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circuits. Mrre particularly, the present invention relates to a novel and

I nproved net hod and apparatus 10 for controlling stages of a multi-stage
circuit such as a sigma-delta analog-to- digital converter (EA ADC). I1.
Description of the Related Art 15 An analog-to-digital converter (ADC) is an
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and the error detection/ correction capability of the decoder, such as the
Viterbi decoder. SNR can affect the bit-error-rate (BER) performance of the
communi cat ilémswmlbé‘ééhggeﬁﬁédcﬂfént ization and circuit noise fromthe
ADC results in degradation of the sanpled data. In many communi cation
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processed by other digital signal processing blacks 0 provide enhancement,
20 compression, and/or error detection/correction of the sampled data.
Exemplary applications which require ADCs are code division multiple access
(CDMA) communication system and high-definition television (HDTV).
Some important performance parameters of an ADC include linearity,
DC offset, and signal-to-noise ratio (SNR). Suboptimal values for these
25 . parameters can cause degradation in the performance of a communication
“system. Linearity relates to the difference between an actual fransfer curve
(digital output versus analog input) and the ideal transfer curve. For a flash
' ADC, good linearity is more difficult to obtain as the number of bits in the ADC
increases. The DC offset can degrade the acquisition and tracking performance
30 of phase locked loops and the error detection/ correction capability of the
decoder, such as the Viterbi decoder. SNR can affect the bit-error-rate (BER)
performance of the communication system because the quantization and circuit
noise from the ADC results in degradation of the sampled data.
In many communication systems, the received RF signal is
35 downconverted to baseband before quantization. Typically, the received signal
is downconverted from a RF frequency to an intermediate frequency (IF) in the
first downconversion stage. The first downconversion allows the receiver to
downcorivert signals at various RF frequencies to a fixed IF frequency where
signal processing can be performed. For example, the fixed IF frequency allows
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communi cation applications, an ADCis required at the receiver. |In sone
applications, the receiver is a comeicial unit where cost and reliability
are inportant design criteria because™of the nunber of units produced.
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20 Successive approximation ADCs are also often used in communication

systems. These ADCs minimize complexity by performing approximations of

the input signal over two or more stages. However, these ADCs can also

exhibit the same poor linearity and poor DC oftset characteristics as exhibited

by the flash ADCs. Therefore, successive approximation ADCs as well as flash-
25  ADCs are not ideal candidates for use in many communication applications.

For some applications, improved data conversion performance can be
achieved with a sigma-delta ADC (2A ADC).

SUMMARY OF THE INVENTION
30 The present invention provides a control mechanism that can be used to
control a ZA ADC to provide the required level of performance while reducing
power consumption. The 3A ADC is designed with multiple stages (i.e., loops
or sections), and provides improved performance (e.g., higher dynamic range)
as more stages are enabled. The conirol mechanism selectively enables a
35 sufficient number of stages to provide the required performance and disables
remaining stages to conserve power. The control mechanism achieves this by
measuring one or more characteristics (e.g., signal level) of the ADC input
signal through a £A ADC that is similar to the A ADC on the signal path,
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Another embodiment of the invention provides an electronic circuit that
includes a multi-stage circuit coupled to a control circuit. The multi-stage
circuit includes N signal stages coupled in a particular configuration (e.g.,

25 cascade, parallel, and others). The control circuit provides a control signal that
selectively disables zero or more signal stages. The control circuit includes one
or more detector stages, a conditioning circuit, and a signal processor that can
be configured and operated as described above. The detector stage(s) can be
implemented as replica(s) of the signal stage(s), and can be shrunken and/or

30 biased with less current. The signal stages can be selectively disabled based on,
for example, the amplitude of the input signal.

Yet another embodiment of the invention provides a control circuit for
controlling a multi-stage circuit that includes a number of signal stages. The
control circuit includes one or more detector stages, a conditioning circuit, and

35 a signal processor. At least one detector stage is implemented as a replica of
one of the signal stages. The detector stage(s), conditioning circuit, and signal
processor can be configured and operated as described above. The control
circuit is advantageously used to control a ZA ADC.
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F1G. 2 is a block diagram of an exemplary MASH %A ADC architecture;
FIGS. 3A-3D are pole-zero diagram and frequency response plot of an
20  integrator and pole-zero diagram and frequency response plot of a bandpass
resonator, respectively;
FIG. 4 is a block diagram of an exemplary two loop bandpass MASH =A
ADC of the present invention;
FIGS. 5A-5E are block diagrams of a resonator within the bandpass
25 MASH ZA ADC and implementations of the resonator with a delay cell
resonator, a lossless discrete integrator resonator, a Forward-Euler resonator,
and a two-path interleaved resonator, respectively;
FIGS. 6A-6B are schematic diagram of a delay cell using double-
sampling switched capacitor analog circuit technique and timing diagram of the
30  required clock signals for the delay cell, respectively;
FIGS. 7A-7B are schematic diagrams of a resonator circuit within the
bandpass MASH ZA ADC and the feed-forward gain circuit, respectively, both
of which are implemented using double-sampling switched capacitor analog
circuit technique;
35 FIG. 8 is a block diagram of an exemplary eighth order bandpass MASH
4-4 A ADC of the present invention;
FIG. 9 is a plot of the simulated signal-to-noise ratio (SNR) performance
of the bandpass MASH 4-4 A ADC of the present invention;
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38 FIGS. 10A-10B are exenplary schematic diagrans of a delay cell based
resonat or and a Forward-Eul er resonator, 5respectively, both inplenented

using single-sanpling switched capacitor analog circuit technique; FIGS.
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ED ADC as sho in Fig. 11; FIG, 14 {Z:ﬁ asinplified bl ock di ag:[a of a
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FIG. 14 shows a simplified block diagram of a specific embodiment of a
control circuit that can be used as the control circuits in FIGS. 11 through 13;
FIG. 15A shows a graph of the standard deviation of the detected signal
20 from a detector stage versus input signal amplitude;
FIG. 15B shows a graph of the distribution densities of the signal levels
of the detected signal; and
FIG. 15C shows a graph of the count value from a signal processor

versus detector input signal amplitude.

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS

A high-speed sigma-delta analog-to-digital converter (ZA ADC)
performs analog-to-digital conversion of the input signal by making successive
30  one-bit approximations of the change in amplitude of the input signal, since the
previous sample has already been approximated, at a sampling rate which is
many times higher than the bandwidth of the input signal. The output samples
comprise the input signal and the quantization noise. The ZA ADC can be
designed such that the quantization noise is pushed (or noise shaped) to an out-

35 of-band frequency where filtering is more easily performed.
A XA ADC can provide high signal-to-noise ratio (SNR), good linearity,
and low DC offset because of the inherent structure of A ADC. For example,
high SNR can be obtained by selecting a sufficient oversampling ratio (OSR})
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such t hat transfer funcgquency i ndependent. For exanple, G(z) can be an all pass
function conprising a fixed gain (At) and delay elenents (z-1), such as AZ

0z-m The.’:i-qua-m_u.z_a-t.;l-o.n_m.l.sLE(]z) can be shaped by the noise transfer
function &) =Leh X(2)+ H(z)* E(z)], 1)

20 where Y(2) is the output from the ZA ADC in the z-transform domain, X(z) is
the input to the ADC, E(z) is the quantization noise, G(z) is the transfer function
from the input to the output, and H(z) is the noise transfer function from the
quantizer to the output. Thus, the ADC output Y(z) comprises the input signal
X(z) that is shaped by the transfer function G(z) plus the quantization noise E(z)

25  which is shaped by the noise transfer function H(z). To avoid distortion of the
input signal X(z}, the transfer function G(z) is typically designed such that it is
frequency independent. For example, G(z) can be an allpass function
comprising a fixed gain (A;) and delay elements (z'l), such as Ajez. The

quantization noise E(z) can be shaped by the noise transfer function H(z) such
30  that the quantization noise in the band of interest (e.g. the band where the input
signal is present) is pushed out-ofband where filtering is more easily |
performed. The characteristics of the noise transfer function H{z) is selected
based on the application for which the $A ADC is used and is designed to
provide the required performance.
35
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is sel ected based on the application for which the A ADC is used and is
designed to provide the required performance. 35 2 2 MAR 2005 WD 02/ 37686
PCT/USO1/. 61KK 7 1. EA ADC Architecturegs Z1 ADC can be designed using one
of many architectures. A block 5 diagram of an exenplary single-loop EA ADC
10 is shown in FIG 1. Single |oop EA ADC 10 conprises input sunmer 22 that
subtracts the quantized ADC output fromthe ADC i nput. The error signal
fromsumeg 22 3 RDRVIAGERitb@urdd rst filter 24 that filters the error signal
in accordance wth the transfer function of first filter 24. The output of
first filter 24 is provided to sumer 26 that 10 subtracts the quantized ADC
out put from t heTauidt ain berda&mgndd ersir@d onghef eangr architgotaired. r o tslogker 26
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exe H chlteturels sho n
ADC can be“bléé?% ‘%;HP‘/A%S HP“%C&SB% of fesendi HEer thée QEEPHESf noi se
transfer fs@t@hdomtéi(zs is q@ar&m tjh%ﬁ\&rll mnwmﬂhlﬂwugh irlvae bitrcan diswps are
not typical l%/ﬂ We (i se srm\%ﬁde ﬁ@?ﬂ %\‘7& 25 1 nmprovenent is achieved
for additi 8f Vi G A SUGRERMASH architecture is preferred
for a M gher or &&G. Eillwd&ﬁtes asmgldbdgABA AREohith éebUiléer sectioher Ene filtest abl e.
As shown i Al pPs..49 40c.
Loop 40a qg%‘ﬁ o Jetehaliiing %‘%g sHAPRIe SRR MR S fl‘g%za’bf?q R 2005
WO ( 12/ 37686sipaad bssed lonlﬁmg)phcahon or which the A ADC is used. More filter
sections can be interposed between second filter 28 and quantizer 30. However,
single-loop ZA ADCs are typically designed with two or less filter sections
20  because of concerns with instability of higher order single-loop £A ADCs.
A block diagram of an exemplary MASH XA ADC architecture is shown
in FIG. 2. A MASH ADC can be designed with two or more loops, depending
on the desired noise transfer function H(z). However, MASH ADCs with more
than three loops are not typically utilized because small incremental
25  improvement is achieved for additional loops greater than three. The MASH
architecture is preferred for a higher order XA ADC since the MASH
architecture is inherently stable.
As shown in FIG. 2, a MASH ADC 12 comprises three loops 40a, 40b,
and 40c. Loop 40a quantizes the ADC input and provides the output Y1 to
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8 each | oop. After noise cancellation, the dynam c range, and thus the

out put of MASH ADC 12, can be three bits or nore. Wthin each | opp MR.2005
sumer 42 receives the input signal and the quantizer output from quantizer
46. SumYe? "UY6R4btracts the quantizer output 5 from thePCHRpSvUstIghal and
provides the error signal to loop filter 44. Loop filter 44 filters the
error signal and provides the filtered output to quantizer 46 where it is
guanti zed to one-bit values. Loop filtgr 44 is designed to produce the
desired noise transfer function H(z) that is based on the application for
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a fourth order filter, t secand,l 0o ing a second ,order filter, an
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is the raguicipdrs-gpal -to- noise ratio (SNR). SNR is defined as the ratio of

t he power of the argeélt I nput signal to the power of the quantization
noi se. For a fhachuloer flter #bgan conmyite one of FROMNRItEH peciions, AepeRdinghe

cal cul at egh aheoHdsRed t folshe Hpkf@WRactRsat IBre fger 2bctiddsCSiflev (Br 2 171

7
Vo 0%3 E218116;)1ementation of higher order ZA ADC to produce the desired performance,

such as high SNR. A loop filter design is described in detail below.

