ust ment of BBM tine fo neet the design requi rements of the particular 15
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by parasitic tig‘l% %t%sirée% rs‘]icg%al transitions during which both sighals are low. This ensures that
transistors M1 and M2 are never turned on at the same time even when there are delay
mismatches between the rise and fall times of the transistors. Input data BBM<2:0>
allows adjustment of BBM time to meet thé design requirements of the particular
15  amplifier as shown in Table I. Unfortunately, while the BBM generator eliminates
shoot-through current, it produces a degener;‘ltive effect on amplifier performance by
introducing harmonic distortion. The nature of this distortion is described below with
reference to Figs. 3a, 3b, and 4a-4c.
Referring also to amplifier 100 of Fig. 1, when transistors M1 and M2 are off
20  during the BBM period, the voltage at node C is determined by parasitic capacitance
Cp. Because inductor L resists instantaneous changes in current, when the output
current of the amplifier is charging Cap, the voltage at node C is pushed to VCC
(clipped by Schottky diode D1) during the BBM period. On the other hand, when the

output current is discharging Cap, the voltage at node C is pulled down to VSS

25  (clipped by Schottky diode D2).



Cp. Because inductor L resists instantaneous changes in current, when the
output current of the anplifier is charging CAP, the voltage at node Cis
pushed t owdgrnehs! | PPed by Schottky diode D1) during theRBBM E s&ﬁ#@ﬁd On the
ot her hand, when the output current is discharging CAP, volTage at
node Cis puIIed down to VSS 25 (clipped by Schottky di ode D2). -2 WO

01/ 10017 PCT/ USOQ 20374 BBNkZ 0> BBMtine ns 000 O 001 40 010 80 011
120 100 160 101 200 > -&{ g. 3a shows the
current through I nduct of—L—284 , alii-2l=n . ier 100 is grounded.
Under this condition, the sig®80 at ndde v i¥a squafe wave and the

resulting current through | &0 epresdnted hd#0a sawt 1oth wavef or m whi ch
changes polarity at eafh tra®0iion df the 80gnal. node Y. By contrast,
Fig. 3b shows the switghin ern df the ¥0ynal a node Y and the

“current through inductof L whd@0the 1d inputldo the hnplifier is a sine
wave. In the first hal f]of thd0si ne wgve cyc20®, the :

110 240
111 280
Table I
5 Fig. 3a shows the current through inductor L when the input to amplifier 100

is grounded. Under this condition, the signal at node Y is a square wave and the
resulting current through.L is represented by a sawtooth waveform which changes
po_lan'ty at each transition of the signal at node Y. By contrast, Fig. 3b shows the
switching pattern of the signal at node Y and the current Mugh inductor L when the
.10 input to the érnpliﬁer is 5 si_nel wave. Inthe ﬁrsf half of the sine wa{e'cycle, the
switching pattern at node Y is modulated to have a relatively lw_ide pulse width
resulting in transistor M1 being turned on more often than transistor M2 During this
time, the inductor current is largely positive, i.e., charging Cap and directed into
speaker 106. During the second half of the sine wave cycle, the switching pattem at
15 node Y is modulated to have a relatively narrow pulse w1dth such that transistor M2 is
now on more often than transistor M1. This results in a largely negative mductor
current, i.e., discharging C,p and flowing out of speaker l106.: Near the zéro croséing
of the sine wave, the switching pattern at node Y is similar to that shown in Fig. 3a
which causes the inductor current to switch polarity at each Y node signal transition.
20 With the description of Figs. 3a and 315 as background, the nature of the BBM
distortion will now be déscribed with reference to Figs. 4a-4c. Fig. 4a illustrates the

case where the switching pattern at node Y is a square wave. This results in
-3-



switching pattern at node Y is nodul ated to have a relatively w de pul se
wdth resulting in transistor M being turned on nore often than

transistor ¥go/hyNg this tine, the inductor current is |pgGsoyaddesitive,
i.e., charging CAP and directed into speaker 106. During the second half

of the sine way e S 15 nad dulated to
have a rel at V&% Qf"ﬁaﬁ‘%w puh ‘é‘ﬂ&&é&%ﬂ su%ﬁl\?t&fl&g ?%%’gig@f garhgl\/léﬁeIHD now on
nore often than ML. Th| resul I r e i nduct or
current, i.e “@F’é’&%ﬁ*"é&’ also\phoyty "1“88&“&2;38%{} g? @pe Pgﬁg(gtbb ar the
zero crossm of the si wav t.h tchln t _no YIS simlar
to that showdansiars y1 %ﬂmﬂe&% ‘B"QJE%@ Pﬁg%ﬂ?ﬁﬁ%&?‘ﬁ?@r&gﬂ{mt Swi t ch
polarity at each Y node signal tran5|t|o 20 Wt&t he g&s]cs\rmlugpéon of Figs.
3a and 3b as mmghwﬁeptortwewdﬁéwehws Beivyeen qndit? Bw be
described with reference to Figs. 4a-4c ig. 4a illustrates the case
where the svxkttephligrt@eYidtdgentrnodﬁ%rﬂsa’e,sswmlﬁtheg’du@%cmbc hange polardyy| ts in -3
WO 01/10017 PCT/ USOCQ 20374 wavefornms A and B with a predeterm ned BBM
period as shBsm t3To&d, ¢.as; themext BBMuphiod, M2 it tornefl offsagainsand dheovaritag®ait ween t |
and t2, i.e., the BBMperiod, both transistors ML and M2 are off and the
vol t age at naste Gisipashipd!tb T psvausetheifductdramarestds hiwe flomdngindhe other ent i s

di scharging Cp. Between t2 and t3 M2 is turned on, 5 keeping the voltage at
node C at VS@reskibh. eBé}&dltﬂdmewrtcmngpmmlelf@eaedaﬁd Ak ye seehbgm t 3 to t 4,
i.e., the next BBMperiod, M2 is turned off again and the voltage at node

