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. Field wb Otzjgggsj;nvent ion The present invention rel ates t@cgle®piLa8sC
circuits. &"particularly, the present invention relates to a novel and
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anal og waveforminto dSEAEGESOIHAMUELEI-STAGRLHIGUEFE i ntervals. The

*sanpl es can subsequently be processed by other digital signal processing

bl ocks to provide enhangce co ssion nd or _error detection/

correctlon of the samlB&rTéKGRw;ﬁf 'EHEII&VEfNIIQNCh require ADCs
*are codesdivision multiple access (CDVA) communi cation system and

hi gh- defi ni L&gnﬁ“}etj}e]?von HDTV). Sone inportant performance paraneters of

an ADC i ncl of fset, and signal-to-noise ratio (SNR).
Subopti mal val ues for these 25 par arreters can cause degradation in the
per f ormance of aTberpreserdainventienselates to etegtionjc ristuites Moret p@rtmdaréy,ence
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degr ade thedagigallcgh{ré@éy @ndApb@cki ng performance 30 of phase Iocked Ioops
and the error detection/correction capability of the decoder, such as the

Viterbi decoder. SNR can affect the bit-error-rate (BER) perfor mance of the
communi cat i Hﬂ%‘iﬁﬂl%‘\%&fébgé‘% ptedodint i zation and circuit noise fromthe

ADC results in degradation of the sanpled data. In nmany conmuni cation
systensl5t he recainvedalig-wi-digilal ionSbridoWAR@Y ¢ aadithpottant kentpdrehoria
guanti zati o r I t F
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vwave (SPW tomipRéssid) 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 transfer 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
downconvert signals at various RF frequencies to a fixed IF frequency where
signal processing can be performed. For example, the fixed IF frequency allows



renmove undesirabl e i mages and spurious responses fromthe IF signal before
t he second downconversion stage. The IF signal is then downconverted to
baseband Waaha7&3mpling is performed to provide the digitipggdddasekand v 5
sanples. In nobst comrunication applications, an ADCis required at the
receiver. In sonme applications, the receiver is a comercial unit where
cost and reliability are inportant design criteria because of the nunber of
units produced. Furthernore, in sonme apptications, such as a CDVA nobile 10
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stage is inplenented as aw{ﬂﬁiMRM oper Figwgﬁvgo‘;?ages and can be

shrunken and / or biased |'ess ‘current err)stage it
replicailes. The Thepressmt énegrdioncprovides agpolap! mechinigm that can be used to

control a ZA ADC to provide the required level of performance while reducing

power consumption. The EA 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 control 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 ZA ADC on the signal path,



anplitude of the input signal. The (err) stages can be di sabl ed based on
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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.



FI GS. 6A-6B are schematic diagram of a delay cell using doubl esanpling

swi tched capacitor analog circuit technique and timng diagramof the 30
requi red wioagki&eanal s for the delay cell,

schematic diagrans of a resonator circuit within the bandpass MASH (err)
ADC and the feed-forward gain circuit, respectively, both of which are
I npl ement ed usi ng doubl e-sanpling sw tched capacitor analog circuit
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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 XA
ADC of the present invention;

FIGS. 5A-5E are block diagrams of a resonator within the bandpass
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
required clock signals for the delay cell, respectively;

FIGS. 7A-7B are schematic diagrams of a resonator circuit within the
bandpass MASH YA ADC and the feed-forward gain circuit, respectively, both
of which are implemented using double-sampling switched capacitor analog
circuit technique;

FIG. 8 is a block diagram of an exemplary eighth order bandpass MASH
4-4 ZA 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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30 one-bit approxi mati ons of the change in anplitude of the input signal,
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(err) ADC can be designed such that the quantization noise is pushed (or
noi se shaped) to an out 35 of-band frequincy where filtering is nore easily
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DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS

A high-speed sigma-delta analog-to-digital converter (XA ADC)
performs analog-to-digital conversion of the input signal by making successive
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 XA ADC can be
designed such that the quantization noise is pushed (or noise shaped) to an out-
of-band frequency where filtering is more easily performed.