In this specification, a MASH ZA ADC is designated in accordance with
the following nomenclature. MASH A-B-C denotes three loops (A, B, and C)
which are of the order designated by the values of A, B, and C. For example,

25 MASH 4-2-2 denotes a three loop architecture, with the first loop having a
fourth order filter, the second loop having a second order filter, and the third
loop also having a second order filter. Overall, MASH 4-2-2 is an eighth order
IA ADC. The present invention can be directed toward a MASH 2-2, MASH 4-
2, MASH 4-4, MASH 4-2-2, MASH 4-4-2, MASH 4-4-4 and other orders of

30  MASH ZA ADC.

The selection of the desired ZA ADC architecture, single-loop or MASH,
depends on a number of factors. One important factor is the required signal-to-
noise ratio (SNR). SNR is defined as the ratio of the power of the largest input
signal to the power of the quantization noise. For a full-scale sinewave input,

35  the 5NR for a £A ADC can be calculated according to the following equation :

3 2L+1 2L+l
SNR:--;Z-- =) «(OSRY ™1, (2)




9 7 2 MAR 2005 PCT/ WU S111116-188 where L is the order of the lqap filter
used for r}gi,se shaping and OSR is the oversanpling ratio. OSR is q,EMARqu&ﬁ as
the rati & DYVHARYE sanpling rate over the OSR = f  two-si d&& TEYAP 188

bandwi dt h, 22ffl+, . Equation (2) is based on the sinple 5 theory using
only white quantization noise and a unity gain quantizer. Using equation (2)
the SNR is calculated for an exenplary GDVA application wherein the 2-sided
signal bandw dth 2fBW= 2.4576 MHz and the sanpling rate is approximtely
78.64 MHz. These frequenci es produce an OSR of 32. The SNR is calcul ated
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be difficult to achieve non-ideal _circuit conponents. The simyl ated
SNR ofl5a MieH-plani t Ehe grlsulated S0NRatalaes imAablenhrepresenethy wpper mﬁﬁ

ar chi t ect gy J%n?bé\/‘ﬁaﬁé%é. Vﬁm&%’cﬁ?a@@\]f@nﬁgﬁée Yo B k446188 [EabliRad the
Cal cul ated and Si yul ated SNR for EE ADC of  Various Order FNR (tldB)
calculated values due to non-ideal circuit components and limitatiort of the

input signal to less than the full-scale value.
For the CDMA application described above, the SNR is simulated to be 70 dB
20  for a bandpass MASH 4-2 ADC, 85 dB for a MASH 4-4, 60 dB for a sixth order
single-loop bandpass ZA ADC, and 62 dB for an eighth order single-loop ADC.
The simulated results are also tabulated in Table 1. The simulated results
assume an input signal at -10 dB below full-scale and coincident zeros {e.g. all
zeros are placed at z = #j) in the noise transfer function H(z). The simulated
25  SNR value for the sixth order single-loop 2A ADC can be improved to 70 dB if
the zeros are spread across the signal bandwidth. Similarly, the simulated SNR
value for the eighth order single-loop ZA ADC can be improved to 80 dB with
zero spreading. However, zero spreading can be difficult to achieve due to
non-ideal circuit components. The simulated SNR of a MASH architecture is
30  better than that of the single-loop architecture.
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architecture has the additional advantages of inherent stability and ease
of | oopWO t¥¥esaesi gn. However, circuit 5 matching i s norperarseiucak for the
MASH ar chi tecture because of the need to cancel the quantization noise
between nmultiple |l oops. The single-loop architecture is stable for second
order or | ower order |oops but may be stable for higher order | oops.

Hi gher order single-loop designs can be made stable by careful circuit

desi gn and t horough simulation. However, the single-loop 10 architecture is
mor e t ol er arfahle 1ci €algulateil gk Simulnted SNR for A APC ¢iVaiioys Ordesop or MASH
architecture i s dependent on the requirenents of the application. For nost
applicatj ons, the MASH archifecture is prefergﬁggqﬂﬁi t he single-1oop
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integrators having the Towass Z-1 transter function 1 -Z-~ . The nunber of
integrators within loop filters 44 depends on the desired noise transfer
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frequency. The frequency response of noi se L ransf r functi shovvn i n
VO 82/ 37)éaggh4gctgrg1 Ez(:(frgs second order or ower order loops ut may be unsta

for higher order loops. Higher order single-loop designs can be made stable by

careful circuit design and thorough simulation. However, the single-loop
10 architecture is more tolerant to circuit mismatch. The selection of the single-
loop or MASH architecture is dependent on the requirements of the application.
For most applications, the MASH architecture is preferred over the single-loop
architecture.
The noise transfer function H(z) of MASH ADC 12 is determined by the
15  design of loop filters 44. For example, a baseband MASH XA ADC can be
designed by implementing loop filters 44 with lowpass filters. Similarly, a
bandpass ZA ADC can be designed by implementing loop filters 44 with
bandpass filters. The noise transfer function H(z) of the quantization noise is
the inverse of the filter characteristics because the loop filters reside within the
20  loops.
An exemplary baseband MASH XA ADC can be designed by
implementing loop ﬁl’fers 44 with one or more integrators having the lowpass
4
transfer function 1-z" . The number of integrators within loop filters 44
depends on the desired noise transfer function H(z). As shown in FIG. 3A, the
25 lowpass transfer function has a pole at z = +1 and a zero at the originz =0. The
frequency response of the lowpass transfer function is shown in FIG. 3B by the
solid line. The lowpass filter has the highest gain at DC because of the pole at
z=+1, a gain of 1.0 at fs/6, and a gain of 0.5 at fs/2 where fs is the sampling
frequency. The frequency response of the noise transfer function is shown in
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II.  Bandpass MASH XA ADC Architecture
20

A block diagram of an exemplary two loop bandpass MASH ZA ADC is
illustrated in FIG. 4. MASH ADC 100 comprises two loops 110a and 110b, feed
forward element 150, and noise cancellation logic 160. In the exemplary
embodiment, MASH ADC 100 receives an analog ADC input and produces a

25  digital ADC output having at least two bits, at least one bit for each loop 110.

The ADC input is provided to loop 110a that produces a 1-bit output Y1
in response thereto. A fraction of the ADC input and quantization noise (X2)
from loop 110a is provided to loop 110b where additional noise shaping is
performed. The outputs Y1 and Y2 from loops 110a and 110b, respectively, are

30 provided to noise cancellation logic 160. Noise cancellation logic 160 combines
the outputs Y1 and Y2 and produces the ADC output.

Within loop 110a, summer 128a receives the ADC input and the 1-bit
output Y1 from quantizer 140a. Swmmer 128a subtracts Y1 from the ADC input
and provides the error signal to resonator 130a. Resonator 130a filters the error

35 signal and provides the filtered output (V1) to summer 128b. Summer 128b
also receives Y1 from quantizer 140a and subtracts Y1 from V1. The error signal
from summer 128b is provided to resonator 130b that further filters the error
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quanti zer 140a that produces the 1-bit output Y1 in response theré&to PL(g
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to gain elenent 144 that scales Yl by the scaling factor h. The outputs
fromogain elements 142 and 144 are proyided to summer 146 which subtracts

t he out put from gain el enent 144 fromThe out put from gain el ement 142. The
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20 combined signal with the transfer function N(z). The output from element 168
and the delayed Y1 are provided to summer 170 which sums the two signals to
produce the ADC output.

For a bandpass ZA ADC, each resonator 130 in MASH ADC 100 is
k - ,,—I’H
implemented with a bandpass transfer function 1+ 7", where Kk is the gain of

25 the n-th resonator 130 within loop 110 and m=1 or 2. Each resonator 130
comprises a pair of poles and is second order. Since each loop 110 contains two
resonators 130, the order of each loop is four. Overall, MASH ADC 100 is an
eighth order MASH 4-4 ADC. The transfer function N(z) within element 168 is
selected based on the characteristics of the A ADC. For a bandpass ZA ADC,

transf erydeuped Béﬂavid(e@ theianRr 110 tRAOBAHR! & %bdgcﬁéivudrpu& a Tl@@dback

30 N(z) = (1 + z—2) . Delay element 172 has a transfer function of z
The gains ki, ko, h, and G which are reflected in the scaling factors of
gain elements 142, 144, 148, 162, and 166 determine the location of the zeros of
the noise transfer function H(z). The poles in resonators 130 are transformed
into zeros in the noise transfer function H(z) because the resonators reside
35  within a feedback loop. Initially, the zeros in H(z) are selected to be at z = %j for
the bandpass £A ADC.
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by one clock cycle of the sanpling clock. The d yed error signal from
del ay el ement 200a is provided to delay el ement 200b whi ch further del ays

t he signal % one sanpling clock cycle. The signal from delay el enent 200b
conpri d&s tile olBanstpass dkesbnrtartDesign

A bandpass MASH 4-4 ADC can be designed by implem%nting

resonators 130 in MASH ADC 100 with a bandpass transfer function 1+ % as

described above. Thus, resonators 130a, 130b, 130¢, and 130d have the same
20  structure. However, the gain of resonators 130a and 130c is k1 whereas the gain

of resonators 130b and 130d is ky. Resonator 130 is illustrated in FIG. 5A.

Resonator 130 can be implemented by many resonator structures, four of which
| are illustrated in FIGS. 5B-5E. Resonators 131, 132, 133 and 134 receive the
input signal Rin and produce the output signal Rout.

25 A block diagram of an exemplary delay cell resonator 131 is shown in
FIG. 5B. The input signal Rin is provided to gain element 192 that scales the
input signal with the gain k,. The scaled Rin is provided to summer 194 that
also receives the output signal Rout and subtracts Rout from the scaled Rin.
The error signal from summer 194 is provided to delay element 200a that delays

30 the signal by one clock cycle of the sampling clock. The delayed error signal
from delay element 200a is provided to delay element 200b which further
delays the signal by one sampling clock cycle. The signal from delay element
200b comprises the output signal Rout.