C is pushed E&nﬁéﬁﬁg dt B6dds 'Y M © that the BBM tinfe 18 Yo kffevd oddhdé sutfite ot her
d| rection. Beyond Is switching pattern is repeated and it can be seen

conmpg i ”&vﬁéi’:ﬁxgsdaﬂ%lwﬁh&tthé‘ﬂﬂﬂﬁsXsﬁﬁu?evca\;ehat the BBMtine has no effect

on t he out put

Fig. 4b illustrates the case where the switching pattern at node Y has relatively
wide pulse widths as described above with reference to the first half of the cycle of
the sine wave of Fig. 3b. As described above, this corresponds to an inductor current
which is charging Cap and directed into speaker 106. At time t1, M2 is turned off and

15  the voltage at node C is kept at VSS by the inductor current during the BBM period
until M1 is turned on at t2, at which point the voltage at node C is pulled up to VCC.
When M1 is turned off again at t3, the voltage at node C is again pulled down to VSS
by the inductor current. After the next BBM period (t3-t4), M2 is turned on and the
voltage at node C is kept at VSS. By comparing the signals at node Y and C it can be

20  seen that the output pulse width (at node C) is reduced from the input pulse width (at
node Y) by a BBM period.

Fig. 4c illustrates the case where the switching pattern at node Y has relatively
narrow pulse widths as described above with reference to the second half of the cycle
of the sine wave of Fig. 3b. As described above, this corresponds to an inductor

25  current which is charging parasitic capacitor Cp. At time t1, M1 is turned off and the
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10 switching pattern when the input is a square wave. Fig. 4b illustrates
the case where the switching pattern at node Y has relatively w de pulse

wi dt hs as ed above with reference to the first hal cycl e of
t he sine m‘gg@ﬁg?lei g. 3b. As described above, this corregg—gﬁfgg&i&gﬂan

i nductor current i.ch. i [ n R,.and di rect into e r 106. At
et Ol et pote s Bemtaf NCE g ol peried SR W e BERG, (sS by
the inductor current during th M per, od . uQfi.l i.s.turne at t2, at
whi ch poi nit Wi %P‘t%@@l%gﬁﬂfgegfgﬁ&.‘}lq%g’&tﬁWO ‘%ﬁ?ﬁzﬁtgﬂwa/lf i s turned
off again at t3, the voltage at .node C s agajn pulled down to VSS by thel
i nduct or cesqllbﬁtt?’,thﬁYQQPS‘EF@OH@Q{ISm%@&aﬁ?‘%’%—c‘?‘m&mwﬂ?@fﬂﬁﬁﬁbd on and
the voltage at node C is kept at VSS. By conparing the signals at node Y
and C it cAfienthe pext3BM peried (13-, Ml dsfyme Qpégdpwedpﬁa%n%lﬁ@? s reduced
fromthe input pulse width (at node Y{{ by a BBM period. Fig. 4c

i |1 ust rsat est YGE. Bysempiringdhe signalsatmods ¥ gne &tit eanbegeenibaleheroipat rel ati vel y
narrow pul se wi dths as descri bed above with reference to the second half of
the cycl e pulée wiith @t nelev@isincfeased gelatiile. to fe vy pnisb width kasmede Yhbya
corresponds to an inductor 25 current which is charging parasitic capacitor
Cp. At tinBBMperidd. is turned off and the -4 WO 01/10017 PCT/ US00/ 20374
voltage at node Cis kept at VCC during-the BBM period.until M is turned
on at t2, at Whilsl, fopktimplé) foreQineagsvedipufabeotpist spvitthifg patematinddy/SS.  Wien
M2 is turned off again at t3, the voltage at node Cis again pulled up to

VCC by t heciifihimbirelativelPitle or A diSfortidntat ﬂﬁ&&o&%&és&%&bpﬁe tdpdt digdal. M1 is
turned on and the voltage at node Cis kept 5 at VCC. By conparing the

signal § at yRREsr, thépilsdwidth £3BadE nRyHR rédidtd $ﬂﬁc_r@é§%@ BY an entire BBM

period during other parts of the sine wave cycle. Because these changes in the output
waveform are dependent on the input signal, undesirable distortion results. It is
therefore desirable to provide techniques by which this distortion may be reduced or

eliminated.



pul se wdth (at node C) is increased relative to the | nput pul se width (at
node Y) by a BBM period. Thus, for exanple, for a sine wave input, the

out put swi tghigngegppt tern at node C introduces relatively I|pcridsgoa7410
distortion at the zero crossings of the input signal. 10 However, the

pul se width at node C may be; ' .-y an entire BBM period
during other parts of the 'siﬁmg‘gq,c@%méaﬁg@hese changes 'in the

out put waveform are depengdent on.the.input.signal.  u Sir di stortion
results. It is t&‘é’l"&gﬂé)? REE %f"é{e‘?tl?npgge\‘ipﬂgg"tléeﬁ%vi“g%eg ‘ﬁlila/“b'l!l °ch this
distortion may be reduced or  _elim ...-5,WD.01/10017 PCT/ USNQ/ 20374
SUMVARY OF T¢E°meﬂmr%3<&ffw n,gzqe%@ B?%%@FR e‘ﬁ?ﬁcg‘ﬂﬁ aﬁlpggﬁrﬁni que is
provi ded by which the distortion due to "break-before- rira'ke" BBM peri ods
in digital swey bemeducediasicliminated byeapvesting the REM perods|intaileen ddhyA conver ti ng
the BBM periods into |loop delay. A5 distortion detection circuit detects

t he BBM di stdistoition detedtien eliovitdeterts theddBMdistertion and a distortion ¢nnapeasaligs t he

i nput pul se to conpensate for the distortion caused by the subsequent BBM
circuitry. Témuitipse-shabes the stpat pulserto compensstetforthe distortion caugaddbythet ort s"  t he
I nput pul se pattern such that the output pulse is delayed fromthe input
pul se by t habiigktmBBMcitbuitryh Thatlis, tthd distortioncoRipbsdiia crduitdipre-diStoitsils, t he
i nvention provides a switching anplifier having an input stage for
generating athe Mputpulspattetivakh that @8 bufpef puls-isaslay«d fidm tid inputpalspépsat i on

circuitry alters the switching signal. Break-before-nmke generator
Circultry QgeeBmM pefiddbut has little or no BBM distortion.

