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improve the performance of such modulators for the purpose of
driving power switching devices.
' In response to the inability of pulse width
20 modulation (PWM) technology to provide both the dynamic range
and the noise performance for a variety of high end and high
power switching applications, several attempts have been made
to design switching amplifiers using oversampled, noise-
shaping modulators, specifically sigma-delta modulators, for
25 their noise-shaping characteristics, see H. Ballan and M.

Declercq, 12 V X-A Class-D Amplifier in 5V CMOS Technology,

pp. 559-562 (IEEE 1995 Custom Integrated Circuit Conference),
the entirety of which is incorporated herein by reference.
However, as will be discussed, including power MOS transistors

30 in a sigma-delta modulator loop presents additional problems
which hinder overall amplifier performance. A standard first
order sigma-delta modulator 100 is shown in Fig. 1. An
integrator 102 is connected in series with a comparator 104
which is essentially a two-level quantizer with a sampling

35 rate f,. The output of comparator 104 is fed back to
integrator 102 via digital-to-analog converter (D/A) 106 and
adder 108. The feedback forces the low frequency content of
the quantized output signal to track the low frequency content
of the input to modulator 100. Any difference between the



integrator 102 and eventually corrected. For first-order signa-delta

nodul ators, noise in the signal band due to quantization error is reduced
by appr oXWea9/63806 9 dB for each doubling of the oversanpli RETEI9885366SR)
The OSR is given by f /2f , where 2 is 2he Nyquist rate, i.e., twice the
bandw dth f of the baseband signal. For second-order signadelta nodul at or s,
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because nodern si delta nodul ators use sanpled integrators, Sinply
nployane§F3r519@§d5§§ﬁ fegverters, pp. 1-2 (IEEE Press, 1992), ‘the

entirety of which is incorporated herein by reference.
As mentioned above, the insertion of power MOS
transistors in a standard sigma-delta modulator is accompanied
20 by other performance problems. For example, in audio
applications, power MOS transistors drive relatively low
impedances and must therefore have output impedances smaller
than one ohm for good overall efficiency. As a result, the
switching characteristics of such transistors are relatively
25 slow, varying from an ideal switching characteristic in an
asymmetric way, and thereby generating distortion which is
typically at or above the -60 dB level. Because standard
sigma-delta modulators employ digital or state feedback (e.g.,
D/A 106 of Fig. 1), the asymmetric edges of the power
30 transistor output are not seen by the integrator stages.
Consequently, standard sigma-delta modulators are not able to
correct for the distortion introduced by the power MOS
transistors because of the exclusive use of state feedback.
Moreover, because modern sigma-delta modulators use
35 sampled integrators, simply employing state feedback via a
digital-to-analog converter to the integrator stages has not
been effective. This is due to the fact that sampled

integrators tend to have aliasing problems with high frequency
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from the output of its switching stage rather than pure state
feedback from before or after the power switching stage. The

20 continuous-time feedback is provided in such a way as to
reduce the aliasing effects on the feedback path introduced by
the switching stage which might otherwise interfere with the
baseband to an unacceptable degree. That is, the improved
modulator of the above-described application combines the use

25 of continuous-time feedback to compensate for low frequency
distortion, and some means of attenuating the aliasing effects
of high frequency distortion introduced via the feedback path.

Fig. 2 is a simplified block diagram of an
embodiment of a second-order modified oversampled, noise-

30 shaping digital amplifier 200 designed according to a specific
embodiment of the invention described in the above-referenced
application. An input signal is introduced to a first
continuous-time integrator stage 202 via adder 204. The
output of first integrator stage 202 is transmitted to a