A block diagram of an exemplary lossless discrete integrator (LDI)

35 resonator 132 is shown in FIG. 5C. The input signal Rin is provided to gain




A bl ock diagramof an exenplary |ossless discrete integrator (LDI)

resonator 132 is shown in FIG 5C. The input signal Rin is provi ded ltM)QRdﬁ%n
2 2 I\/ARw%p‘p,?g 1P 112/ 37686 PCT/ USO /46188 14 el enent 260 that scales the
input signal wth the gain kn. The scaled Rin is provi dBETUS'Ytfdker 262
that al so receives the scal ed out put signal Rout and subtracts the scaled
Rout fromthe scaled Rin. The error signal fromsumer 262 is provi ded to
filter 264 which filters the signal wilt4h the transfer function z-' 5 1-z-~

. The filtered error signal fromfilter 264 is provided to filter 266 that

| furth&lemenk 268 thak scalgnshe wput sigeat mitsfthe gaimddj ofihd scaled RirThe si gnal

f filt t yt , Rout ded t
el enent 268V btS STRILEE 268 Mo B ey MroxSCHlhe! DUk BigpRhRpuG B! ot
= 2 and tshibtriactszthe svabachRout fanafthe si:miedtRﬂn DhereeesnégAal fideh bemiterz-2 - By

proper s f e noi,se, nsfer fupction can be
spread i ‘r’?ﬁ?ﬁ% Pg?"énad E)ba ot%p,&%% @ghgf?lg o“fg%ﬂ W ntgFJFV‘SI&t’fr ORul er
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lggn Z gala ﬁzﬁﬂ}. &ggelésg%gtlgegagay@i%ﬁ Sut 52182a1 ?{%%t Za% bsu t}accrt]s glr(l)en an(iécsl the
15  output swnal Rout from the scaled input signal Rin. The error signal from
summer 272a is provided to filter 274a that filters the signal with the transfer
k -z -2
function 1+z" . The filtered error signal from filter 274a is provided to summer
272b that also receives the scaled Rout and subtracts the scaled Rout from the
filtered error signal. The error signal from summer 272b is provided to filter
k ez '
20 274b that filters the signal with the transfer function 1+z”. The signal from
filter 274b comprises the output signal Rout. Rout is provided to gain element
276 that scales the output signal Rout with the gain B. In the exemplary
k,*z™®
embodiment, B = 2 and the overall transfer function of resonator 133 is 1+ 2
A block diagram of an exemplary two-path interleaved resonator 134 is
25 shown in FIG. 5E. The input signal Rin is provided to gain element 280 that
scales the input signal with the gain k. The scaled Rin is provided to switches
282a and 282b which connects the scaled Rin to summers 284a and 284b,
respectively. Summer 284 also receives the delayed error signal from delay
elements 286 and subtracts the delayed error signal from the scaled Rin. The
30 error signal from summer 284 is provided to delay element 286 which delays
the error signal by one sampling clock cycle. The delayed error signal from
delay elements 286a and 286b are provided to switches 288a and 288b,
respectively. Switches 288a and 288b connect together and comprise the output




respectively. Summer 284 also receives the del ayed error signal fr@rm M

el ements 286 and subtracts the del ayed error signal from Ri n. The
30 error P Y33 r om surmer 284 is provided to del ay el en%ﬂ?“%@?*&ﬁf

delays the error signal by one sanpling clock cycle. The del ayed error
signal from delay el enents 286a and 286b are provided to swtches 288a and
288b, respectively. Switches 288a and £88b connect together and conprise
the output 2 2 MAR ?OFf- WO 02/ 37686 PCT/ USO1/46188 15 of resonator 134.
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current possi yes I f as
descri bed g‘fpﬁgfﬁ%%g{}ﬁ’é{ g%?‘re gél}:ﬁ[g ?%?&”Z%lﬁﬁs)bfoé%%gﬁ{ggﬁﬁ[gbl e 2,
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preferred FarBQHQﬂeH‘iﬂtTabﬁgionat ors 131, 132, 133

15
| Table 2 - Performance of Various Analog Circuit Techniques
analog circuit resolution accuracy speed technology
technique SNR (time constant)
active-RC yes no yes bipolar/
| CMOS
gm-C possibly yes yes BiCMOS
(with tuning)
switched yes yes yes CMOS
capacitor
switched current | possibly yes yes digital
CMOS

The implementation of the functions as described herein using any one

of the circuit techniques listed in Table 2, or its equivalents, are within the scope

20  of the present invention. In the preferred embodiment, resonators 131, 132,133

and 134 are implemented with a switched capacitor circuit technique because of
superior performance in SNR, accuracy, speed, and cost.

The design of resonator 131 using the switched capacitor circuit

technique is described in detail below. Within resonator 131, each delay

25  element 200 can be implemented by one of many analog circuit techniques. In

the preferred embodiment, delay element 200 is implemented with a double-



and 134 are inplenented wwth a switched capacitor circuit techni que because
of superior performance in SNR, accuracy, speed, and cost. The qﬁiiﬁﬁz@g
resonator 131 using the switched capacitor circuit technique is i bed

i n detaiwObeBzss Wthin resonator 131, each delay 25 el encaniusi2Q6issan be

| npl emented by one of many anal og circuit techniques. In the preferred
enbodi nent, delay elenent 200 is inplenented with a double 2 2 MAR 200 WO
02/ 37686 PCT/ USO1/ 46188 16 sanmpl i ng swijgched capacitor delay circuit 210 as
illustrated in FIG 6A. For opti mal Ilnearlty and noi se perfornmance, del ay
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shoul d haveée he mni me wi dt h
of th&0 domrmaﬂnab@wé rar dhei opetating tdeater of amphﬁer 250. In some circuit

design, the differential output Rout+ and Rout- can have a different optimal DC
bias voltage than that of the input Rin.
Delay circuit 210 samples the input signal Rin on two phases of the
switching clock. Referring to FIG. 6B, the sampling clock fs is divided by two to
25 obtain the switching clock. In the exemplary embodiment, the clock signal
CLK1 having the first clock phase @1 is provided to the switches which are
shown without the bubble (e.g. switch 224a). The dock signal CLK2 having the
second clock phase 82 is provided to the switches which are shown with the
bubble (e.g. switch 220a). Each clock signal should have a duty cycle that is less
30  than 50 percent. The minimum width of the clock signals is determined by the
charging time of the capacitors which, in turn, is determined by the size of the
capacitor and the ON resistance of the switches.
Referring to FIG. 6A, during the first clock phase @1, switches 224a and
226a are switched ON and capacitor 230a is charged with the input signal Rin+.
35 During the second clock phase @2, switches 224a and 226a are switched OFF,
switches 234a and 238a are switched ON, and the voltage across capacitor 230a
is provided to the output Rout+. Capacitor 230a is charged during the first
clock phase 81 and provided to the output Rout+ during the second clock phase



charging time of the capacitors which, in turn, is determ ned by tfze @'M;@ﬁof
the capacitor_and the ON resistance of the switches. Referring to I’—‘q g\
during t REPPHP¥P0cl ock phase el, switches 224a and 226a RE/EHIH4EHSd ON and
capacitor 230a is charged with the input signal Rint. 35 During the second
cl ock phase 02, switches 224a and 226a are switched OFF, sw tches 234a and
238a are switched ON, and the vol tage agposs capacitor 230a is provided to
t he out put Rout+. Capacitor 230a is charged during the first dock phase el
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ADC ¢ cause ation,i.n the.output. sagples. Ms ch.in the
subsegﬁent a(bé ??‘?E ”sc’ﬁ‘é\d@c{hﬁrﬁ’:im%‘gélsmﬁt ¢ ampliiar dwdng both

degr adat i op)hasémofmmmtthhh? vleek intfeasésvhs sgmplingatdts bysuclac@s off seatch in
t he capaci&/ﬁhﬁggrem?natf%h uettéo uneli/rxben cl ock phases, in the first stage
produces an'i g@ D e F’tr‘?ﬁﬁ? ?%ﬁgfp - appear at the output sanples. By
usi ng good ci r chiowelmsj goubld-ssnplihg sseipded oap&Star dnatishacaserisitivedoced to

3B of or &R B st (RS e HePetPlin g g et HFCARIRN ks
can be’ZOdesqlqugdati@nﬁnrthmopépuhmplwl ddisnpitals ém the subsequent stages is noise
shaped and does not result in noticeable degradation. Any mismatch between
the two signal paths, such as mismatch in the capacitors or mismatch due to
uneven clock phases, in the first stage produces an image of the input signal to
appear at the output samples. By using good circuit design rules, the capacitor
25 mismatch can be reduced to one percent or less, thereby minimizing the
amplitude of the image to -40 dB or more below the amplitude of the input
signal. The switching clocks can be designed to minimize uneven clock phases.
Alternatively, the first sampling stage can be clocked with a master clock,
before the divide-by-two operation to obtain the switching clocks. Clock jitter
30 can be reduced by using a clean external clock source. This topology also have
faster settling time than the single-sampled topology because of less amplifier
loading.

IV. Bandpass MASH 4-4 ADC Design
35

Referring to FIG. 4, each loop 110 comprises two resonator sections 120.
Each resonator section 120 comprises summer 128 and resonator 130.
Resonator 130 can be implemented as delay cell resonator 131 as shown in FIG.




Alternatively, the first sanpling stage can be clocked with a nastf P&% Ek
before the divide-by-two operation to obtain the swtching clocks a8l
jitter 30 can be reduced by using a clean external clock source. This
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because of less anplifier |oading. |V. Bandpass MASH 4-4 ADC Design 35
Referring to FIG 4, each | oop 110 conprises two resonator sections 120.
Each resonator section 120 conprises s#pner 128 and resonator 130.
Resonat or 130 can be inplenented as delay cell resonator 131 as shomn in
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350a. Al chnrqéjcrté to tl%ehﬁwelr{xrslg output of amplifier 350b within delay circuit 310.

20 The operation of the first signal path in circuit 300 can be described as
follows. During the first clock phase o1, switches 324a and 326a are switched
ON and capacitor 330a is charged with the input signal Vip. During the second
clock phase 22, switches 324a and 326a are switched OFF and switches 314a,
334a, and 338a are switched ON. The input signal Yxpel and the voltage across

25  capacitor 330a are scaled by the ratio of capacitors 330a and 318a (Cs/Cf) and
provided to the non-inverting output of amplifier 350a. Also during the first
clock phase @1, switch 344a is switched ON and the signal from the inverting
output of amplifier 350b is fed back, charging capacitor 318a. The voltage
across capacitor 318a is reflected at the non-inverting output of amplifier 350a

30  during the second clock phase &2.