10 Thus, the invention provides a switching amplifier having an input stage for '
generating a switching signal. Break-before-make distortion compensation circuitry
alters the switching signal. Break-before-make generator cirduitry generates two
drive signals from the altered switching signal. A power stage includes two switches
which are alternately driven by the two drive signals. Break-before-make distortion

15  detection circuitry detects a distortion pattern at the power stage output node and
controls the break-before-make distortion compensation circuitry to alter the
switching signal in response to the distortion pattern detected to thereby eliminate at
least some break-before-make distortion.

The present invention also provides a method for reducing break-before-make

20  distortion in a switching amplifier which includes break-before-make generator
circuitry for generating two drive signals from an altered switching signal, and a
power stage including two switches which are alternately driven by the two drive

signals. A distortion pattern is detected at the output node of the power stage. A

switching signal is altered before the break-before-make generator circuitry in



drive signals fromthe altered switching signal. A power stage includes two
swtches which are alternately driven by the two drive signals.

Br eak- bef ore-nake distortion 15 detection circuitry detects a distortion
pattern atVeHEé®¥wer stage output node and controls the B6TESRH340r e- make
di stortion conpensation circuitry to alter the switching signal in .
response t ESPERSSHR QF@PSEQTB?P'Wﬂﬁéﬁc&ét%?@bel%nﬁmrab%s‘élmﬁiqqé’cféheat | east
sonme break-before-nmake distortion. The present invention also provides a
met hod f or breekbefongymekedirtoniionor e- rake 20 distortion in a switching
anplifier which includes break-before-nmake generator «circuitry for )
generating two Arfuxthersindersthnding ofithematerietand Qg/asmgcmﬁth@rsﬁeghhwnﬁand a power
stage including two switches which are alternately driven by the two drive
si gnal s. Angiydeaedlizedbyefarance td the chmtahrihg portibng dfehaspecifitationced tfe t he power
stage. A switching signal is altered before the break-before-nake

gener atpr @tawdhgst ry in -6 WO O1/ 10017 PCTI USOO 20374 response to the
distortion pattern detected thereby elimnating at | east a portion of the
br eak- bef ore-make distortion. A further understanding of the nature and
advant ages of the present invention may be realized by reference to the
remai ni ng portions of.the specification and the 5 drawings. -7 WO 01/ 10017
PCT/ USQ0/ 20374 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a sinmplified
schematic of a digital switching anplifier for illustrating



the problem of BBM distortion; Figs. 2a and 2b depict waveforns at various
nodes in the anplifier of Fig. 1 5 for the purpose of illustrating

el i mi nat i onwoforadoawt t hrough current using a BBM techni queeCcTAisge2032a and
3b illustrate the relationship between an i nput pulse and the inductor

current for the anplifier OBREEMDESCRIPTION'OFAHE DRUSVINGS three different
BBM di stortion patterns; 10 Fig. 5is a sinplified schematic diagram of a

di gi tal switchi ngramlsiyfdGplndaShanaRt e aid] Sdidhthotaniflaet fdrainanhesy ment of

the BBM di stortion conpensation technique of the present invention; Figs.

6a-6¢ il ust 1an: of BBM distortion for three different BBM
di stortion p%@&;&b?éﬁgﬁ%%%{hﬁtgﬂ%ogl,the present invention; 15 Fig. 7 is a
schematic of a BBM di,st i . i mﬁ' j i accordi ng
to a specific errbB%%?‘ ﬁﬁﬁg#ﬁ%@%%aﬁvgfggﬁggﬁ‘%@éﬁ, on;g f“ﬁéwgﬁé’?@'é timng
diagramillugtrating vagjious waveforns cpntrolling operation f, the BBM

di stortién pg’ﬂ'lﬂ?r ¢ abllugrating efipnatign 018—?[1’&.“ t%\;ougg C'V}%’rﬁfflfgaﬁé}‘d

PCTI USCQO' 20374 _DETAI LED DESCRI PTI ON OF SPECI FI C EMBODI MENTS According to a
specific enb®eiHEI% of the invention, the manner in which BBMdistortion
is conpensated is determned with reference to the nature of the BBM

di stortion itsel fFigs3aend 3b illuseate therrelationshiphetwesnaniinpu pulse AdiBE so t hat

the 5 appropriate conpensati on schene may be applied. Fig. 5 shows a
specific inductor current for the amplifier of Fig. 1;

Fig. 4a-4c illustrate three different BBM distortion patterns;

10 Fig. 5 is a simplified schematic diagram of a digital switching amplifier
designed according to a specific embodiment of the BBM distortion compensation
technique of the present invention;

Figs. 6a-6¢ illustrate the reduction of BBM distortion for three different BBM
distortion patterns according to the present invention;

15 Fig. 7 is a schematic of a BBM distortion pattern detection circuit designed
according to a specific embodiment of the present invention; and

Fig. 8 is a timing diagram illustrating various waveforms controlling operation

of the BBM distortion pattern detection circuit of Fig. 7.