35 second continuous-time integrator stage 206 via adder 208. A
clocked comparator stage 210 sampled at sample frequency f,
receives the output of second integrator stage 206 and
transmits the resulting logic signal to power switching stage



continuous-tine integrator stage 202 via adder 204. The output of first
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The modified sigma-delta technology described in the
above-referenced application provides a highly efficient, low
20 noise alternative to PWM in a wide variety of applications.
However, because there is a limit on the amount of gain which
can be introduced in the oversampled modulator loop, and
therefore a limit on the dynamic range of the modulator, there
are some applications for which even the excellent noise
25 performance of the modulator of the above-referenced
application may need improvement. For example, in the field
of power amplifiers, a very low noise floor and a high dynamic
range with low distortion are obviously desirable. 1In other
power switching technologies (e.g., regulators, motor drivers,
30 etc.) other performance improvements (e.g., reduced ripple and
component size) are desirable. However, as mentioned above,
significant improvement in these parameters generally requires
increasing the gain in the oversampled modulator loop. The
modulator loop gain, in turn, is limited, at least in part, by
35 the modulator’s sampling frequency. Unfortunately, increasing
the sampling frequency, i.e., increasing the oversampling
ratio, to improve the dynamic range is ultimately of limited

utility in that power switching applications have some minimum
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- The following example should be illustrative.

Through the use of an oversampled modulator, the noise floor

20 of a power amplifier may be improved from 9 to 21 dB (or more)
per octave of oversampling depending on the order of the
modulator, i.e., 9 dB for a first-order modulator to 21 dB for
a third-order modulator (see the references cited above and
the above-referenced patent application). On average, today’'s

25 power MOSFETs can typically be switched up to around 1.5 MHz.

Thus, a designer of an audio power amplifier might set the

sampling frequency of the oversampled modulator at 3 MHz,
providing 64X oversampling (i.e., 2°) with respect to an audio
input signal. Assuming a third-order modulator, the

30 corresponding theoretical input-referred noise floor, i.e.,
the dynamic range, of the amplifier would be given by (21
dB)x(log,64) or 126 dB. Actual third-order modulator
performance is typically 20-30 dB worse than this due to
practical considerations. While this level of performance

35 might be suitable for some low end applications, it is not
sufficient for a high-end, high-power audio amplifier as the
high gain associated with such an amplifier will boost the

input-referred noise to unacceptable levels. Increasing the
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fromrail, S Qfdidn, Yiedsd 8Fer to T. Ritoniemi, T. Karema, and H.
Tenhunen, Design of Stable High Order 1-bit Sigma-Delta
Modulators (IEEE Proc. ISCAS 'S0, pp.3267-3270, May 1990), the

20 entirety of which is incorporated herein by reference. This
output swing reduction is unacceptable in power switching
applications because the output signal of a power amplifier
must typically be able to go from rail to rail, or at least
very close.

25 It is therefore apparent that there is a need for a
way in which the noise floor/dynamic range of a power
switching amplifier may be improved beyond the level currently

attainable with oversampled, noise-shaping modulators.

30 SUMMARY OF THE INVENTION
Because the transition time of today’s power

switching devices ultimately limit the rate at which such
devices can be switched, the motivation was to look at the
input waveforms to such devices to determine what could be

35 done to reduce the noise floor without the risk of the input
transitions being spaced too closely. By analyzing the input
waveforms to such power devices it was realized that the

occurrence of unacceptably narrow pulses is relatively rare



very close. It is therefore apparent that there is a need for a way in
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narrow pulse widths. The invention is especially useful in
power switching applications in which narrow pulses are
unacceptable such as, for example, audio amplifiers, switching
regulators, power amplifiers, motor control, power factor
20 correction, resonant mode switching, etc. The present
invention achieves this improvement by increasing the sampling
frequency, i.e., the rate at which the oversampled modulator
is clocked, and the gain of the modulator loop, while adding
pulse qualification logic before the switching stage to
25 eliminate unacceptably narrow pulses.