The above discussion describes the circuit connection and operation of
the first signal path within circuit 300. An identical circuit is provided for the
second signal path which operates in the same manner as that of the first signal
path, except the switches are clocked at the alternative phase of the switching

35  clock. Thus, the input signal Vip is provided to the output of amplifier 350a on
both phases of the switching clock and results in the sampling of the input
signal at the sampling rate.




dock phase ol, switch 344a is swtched ON and the signal fromthe iz\/%ﬁréi' @Eg
out put of J,(flel’ 350b is fed back, charging capacitor 318a. The P‘ @
across capac t} ¥9318a is reflected at the non-inverting olRGRIVSUHOLSDI i fier
350a 30 durlng t he second cl ock phase 02. The above di scussi on descri bes
the circuit connection and operation of the first signal path wthin
circuit 300. An identical circuit is pro¥ided for the second signal path
which operates in the same manner as that of the first signal path, except
the switches ar @%CI%E:&@HlSaQ fuliye differentiak @mlphdsmctﬂnttchbasmt a:hpmgnaﬁdcl ock.

Thus, the § e J,ng. LS er Oa on
bot h phases o e SW 5\%‘?“@ (%gyngn res smﬂtf helogé%tﬁﬁﬂ hs Hbef el nput
signal at tlﬁéggafr’fhﬂ wppehal. WD 02137686 19 2 2 MAR 2005 PCT/ USO 1/16188

Circuit 300 is gjfdsid 300%&1@@%%@%8&61]%1&\); suf%%l]érdfﬁt ngxﬁLa He‘i#'lt‘)f and

provi deﬂ‘ for the I nyerting I nput S|g]? cifcurt 300
i's the i r PgnmerdHe(sse hlks. d@pdr5thal Fhe fyncmrt OGSJGII\mﬂIIl%els prowidachbyi ons

of summer axzﬁchgaaw ﬁhé'm@twl%%ﬁ’coﬁﬁé’cts ﬁhéa es 3315 fgggﬁ% ﬁ{&oﬁ@ The

function of supmmer nnects

[ OVI
the out put CARCLRES §éécﬁ4ﬂi ég&asﬁseﬂé*ﬁ@{x tl“:he vabage t‘ézpls 18§tpraddreqa:>amtor
respecti VeBlBa doeingotiagesivaack Huser#id aha éi.?&?é‘dté&rfroétlﬁ‘% %lfth%@ dthgpfir st

cl ock phas d subtracted from.t | tage a during t econd dock
phase 02. & tﬁESﬂn%Ff%Cgrﬁ’Eﬁsef’SBhﬁée @FI gymmerc2siis psevistes Byid 314
t hat cmmemtth@s gL2ahdzerd s Ruhnk&@ @@W@aﬁtm& &aguamg ca 88 torseImBeahd Vel y.

The quanti out r ovi paci t 330a during the
second cl o%:ﬁi %{-‘é’f %ngﬁgsquég‘gléﬁr PH ‘3 8@9295 Vﬁovﬁé’ﬁa eRasier 310
is identi céﬁﬂatdmd:e & alge seamdjdlorﬂdphasaﬂ.ﬁld ﬁ;ﬁachinil Rptieatdmgel VHﬂe same

manner as that f | a 1S reul Y circuit 15 310
del ays the out pﬁ?‘. %;r%l%gglt Igl(i:)'ls.l)l l%gécﬂf} &/%yprgwttzglﬁ lﬂgﬁg gékalwlé’lpg g one
sanpl i ng cinothie sayee enarfies agithpudescribad abplve fioe deB50braahplo. sE)aletWetramt put of

¥ ﬁﬁ??f‘%ﬂrff%”mag aéf (Ee TR0 R Ay M SRR AR BRIGERNED ¢ om
Yxpol to \VEWPplng Kkigck cyde Th e@umbﬁ(:@na@mpélﬁem%ummmsasﬁhequstput pér
out put fr ofEshbRStokick@tit®e1= 1) or second (x = 2) loop, p or n

Resonator circuit 121 has the following transfer function from Vip to Vop

20

cC 7
H (7)== e
x(2) C, l+z°

(3)

The transfer function from Yxpel to Vop is -Hg(z). In this nomenclature, Yx

denotes the quantizer output from the first (x = 1) or second (x = 2) loop, p or n
25  denotes a (+) or (-} signal, and &1 or &2 denotes the clock phase of the quantizer
output. The voltage gain from Yxpeol to Vop is -Cs/Cf, the ratio of capacitor
330a to capacitor 318a. Thus, the gain of gain element 192 can be set as
kn=Cs/CH.
Having implemented each resonator section 120 with resonator circuit
30 121, MASH ADC 100 in FIG. 4 can be implemented as an eighth order bandpass
MASH 4-4 ADC 101 as shown in FIG. 8. Each resonator section 120 in FIG. 4 is
replaced with double-sampling switched capacitor resonator circuit 121 in FIG.
8. Within resonator circuit 121, the feedback from delay circuit 310 to circuit
300 is not shown for simplicity. Also, note that noise cancellation logic 160 in
35 FIG. 4is not shown in FIG. 8 for simplicity.
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be 15 incor ted CUI 300 I,fy the circuit design.
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digital S|gn s val'ues are sel ected
for thefuaition of ﬁ&dd_ar@vﬁd g@n@lﬁmem 150 canx be caiculated as X2 =AvleV2-

Av2eY1, where Avl =1/kjkoG and Av2 =h/G.
20 The gains k1, ko, h, and G of bandpass MASH 4-4 ADC 101 are selected

for optimal SNR and ease of circuit implementation. Using mixed analog and
digital design simulation tools, the following exemplary values are selected for
the gains :

25 [k, =05 k,=05, k=2, G=4]. (4)

Other values for gains ky, ko, h, and G can also be utilized and are within the

scope of the present invention.  Using the gain values as shown in equation
(4), and an oversampling ratio of 32, the SNR versus input signal level is plotted

30 inFIG. 9. The peak SNRK surpasses 90 dB.
A schematic diagram of an exemplary feed-forward gain circuit 151,
which in conjunction with circuit 300c implements feed-forward gain element
150, is illustrated in FIG. 7B. The quantizer outputs Y1pa2, Yipel, Yinel, and
Y1ne2 from quantizer 141a (see FIG. 8) are provided to switches 372a, 376a,
35 376b, and 372b, respectively. Switches 372a, 376a, 376b, and 372b connect to
one end of capacitors 380a, 382a, 382b, and 380b which are connected to node
Va, Vb, V¢, and Vd within resonator circuit 121 in FIG. 7A, respectively. The

o
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cascadg t he desti Qﬁl\ and i Ierre i on of which
20 nthe exemplary emb o iment, noise cancellation circuit 166 in FIG. 4 is

implemented in digital logic. For an eighth order bandpass MASH %A ADC,
delay element 172 has a transfer function of z* and can be implemented with

four D flip-flops connected in cascade, the design and implementation of which

are known in the art. The transfer function of element 168 is N(z) = (1 +z_z)
25  which can be implemented with two summers and four sets of D flip-flops, the
implementation of which is also known in the art.

As stated above, double-sampling switched capacitor circuits are
sensitive to path mismatch. However, path mismatch in the stages subsequent
to the first sampling stage is noise shaped and does not cause a noticeable

30 image. Referring to FIG. 8, within delay element and summer circuit 300a,
which is illustrated in FIG. 7A, only the input sampling capacitors 328 and 330
are sensitive to mismatch in capacitor values and only input sampling switches
320, 322, 324, and 326 are sensitive to uneven clock phases of the switching
clocks. Path mismatch can be minimized by the use of circuit design techniques

35 described below.

Referring to FIG. 3D, bandpass MASH 4-4 ADC 101 provides noise
shaping of the quantization noise such that the spectral components around
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section O resona Clrcui rovi ded to
switch resonators 132, 133 and 134 Other 1mplementat10ns utlhzmg the circuit

20 techniques listed in Table 2 are within the scope of the present invention.

An implementation of delay cell based resonator 132 using single-
sampling switched capacitor circuit is shown in FIG. 10A. Within the first
section of LDI resonator circuit 402, the input signal Vip is provided to switch
414a. Switch 414a connects to one end of capacitor 422a and switch 418a. The

25  other end of capacitor 422a connects to switches 424a and 426a. Switches 418a
and 424a also connect to AC ground 202. Switches 426a and 430a and one end
of capacitor 436a connect to the inverting input of amplifier 450a. The other
end of capacitor 436a connects to switches 440a and 444a. Switch 440a also
connects to AC ground 202 and switch 444a also connects to the non-inverting

30  output of amplifier 450a. Switch 430a also connects to switch 432a and one end
of capacitor 434a. The other end of capacitor 434a connects to switches 438a
and 442a. Switches 432a and 438a also connect to AC ground 202 and switch
442a also connects to the non-inverting output of amplifier 450a.

A second section identical to the first second is connected in cascade with

35 the first section. The output of the second section is fed back fo the first section.
The inverting output of amplifier 450b connects to switch 412a. Switch 412a
also connects to switch 416a and one end of capacitor 420a. Switch 416a also
connects - to AC ground 202. The other end of capacitor 420a connects to




414a. Switch 414a connects to one end of capacitor 422a and switch 418a. The
25 ot her .gapacitor 422a connects to switches 424a a bes
418a andwﬂgguﬂf?mﬁso connect to AC ground 202. Switches 426§8§ﬂ§’ ﬁl?fdg aﬂngﬂ one
end of capacitor 436a connect to the inverting input of anplifier 450a. The
other end of capacitor 436a connects to switches 440a and 444a. Switch 440a
al so connects to AC ground 202 and swit¥h 444a al so connects to the

non-i nverti ngﬁfj1 out put of anplifier 450a. Switch 430a al so connects to
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swi t ches 4%&”—5@ 436a. LDl resonator circuit 402 is a fully differential

circuit. The lower half of LD resonator circuit 402 is a mrror inage of
t he upper half The output of anplifier 450b conprises the output of

resonat or 5t 402. kDI resqnator circuit 402 is clocked at the sanpl i ng
frequency. Sf_te(szo_ngs,or+ Pdeuit 402 has a resonant frequency thdt is a
function of—the—senptng—+egency and the capacitor ratios. The transfer

functiap of LDI resonator circuit 402 is : HA (z) = 2Z-1(5) 10
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end of capagthR'403, the input signal Vip is provided to switch 472a. Switch 472a
connects to one end of capacitor 476a and switch 474a. The other end of
capacitor 476a connects to switches 478a and 482a and one end of capacitor

20 480a. Switches 474a and 478a also connect to AC ground 202. Switch 482a also
connects to the inverting input of amplifier 490a. Capacitor 484a connects to the
inverting input and the non-inverting output of amplifier 490a.

A second section identical to the first section is connected in cascade with
the first section. The output of the second section is fed back to the first section.