A ZA ADC can provide high signal-to-noise ratio (SNR), good linearity,
and low DC offset because of the inherent structure of SA ADC. For example,
high SNR can be obtained by selecting a sufficient oversampling ratio (OSR)



PCT/ USO1/ 46188 (err) ADC can be designed using one of many architectures. A
bl ock 5 diagram of an exenplary single-loop (err) ADC 10 is shown in FIG
1. Singl ewloomm7ésarr) ADC 10 conprises input sunmer 22 thatpcauidoiaciss t he
guanti zed ADC out put fromthe ADC i nput. The error signal from sumrer 22 is
provided to first filter 24 that filters the error signal in accordance
with the transfer function of first filter 24. The output of first filter
24 is provided to sunmer 26 that 10 subtracts the quantized ADC out put'
fromthe o f rr
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25 MASH 4-2-2 denotes a three |oop architecture, with the first |oop having
a fourth order filter, the second | oop having a second order filter, and

t he thirdwlapBs@eso having a second order filter. Overal |l pdART1461482 1S an
eighth order (err) ADC. The present invention can be directed toward a MASH

2-2, MASH 42, MASH 4-4, MASH 4-2-2, MASH 4-4-2, MASH 4-4-4 and other orders
of 30 MASH(err) ADC. The sel ection of th7e desired (err) ADC architecture,
singl e-1 oop or MASH, depends on a nunber/ of factors. One inportant factor
is the required signal-tonoise ratio (SNR). SNRis defined as the ratio of
the power of the largest input signal to the power of the quantization

noi se. For a full-scale sinewave input, 35 the SNR for a ED ADC can be
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As shown in FIG. 2, a MASH ADC 12 comprises three loops 40a, 40b,
and 40c. Loop 40a quanhzes the ADC mput and prov1des the output Y1 to
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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 SNR for a ZA ADC can be calculated according to the following equation :
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A bl ock di agram of an exenplary two | oop bandpass MASH (err) ADC is
illustrated in FIG 4. MASH ADC 100 conprises two |oops 110a and 110b, feed

forward qygBARLes4S0, and noi se cancel lation | ogic 160. |npchasBreIRs ary
enbodi ment, MASH ADC 100 receives an anal og ADC i nput and produces a 25

digital ADC output having at |least two bits, at |east one bit for each | oop
110. The ADC input is provided to |loop 110a that produces a 1l-bit output Y1
in response thereto. A fraction of the i nput and quanti zati on noi se
(X2) fromloop 110a is provided to |oop 110b where additional noise shaping
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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 = for
. the bandpass (err) ADC.



WO 02/ 3768G 13 PCT/ US01/ 46188 MASH ADC 100, as illustrated in FIG 4, is a
bandpass (err) ADC. The sane topol ogy can be used to inplenent a baseband
ED ADC. TWo%283dssbe easily achieved by substituting each rpgsamwiéisd30 With
an integrator having the z-i | owass transfer function 1- Z 1 ,

I npl ementing elenment 168 with the transfer _, z 5 function N(z) _ ~1 z ~ ,
and providing delay elenent 172 with thestransfer function z 2. Wth these
substitutions, MASH ADC 100 is transfornmed into a fourth order baseband
MASH 2-2 ADC. In the exenplary enbodinent, all elenents of MASH ADC 100,
except for noifablednésiltalnteshand Gimulsed SNB fornBANBIE efi Vasioas Duster
circuits. However, 10 the optimal inplenmentation of an elenent in either
-anal og or |digital cijrcuit may [depend on the ICW used in irrpl enenting
t he (err) pABE—Tthetrgfore—thevartous rbtrattons—ot——anatog—and—digit4

circuits td®pmrﬂe$| BPﬂQ;dEEquﬁaléulaéﬂfttneﬁﬂ@ul&mdl n sivaglat 190datedwi |t hi n
‘the scope |of the pregsent invention. 15 Ilm%@pasmgtogl \&h A