According to a specific embodiment, the pulse
qualification logic of the present invention receives the
output of the A/D converter (or comparator) in the oversampled
modulator loop and does not allow transitions to be sent to

30 the switching stage within some number of clock cycles. The
number of clock cycles may determined with reference to a
number of considerations including, for example, the speed of
the switching devices in the switching stage, a desired
relationship between noise floor and output swing (for a given

35 maximum clock rate), the desired switching frequency, etc.
While this avoids the problems associated with the spacing
between transitions, it introduces a delay and nonlinearity in

the modulator loop which can actually degrade the dynamic



frequency, i.e., the rate at which the oversanpl ed nodul ator is cl ocked,
and the gain of the nodul ator |oop, while adding pulse qualification |ogic
bef ore t WBO8WWIBBhi ng stage to elim nate unaccept ably narr RECTHEEAE266
According to a specific enbodinent, thegoulse qualification |logic of the
present invention receives the output of the A/D converter (or conparator)
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|nventuontheamodekaSOQnsfdyaamlcnpangenendsmam fause pestebm&mcz angut,
dynam ¢ by combining these elements, the present invention realizes
significant improvements in noise performance and dynamic
range.

20 Thus, the present invention provides an oversampled,
noise shaping signal processor having at least one integrator
stage in a feedback loop. A sampling stage in the feedback
loop is coupled to the at least one integrator stage. The
sampling stage samples an analog signal at a sample freqguency.

25 Qualification logic coupled to the sampling stage receives a
pulse waveform therefrom, and ensures that signal transitions
in the pulse waveform occur more than a first time period
apart. A switching stage in the feedback loop is coupled to
the qualification logic. The signal processor has a feedback

30 path from the output of the switching stage to the input of
the at least one integrator stage thereby closing the feedback
loop.

More generally, the present invention provides a
signal processing circuit comprising a frequency selective

35 network for generating a first signal. A quantizer coupled to
the frequency selective network receives the first signal and
generates a quantized signal. Qualification circuitry coupled

to the quantizer receives the quantized signal and generates a



range . Thus, the present invention provides an oversanpl ed, noise shaping
signal processor having at |east one integrator stage in a feedback |oop. A
sanpl i ng WOAYES80M t he feedback loop is coupled to the at |BERUSISINSE266
integrator stage. The sanpling stage sagples an anal og signal at a sanple
frequency. Qualification | ogic coupled to the sanpling stage receives a
pul se wavefarm.therefro a ensur.es. .that, signal transitions in the pulse
Paver of maEad A & KT o A AT e SIS SR RS A AR e e |
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| oop. Morfeagheerkaldath tironpridsemutiniteritd dherigaaency sefetdtreocessi ng

Ci rcu'Ft CRIMILLSi hg a frequency sel ective network for generating a first
signal. A quantizer coupled to the frequency selective network_ receives the
first signal and géndrEteR WREGHS A NGl tha A3F4eatdtsh adranhagss
coupl ed tgF e PrAHdRAErimRGRIMES rdie Bl ardd 146tk & irghate fdvbrganedatigse
aqualified signal. The .quali fé‘ ceHi on cirecuitry causes .signal transitions in
t he qual iM5"%d '%:ﬁoﬁt&g&@clﬂ athg SRECH 19T iR pAIS St HPAIS - The

signal processing circuit also has a feedback path fromits output to the

frquﬁncy sel ective net %?&.ﬁﬁv@ﬁ%?g&%%ﬁn%r §,h?in§§§g%ﬁhst he nature and

advantages of the present 1on may be realiz y reference to the
remai ni ng porti ons B9 ¢ He Ispecisingd brecid atte dragiia Lt BRIFRMESGRI PTI ON

OF THE DRAWNGS ddt dvdrSsansid®) idd ek hloghk 4l agiam oo sdandardly fld st
order oversanpled, noi se-shapi ng nodul ator "‘according to the prior art; Fig.
2 is a btk REXRfr #h%f an oversanpl ed, noi seshapi ng nodul ator described in

a related applicatimi. Fi dis & ikl @bl diclg gy fnamfowsr sumgs sedplesh se-
nOIS%%ha%ﬂgking modulator described in a related application;