25 The inverting output of amplifier 490b connects to switch 488c. Switch 488¢
connects to switch 486c and the other end of capacitors 480a and 480c. Switch
486¢ also comnects to AC ground 202. FE resonator circuit 403 is a fully
differential circuit. The lower half of FE resonator circuit 403 is a mirror image
of the upper half. The output of amplifier 490b comprises the output of

30  resonator circuit 403.

FE resonator circuit 403 is clocked at the sampling frequency. FE
resonator circuit 403 has a resonant frequency that is a function of the sampling
frequency and the capacitor ratos. The transfer function of FE resonator circuit
4031s:
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Switch 522a also connects to the non-inverting input of amplifier 550. Switches
526a and 528a also connect to one end of capacitors 530a and 532a, respectively.
The other end of capacitor 530a connects to switches 536a and 542a. The other
20 end of capacitor 532a connects to switches 538a and 544a. Switches 536a and
538a also connect to AC ground 202 and switches 542a and 544a also connect to
the non-inverting output of amplifier 550. Resonator circuit 502 is a fully
differential circuit. The lower half of resonator circuit 502 is a mirror image of
the upper half. The output of amplifier 550 comprises the output of resonator
25  circuit 502.

Resonator circuit 502 is clocked at the sampling frequency. Resonator
circuit 502 has a resonant frequency that is a function of the sampling frequency
and the capacitor ratios. The advantage of resonator circuit 502 is that only one
amplifier 550 is required for two delays. The disadvantages are the needs for

30 eight clock phases and the need to operate resonator circuit 502 at the sampling
frequency. The required clock signals for resonator circuit 502 are shown in
FIG. 10D. The transfer function of resonator circuit 502 is :

-2

C. z
e S . 7
Hyp(2) = C, l+z° (7)
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Resonator circuit 503 is clocked at half the sampling frequency.
Resonator circuit 503 has a resonant frequency that is a function of the sampling
frequency and the capacitor ratios. Resonator circuit 503 has a fast settling time.
However, because of the two independent paths, path matching is more

25  difficult to maintain. The transfer function of resonator circuit 503 is

-2

Hyp(2) =

(8)

1+z

VL. Multi-Sampling Bandpass Resonator Design
30

The double-sampling switched capacitor bandpass resonator circuit of
the present invention can be further expanded to multi-sampling resonator
circuits. A schematic diagram of an exemplary quadruple-sampling switched
capacitor resonator circuit 802 is illustrated in FIG. 10G. FIG. 10G only

35 illustrates the upper half of resonator circuit 802. The lower half, to which the

Vin of the differential input is applied, is identical to the upper half and not
shown for simplicity.

S



20 on the alternative clock phases. Resonator circuit 503 is ClOCk€2A@§zmﬁlf
the sanpling frequency. Resonator circuit 503 has a resonant freq

is a function of the sanpling frequency and the capacitor ratios. Resonator
circui WGEB7Ms a fast settling tine. However, becauseP6ET/USHE4¢Nb
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the inverting output of amplifier 850a is fed back, charging capacitor 828a. The

voltage across capacitor 828a is reflected at the non-inverting output of
20 amplifier 850a during the third clock phase #3. The non-inverting output from
amplifiers 850a and 850b comprises the outputs Vop13 and Vop23, respectively,
which are provided to the next resonator section.
The other three signal paths are connected in similar manner as shown in
FIG. 10G. The other three signal paths also operate in similar manner as the
25  first signal path. However, the switches in the other three signal paths are
switched with switching clocks having different phases as shown in FIG. 10H.
Thus, each switch in resonator circuit 802 is switched ON and OFF every four
sampling clock cycles. This allows amplifiers 850 more time to settle to the final
value. Viewed in another way, an amplifier having a specified performance can
30 be used to implement a A ADC which is effectively sampled at four time the
switching frequency. However, path mismatch due to mismatch in capacitor
values, uneven clock phases of the switching clocks, and amplifier mismatch
can cause images to appear the ADC output.

35 VII. Other Considerations

Double-sampling switched capacitor circuits for the ZA ADC of the
present invention are sensitive to path mismatch which can result from
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of 220,z and g133pI{BE {Ahe I(Jjgesent invention has been described in detail for a

bandpass MASH 4-4 A ADC which is implemented with double-sampling

switched capacitor circuits. The circuit design techniques described above can

also be applied to a single-loop ZA ADC architecture which is shown in FIG. 1.
Thus single-loop A ADCs are within the scope of the present invention.

25 A baseband ZA ADC can be designed by implementing the filters in
FIGS. 1-2 with a lowpass filter. For example, a baseband MASH 2-2 ADC can

be designed by substituting resonators 130 in FIG. 4 with integrators having the

z-—l

lowpass transfer functionl =z™ . Thus, baseband single-loop and MASH ZA
ADCs are within the scope of the present invention.

30 The filters in the ZA ADCs of the present invention can be implemented
with various analog circuit design techniques, including active RC, gm-C,
MOSFET-C, switched capacitor, and switched current. Furthermore, the
switched capacitor and switched current circuits can be single-sampling,
double-sampling, or multi-sampling designs.

35 Therefore, the various combinations and permutations of bandpass and
baseband A ADC implemented with single-loop and MASH architectures
which are synthesized with active RC, gm-C, MOSFET-C, switched capacitor, or
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ADC t 0 beekkictdab be@hcym;aaif thiedin dyHawd derdisadted svhat high dynamic range is not
required. In addition, the XA ADC can be designed to allow for adjustment of

the bias current based on the signal level of the ADC input and the required
20 performance.

In the exemplary embodiment, the XA ADC provides 12-bits of
resolution. This design anticipates the worse case signal level into the £A ADC.
For CDMA applications, approximately 4-bits of resolution is needed for the
desired signal (e.g. the CDMA signal) and the remaining 8-bits of resolution are

25 reserved for spurious signals of large amplitude (or jammers) and for AGC
control. In the exemplary embodiment, the 12-bits of resolution is provided by
a two-loop MASH 4-4 architecture. Referring to FIG. 4, loop 110a provides high
dynamic range and a low noise floor. Loop 110b provides additional dynamic
range but has a slightly higher noise floor than loop 110a. The lower noise floor

30  of loop 110a is the result of having larger capacitors and biasing the amplifiers
within loop 110a with higher bias current.

In the present invention, each loop can be selectively disabled, based on
the signal level of the ADC input and the required performance, to minimize
power consumption. Furthermore, the bias current of the amplifier within each

35 resonator 130 can be adjusted based on the signal level of the ADC input and
the required performance. When high dynamic range is required, the ADC
input is provided to loop 110a, the bias current of all amplifiers is set high, and
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example, the bias current of the amplifier within resonator 130a can be

decreased from 6 mA down to2 mA and the bias current of the amplifier within
resonator 130b can be decreased from 4 mA down to 2 mA. Similarly, the bias

25  current for the amplifiers within loop 110b and be decreased accordingly when
high dynamic range is not required.

Adjustment of the amplifier bias current can be performed
independently of the disablement of the loops, or can be performed in
conjunction with the disablement of the loops. In fact, analysis and

30 measurements can be performed to ascertain the dynamic range of various
configurations of the £A ADC. Then, based on the required dynamic range, the
$A ADC can be configured accordingly. The various methods used to configure
the ZA ADC to minimize power consumption are within the scope of the

| present invention.

35 In the exemplary embodiment, the required dynamic range can be
estimated by measuring the power level of the desire signal (e.g. the CDMA
signal) and the power level of the ADC input. The power level of the ADC
input can be measured by a power detector. The power detector can be
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Many challenges arise in designing such control mechanism. First, for a
20 ZA ADC that is used in a receiver of a communications device, the amplitude of
the input signal is typically very small, even after the signal conditioning (e.g.,
low noise amplification, and so on). In fact, for a cellular application, the input
signal amplitude can be as small as 30 mV peak-to-peak or less. Thus, a
" detector within the control mechanism should be able to accurately measure a
25  small amplitude input signal.

Second, for a £A ADC that is used as a bandpass sampling converter, the
input signal is centered at IF and can have high frequency components. For a
specific COMA application, the input signal can have frequency components as
high as 240 MHz or more. To avoid attenuating high frequency components,
30 the detector can be designed with components (e.g., switches, transistors, and
so on) having large dimensions, which can provide low loss at high frequency.
However, large-sized components increase die area and cost. Higher operating
frequency also typically requires larger amounts of bias current, which is

undesirable in portable applications such as cellular telephone.
35 Third, the ADC input signal is typically buffered by an amplifier or a
buffer that can introduce a DC offset to the signal. The DC offset can be a large
percentage of the input signal amplitude. For example, ant input signal having
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1122a noise shapes and quantizes the signal in the manner described above and
provides the processed signal to the second A stage 1122b. =a stage 1122b
further noise shapes and quantizes the signal and generates the output data
samples. The outputs from =A stages 1122a and 1122b may be combined by a
25  noise cancellation circuit (not shown in FIG. 11) for a multi-loop A ADC.
Within control circuit 1110, the modulator input signal is also provided
to a detector ZA stage 1112 that also noise shapes and quantizes the signal to
generate a detected signal. The detected signal is then provided to a
conditioning circuit 1114 that conditions and quantizes the signal to generate
30  digital samples. The signal conditioning may include, for example, signal
amplification, filtering, comparison, and so on. The samples are provided to a
signal processor 1116 that further processes the samples to generate a control
signal. The control signal is used to selectively enable and disable A stage
1122a, and may also be used to selectively enable and disable A stage 1122b (as
35  shown by the dashed line). A reference generator 1118 can be included within
control circuit 1110, and is used to provide one or more reference voltages to ZA
stages 1122, detector XA stage 1112, and conditioning circuit 1114. The elements
of control circuit 1110 are further described below.
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I n accordance W th" an” &spect e 1 nvent ] ammer's re det ected by
level, one or more large amphtu e jarmers are presumed to be present in th

input signal. Both ZA stages 1122 are then enabled to provide high dynamlc

range such that the required SNR is maintained. Specifically, the high dynamic

range allows ZA ADC 1120 to quantize the desired signal with the required
25 SNR even in the presence of large amplitude jammers.