bandpass N = stymed—by—Tptenent{iTgTTEson
MASH ADC 100 wi%t h_a |banddass tiransfér function 1 H Z-' as delscribed ahgve.
Thus, resgnat orgs 13Ga, 13Db, 130c, gand 130d hgve tjhe same 20 strygfure.
However, tre—garmoffresomatoris—1S0a—and—130c s K2~whereas {thegai m of
resonatorg_130¢ and 1130d8 s kA Ret¥natdr 130 is illlusPPated in M2G 5A
Resonat or 130 can be inplenmented by many resonator structures, four of
which are illustrated in FIGS. 5B:5E.  Res ors, 13 3 134
receive the inpdf §?%LIWIWHthJB€WOWBUF1@F%ﬁE #@u?gag?s’rﬁlbl ock
di agram of atvaexgfesldriyheenaytabiity arreismatcxfrlo filtes designn Howeves, civit The

i nput si gnal n OVId t,0 a

si gnal E@% ‘i’ﬁﬁcagcfg?athe Fﬁ#ﬁg F%l\%/%cé‘ége %)Sgaql%ﬁréf ﬁ{%gﬂéeﬁ)u% al so
recei ves th:amelt rbhe qu@mati?tmtncasm mmteelactml Hplg lbopsn t Hehes single-ledp. The
error signaj Fﬂ{)@ ure: %bclé?éré oRElodéH PO I&N&% ?6@?6%1%98? Bi@' ays

30 the signa e sa I a e error

si gnal fronfod émgbere:réné monzsedélgmr QF@‘\’#’ %@glerl@oaéeasgr@wéﬁém made sfahig

further delaysfl N@r&hi® ra@blsglw afBetlRAtn hngnﬁh@ﬁd;n CYEidwevkhe thé le-flb@;m
del ay el ement. 200b co%

es. t he out put, . si naI A. bl ock gr.a of an
exenpl Al [ELIRREreiS BSE dojerealgfas FFuif FrPmagL ﬁiﬁsrﬁgﬂ%ﬁﬂ%f e SRele
FIG 5C TH@og@@MAﬂfgaﬁim&mre% deparidiad ohahgaéquireMEnhBHIRERpplication.
PCT/USOL/ 46488 08t 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 £A 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 ﬁ}?ers 44 with one or more integrators having the lowpass
Z

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 origin z = 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



el ement 260 that scales the input signal with the gain kn. The scaled R n
is provided to sumrer 262 that also receives the scal ed out put signal Rout
and subt rqef@/sbée scal ed Rout fromthe scaled Rin. The errfrgdo@gdssfrom
sunmmer 262 is provided to filter 264 which filters the signal with the

transfer function' z-' 51 " z ' . The filtered error signal fromfilter
264 is provided to filter 266 that 1 fu?liher filters the signal wth the
transfer function 1- z ° . The signal mfilter 2b6 conprises the output

garn (3, 1 PERStL P A e, D7he ERRliof Rohl Yol OF Fophpitd " 11°

transfer flinman‘drhlgherrfe@m\’:atcyr 132 is 1 + z 2 . By proper selection of
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fromthe s n 0 error signal” from sumer 84 s provided to

delay ele 286 whi ch del ays the error signal by one sanmpl i ng cl ock
cycle. The deI ayed error signal fromdelay el enents 286a and 286b are
provided to switches 288a and 288b, respectively. Switches 288a and 288b
connect t ogdt her Bandipass MAISH ZAWADSUApchitecti'd® 02/ 37686 15 PCT/ US01/ 46188 of
resonatygr 134. Switches 282a and 288a are cl ocked by one phase of a

The. swi 1 ohi ng- ol balod iR R AT sRanerEy dniubop HREHT HUAT ER ARG
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i mpl ement edembe@inaer: Mﬁﬁh&%@é%rm@ge&m enplog AdMaiinpet ard grogdyces a
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circuit t ec}bﬁmf .i $he slatpatsed and ’Ii’@tjr@‘nzloops 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. Summer 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



15 Table 2 - Performance of Various Analog G rcuit Techni ques anal og
circuitresol uti onaccuracyspeedt echnol ogyt echni queSNR(ti ne

const ant ) @6t d, 46 esnoyesbi pol ar/ CMOSgm Cpossi bl yyesyesBiWM&lg t uni ng
) SWi tched%sdfég?gsq(ljvmcapaci torswi tched current possi bl yyesyesdi gi ta? CMOS