Fig. 3 is a block diagram of an oversampled, noise-
shaping modulator according to a specific embodiment of the
present invention;

Fig. 4 is a series of waveforms illustrating the

20 operation of a specific embodiment of the present invention;

Fig. 5 is a schematic showing the implementation of
a specific embodiment of the pulse qualification logic of the
present invention; and

Fig. 6 is a block diagram of an unclocked embodiment

25 of the pulse gualification circuitry of the present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS
Fig. 3 is a block diagram of an oversampled, noise-

shaping modulator 300 designed according to a specific

30 embodiment of the present invention. The input to integrator
stage 302 is received via adder 304. The input to integrator
stage 306 is transmitted from integrator stage 302 via adder
308. A comparator stage 310 with a sample frequency f,
receives the output of second integrator stage 306 and

35 transmits the resulting logic signal to qualification logic
318. Qualification logic 318 ensures that the width of pulses
sent to power switching stage are at least some minimum width.

The operation of a particular embodiment of qualification



nodul at or according to a specific enbodi nent of the present invention; Fig.
4 is a series of waveforns illustrating the operation of a specific

enbodi neNO 8/058¢fe present invention; Fig. 5 is a schemati ®CIABW/MEF66 he

i npl enentation of a specific enbodi menty@f the pulse qualification |ogic of
the present invention; and Fig. 6 is a bl ock diagram of an uncl ocked

enbodi nent of the pul se qualification cj rcuietstr% of the prese i nvention.
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and disabled (dashed waveform). In this example, comparator
stage 310 is a 1l-bit analog-to-digital (A/D) converter which
is triggered on the positive rising edge of the clock signal.
The clock signal is the sample frequency input to A/D
20 converter 310, the A/D output signal is the output of A/D
converter 310, the qualified output signal is the output of
qualification logic 318, and the switching response signal is
the output of power switching stage 312. As shown, the
qualification logic ensures that pulses are sent to the power
25 switching devices at most once every 2 clock cycles (see the
qualified output signal). It will be understood that, given
the response time of power switching stage 312, the switching
response signal shown would not have been possible without the
qualification logic. It is important to note that the
30 qualification logic operates on the same edge as the A/D
converter, 1l.e., the positive rising edge of the clock signal.
This may be achieved by combining the qualification logic and
the A/D converter to thereby avoid any additional and
undesirable logic delays. As shown in Fig. 4, in the
35 situation where the pulse qualification is disabled, the
output of the power switching stage never quite reaches the
positive rail (i.e., the dotted line) because the input pulses

to the power switching stage are too narrow and the upward and



pul se qualification of the invention enabled (solid waveform and di sabl ed
(dashed waveform . In this exanple, conparator stage 310 is a 1-bit

anal og- MO M/M@l (A/ D) converter which is triggered on tRGE/HEIEII%6¢e
rising edge of the clock signal. The cliack signal is the sanple frequency
input to A/D converter 310, the A/D output signal is the output of A/D
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stage are too narrow and the ypward anddo vvannge tr nS|t|oa§s&&of t he power
devi ces CREr BEoP&SHEY| ZFISFRETGp&Patiion oF & oﬁ‘b’g'lsé’t&u 355 %ch- free
state naghighe maR! ®eebyabiserdobypbirdieadma ithiec BviPasd dgipmtwililghbe descri bed
with reference to.the.sch t f.F g. fqr t r fooid]u i ng
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pul se " qualification nay be selected to match a desired nultiple of the
nodul at oRegleFSiR¥at e as shown in Table 1 . As can be seen by referring to
Fig. 5, the pulse qualification

BYPASS mode 0 mode 1 multiple of clock rate

0 0 0 16X
0 0 1 8X
0 1 0 4X
0 1 1 2X
1 bl X 1X

x = don’t care
20 Table 1

Referring to the schematic of Fig. 5, the initial
state of circuit 500 comprising a comparator and qualification
logic will be described. Initially the output of nand 502 is