As noted above, each XA stage 1122 can be a loop of a multi-loop ZA

ADC or a filter section of a multi-section TA ADC. The XA stages can be

implemented with different orders (e.g., a fourth order in cascade with a second

order). In a specific embodiment, each ZA stage 1122 is a second order lowpass

30  modulator for a baseband ZA ADC and a fourth order bandpass modulator for

a bandpass XA ADC. When the ZA stages are the same order, the second XA

stage 1122b can be implemented as a “shrunken” replica of the first ZA stage

1122a, as described above. The first ZA stage 1122a can be designed with larger-

sized components (e.g., switches, capacitors, and so on) and biased with greater

35 current to provide enhanced noise performance, when enabled. The second ZA

stage 1122b can be designed with smaller-sized components and biased with

less current since high dynamic range is not required when the input signal
amplitude is larger.
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1222¢ are enabled when medium dynamic range is required, and all three stages
1222a through 1222c are enabled when high dynamic range is required. Stages
1222a and 1222b include MUXes 1226a and 12226b, respectively. Each MUX
1226 selects either the processed signal or the bypassed signal and provides the
25  selected signal to the output of the stage. The bypassed signal is selected when
the stage is disabled.
Each stage 1222 can be implemented independently from other stages.
For example, for a ZA ADC, each stage 1222 can have a different order. In a
specific embodiment, each stage 1222 is a second order lowpass modulator for a
30 baseband XA ADC and a fourth order bandpass modulator for a bandpass A
ADC. In this embodiment, stage 1222b can be implemented as a shrunken
replica of stage 1222a, and stage 1222¢ can be implemented as a shrunken
replica of stage 1222b.
As shown in FIG. 12, within control circuit 1210, the buffered signal is
35 provided to two detection paths. In the first detection path, a low performance
detector stage 1212a processes the buffered signal and provides a first detected
signal to a conditioning circuit/signal processor 1214a. Circuit/processor 1214a
conditions, quantizes, and further processes the detected signal to generate a




10 possibly bypassed). An exanple of such nulti-stage circuit is ap? Mpégggt;
anplifier having a set of cascaded anplification stages. As shown in Fl

12, within nulti-stage circuit 1220, the input signal is provided to a

buf fer (MBUR3TGER4 that buffers the signal. The buffered &CHABPI/MLSES provi ded
to a high performance stage 1222a that is enabl ed when high 15 performance
(e.g., high dynamc range) is required. The output fromstage 1222a is
provi ded to a nedi um perfornmance stage34222b that is enabled when nedium
performance (e.g., nmediumdynam c range) is required. The signal from stage
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the 20 Similarly, high performance stage 1222a is controlled by the second control

signal from the detection path that includes the replicas of the low and medium
performance stages 1222a and 1222b. In an embodiment, the detector stage(s)
in each detection path measure the amplitude of the buffered signal.
In an embodiment, the stages in the signal path are enabled based on the
25  detected signal amplitude (e.g., to provide higher dynamic range when the
signal amplitude is large). For example, stages 1222a through 1222¢ can be
enabled if the input signal amplitude is greater than a first signal level, stages
1222b and 1222c can be enabled if the input signal amplitude is between the
first signal level and a second signal level, and stage 1222¢ can be enabled if the
30 input signal amplitude is less than the second signal level. The stages can also
be enabled based on other detected signal characteristics, and can also be
enabled in different order and configurations.
FIG. 13 shows a simplified block diagram of a specific embodiment of a
control circuit 1310 for controlling a multi-stage circuit 1320. Similar to multi-
35  stage circuit 1220, multi-stage circuit 1320 can be a multi-loop ZA ADC, a multi-
section ZA ADC, or other circuits having multiple stages that can be selectively
enabled and disabled {and possibly bypassed). Each stage (possibly with the
exception of the last stage 1322n) includes a MUX 1326 that selects either the



detected signal to generate a second control signal that is used tg MAR 7003
sel ectively, ,2#pphl e and di sabl e high performance stage 1222a. 10 In an
embodi ment, each of | ow performance detector stages 1212a SREUSEHIDSS| s

I mpl enent ed as a replica of |ow performance stage 1222c, and nedi um
performance detector stages 1212b is inplenented as a repl I ca of nmedium

per f ormance stage 1222b. The replicas cadSbe inpl enented using smaller-sized
conponents and can al so be operated using |l ess bias current. 15 In the
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, and this is
within the scope of the invention. For example, the first stage (instead of the
last stage) can be enabled at all times.

25 Within control circuit 1310, the buffered signal is provided to a set of one
or more detector stages 1312. Detector stage(s) 1312 process the buffered signal
and provide a detected signal to a conditioning circuit 1314 that conditions and
quantizes the signal to generate digital samples. The samples are provided to a
signal processor 1316 that processes the samples and generates a set of control

30  signals. The control signals are used to selectively enable and disable the stages
of multi-stage circuit 1320. A reference generator 1318 can also be included
within control circuit 1310 to provide one or more reference voltages to stages
1322, detector stage(s) 1312, and conditioning circuit 1314.

In an embodiment, each of detector stage(s) 1312 in the detector path is

35 implemented as a replica of a stage 1322 in the signal path. Again, the replica(s)
can be shrunken to reduce die area and can also be operated with less bias
current to conserve power.



stage 1322a. Each stage 1322 processes the signal and provides the ppogasgsd
signal to a subsequent stage. The output fromthe n-th stage 1322n conpri ses
the output fromcircuit 1320. In an enbodi nent, each stage (again, possibly
wi th th¥®@exspti on of the 10 |ast stage 1322n) can be s@&C@diSovidés enabl ed
and di sabled. A sufficient nunber of stages is enabled to provide. the
requi red performance (e.g., the required dynam c range or the required
SNR), and remai ning stages are disableggto conserve power. In a specific
enbodi ment, the highest dynamic range is provided when all stages are
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modulator. For example, the components of detector stage 1412 can be

implemented at one tenth of the size of the components in XA stage 1122a. In

another embodiment, detector stage 1412 is a lower order (e.g., second order)

modulator, which may be adequate for detecting the input signal amplitude

25  while utilizing less complex circuitry. Detector stage 1412 noise shapes and

quantizes the input signal in similar manner as the ZA stage it replicates. The

differential output, Op and On, from detector stage 1412 is provided to
conditioning circuit 1414.

Generally, a 2A modulator’s analog output amplitudes are indicative of

30 its input signal level. For some designs, the ZA modulator has tendency to

become unstable as the input signal amplitude exceeds the reference voltage. In

fact, it can be shown that the A modulator’s analog output amplitudes grow

significantly as the input signal amplitude exceeds the reference voltage (i.e.,

the peak-to-peak signal amplitude exceeds the difference between the high and

35 low reference voltages). When the ZA modulator becomes unstable, the

standard deviation of its analog output signal is much larger than that of the ZA

modulator when it is stable. In accordance with an aspect of the invention,




S receive and process the input signal (e.g., the nmodulator input gianel Iy
from buffigr.hlgd in FIG 1). Signal processor 1416 provides the control
signal that is Used to enabl e/ disable one or nore stages Tf/YSHHHE st age
circuit. Areference generator 1418 couples to detector stage(s) 1412 and
conditioning circuit 1414 and provides the necessary reference signals to
these circuit elements. 10 For clarity, 3ontrol circuit 1410 will now be
described for used in conjunction with the specific two-stage YEA ADC.
desi gn showhedencia@etetistics rara uspledetdat twbasiplitnde of- theARGAUZR st ei ght
order band INASH 4-4 ADC, and each ZA, stage 1122 conprises a fourth
order bandp modul ator. As noted above, TA stage 1122b provides a
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characj;&rl tics i;\re us?ck etect _th [itude o at or
si gnal * e amplitude of the input sign 1ncreases past a normalized value of 1.5. The

plots 15a through 15k in FIG. 154 indicate that higher frequency components
are filtered by the ZA modulator. The lowpass characteristic of the ZA
- modulator reduces the impact due to high frequency components.

In the embodiment shown in FIG. 14, conditioning circuit 1414 includes a

25 comparator 1438 that compares the detected signal from the detector stage
against a comparison signal (or a voltage) and pfovides the comparison result

to signal processor 1416. Within conditioning circuit 1414, the outputs, Op and

On, from detector stage(s) 1412 are provided to one end of switches 1432b and
1432¢, respectively. Comparison voltages, Vo, and V. . are provided to

30 one end of switches 1432a and 1432d, respectively. The other ends of switches
1432a and 1432b couple together and to one end of a capacitor 1434a, and the
other ends of switches 1432c and 1432d couple together and to one end of a
capacitor 1434b. The other end of capacitor 1434a couples to one end of a
switch 1436a and fo a non-inverting input of comparator 1438. Similarly, the

35 other end of capacitor 1434b couples to one end of a switch 1436b and to an
inverting input of comparator 1438. The other ends of switches 1436a and
1436b couple to an input common-mode voltage V,,, which is the mid-scale or
common-mode voltage of the detector outputs, Op and On. Switches 1432b,



FIG 15A shows a graph of the standard deviation of the detected sipn 0[15
fromdetector stage 1412 versus input signal anplitude. FIG 15A i ncF a
set 5 of plots for various input signal frequencies. In FIG 15A, the

st andawd) €76t i on on the vertical axis and the input sPGRAS!EMEN t ude on
the horizontal axis are normalized to the detector reference voltage (i.e
V,,ECr and VDEC Nin FIG 14). Wen the frequency of the input signal
(e.g., 0.58 MHz) is within the bandvxggjth of the EA nodulator (e.g., 0.70
MHz), as exenplified by a plot 1510a, 10 the standard deviation of the

detected signal increases. sharp ein e.approaches
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density shown by plot 1520b when the input signal has an amplitude of

where A? is greater than Al. As shown in FIG. 15B, the density distributions

are approximately Gaussian, and the standard deviation of the Gaussian

distribution increases with larger input signal amplitude. When the detected

25  signal exceeds the comparison voltage Vg, as indicated by shaded areas 1524a

and 1524b, the conditioning circuit outputs a one. The comparison voltage thus

affects the percentage of ones and zeros from conditioning circuit 1414. By

decreasing the comparison voltage, the percentage of ones increases, and a

faster control mechanism may be obtained. Alternatively, by increasing the

30 comparison voltage, a more accurate detection may be obtained, which may

reduce the likelihood of false detection. The distribution bi-nodal when the 2A
modulator oscillates.

In an embodiment, signal processor 1416 receives the digital samples

from comparator 1438 and counts the number of ones within a particular time

35 period. As shown in FIG. 154, the comparison voltage Vg, can be expressed

on the vertical axis. The number of ones (i.e., the number of times a particular

plot exceeds V) is small when the standard deviation of the detected signal




1432c, 1436a, and 1436b are controlled by a clock signal having a f?rzst 2005

clock p 4 and switches 1432a and 1432d are control |l ed b ock
si gnal h?@?ﬁg%g second cl ock phase 4)2. During the first Pﬁ?gé@gﬁg@g 01,

swi tches 1432b, 1432c, 1436a, and 1436b 5 are closed and the outputs Op and
On fromdetector stage 1412 charge capacitors 1434a and 1434Db,

respectively. During the second clock pRdse 02, switches 1432a and 1432d
are dosed and the voltage captured on capacitors 1434a and 1434b are

respect i velsphalowpheetragaiistst volegeVgh, and i tawge edtiqpattiespandald dgsatioCo, , a,
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t he di git atatekated a2 parisenlaveparatabne.1438 and counts the number of ones

within a partici & ebdBBinantPEERA0proRBssh ‘4@6%8@&1%5 &%r%ﬁﬁ% ERAH Son
voltage V," can gg%ﬁgﬂres?ed on~t he vertical axis. e nunmber of ones (i.e.,

the nuAtberd 69\ fadt thegoant vaiug exseees the smuntythresheldh(a-g.mAK0 e
standard dgecHld RRpRiméiiatidal, ket ptit Bighal NBRERIO BOd8fned to be greater

than a particular percentage {e.g., 95%) of the detector reference voltage V..,

and the control signal is configured to enable one or more additional ZA stages
in the XA ADC.