The inplementation of the functions as descri bed herein using any one of
the circuit techniques listed in Table 2, or its equivalents, are within
the scope 20 of the present invention. 1A the preferred enbodi nent,

resonators 131,132, 1 and 134 i.mpl emented wth.a sw.tched ca i tor
Crrourt 1 oot isshleRd oRttis JU2) GRSt da0Y i R 050 30 SR b o,
and cost. Tiagadhat prodhceesandtisit ciputiSfingn tlespeivdet theretoc afaoipt dt0keiis cui t
.technique is descri.bed in detail bjg)l 0 Wthin resonator 131, each delay 25

el enent 206OBRRCEE 1 AFNLAREBRLSS 8 1P?any anal og circuit techniques. In
the preferred erfimdfiterdd odt¢paty VO &nventre@fitatos 186blisnase grtowided to @il e

V0 021 3368613 ReRCTAABIA 4GIAPVIMTPIERalig ESAGH1PRAGE | THE odghih Dhony! t
210 as illustrated in FIG 6A For optimal "linearity and_nojse performance,

del ay ci r cuiuantizer 1402 g paersicleddtoagain elamepnt diddtthabsealas Y by dhe scilig e t he
W Ehi n' dey Ao i THe SIS frord B SRn A D a2 A e P ved 0 e
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al so 10 corfaestgaih elenhentrid8-compeides X that suprovidedhts iobpdl0R50. I n sinil ar
manner, switch . ® i tar i 38a.
The ot her end o%@%ﬁ%&%ﬁa@%ﬁ%@g sl %pb&ge\?\n&{igﬁgs\{g%ggrgﬂ eé%a&t}%ﬁn tch
226a al so cdement 172 whigh delepny1dnra tigw indervadequal todhe prpeessing delay of

i nverting i13gpt110b. aTRE idelBfed?¥9 PO S¥hi ClerddRR172 $0 1iGRNBREAG WAth he.

G 7 er O 1 o1t PREGHYS SBRGRES thgein SRTRRIaABe R Sagor £ DYANE kRS mmge
of the uppefacirld.. TAEdgtayedbiPit Y3 is ppdeidedtto gaas elentdntilibéshatcdchegehei t h a
Vol tage of SV i dPefhY ShpuibBdador 2T AP HBHE B BulreeiiieTIe 85, C
si gnal s Ri riké6antk Riravidedet®Gununenlled tiahsaunsdhe twe scpledaoutmlt&enil"he of
anplifier 2 1.N3S i, CUj ”ﬂﬁ%i sial i i nd
RgEt - can h%\%%blg\ggis?ggarlﬁ.{)&oé‘h ma % ]t%i%?vs%ﬁ g&% t gllrllt Wawgffﬁﬁgtpﬁput
Rin. Dellay esimbiged sigmnl guith |’r§g tramsfer fpnetien Hia). %hﬁ oytpingophelemens 68 he

swi tching clQfkhe RAGHEL mghrkg)rgbﬁedﬁt% suri®\es anphiineh ehiaekihkSwicssighals ged by
g clock. In tile exenplary enbodi nent, the

two to 25 obtog_nthe tchi

cl ock si gnalf q?it]ﬁ%@lﬁ%oyﬂ%utfi rst clock phase ol is provided to the

swi t ches whi ch af@ ahbawdpust OAtADIE dachbiresofiatoy. 130nin MMABH ADCTAG0 dbock
signal CLK2 having the second clock phase 02 isgprovided to the switches
whi ch are sho with the bubble (e.g. .switch 2 = Each cl ock,si gnal
shoul d haveméPVYgHWt%@/w@%Eé{ldP%SS|té§%5f%r\cA>ﬁFWHﬁn5 6erc%’ﬁ‘€.re lfhé‘-" thegatRfwi dt h
of the g ocifeS] htof 988" WiRRH 1600 UhE A£RRHYENY of 17T Falkh trBSorkABRABDOT S
whi ch, 2Fdn tﬂ&renf,lgﬁ?eg(gtlitigi trel'gd by ,th(galgsi%ersﬁ)f t%e cg%?ﬁci tor]ﬂgnd the ON
resi st ance STMPHaessPRiEIedPolesearid isisegond opgles. Hmee legrt 8 coptains Bk
phase el, smisbaftOss 286iahandde2 68 cactelsop ichnred. Dieand, MASET ADC 2004 bs
charged wi LA | Re ol OBYY AR 91 AR 1113 2P Wb 5n 1P Wit QRknBIRA 82

selected based on the characteristics of the XA ADC. For a bandpass ZA ADC,

2\
30 N(z)= (1 +z ) . Delay element 172 has a transfer function of z
The gains kj, kp, 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 ZA ADC.