25 low thereby clearing D flip-flops 504, 506, 508 and 510, and
setting multiplexer 512 such that the output of comparator 514
goes directly to the D input of flip-flop 516. Note that for
the output of nand 502 to be low, the outputs of flip-flops
516 and 518 must be at the same level. In addition, as a

30 result of flip-flops 504-510 being cleared, the output of nor
520 goes high. This in turn means that multiplexer 522
selects the Q output of flip-flop 518 to be fed back to the D



| ogic may be bypassed by bringi ng the BYPASS i nput high, thereby allow ng
pul ses to go fromthe conparator to the power sw tching stage w thout

qual i fi cav@es8ses shown in Table 1 this m ght be done wheRETASBAFAICase in
the clock rate is not necessary. BYPASSipode O node 1 nultiple of cl ock
rate 0 0 0 16X 0 018X 0104X0112X1XXIXX don''t care Table 1
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Fl i p-flops 504, 516 and ig f th 8 ﬁ V|atthe clocknln % 1
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516 to its own D input, thereby latching the state of flip-

15 flop 516. A logic low on the output of x-nor 524 turns x-nor
526 into an inverter, thereby causing flip-flop 504 to act as
a divide-by-two of the sample frequency from the clock input.

The counter will then only be clocked until the control logic
causes the output of nor 520 to go low which changes the state

20 of multiplexer 522 which then connects the Q output of flip-
flop 516 to the D input of flip-flop 518. This causes the
states of flip-flops 516 and 518 to become the same again on
the next clock edge, bringing the output of xX-nor 524 high and
the output of nand 502 low. In this way, the output pulse

25 width, i.e., the qualification delay, is determined by
programmable counter 528 plus one clock cycle.

As implied above, the qualification logic may be
bypassed. This is accomplished by bringing the BYPASS input
high, thereby tying the output of nand 502 high. As a result,

30 the output of comparator 514 is gated to the output (via
multiplexer 512 and flip-flop 516) without the pulse
qualification delay.

At the limit, 1f the sample frequency of a modulator
loop incorporating the present invention were increased to

35 infinity, i.e., the modulator would no longer be clocked, the
pulse qualification circuitry of the present invention could
.be implemented using a one-shot configured to hold an input

pulse high for at least some minimum time period. One example



then go low. This, in turn, changes the state of multiplexer 512 (via nand
502) which connects the Q output of flip-flop 516 to its own D input,

t her eby ®OOPDF86t he state of flipflop 516. A |logic | ow orP@RESI8UEI$at oOf
X-nor 524 turns x-nor 526 into an invertgr, thereby causing flip-flop 504
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circuit i3] be understood by those skilled in the art that changes in

the form and details of the disclosed embodiments may be made
without departing from the spirit or scope of the invention.

20 For example, the embodiment discussed with reference to Fig. 4
employs an A/D converter. However, it will be understood
that, as discussed with reference to Figs. 3 and 5, a
comparator may be employed instead of the A/D converter. 1In
addition, the comparator need not be a clocked comparator as

25 shown in Fig. 3, but may be an unclocked comparator as shown
in Fig. 5 or any unclocked gquantizer.

It will also be understood, for example, that the
pulse qualification logic of the present invention may be
implemented using an analog RC timer (or any type of one-shot

30 device) instead of the programmable digital timer shown in
Fig. 5. 1In fact, the present invention may be implemented
using an RC timer and an unclocked comparator wherein the RC
timer does not allow transitions to occur within a certain
period of time determined by the RC constant. Additionally,