I npl ementation of a digital switching anplifier 500 which incorporates such

a technique. As conpared with anplifier 100 of Fig. 1, anplifier 500

addi ti onalyo/pr1béi§! udes BBM di stortion pattern detection gifmuoibiss202 and

BBM di stortion conpensation circuitry 504. Detection circuitry 502

determ nes the na hrS ' S conpensation

circuitry 504 accygf%%ﬁ?%s%@ggra ?@éﬁéﬁn&r@m‘éﬁ‘gﬁﬁg at node Y' from
ener t.‘% 506. As

the input signal at..node --'Y';b_for ei Lhput_f{. B
will be descri HASFORRER 2 PR °?’8§Q#T§nqi%ﬁh’aeﬁm6eﬁlkl§?}tﬂ%3| gnal "at" hode C which

corresponds._to. the signal at nqde Y i.n that the B distortion is

el i ni nat edBBﬁd‘?fpﬁl.m C‘JI“FHE_E%af'{Adf E%tew%edtcv&@bre&%gch 9 & nathry ‘bfjﬁﬁ%g pattern at
node Y has relatively w de pulse w dths as ,descri._beeq(zq above with reference
to the firBBMqlistprtionTisele Thatjsethg distoriion pattemn is4 f‘ °g‘EatéB‘? This causes
the inductor current to flow into speaker 508 _and charqge capacitor C e, p
whi ch, 5i n approprigteicompensatienssheme may be annbied; Big. & shawsiReiBn  of the present
invention (e.g., anplifier 100), would cause the kind of BBMdistortion 20
descri bed iatpleneentation of & fligitelrswitching Rmplifiert$00 which ineprpaorates sush aby which t he
output pulse wdth at node Cis narrowed by the BBM period relative to the
pul se wi dttechafqueods comparédwith amplifert 100fofFig b amplifies 5} addgionallnpensat i on
circuitry 504 increases the pulse wdth of the signal input to BBM

gener at or ih€l6ddsiBBM distdttiospaieal detdctiom cieculiry 502/and BBMdlistértien BBM peri od to
the falling edge of the pul ses. BBM generator 506 receives the 25 signal at
node Y’ art!én?éﬁh@fi&i Sifcuit\P5 (Rl DebdcEoméirduife 5020 etcrmtheBtheannedofe i n Fi g. 6a.
-9 WO01110017 PCT/USQQ 20374 These signals are used by power stage driver

510 t Qo COBEM dift6PiBA ahd SatbR cOmPervhtich Wrcuitry 504 accordingly to generate a

compensated signal at node Y” from the input signal at node Y before being input to
'BBM generator 506. As will be described below, this results in an output signal at
node C which corresponds to the signal at node Y in that the BBM distortion is
. eliminated. |
15 Fig. 6a illustrates the case where the switching pattern at node Y has relatively
wide pulse widths as described above with reference to the first half of the cycle of
the sine wave of Fig. 3b. This causes the inductor current to flow into speaker 508
and charge capacitor Cap which, in an amplifier without the distortion compensation
of the present invention (e.g., amplifier 100), would cause the kind of BBM distortion
20 described above with reference to Fig. 4b, i.c., distortion by which the output pulse
width at node C is narrowed by the BBM period relative to the pulse width at node Y.
To compensate for this, distortion compensation circuitry 504 increases the pulse
width of the signal input to BBM generator 506 (i.e., the signal at node Y’) by adding
the BBM period to the falling edge of the pulses. BBM generator 506 receives the

25  signal at node Y’ and generates two signals at nodes A’ and B’ as shown in Fig. 6a.

-9.



M2. The result of adding the BBM period to the falling edge of the pul ses
of the input signal at node Y nmay be understood with reference to Fig. 6a.
The BBM 5 poblopsileifi - €., when both transistors are off) ar eclpriseessrt 2 and
t3, and between t4 and t5. At t2 when the signals at both Y and A" go

f hi gh | QW | A 0611 i i nd
T 0 ol g bt g e

current pull's e remains until
is turned o gain at t5. As shown in Fig. 6a, the output signal at node C
resenbl es t input signal at node Y, i.e., no pulse distortion, 10 with

t he exception that, the. si | at e C | e d | od. Thus,
the "pre-distor talitbﬁﬁesu}trﬂf g@‘ﬁﬂ%@'ﬁ W@Sﬂ%%ﬁstg? kaﬁl%ﬁd %8?@??@%44&2{& Y
cancels the distortjon _igtroduceq b BM, geper at or...506. .l n er words,
the BBM di stiBpytisigmal at ngds gé‘?@&’&l%ﬂ“&%ﬂ&&’%gﬁgf"aﬁ e é@‘.‘” . 6D
illustrates the case where the switching pattern at node Y has relatively
15 narrow putesiedsigs Hﬁle&l?mbé@&ﬂﬂ%dr%@%ewwe‘%@f@ﬂ@wé&df’ﬁt"‘t"ﬁ’ét“s@gond hal f
of the cycle of the sine wave of Fig. 3b. This causes the inductor current
t o di schar getSc &bt when the signgls ehioghY’ and Ahgafrpmibighsto 1w Md ds turmed off st orti on
conpensation of the present invention (e.g., anplifier 100), would cause

t he kind of (BE\lciady being off) awidtbe inductor cimeutpulisithe yaitfage atmode Codomingo 4c,
i.e., distortion by which the output pulse width at 20 node C is w dened by

t he BBM per i ¢SS whkitii rémains uhtilMp id tamediotl tapaiatat 150 des silowi in Figobpdiresat e f or
this, distortion conpensation circuitry 504 reduces the pulse wdth of the

si gnal i nputoytsut BiBNAIGEREdeAC edserablés thie ifput sighdl abhGHReY, it no@iise Wistortion,