swi tches 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 claoglk¢eBage 01 and provided to the output Rout+ durlpﬁg/dshﬁqﬁ%ond

cl ock phase WD 02/37686 17 PCT/USflI1-16188 H2. Therefore, the delay
provi ded by delay circuit 210 is a half switching clock cycle, or one
sanpling clock cycle. Simlarly, capaci %lar 228a i s charged during the
second cl ock phase r~2 and provided to e output Rout+ during the first
cl ock phase ol. [ I t hs opgh ¢ r the 5
second t hrough %ﬁ%%ﬁ@,*dﬁ@?ﬁ?@ o féﬁ"f%glérﬁ BET‘%E p?é%@gc Bnl y
share anpl ishimer t@Elogyisangbel osdd do smpibinegt avxbaaebaﬂd(ﬁbaﬁdDCorThnsrmm be the
- nput sign i, 0 s i

ur tchi ng. Qo gyl B S achlfeRtitarl 3o AP hEBAIERAling M
sanpling of Rin at the sanpli ngiL-eck 10 frequency fs even though the

‘swi tches arlewpass tlandfefunodoOHF- at | hialplembating raddmogt 60K flee tradsfer A
doubl e-sanpling sw tcheg capgcitor circuit allows the switches to be

cl ockedbat foatfion i(z3 T g/f, remgupreviding delayl Elemeny t7Rewithpthei transfeand
anplifier t n G g. speed
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the anpl i f|fenrtuhlsﬁerderhasabend|MA$H2-%éD¢g the same anplifier durl ng both
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two wit hout uiring settling frer However doubl € l'i ng
swi t ched cafB’é S§rCagice iqlk Ooﬁ’-%ngrrngtl e@@“ﬁ%’t?ﬁﬁ’i‘ ﬁ&tcél}?ultﬁ/l m‘b’éﬁervn t he
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sanpl es subsequen se oes 10
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at the outpu SI ng good Circult desig e capamtor 25
m smat ch can be reduced to one percent or |ess, thereby mnimzing the
anplitude of the image to -40 dB or nore bel owthe anpl i tude of the input
si gnal .15ThdIbwi tBdndpass ReskeatoarDésigoesi gned to mi ni m ze uneven cl ock
phases. Alternatively, the first sanpling stage can be clocked with a

mast er cl ock, before the divide:by-t peration to obtain the svmtchlng
cl ocks. O ock fi‘%té?n‘%ﬁaisaﬁégﬁ %’&c\eﬁ)gy B h@ degipns bYt é‘F‘R};ﬁ
source. This topology also have . faster settling tinme than the___

m ga Ii Zazmee@hatt@ﬂﬁimm% sze;&qer sag)@fmoe\ﬁﬁh%nmﬂdpcaeé @@ Fincioh rlaggts?ptaaz

|
r esonat or é@éﬁ ﬁ?\‘g abgge. E&Eﬁ" E%Hﬁ'g? ﬁé)écfl?@?r 4%’?6 gﬂéﬂ’»‘gg@? Suhee?a™e8 and
resonatdr 1OICctIkes dAawerven the ofrepomterctilainsk1isliadn vehareasebhergainr 131
as shown i nyfHdgonatoP188b 3&@5@36@ &Y, 1RebBAatdéP U8B 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