35 the embodiment of Fig. 5 represents only one implementation of
the qualification logic of the present invention. It will be
understood that many others are possible. Moreover, even

though the present invention has been described with regard to



until another transition occurs. Thus, if a pulse fromconparator 602 is
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will also be under stpathed Ompgearmie pdhad i Wisuuabe fnewdd ois | ogi ¢ of
the present inventiaqn m%*aﬁgjt'. | ement ed usi nlg, an al og RC tiner (or any
type of dAdsHdte dMiss) fle&%“in‘fori et b i TR i mer shown in
Fig. 5 . iMvdmagiton tie rresesrttdinvent i ton meduJees o mpl enen tvddi als i e ardRk@
timer,_and an uncl.qcke. Ry t or i.n.4he t.i dc9§§

trandPti ohs" o s(%lgcuér}lel%%chl n aé’j"cerFt‘(ﬁ]ﬁé pe'?tl 10%’ o‘?@t iﬂrrde]fsrdéet er n%%%c%ictgﬁve RC
const ant .1otidi tieandte implrinesHindi et Bl F1g tebreem 99hts one

i mpl ement gl d oy Ll @val d fisatd Qi | o Ofsyheciprnesentadavent iviicht will
be understood that many others are possible. Mreove even though the
present itfReerti®h W%@é‘ent%&ﬁ i E TRt ¢ oalrri)a%‘é%én?fl signal, it

wi || be uwisierisdpoibrt hathd heutpgr avedcise gnedude ter nsl mat aded anol phevent

teaching of th resent . i erp% rg{s i sﬁ%%ﬁﬁei Ny he &pl oyed. equal I'y

wel | YPor =N passr-)s‘_"csel(%;naé.1 ingi;%p %}mg 0 ;rr'en‘t,% I nt egra%or st ages

may be reptasbdlnt sdre mikee qyepklibicdtieuepycuitry of the present
invention may be employed in a standard sigma-delta modulator
such as the modulator of Fig. 1 Therefore, the scope of the

invention should be determined with reference to the appended

20 claims.



sel ective network such as, for exanple, resonators. Another inportant point
whi ch should be noted is that the pulse qualification circuitry of the
present weassei is not restricted to nodul ator | oops wWhiPEIT/US98M%2de a
power switching stage. For exanple, thegpulse qualification |ogic nmay be
inplenented in a fully digital sigm- deFta nodul at or which is upstream from
a switching stage for which the tinme between transitions is critical . In
such an WPBAT| E8t£BAIMERCISHt put of the nodul ator is encoded to prevent
narrow y spaced transitions downstream It should also be noted that the

G andard si gme: del fa. mofitl BVSFSSRACE PRGkoBUTEor Of CBrg. o1 OTRGrSrore,

t he scopeombpriheéngnventi on should be determned with reference to the

appended cl ai ms. WHAT hgagkABNED F%egrétorAthﬁérsa”pled noi se shaping
Si gnal processor conprising eaSt one I ntegrator stage; a Sarrpl i ng

stage coupled to tﬁesémpﬂéagtséﬁéelﬁ?é&ﬁ&?oFos Q&eaFoFeégﬁbPPﬁg an anal og

si gnal r@ﬁ%é%@ﬁtbbegeéb@WE@& gampIphe Bheguaney; squakif reatiieed ogic
coupled to t g stage f.oor receiving a pul se waveformfromthe
sanpl i ngtBEaGETSNd ﬁeﬁeFQPP § 4*§FHFPFYéd pul se waveformin response

thereto, the qual|huaauimnatagnclegsurcngpﬂhdtt9|gh&lSam@ﬁsnglﬁﬁggﬁn t he

qual | {1 edopulse MoV SLOLMLAGEN (AL JeERnt okl R LEMBIRRL 8dagRatha o

SW t ge cou he qualification I ggic and bein riven by t he
qual i fi egepatrgélm\/ef auml ifAeds wuleri Wgvetage H&vifﬁ‘—ﬁpéﬁ‘sﬁu g'@tre"é’nd

feedback 4pah b £f camibhe 19utiRUenehriihg %kacﬁh@ﬁait%Qénb@thb@sahnlQﬂﬁi one
i ntegrator stage.. 2 . The signal processor %t ¥1 @h%reln the‘H rst
time perﬂéélﬂ§16ét€P%§ﬁeHav OISV Bar d€ irsSt time perio

apart;

15 a switching stage coupled to the qualification logic
and being driven by the qualified pulse waveform, the
switching stage having an output; and

a feedback path from the output of the switching

stage to the at least one integrator stage.