"renovi ng" a BMperiod fromthe rising edge of the pul ses. BBM generat or

506 recqpVesyjlithe exécphioh it thdeidfal bt nddC GeftRiyd B9 tHeBBMI @fidl S This, irdes A
and B' as shown in Fig. 6b.
“pre-distortion” introduced by compensation circuitry 504 at Y’ cancels the distortion
introduced by BBM generator 506. In other words, the BBM distortion is effectively
converted to loop delay.
Fig. 6b illustrates the case where the switching pattern at node Y has relatively
15 narrow pulse widths as described above with reference to the second half of the cycle
of the sine wave of Fig. 3b. This causes the inductor current to discharge capacitor.
Cap which, in an amplifier without the distortion compensation of the present
invention (e.g., amplifier 100), would cause the kind of BBM distortion described
above with reference to Fig. 4c¢, i.e., distortion by which the output pulse width at
20  node C is widened by the BBM period relative to the pulse width at node Y. To
compensate for this, distortion compensation circuitry 504 reduces the pulse width of
the signal input to BBM generator 506 (i.e., the signal at node Y’) by “removing” a

BBM period from the rising edge of the pulses. BBM generator 506 recetves the

signal at node Y’ and generates two signals at nodes A’ and B’ as shown in Fig. 6b.
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-10 WO 01/10017 PCT/ US0O0/ 20374 These signals are used by power stage _
driver 510 to control power transistors ML and M. The result of reducing
the pulse width by the BBM period at the rising edge of _the pul ses of the
i nput si g4 01400T5de Y may be understood with reference F6TESYP2%8Y 5 The
BBM periods are between t2 and t3, and between t4 and t5. At _t2 when the
si gnal  at Thewsigyals grecsed byspewetage ARy 1@ inronkal powss fpnsigtora dileand o from
high to low, M is turned off (ML already being off) and the inductor
current puMs the voltage at node Cup to VCC where it remains until M2
I's turned on again at t5. As shown in Fig. 6b, the output signal at node C
resenbl es the i Thetesudi ofireducixtg thopldsevividih ey the BBMp périel at thedrisiigadge ofi, wit h

t he exception that the signal at node Cis delayed by the BBM peri od.

Agai n, t hethelputsesloftheinpusignal sitnodel Varay teundersiood sadthireferente wiFig.[6h. 504 at Y
cancels the distortion introduced by BBM generator 506. Fig. 6¢C

i || ust rat eght BBM paddvaRbRIvidaA t5Md!t8 iind Gefbh B shdas. Aoewhénithe sigmauar e
wave as descri bed above with reference to the zero crossing region of the

sine wave ,hpaefy Bhek froth low o Higi AAIRS sibhk af e B @b fiow Kighto Tow, M2d80e
di rection gt eachgtransitoi on o%n:t he si%lﬁl at noge Y V\:hlg]é]h, as descri bed

above wi t hyf SLAIFERGP T bling §) aldRSiRBkior G fushdd REM S bk on ot node

C of anpliftier to” nma e output 'at node Cof anplifier 400

e T I R
M Do S PG5 B Bl P g LR, L3, 8
except lioo n Eigt%gtic;[nr,] \?vith the exception that the signal at node C is delayed by the BBM period.
Again, the “pre-distortion” introduced by compensation circuitry 504 at Y’ cancels
the distortion introduced by BBM generator 506.
Fig. 6¢ illustrates the case where the switching pattern at node Y is a square
‘wave as described above with reference to the zero crossing region of the sine wave
15  of Fig. 3b. This causes the inductor current to change direction at each transition of
the signal at node Y which, as described above with reference to Fig. 4a, does not
result in BBM distortion at node C of amplifier 100. However, to make the output at
node C of amplifier 400 consistent with the cases described above with reference to
Figs. 6a and 6b, distortion compensation circuitry 504 delays the signal at node Y by
20  the BBM period to generate the signal at node Y. As shown in Fig. 6c, the output
signal at node C resembles the input signal at node Y, with the exception that the
signal at node C is delayed by the BBM period.
A specific embodiment of the distortion pattern detection circuitry 502 of Fig.

5 will now be described with reference to Fig. 7. As will be understood from the

25  discussion above with reference to Figs. 6a-6c¢, determination of the distortion pattern

-11-



signal at node Cis delayed by the BBM period. A specific enbodi ment of the
distortion pattern detection circuitry 502 of Fig. 5 will now be descri bed

with refere&&sl;‘&lﬁ g. 7. As will be understood fromthe 2 icgjpgs&{d?agjhpn

above with reference to Figs. 6a-6c, determ nation of the

pattern -11 WD 01/10017 BCF/ US0Q/ 20374 is _necessary for e appropriate
BBM conpensaf F‘S?Fs'ﬁ%g’ﬁ ljt}é-? gpgropRate é’&?np%san%’?&?sﬁ“ffe% b&lﬁ‘BQ‘ée%vi‘t}% ref erence

to Figs. 4a-4c, .there are three relevant distortion atterns which rel ate
to the direcdsseriPedrbeyravithericrerse to Figsetarac, therg arp thregyelayantdistortio yct or
current changes direction for each transition of the signal at node Y,
there is 5 ripttememdiciglaty tgihq diregtiomed the inguctor ersrenh dThat i when thent i s
charging CAP, the rising edge of the signal at node C is del ayed by one
BBM peri od nindecterrearrentrohanges idiregtion dogeeach tramsitidneof thessignal atmode of, thespisndi ng
edges of the signal at node Y (Fig. 4b); and when the inductor current is
di schar gisng #oABBM distoftivh|(Figg4®)dwherothe indacter girednt Btchagite €, 5 the ridimgayed by
one BBM period nore than the rising edge fromthe respective 10

corr espondi ngige dgthe sighal A1 odd Qivdelfed by dfe BBMprioddfidre tixahé illixig ddge a
specific enbodi nent of the invention, determ nation of the distortion

pattern is agém il resgeeivdRonésionainisREgdsiof thitGighaTatindlié YWiL 4B af@whd as
bet ween pul ses at nodes Y aﬁ;dogc gf %mpl ifieéiaSOO. Bg’r(ge?egfi ng the

rel ative del @y shaulter Wifeht fs?@ﬁscﬁ%r?in%g:?{]lge Elidg d¥3e 8P @R Sighb étlikgdcfﬁ iges. at