25 Signal processor 1416 can be implemented with an accumulator that
counts the number of ones from comparator 1438 and is reset at the start of each
counting interval. The accumulator value at the end of the counting interval is
compared against the count threshold. If the accumulator value exceeds the
count threshold, the detector stage is presumed to be in oscillation and the

30 amplitude A, of the detector input signal is deemed to have exceeded a
particular percentage of the detector reference voltage V.. (e.g.. A, > 095
Voec)-

The counting interval can be adjusted based on system requirements.
Generally, a longer counter interval provides increased accuracy. However, a

35 shorter counting interval can provide a faster response time.

In an embodiment, the XA stages are enabled and disabled based on the
detected input signal amplitude. If the detected input signal amplitude exceeds
an particular signal level, high dynamic range is required and additional XA




2 2 MAR 2005 PCT/ 11501 /46188 is bel ow the conparison voltage Vco, .and. is

| arge when the standard deviation of the detected signal exceeds tlaef MAR 2005
conparison voltage V., FIG 15C shows a graph of the count val ue from signal
pr ocessW 28T@6 ver sus detector input signal anplitude. FCGUSLE@I8SIC| udes a
set of plots 1530a 5 through 1530k for various conparison voltages V,0,. As
not ed above, the digital sanples fromconditioning circuit 1414 are provided
to signal processor 1416 that counts j4ghe nunber of ones within a particular
time period. The nunber of ones increases noticeably as t he input si gnal
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faster respo an enbodi nent, the Za sta are enabl e
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i npubgsi gRabliRiAY idnddellexseedstages may be enabled to provide the required

performance. If the count value is Jow for the low detector reference voltage,

the input signal has a small amplitude and one stage may be adequate to

provide the required performance. The remaining stages may then be disabled

to conserve power. And if the count value is low for the high detector reference

25 voltage but high for the low detector reference voltage, the input signal has a

medium amplitude and two stages may be enabled. The high and low detector

reference voltages can be selected to correspond to signal levels at which the
stages are enabled/disabled.

In another embodiment, the input signal amplitude can be determined

30 by adjusting the gain of the detector stage. The detector stage can be designed

with multiple gain settings. The gain settings can correspond to, for example,

the levels at which the stages in the multi-stage circuit are to be

enabled /disabled. For example, for a three-stage circuit, the detector stage can

be designed with two gain settings (e.g., a high and a low gain setting). If the

35 count value is high at the low gain setting, the input signal has a large

amplitude and all three stages may be enabled to provide the required

performance. If the count value is low at the high gain setting, the input signal

has a small amplitude and one stage may be adequate to provide the required
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 stage(s) are used to measure a particular signal characteristic (e.g., signal
amplitude). The measured signal characteristic is then used to control the
signal stages. The multi-stage circuit can be, for example: (1) an amplifier

25 having multiple gain stages, (2) a power amplifier having multiple output
drivers (e.g., coupled in parallel), (3) an active filter having multiple filter
sections, and other circuits. The signal stages can be coupled in series or in
parallel, or a combination thereof. The detector stages are typically coupled in a
similar configuration as the signal stages.

30 The control mechanism described above provides many advantages.
The detector stage receives the same input signal that is provided to the multi-
stage circuit. Extra circuitry is not required to generate a signal especially for
the control mechanism. In addition, the control mechanism described above is
particularly advantageous when used for controlling a A ADC. These

35 additional benefits are described below.

First, the detector stage models the signal stage that is enabled and
provides a measurement that more accurately indicates the actual amplitude of
the input signal. As note above, the A modulator filters the input signal such



anplitude and all three stages may be enabled to provide the requi ri(%
performance. If the count value is low at the high gain setting, WJI””S
signal has a small anplitude and one stage nmay be adequate to provide the
requi rvéd OVEY6842/ 37686 41 2 2 MAR 2005 PCT/US01146188 RGWo¥AABE. And i f
the count value is low at the I ow gain setting but high at the high gain
setting, the input signal has a nedium anplitude and two stages may be
required. The high and | ow gain settiargs can thus be selected to correspond
to signal levels at which the stages are enabl ed/di sabled. 5 For clarity,
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circuit w1§9(tcpg1qu£g\jﬁ CF‘Bﬂaf NSOPRH 8feBially for
20 fraction of those of the stage in the signal path. For example, the scaling for the

detector stage can be a tenth of the size of the stage being replicated.

Third, the detector stage can be operated at a fraction of the bias current
of the stage its replicates. The detector stage is generally used to detect signal
amplitude, and high dynamic range or high SNR is typically not required. The

25  bias current for the detector stage can thus be substantially reduced.

Fourth, the detector reference voltage V. can be adjusted (e.g., in small
and accurate increments) to allow for accurate determination of the input signal
amplitude, if necessary or desired. Accurate detector reference voltages can be
readily generated using, for example, a bandgap reference and a DAC in a

30 manner known in the art.

Fifth, the comparator in the conditioning circuit can be designed to
detect large signal amplitudes from the detector stage rather than the small
amplitude of the input signal. The detected signal from the detector stage
typically has several hundreds of millivolts of peak-to-peak swing when the

35  detector is driven unstable. The comparator reference voltage V,, can thus be
set at a much higher level (e.g., one half volt differential) rather than the small
(e.g., 30 mV) differential level of the input signal being measured. The large
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pat h. For fexaimes disddeeddeating for the detector stage can be a tenth of the
size of the stage being replicated. Third, the detector stage can be
operated at a fraction of the bias current of the stage its replicates. The
detect or sWag€LIAdMeneral |y used to detect signal anplitude, and high
dynam c range or high SNRis typically not required. The 25 bias current
for the detector stage can thus be substantially reduced. Fourth, the
detector reference voltage VR can be adjusted (e.g., in snmall and accurate
increnments) to allow for accurate determ nation of the input signal
anplitude, if necessary or desired. Accurate detector reference voltages can
be readily generated using, for exanple, a bandgap reference and a DACin a
30 manner known in the art.



Fifth, the conparator in the conditioning circuit can be designed to detect
‘large signal anplitudes fromthe detector stage rather than the snel} MAR 2009
anplitude of the input signal. The detected signal fromthe detector stage
typically has several hundreds of mllivolts of peak-to-peak swi ng when the
35 detector is driven unstable. The cddAparator reference voltage V. can thus
be set at a nuch higher level (e.g.,, one half volt differential) rather
than the small (e.g., 30 nV) di ff FEAMMS | evel of the i nput signal being
measured. The large 2 2 MAR 2005 WO (12/37686 43 PCT/USQO 1/ 46188 conpar at or
reference vol tage enables a control circuit design that is nore tolerant to
of fset iln t he\ dfth e6hwdrsioh ageuibtinpriing:ef erence generator. Sixth, for a
bandpass EA ADC, the detector stage al so downconverts the: |F input signal
to baseband @rsignadelta anplegriqpdigital coguerieri (@4 APR) sonfigysed ® woPye guenput

circuitr e.g., the swtches wthin e condi tiqni clrcuit) can b

1o ereisiet it frouie dak Senges theraa AREapORRgE dudtia i S A iden GO R or e
enbodi nepts s RRVi ded to enable any person skilled in the art to make or
use the present I nvention. Various nodifications to these enbodinents wll

be readily appanedlcitarifdbapRdXo tiskIA AT and tdrdigakdd togpovidba coamel dignal
principles defined herein may be applied to other enbodi nents wthout the
use of that scleovaly sablesudery or Thers, oft the phwrelienel Zinsiegesi B cantipdtciichttended
to be limted to the enbodi nents shown herein but is to be accorded the
wi dest dRDPMINEonsistent with the principles and novel features disclosed

herein. VE CLAIM 22, MABr@BRcoHT sklsbd M@nﬁ%ur@d detBctRNWRS SRR sEdrfaC Wl

conprising: a sigma-delta anal og-to-digital converter (EL ADC) configured to
recei ve an i ippentide sidgieeted aignalpr ovi de data sanpl es, the ZA ADC i ncl uding a
plurality of LA stages.,.coupled in cascade; and a control circuit coupled to
the EA ADC and corff %‘iﬂla‘a‘“ﬁ% cﬂﬁCBGi‘i?élpgﬁc@nfhreo?nes%ﬁﬁ?m &%5@“35%58%! &ly

di sabl es zer @oRditiBRng efrchibecdRiighRli i/ Ricife (ht agR8cted g NAKP| prévideui t

i ncluding one or noré detector stages configured to receive the input signal

and provi de canditbeet ssanpégaad , a conditioning circuit coupled to the one or

more detector sta glsg’nalt {)]r%cessor coupled to the conditioning circuit, the signal processor

configured to receive the conditioned samples and provide the control signal.

2. The circuit of claim 1, wherein the control circuit includes one detector stage

implemented as a replica of one of the YA stages.

3. The circuit of claim 2, wherein the detector stage is implemented as a fourth order

bandpass %A modulator.

4. The circuit of claim 2, wherein the detector stage is implemented as a second order

lowpass LA modulator.

5.  The circuit of claim 1, wherein at least one detector stage is implemented as a

replica of one of the ZA stages.