20
2. The signal processor of claim 1 wherein the
first time period is determined, at least in part, with
reference to characteristics of the switching stage.
25 3. The signal processor of claim 1 wherein the

signal processor is a third-order modulator and the at least

one integrator stage comprises three integrator stages.

4. The signal processor of claim 1 wherein the at
30 least one integrator stage comprises a continuous-time

integrator.

5. The signal processor of claim 1 wherein the at
least one integrator stage comprises a sampled integrator.
35
6. The signal processor of claim 1 wherein the

sampling stage comprises a comparator.



reference to characteristics of the switching stage. 3 . The signal
processor of claiml wherein the signal processor is a third-order

nodul at orwerd/osdeé at | east one integrator stage conprises PEF/E898/1526Qr at or
stages. 4 . The signal processor of claignl wherein the at |east one

i ntegrator stage conprises a continuous-tine integrator. 5 . The signal
processor of claim1 wherein the _at |east one integrator stage conprises a

sanpl ed i ntegrator.7-6 . Thee SdiggRdl PFOSESSBT f Aol RS

sanpl i ng $tRAS aCRFPHIsSeR cd oedyear ator. 7 . The signal processor of claimé6
wherein the conparator is unclocked. 8 . The signal processor of claim1l

wherein the sanpling stage conprises an anal og-to-digital converter. 9 .
The signal process@r. of THeaishghatheneicedsver eufaldlfaicatli oindmaginc tdenpri ses
timer_circuitry for _determni. first rine 1,Qd. the,,si gnal
procedsor 8P ¢t | %tg%ﬁ'n%rogpnryl{%est %%n&naao%uﬁr@%{:%%r iclog'{syecontrls'nuous -tine
circuitry. 11. The signal processor of claim9 wherein the timer circuitry

conprises digital lg0gi C.rhk2 sigHe YAl YOS iof 1Chaldpeinatei n the
f eedback path conprises an anti-aljiasing filter. 13 . é%ogiet od for .
oper at i nGU& l&ifGRAt 190 dOSINF WHCHSFS TS | G Y ot &8 G
conpri Si nghed flirequerime selrdeid . ve network, a quantizer, and an out put
connected in series, and a feedback path fromthe output to the frequency
sel eCtive network, the nethod conprising: generating a first signal using
the frequency sel edtd-ve Tha worgaal preagsstge afo tiiel i3 sthagiqjn|the
gener at i R pqUAHUIAQG-S i B r iU NG Srel - tZiele Andbditiesponse to the
guanti zed signal generating a qualified signal conprising a plurality of
transitions,

11. The signal processor of claim 9 wherein the

15 timer circuiltry comprises digital logic.

12. The signal processor of claim 1 wherein the

feedback path comprises an anti-aliasing filter.

20 13. A method for operating a signal processing
circuit, the signal processing circuit comprising a frequency
selective network, a quantizer, and an output connected in
series, and a feedback path from the output to the frequency
selective network, the method comprising:

25 generating a first signal using the frequency
selective network;

in response to the first signal, generating a
quantized signal using the quantizer; and
in response to the quantized signal generating a

30 qualified signal comprising a plurality of transitions,

wherein at least a first time period is maintained between

each transition.