5B. Each delay cell resonator 131 conprises two delay el enments zoo. Each
del ay el enment 200 can be inplenented with doubl e-sanpling swtched

capaci t orweahayesel rcuit 210 as shown in FIG 6A A schematrca/whoagsdsn of
doubl e-sanmpl i ng switched capacitor resonator 5 circuit 121, which

i npl ements resonator section 120, is shown in FIG 7A. Resonator circuit
121 conprises delay el enent and sumrer (il rcuit 300 and delay circuit 310.
Circuit 300 incorporates sunmer 128, gain elenent 192, summer 194, and

del ay ele g}q]f 3 gsdel ay
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‘inverti ng |npdt of anplifier 15 350a. Switch 314a connects to the quanti zer
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the switching 35 N bk Thus, the input signal Vip is provided to the
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in the sa g e in rate
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vol tage at Vb during the second clock phase az2. The functl on of r 128
i s provi dederthpodiinav p chzand e aneralltdaridiat fumetionof rédomatptakdBiig dr+ DUt put to
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circuit 210, Dela CII‘CUI'[ 15 310 | ays the output fromcircuit 300
hal f switchi®g andci82by shich cﬁoneﬁ@tsSm@pﬁMe§ syapersTRidao and 28 4fbrrom
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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



(3) The transfer function from Yxpol to Vop is -HR(z). In this

nonencl ature, Yx denotes the quantizer output fromthe first (x = 1) or
second (Xxwe 3)37és0p, P or n 25 denotes a (+) or (-) signalpcTaidifigisd or 02
denotes the clock phase of the quantizer output. The voltage gain from
Yxpol to Vop is -Cs/Cf, the ratio of capacitor 330a to capacitor 318a.
Thus, the gain of gain elenent 192 can set as kn = Cs/Cf. Having

i npl enent ed each resonator section 120 th resonator circuit 30 121, MASH
ADC 100 in EIG 4 can . be iJdplenented as ei ght h. o band sl\/AH
ADC 101 a0 CHBRRE A SWUTER P8Rl oioeR. B DlotkE] np HHeEPRgs( o7

repl aced wiswitdhingckockamgl swijckes Z&Zbedndaﬁabiarerclacé:sdﬁm arsecondt phaisd i i n

o o ool ‘S0 PETRRR Bl Mokl MRS Ll e 0

cancel lation logic 160 in 35 FIG 4 is not in FIG 8 for sinplicity.

"W O 02/ 376&vezdll Eﬁﬂéﬂéﬁf&idtrcﬁl&&eéonaiaﬂl&lzgr liztda, in FIG 4 is inplenented
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Ref erring tgbﬁaﬁm“T 8, feed forward gain el enent 150 can be 15

i ncorporated rnto ci rcwt "300c to sinplify the circuit design. Referring to
FIG 415 he gain fromthe output (V2) of resonator 130b to X2 is 1 / kl k2G
and the gain fro u i / G The

overal | transfer Eﬁ%?o%’gﬁ)#géé ?Eﬁgﬂﬁﬁg%ﬁ%loé@?r%él?%ggh@rﬁbe

cal cul at ed ras—=>%2—Avrt—V3Av2¥r—whgreAvi=—t+ktK2G=and—Avi—Hh-G—29 The
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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-



35 376b, and 372b, respectively. Switches 372a, 376a, 376b, and 372b
connect to one end of capacitors 380a, 382a, 382b, and 380b which are
connect edvo®2nmse Va, Vb, Vc, and Vd within resonator ciregirtusddsissn Fl G
7A, respectively. The WD 02/3718( 21 PCT/USOL/~1188 ot her end of
capacitors 380a, 382a, 382b, and 380b, connect to switches 374a and 384a,
378a and 386a, 378b and 386b, and 374b d 384b, respectively. Switches
374a, 378a, 378b, 374b, 384a, 386a, 386 and 384b al so connect to AC
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|ncorporat ed feed f ircuit 151, Uslgrlgét he aI ues of kil=