nodes Y' and C, the direction I nduct or current an us the

0 oo P By GRS oWy g AR OB 0250,
and 8, 3,di S{QLliRRinB 3 P ail gl HaS Y @Y hey/ 00 1S
According to a specific embodiment of the invention, determination of the
distortion pattern is accomplished by detecting rising and falling edge delays as
between pulses at nodes Y’ and C of amplifier 500. By detecting the relative delays
between the rising and falling edges of the pulses at nodes Y’ and C, the direction of
15 the inductor current and thus the distortion pattern may be determined. This
information is then used to control distortion compensation circuitry 504.
Referring now to Figs. 7 and 8, a distortion pattern detection circuit 700 is
shown which detects the difference between the delays associated with the rising and
falling edges of the signal at node C relative to the signal at node Y’. Circuit 700
20  employs a charge pump technique in which a constant current source Iy of 10 uA is
configured by switches S1 and S2 to either charge or discharge an integrator capacitor
C1(2 pF). S2 and S1 are controlled by the rising edge delay (DR) and the falling edge

delay (DF), respectively, which are shown in the timing diagram of Fig. 8. The

integrator comprises operational amplifier OTA1 and capacitor C;. A switch S3
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shown whi ch detects the difference between the del ays associated with the
rising and falling edges of the signal at node Crelative to the signal at

node Y' . GideiHobi7700 20 enpl oys a charge punp technique ?bff@g @203? const ant
current source Io of 10 UAis configured by switches S Y either

charge or i Si are
controll ed e r s gﬁg‘s%‘éﬂe"‘%&f'b%‘&%‘ &lﬂgﬁg‘gﬂ‘g% %‘ﬁ&géﬁﬁg "Yel ay (DF),
respectivel ich ar t he ram of The

i nt egr at or '%/’S‘iﬁhf’%te‘é” (}y{@eﬂg% |‘?¢r‘b{’]’g gﬁ%t . A switch
S3 -12 WO 01/10017 PCT/ U 74 ontroll ed naI PH.) is connected
in parallel wi t& ﬁﬁﬁ%cg(tﬁgwgqgo ‘i‘ﬁ?‘@u‘t’ ando| t age of -
the integrator VO to the common ,node vol tage VCM To neasure the del ay

di f f er ence SWHHES? Hrcigrhdwmashe puns ?@e@PkXP“?etmﬁﬂlmgawpa@W&h S2 is
closed durin ‘? the rising edge delay tinme. This di scharges capacitor Cl 5
and chahgednd ehangssitbeyintagmiorautnylivoliage tasge to: VQ(TDR) = VCM + 10 X TDR G,
During the falling edge delay tinme, S| is closed, further changi ng t he
integrator output 10 voltage to: VO TDR -TDF) = VCM+ 10 X (TDR - TDF ) C,
Assum ng a m ni num BBM period of 40 ns (see Table | above), with lo =10 uA
and 15 C2 = 2 pF, the change_jp,.the put, x tage of the integrator from
its initial value VCMis givgg?:ﬁﬁf.?:‘/%%"'%_é\;[—pi |

During the falling edge delay time, S1 is closed, further changing the integrator output

10  voltage to:

VO(Tyy ~T ) =VCM + 22 (Tg ~Tor)
!

Assuming a minimum BBM period of 40 ns (see Table I above), with Iy = 10 uA and
15  C;=2 pF, the change in the output voltage of the integrator from its initial value

VCM is given by:

Io X (Tpp —Tpr) =+10,qu4On.s'

+ =+200m¥V
I 2pF

AV =VO(T,, — Tps)—VCM =

20 When the rising edge delay is smaller than the falling edge delay by the BBM period
(e.g., Fig. 4b), the integrator output voltage will be at least 200 mV above VCM. By

contrast, when the rising edge delay is longer than the falling edge delay by the BBM
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DV = VOOTDR - TDF) - VCM = 10 x (TD -TDF) 10 ftA x Ons = 200mV C, 2pF 20
When the rising edge delay is snmaller than the falling edge delay by the
BBM peri od “‘Re? Fig. 4b), the integrator output voltage w | east
200 nV above méy contrast, when the rising edge del ay &4¢%§§@Sthan
the falling edge delay by the BBM -13 WD 01/10017.:PCT/ USOQ 20374 peri od
(é.g., Fig. PEod(ege F%’&f‘elgﬂ&ﬂwgra@r putput Yattege,willlpq gt least 200 rp&b&fovéoo mv
below VCM Thus, the delay difference can be determ ned by detecting AV.
Ref erri ng ag¥Chl.t Bhys; e delay diffesence ean o degerminpdibyrdetasting A¥. BBM di st orti on
pattern, two conparators COW 1 and COWM are enpl oyed. According to a
specific 5 enbodRéfening agaiaho Big. 7,16 detectaA) atidbddérminesthd BBMdétortibi h a 100 nV
i nput DC offset to overconme the effects of circuit delay m smatch between

the rising egmi%gewo Eifpdratols COMPE 4@ CONMED 4r mipliyed.NAk&ordiaBRe A abeRificof f set

vol tage. Tha In the case where there is no pulse w dth change except
the out pirs. BFoThao, e S P g e S ik L 30 Ru DE s CTOTE
m St ches g Reribe Motk bRy hiibaiied ERLAP ol nlithd afiie™ . oo
Ty S o oo BBl el R SHRE. ST T b L 7
o o o oSy SO S e MRS i R 0

range

[q)

falling edges, the outputs of the two comparators are not affected by the mismatch or
10 the intrinsic offset voltage. In fact, with this design, circuit delay mismatches as large
as 50 ns and intrinsic offset voltages as large as 50 mV can be tolerated.
After the falling edge delay time, switch S4 is closed (PH2 goes high) and
switches S5 and S6 are opened (PH3 goes low). In this configuration, the integrator
output voltage VO is compared to VCM to get the one of the results for outputs R and