14. A signal processing circuit comprising:
35 a frequency selective network for generating a first
signal;
a quantizer coupled to the frequency selective

network for receiving the first signal and generating a



wherein at least a first tinme period is maintained between each transition.
14. A signal processing circuit conprising: a frequency sel ective network
for generwOiopgssa6first signal; a quantizer coupled to the FCEY$ASI168366

sel ective network for receiving the firggt signal and generating aquantized
signal; qualification circuitry coupled to the quantizer for receiving the
quanti zed signal and generating a qualified signal, the qualification -
circuitr@“@&%§@ﬁ§-§ﬁ§%ﬂ ‘transitions in the qualified signal to occur at

| east a first tinmequealidd capdarcdn ciaruwutrpuiccaagipdedd aldeqguadifac aidon
circuitry; and.a feedback pat r t he he f . sel ective
net wor K. )éfbc.elfhlélgs?c r?alq%p?r%clezrségl ﬁé'@aaﬁcfﬁtg %#é tncelt’%llttn;l 4 a\[/m rgllr}'(r:]é/]t%g out put

i s coupl edatialectdhe tamatlhe iqediiion cdtricon toiyr cwusing 6 anaihg nghidiions

pr ocessi hrcujt qafc: i whey e edhac it Qa1 @ :

di gi tgl {1?51 gdrllla ?élaclgr;f\}gérfes?g%%b : ?f‘\jg%gdntfalq pr oc?s?l%%%% tsf?érﬁlaocc% aim
14 whereiapartte out put is coupled to the qualification circuitry via a

swi tching device. 18, .ouputSicAd1dd e I G IriGui da toforf | & vauli Mhrer ei n

t he feedback path conprises a continuous-tine feedback path. 19. The signal
processi ﬁ’g’ldci rcuit of claim14 wherein the frequency selective network
conpri ses at | east sprfiedddaatk atarh £hm Tiee signalt proodessifipgiamay t of

?Iegl()?gggrsvgl%rce{giqret r}leetfvyoe_cqy.ency sel ective network conprises at |east one

15. The signal processing circuit of claim 14

wherein the output is coupled directly to the qualification

circuitry.
15
16. The signal processing circuit of claim 15
wherein the feedback path comprises a digital-to-analog
converter.
20 17. The signal processing circuit of claim 14

wherein the output is coupled to the qualification circuitry

via a switching device.

18. The signal processing circuit of claim 17
25 wherein the feedback path comprises a continuous-time feedback
path.

19. The signal processing circuit of claim 14
wherein the frequency selective network comprises at least one

30 integrator.

20. The signal processing circuit of claim 14
wherein the frequency selective network comprises at least one
resonator.

35
21. The signal processing circuit of claim 14

wherein the quantizer comprises a comparator.



21. The signal processing circuit of claim14 wherein the quanti zer
conprises a conparator.22. The signal processing circuit of claim?2l

wherei n twewasspar at or i s sanpled at a sanple frequency. 2€T/USPR@5266 gnal
processing circuit of claim2l whereinqghe conparator is unclocked. 24. The
signal processing circuit of claim14 wherein the quantizer conprises an
anal og-to-digital converter. 25. The signal processing circuit of claim-14
wherein the qualifPeati BRECFLERRLr ?rESFFﬁFF@@s CLrfEt tePEc Gt Rdr

det er m njyRdrthe EhestohbBRapetli @g. sdtplEbeasi gnabmplec €ssqngnelr.cui t of
claim25 wherein the timer circuitry conprises digital logic. 27. The
signal processing circuit of claim25 wherein the tiner circuitry conprises
continuous-tine ci edui t The 28gndfiepsiogeslsipgocessiung oifr cdiattmoRlcl ai m 25

wherein the LiMeLnel LEHELIULERME 38313cRRE Shot devi ce.

24. The signal processing circuit of claim 14

wherein the quantizer comprises an analog-to-digital

converter.
10
25. The signal processing circuit of claim 14
wherein the qualification circuitry comprises timer circuitry
for determining the first time period.
15 26. The signal processing circuit of claim 25

wherein the timer circuitry comprises digital logic.

27. The signal processing circuit of claim 25
wherein the timer circuitry comprises continuous-time

20 circuitry.

28. The signal processing circuit of claim 25

wherein the timer circuitry comprises a one-shot device.

25