6. The circuit of claim 5, wherein the at least one detector stage is implemented with

components having dimensions that are a fraction of the ZA stage being replicated.




conditioning circuit configured to receive the detected signal and gjpviﬂ3
‘condi tioned sanples, and a signal processor coupled to the conditio ﬁ@A 005
circuit, the signal processor configured to receive the conditioned sanpl es
and provide the control signal. 2. The circuit of claim1, wherein the
control circuit includes one detector d4§tage inplenented as a replica of one
of the EA stages. 3, The circuit of claim 2, mhﬁrein t he detect tage is

i npl enented ade£ircytirefclamyer Whessinshe 8t EASHORFUPEPTPT Stege 14, ‘%?F‘%’df 3of
claim 2, %re%q tgg q§%? %Qﬁ fﬂ%&. %g-% 1RIR ted as a second order
Hodul aqlorrfu i ﬁqn N %? 011n c )

| owpass e crrcu aim 1, wherein at |east one
detector stage is inplenented as a replica of one of the EA stages. 6. The

circuit of claim5, wherein the at | east one detector stage is inplenented
with coBpondhesinaalofiglaihnte mdictmis therdatecigdesignal inndicative pl amempbiudepde bei ng
replicatg%" 2 2.N%B 2005 45 7. The circuit of claim5, wherein the at | east
one det ePESPUSRYBL i s biased with a fraction of a bias current for the EA
stage being replicated. 8. The circuit of claim1, wherein the detected
signal is indicative of an anplitude of the input signal. 9. The circuit of
cl ai m 1, 9whe8encitduét ofieclam hprehedein etbe oones pagesre adasedton stages acomnithgired to

receive a tector reference voltage, angd wherein the detect signal is
| cat | SRATGHI RLFeSFIvE FIASEr oL reeteRC oLtnant i B B Farlch o
r ef er encgaualit @8€an AAplithAE of kGt saliefitive lo theflieteio? réfefedcOvolfayee ED
stages are disabled based, in part, on a detected anplitude of the input

signal. 11. The circuit of claim 10, wherein a first EA stage is disabled if
the detected, anplitude falls bel.ow a first signal |evel. . _The circuit of
Cl'ai m 11 (0ahdrEioet SLEBHR XSG e or r Sagtedogss arh doaled Brsedh Mot t uce
falls be S| | : . The circuit of claim 10, wherein all
EA st ageéggggtegﬁggﬁlggﬂ(fgq?ﬁ%é @gtﬁtsé%%% anplitude exceeds a third signal

| evel. 14. The circuit of claim 10, wherein the EA stages are disabled
based, in part, on . relative_ |ocations

n ?f the EA st aé';est}l%%t.{gi n the EA ADC.
15. The &lrcdine @roudt af dlaim hhe WOERFR RellEbrid) Siaghi Hodisstled,iif the,detsaled
conpari Sglﬂpﬁﬁiﬁgﬂa}lfs b%?d%\fr id%jgt% Pl (@cei ve the detected signal and a
conpari son*signal, ~conpare & Jéfected and conpari son signals, and provide
the conditioned sanpl es based on the results of the conparison. 2 2 MAR 2005
12.  The circuit of claim 11, wherein a second ZA stage is disabled if the detected

amplitude falls below a second signal level.

13.  The circuit of claim 10, wherein ail £A stages are enabled if the detected amplitude

exceeds a third signal level.

14. The circuit of claim 10, wherein the ZA stages are disabled based, in part, on

relative locations of the TA stages within the ZA ADC.

15.  The circuit of claim 1, wherein the conditioning circuit includes
a comparison circuit configured to
receive the detected signal and a comparison signal,
compare the detected and comparison signals, and

provide the conditioned samples based on the results of the comparison.




46 16, The circuit of claim 15, wherein the conparison circuit is _,

‘i npl emented using a switched capacitor circuit. 17. The circuit of ZdI ¥R,
wherein the EA ADC includes two EA stages, each EA stage conprising a
fourth order bandpass EA nodul ator. 18. The circuit of claiml, wherein the
EA ADC i ncludes two EA stages, each EA®stage conprising a second order

| owpass ul at or.. .. The circuit of claim1, wherein the ADC is a
doubi o saftpl 111§ BHEARL clasg 1Sl g Yorbh P Pt 4 AEPEMR AL S ADC [ a
quadr upl gwﬁamlgaP&igﬁcﬁQ@L 21. The circuit of claim1, wherein the control

circuit tfurther includes a reference generator configured to provide at
| east one reference signals. 22. A CDMA receiver conprising the data

conversion circuit of claim1, 23. A_method for controlling EA stages in a
si gna- dell{a s dGuitef alagntlawhem@ﬁtfér@%@cmé@ Web%rsfagﬁggaclagéég%aeng a
characteristi.c_of .an.in si.gnals prayi to the EA ADC with one or nore
det ect or C%‘PBB%EE a\ﬁﬁgtﬁ?lﬁg‘gﬁanldg%sgtzagwg&cli‘gtt%gctor stage is inplenented as a
replica of one of the EA stages; conparing the detected characteristic

agai nst a conparison |evel; generating a control signal based, in part, on
t he conpaBi ndfheanaus eff eximie wredis tielZim4 D eincludes wor BA Eagst, #gds Zidrstage
accordance wiith the control signal. 24. The nethod of claim23, wherein the
char act eFPEPTiEng aisprpnd ordestleypass 24 mpdHEPt anplitude. 25. The method of
claim 24, wherein the selectively disabling includes 2 2 MAR 2005 47
disabling a first EA stage if the detected signal anplitude falls below a
first sigoal TiRVEIcuitdfclaihia, MBkRahefACABIOT 2YouMbaaripling e &BICeCt i vel y

di sabling further includes disabling a second EA stage if the detected
signal anplitude falls below a second signal level. 27. The nmethod of claim
24, wherein the sel ectively disabljng., pcludes enablin |l EL,stages if the
ot ect o201 orthe Sl of sliim i b Wo i RRCIP Gt TReRtalne 2 ADE hod of
claim 23, wherein the detecting includes receiving a detector reference

| evel ; and generating a detected signal based, in part, on the input signal
and t he deét eckhercircsit@fialaithdy eherewhthe epntrallvgcdié figtteechedudgnal is i ndicative of
an anplitude of .the input signal. 29. An electronic circui.t conprising: a
mil ti-stage & FEEEFRCEES q:ria@ﬁpgqﬁglge lodupyide alepsh ont rdPrgRST SIBPAIS pr ovi de an
output signal, the nulti-stage circuit including a plurality of N signal

stages coupled in a o _
22, A CDMA receiver comprising the data conversion circuit of claim 1.

23. A method for controlling A stages in a sigma-delta analog-to-digital converter
(ZA ADC) comprising:

detecting a characteristic of an input signal provided to the A ADC with one or
more detector stages, wherein at least one detector stage is implemented as a replica of
one of the ZA stages;

comparing the detected characteristic against a comparison level;

generating a control signal based, in part, on the comparing; and

selectively disabling zero or more ZA stages in accordance with the control signal.

24. The method of claim 23, wherein the characteristic being detected is a signal

amplitude.

25.  The method of claim 24, wherein the selectively disabling includes




particul ar configuration; and a control circuit coupled to the nU|ti'§Lﬁﬂ$
circuit and configured to provide a control signal that selectively £ MAR 2005
di sabl es zero or nore of the N signal stages, the control circuit including
one or nore detector stages configured to receive the input signal and
provi de a detected signal, a conditiod/ng circuit coupled to the one or nore
detector stages, .the conditioning circuit configured tP receive the detected
signal and pradEbling afirsiorRisiess Hede deigater sispalianpliiudn &l Sd?%‘b‘@@sgﬁst 28l ed to

t he condk ioning circuit, the signal processor configured to receive the
condi tioned signal and provide the control signal. 30. The circuit of claim
29, wherein the detected signal is indicative of an anplitude of the input
signal. 2 2 MAR 2005 48 31. The circuit of claim.29, wherein zero or nore

si gnal s2&ges hgmectiod abtlain Bhsehireinfhe spdgctivelydisgblieg &uthes inghyflest ude of the

i nput signal.,.32. The circujt. of .cl.aim 29 . wherein at, |eas ne, det egt or
U age 15 1 mpidtblieed s safe dE iRl HOR BBl ST b 38R 2
circuit gbngligldn 32, wherein the at |east one detector stage is inplenented

wi th conponents having dinensions that are a fraction of the signal stage
being replicated. 34. The circuit of claim 32, wherein the at | east one

detector .sta is bias W fracti on .of .bias current for the signal

stage befhg %g‘ﬁlr??g?‘gﬂf‘ﬂélﬁn EQH«}Z}IE‘({?IM ie?%?f“’fé'@i‘%'bgﬁ%l & n the at Iegst

one detector eﬁmafg leZ&@ﬁ%EQﬂf‘ﬂ?ﬁddét tenggdxam@ﬁﬁfm%ééda SRR SignaI98RID! i ng
al” stage cated. 36. I

that of the sign el ng repli The circuit of “claim 29,
wherein the signal stages are coupled in cascade. 37. The circuit of claim

29, wherein the signal stages are coupled jn ,pa}r l1el. 38. A control circuit
for cont#®l | iihg racthed of clany s whereigithe defefngitslidss a plurality of signal

stages, the QQ&NiHéanie{eEH)!rtrefgr%HPéie%j:ll?gﬁd one or nore detector stages

configured to recerve an input signal and provide a detected signal,
wherei n at | gastratine adidtextddsigailalopsed,sini papt, emetht adpetssignal eypldi the defectore of
the signal stages;, a copditioning circujt coupled to the.one or nor

det ect or mgﬂ%d@%ﬁ WirieRdRuretPard HEnald fdiserve ahen fupiayde 8f EdEPYSIEHE
detected signal and provide a conditioned signal; and a signal processor
coupled to the conditioning circuit, the signal processor configured to
recei ve 2he donelettreomedraiigerampresmg:provi de the control signal, wherein the

cont 1ol o 973l 50 SSLLLeLi, 6 SPRLEPI S0, SRS Sk SHAREE RS, g
circuit gisn@ @ HRti-stage circuit including a plurality of N signal stages coupled in a
particular configuration; and
a control circuit coupled to the multi-stage circuit and configured to provide a
control signal that selectively disables zero or more of the N signal stages, the control
circuit including
one or more detector stages configured to receive the input signal and
provide a detected signal,
a conditioning circuit coupled to the one or more detector stages,
the conditioning circuit configured to receive the detected signal and provide
a conditioned signal, and
a signal processor coupled to the conditioning circuit, the signal processor

configured to receive the conditioned signal and provide the control signal.

30.  The circuit of claim 29, wherein the detected signal is indicative of an amplitude of

the input signal.
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31.  The circuit of claim 29, wherein zero or more signal stages are disabled based, in

part, on a detected amplitude of the input signal.

32.  The circuit of claim 29, wherein at least one detector stage is tmplemented as a

replica of one of the signal stages.

33.  The circuit of claim 32, wherein the at least one detector stage is implemented with

components having dimensions that are a fraction of the signal stage being replicated.

34.  The circuit of claim 32, wherein the at least one detector stage is biased with a

fraction of a bias current for the signal stage being replicated.

35.  The circuit of claim 32, wherein the at least one detector stage is configured to

have a frequency response resembling that of the signal stage being replicated.

36.  The circuit of claim 29, wherein the signal stages are coupled in cascade.

37.  The circuit of claim 29, wherein the signal stages are coupled in parallel.

38. A control circuit for controlling a multi-stage circuit that includes a plurality of
signal stages, the control circuit comprising:

one or more detector stages configured to receive an input signal and provide a
detected signal, wherein at least one detector stage is implemented as a replica of one of
the signal stages;

a conditioning circuit coupled to the one or more detector stages, the conditioning
circuit configured to receive the detected signal and provide a conditioned signal; and

a signal processor coupled to the conditioning circuit, the signal processor
configured to receive the conditioned signal and provide the control signal, wherein the

control signal selectively disables zero or more signal stages in the multi-stage circuit.

39.  The circuit of claim 38, wherein the multi-stage circuit is a ZA ADC.