15 F shown in Table IL

R F AV range

0 0 -100 mV <AV <100 mV
1 0 AV>100mV

0 1 AV <-100 mV

Table I

20  Attherising edge of PH3 (t5) the comparison results R and F are latched into flip-
flops DFF1 and DFF3 while the original data in DFF1 and DFF3 are shifted to DFF2
and DFF4, respectively. If two consecutive comparison results R and F are the same,

then R’ and F” are used to control BBM distortion compensation circuitry 504 in the
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00-100 MV < Ay <100 nW 1 0 AV > 100 nW 0 1 AV < -100 nv Table Il 20 At
the rising edge of PH3 (t5) the conparison results R and F are latched into
flip- flops DFF1 and DFF3 while the original data in DFFl _and DFE3 are
shifted tg"qﬂi P17 and DFF4, respectively. If two consecut ll’%mém%ﬁ‘l son
results Rand F are the sane, then R and F' are used to control BBM

di st or t i onfollomirgoenticonWarR RUFFT 7 Opthe Wﬁei“h@de Yyig dglayes by pBBM

PCT/ USOQ 20374 followi ng manner. Wen R = =0,  the pulse at node Y is
del ayed by peridim cop@pns@uowrc&mrfélﬁagmﬁatﬂr é-“u$h°W ingig. b6 YheeRare Y as
shown in Fig. 6¢c. Wen R 1 and F = 0, the pulse at node Y is w dened by
a BBM per i dbdndiF” + Bethé phlsé atqodeids wydened MBNEmHOdrat therfalling edgedys t o
generate Y as shown in Fig. 6a. Wen R 0 and F 5 1, the pulse at node Y
i S nar r owecoryensatidBivirpdtry 564 ﬁigenétaterY’sdsrslyomdigﬁ?igwa. que&’ﬁﬁ ahF'cFrcuitry
504 as shown in Fig. 6b. Wile the invention has been particularly shown
and descri bafe palidlatel€Y dnnerowed bypdBBNiperiodritahié riging edgetbar eof , it will be
understood by those skilled in the art that changes in the f or m and.

details of cdrhieen ﬁ|ci}§|ﬁ§%g(ﬁ)§ghhﬁﬁﬂtiﬁf-‘igﬁﬁb be made w thout 10 departing from
the spirit or scope of the invention. Therefore, the scope of the .

i nvention shoul ¢phg nShRREbRRE bekd ParfSll N PHeRnbAd BRerBRPRASRGeredcel 5. - 15
to specific embodiments thereof, it will be understood by those skilled in the art that
changes in the form and details of the disclosed embodiments may be made without
10 departing from the spirit or scope of the invention. Therefore, the scope of the .

invention should be determined with reference to the appended claims.
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W01/ 10017 PCTI US00120374 WHAT IS CLAIMED. 1IS: 1. A switching anplifier,
conprising: an input stage for generating a swtching signal; 5

br eak- bef orwoggkgfli storti on conpensation circuitry for al trerusgoioltr
switching signal; break-before-make generator circuitry for generating two
drive si gnaw 3tigr ed swi tching signal; a power stage including
two switche afternately driven by the two 10 drive signals and
an. output node; and break-before-nake distortion detection circuitry for
detecting a distortion pattern at the power stage output node; wherein the
br eak- bef ore- make di stortion de | LL.cuitry controls the

br eak- bef or e- makgl‘di st‘%ﬂ’ﬂmg’hn %ﬁr@gr‘]ﬂé’gpﬁn@%&g#rcui try to alter the sw tching
signal in 15 respgnse to the distortion pattern detected to thereby
elimnate at |ea 1wémg?é)5g§neﬁmraes%w 88888l tion. 2. The switching
anplifier of claim1 wherein the input stage, the break- .be&)gre: ke
distorti&n conpertseakrbsforemake distaption prpensation ey f 0 ) Pg{t&%ﬂ&o
circuitry, and the power stage are configured in a feedback | oop in which
conti nuous- signal f eedback is provided fromthe output node of the power
stage to the input stage. 3. The switching anplifier of claim2 wherein
the i nput stage duenisrhiefars-make |gessator ¢ixcematgug@emawaﬂav¢ sigupls from

the altered switching signal;
a power stage including two switches which are alternately driven by the two
10  drive signals and an output node; and
break-before-make distortion detection circuitry for detecting a distortion
pattern at the power stage output node;
wherein the break-before-make distortion detection circuitry controls the
break-before-make distortion compensation circuitry to alter the switching signal in |
15  response to the distortion pattern detected to thereby eliminate at least some break-

before-make distortion.

2. The switching amplifier of claim 1 wherein the input stage, the break-
before-make distortion compensation circuitry, the break-before-make generator
20  circuitry, and the power stage are configured in a feedback loop in which continuous-

time feedback is provided from the output node of the power stage to the input stage.

3. The switching amplifier of claim 2 wherein the input stage comprises a
loop filter and a comparator.

25
-_
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-16- L rrrereerirrerrrerrrrrrrrrrrl MS W 01710017 PCT/ USO0/ 20374 4. The
swtching anplifier of claiml| wherein the break-before-nmake distortion
conpensation circuitry is configured to alter a pulse width associated with
the switcWPRY1 % Ynal to generate the altered switching sTGHEIY2H74 The
swtching anplifier of claim1 wherein the break-before-make distortion
corresponds to4a pl (hgiswitching amplifies of ¢laim hwhersinthe brepisbeforearakisef or - make
distortion detection circuitry being configured to detect which of the

pl ural ity diftortioncompensatiamroirovitryy js econfigares tnalter & pulsewidih assprcipled Bith- nake
distortion. 10 6. The switching anplifier of claim5 wherein the ’
br eak- bef aheswitdhing sigrmt ®rgeherate thet Atetedowitching siignaly conprises first circuitry
for generating a first voltage representative of a relationship between
first and second delay tinmes for a rising edge and a falling edge,
respectively, of a signal at the output node of the power stage, and
secondsci rcui trsy f orThe ewiéting@nplifier 6f ¢18iin v whéraipeahé bresk-befbrermalee vol t age to
determ ne 15 which of the plurality of patterns currently corresponds to