0.5 k2 = OPH mﬂ mez‘rlfmaldc;aw %sﬁéa@a% ley fircyy \reatedeascire
AVIE 1.0 ardll Vclifferéhtﬁl deduér, r'where eherlifiint édmpiibed RintrhandaRin- fareimihdie
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350a is det’ ‘ﬂta*tﬁrbd 0 capacitors 382a and 318a, or Av2 =
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The out put HO é@oﬁ&ﬁé‘g ERECHIE ad Ba" SRk adediiSon®s BHE S B2
to t he non-<chpadtari 22Bacangswitch 236al | Therothﬁoand safd@pecmlnawbyommw toio of
capaci t or s (3309 .8n8> 3348 2395 /S% %@éﬁe alse- cBnn'ef&H%o Ad rtsﬁhaezo% Rlitch

capaci tor 330a |s synt eS| z f?m tan C%pam tor 318a.
However, ca388PiSer oLt i, egmgartwgsmw igm 25 én@ﬁé\ﬁt 128paale FI G
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I npl ement ed rs an our I'i p-flops, the
i mpl enment atd @)‘Fc%zﬁlslasméﬂr%lmﬁ%\ﬂ qmgerg}ql As stated above,
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FI G 7‘2 O’Hdhﬁahlg 181?;19&'& i %eﬁ 'ée?&efr éﬁ%ﬁﬂ&e@%ﬂar 13 @%&ﬁé@ﬁt 0
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324, and 32@8@9 tls@dﬁfqren@altml’fput Bouii- and doysherrebawt a diféerent pptmag D ocks.
Pat h m smatyiis @@[hl:%@hghr}hmgﬁ%ehﬁé)ﬁhguyse of circuit design techniques 35

descri bed bel ow. ferrin bandpass H 4-4 ADC 101 provides
noi se shaping of qlmg l??i(gtsiampl%la%% 4P Sk ReOR J¥EQ PhPseSoRpdRent s
around V\@wfi&z’tﬁﬂ@BBcRB RE&EEA—M%%/FICB bBStHesdatnplingdsble fis isaimafdidﬂzfy o td s/ 2.
close. 08 SRl AfEnde BoeRE i, 1P AR eSS BRI R AR loi® sBLX, ¢
cent ered atClR1 IHavitg dhe ifirsh cl@ldgrphasarﬁ]t e pravidednip theeqwelnhs}s afdch lage
al i asing PrepRGHt Witklout @PblLPBle! (8.4 SHkch 228 BIRIMBEL sigh]l CLK2 having the
second clock phase 02 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 92, 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 o1 and provided to the output Rout+ during the second clock phase



5 input signal fromlIF to a lower frequency, the input signal should be
pl aced close to IF = (2n+l) fs /4, where n is an integer greater than or
equal to wer@/3788¢ Al ternative Bandpass Resonator Design 1Gd/thandpass
resonat or can be synthesized by various other structures, three of which
are illustrated in FIGS. 5C5E. In the exenplary enbodi nent, | ossless
discrete integrator (LDI) resonator 132.in FIG 5Cis inplemented wth

si ngl e-sanpling switched capacitor LD #Zsonator circuit 402 in FIG 10A,
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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.



20 480a. Switches 474a and 478a al so connect to AC ground 202. Swtch 482a
al so corulects to the inverting input of anplifier 490a. Capacitor 484a
connects Wwo ¢of3gsssnverting input and the non-inverting out pgr@o1a6msi fier
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 inver%'ﬁng out put of anplifier 490b
connects to switch 488c. Switch 488c connects to switch 486¢c and the other
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output of amplifier 350 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 22.

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.
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capaci t orwoior/3eeskt as shown in FIGS. 10E-10F. Wthin resopgaiarsotugigs t
503a, the input signal Vip is provided to switch 562a. Switch 562a connects
to one end of capacitor 566a and switch 564a. 5 The other end of capacitor
566a connects to switches 568a and 570a,oSwW tches 564a and 568a al so
connect to AC ground 202. Switch 570a and one end of capacitor 578a connect
to the invertin 78a
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di agr am of r@gbr@gglnak@ﬁmmuadr upl e-sanpling swtched capacitor resonator
circuit 802isi | ust ted FLG 10 10G . on 5 il ustrat t he
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the differenti aI input is applied, is identical to the upper half and not
shown f,@r sinplicity. WO 02/ 3768( 26 PCT/US01 /-L6188 Wthin resonator
circtut"'S02, the input signal Vip is provided to four signal paths, the
first signgl &at hct hrgﬂgT switch 820a. Sv~~itch 820a connects to one end of
capaci tor §d4 ar;g-s B. 826a. Switch 826a connects to the quanti(3gr