the break-H&h QbR coidsBonddits i Plukdlifof distorliof pattdris; HegeakHefdré-nfke Of cl ai m 6

wherein the first circuitry conprises an integrator which is charged for

the first dala¥n h%@%c?@%ﬁiggg&fhgu% to a&e&t%impﬂﬂli&’oﬂ i me, and

wherein the secon rises conmparator circuitry for determning

ot e han PAERS SATS cpibe W up BrRR efF ks prRpp) (e e other By

10 6. The switching amplifier of claim 5 wherein the break-before-make
distortion detection circuitry comprises first circuitry for ggﬁéfating a first voltage
representative of a relationship between ﬁrst aﬁd second deiay times for a rising edge
and a falling edge, respectiyely, ofa signai at the output node of the power stage, and

. second circuitry for comparing the first voltage to a referen_édVoltage to determine

15 which of the plurality of patterns currently corrésponds to the break-before-make

distortion.

7. The switching amplifier of claim 6 wherein the first circuitry
comprises an integrator which is chargéd for the first delay time and discharged for
20 the second delay time, and wherein tﬁe second circuitry comprises comparator
circuitry for determining whether either of the first and secqnd delays is longer than

the other by more than a threshold amount.

A g
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-17 WO 01/10017 PCT/ USQQO 20374 8. The switching anplifier of claim?7
wherein the second circuitry further conprises storage elenments for storing

out put dat anlygfivdifie conparator circuitry for at |east onedaidoeds?di r st
and second delay tines. 5 9. A nethod for reduci ng break-before-nake

distortion in a syitchy : .51 - S\ L | § L.er L.Sin
br eak- bef or e- nakewgengﬁzhgs(‘)"f@@%é&:pp??éébg?&ge%gér}gl??}?\gﬁt%v%{%]ﬁl%/ Sl g%% sg

f I d i t.chi ng, .si. , , ' L.0g: i tch
uhi oh ar o al PEPHEERHGaF AoBieR o ol s cShTRE pohBiyUEL RN Rs GO0

t he nethod conpri sing. detectin di.stortion pattern at the output node
of the power? %?b%?el%‘l'oo]ﬂgfttaﬁgﬁfﬁn‘gd%b@ﬁf'ng signal before the

br eak- bef ore- make generator circuitry in response to the distortion
pattern detected thereby elimnating at |east a portion of the

br eak- bef ore-make distortion. 15 10. The net hod of claim9 wherein
detecting the di sPor t i &mnegtkad fer rpducingprepk-beforramake qistorignan p §WitglHBg second
delay tines for a rising edge and a falling. edge, respectively, of a
signal at t hemplifigrthe swriching amplifiep comprising brsalerheforremakengeneratpr cigheitriier
either of the first and second delays is |longer than the other by nore than
a threshol dfangensritingdéo Hiive digralsrfroincoh altered|switchifg sigaalcand apdverristage t he
switching signal conprises altering a pulse width associated with the

swi t chi ng si giehldinglt¥o switches®ilicichre hlterhatelydPivediby thentwa drive signdleémt & nake
period is

output node, the method comprising:
10 detecting a distortion pattern at the output node of the power stage; and
altering a switching signal before the break-before-make generator circuitry in
response to the distortion pattern detected thereby eliminating at least a portion of the

break-before-make distortion.

15 10.  The method of claim 9 wherein detecting the distortion pattern
comprises determining first and second delay times for a rising edge and a falling
edge, respectively, of a signal at the output node of the power stage and determining
whether either of the first and second delays is longer than the other by more than a
threshold amount.

20

11.  The method of claim 9 wherein altering the switching signal comprises

altering a pulse width associated with the switching signal.

12.  The method of claim 9 wherein a break-before-make period is

25  associated with the break-before-make generator circuitry and the distortion pattern

-18-
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25 associated with the break-before-nmake generator circuitry and the
distortion pattern -18 I!'10l1li 1111l HE 22122 11 1111 L WO 01/10017
PCT/ USOQ' 20374 corresponds to an output signal at the output node of the
power sta¥®WAWIAg a first pulse width associated ther eﬁFF’HSWP?FH i's
greater than a second pul se width associated wth the switching signal by,
t he break- berfespendstkan piputsignalsit the outpenodeaf the rower ptagahavingmf@sei n al tering
the switching signal conprises reducing the second pulse width by the BBM
period at pualshiwidtlsassociatedythexsvithiwhichsisigrester fhgn gisegoad pulse width esspeietedd of
claim9 wherein a break-before-nmake period is 10 associated with the

br eak- bef owéthnird«wvighingrsignalrbycthe break-bgfosermdaketperidd.st orti on pattern
corresponds to an output signal at the output node of the power stage
having a first pulse width associated therewith which is less than a
second pul se width associated. wth the swtching signal by the

br eak- bef or e- makg perfidifethddPoflcaim fil2evivedif alterivig thd switching signal ei n al tering
the switching signal conprises increasing the second pulse width by the

BBM i od i ; i i i isi 111U
oo lpialli f@%ﬁﬁ%{%ﬁé Elf%ge&ﬂg Buls® {vidth By B BEENipafio® atadh risidg edde@f

the switching signal.

14.  The method of claim 9 wherein a break-before-make period is
10  associated with the break-before-make generator circuitry and the distortion pattern
corresponds to an output signal at the output node of the power stage having a first
pulse width associated therewith which is less than a second pﬁlse width associated

with the switching signal by the break-before-make period.

15 15. The method of claim 14 wherein altering the switching signal
comprises increasing the second pulse width by the BBM period at each falling edge

of the switching signal.

20
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