out put Yxp The-/not gnd of capacitor 824a connects to switches 5 822a
and 830a and one end of capaci tor 828a. Switch 822a al so connects to AC

ground 202 830a onnects to t rting input of
anplifier #?ftsr g%%trorb o XP@pei Y 8P lgzgax(%) this NOERABRR 8320
and 834a. %’&r{‘o@é’s @%Zﬁ;ﬁt&@r o %&nttﬁetfﬂ‘@t H081} BY 8&don xauﬁ)olbtogf orn

amplifier 850a and 834 so connects t eg‘gelnv ti ut of
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sw t ches 8?9' aﬁod 822a,rﬁgrﬁ§s h@hed and aci LR %4%2[ Isbar ged W t h
the input SPOR "t 80BN Hhy SR GHaslesntsTRa b besthaatng
822a are SVIﬁrt'CF;édCé:F and
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. 4 is not shown in FIG. 8 for simplicity.




swi tches 826a, 830a, and 834a are switched ON. The signal Yxpel and the 15
vol tage across capacitor 824a are scaled by the ratio of capacitors 824a

and 828a ygsafahdssand provided to the non-inverting output pefr pliéisser
850a. Also during the first clock phase mL, switch 832a is swtched ON and

the signal fromthe inverting output of anplifier 850a is fed back,
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of the undethegmphdi ng ratio. For exanple, for an IF of 220 MHz and a

sampling rate of 80 MHz, the phase noise is increased by 8.8 dB [201og(220

WMHz/ 80 MHz)]. For_undersanpling applications, the clock fitter requirenent
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Wi th doubl e-sanpling switched capacitor circuits. The circuit design
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. can be |nplenente vari ous ana esi gn tec ues udlng

active RC, 1 & illusipetsin BlGs(#t Ehé&ueabaeﬁ t)mputa P&di Ylap@h dnaleand
Fur t her mor ey144% 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




swi tched capacitor and switched current circuits can be single-sanpling,
doubl e-sanpling, or nulti-sanpling designs. 35 Therefore, the various

conbi nat i WB928R68¢ Per nut ati ons of bandpass and baseband E~ pefpqdoiméiggrent ed
wi th single-loop and MASH architectures which are synthesized with active
RC, gm C, MOSFET-C, sw tched capacitor, or WO 02/ 37G86 28 PCT/ US01/-1G188
switched current utilizing single- sarrpl gg doubl e- sanpl i ng, or

mul ti-sanpling designs are within the sé pe of the present invention. Sone
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current. In the present 1nvention, each |.oop can be selectlvely di sabl ed,

based on t rfa@hgﬁa(rl) | dherefgre, capaditor 330.s salﬁetedrr@ he-half the cppaditansante,

mnimze p ci¢or®18xpt i on. Furthernore, the bias current of the arrpllfler
wi thin _gach 35 resonator 130 ca e adj ust.ed bas on t he. nal e
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anplifiers éleﬁay letb®MyARE 2 R84 AE38Gh of 2* 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'2)
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



29 PCT/U S1111-1G 188 MASH ADC 100 operates in the manner descri bed above.
This situation may result froman ADC i nput conprising the CDMA signal and

two | ar gewjoaiaregsg at +58 dBc or an ADC i nput conprising therigidsisgnal and
one large jamer at +72 dBc. These requirenents are specified by the

"TIAVEIA1S-98-A "' 5 Internodul ati on Spurious Response Attenuation",
hereinafter the 1S 98-A standard. In prg tice, this situation occurs
infrequently. As the jamrer anplitude détreases, high dynam c range i s not
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end of capacitor 436a connects to switches 440a and 444a. Switch 440a also

)—w

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 to 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



As noted above, to reduce power consunption while still provide the

requi red data conversion performance, a control nechanismis used to

sel ecti vewp enadske one or mare |oops of the E~ ADC and to pdiaalal geikde 15
remai ni ng | oops. The control nechani sm nmeasures one or nore characteristics
(e.g., signal level) of the ADC i nput slgnal conpares the neasured
characteristics) to particular thresholg eveI (s), and controls the |oops
such that the desired or required perfor%ance is achleved Many chaIIenges
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the input sirguil402an: have frequency conponents as high as 240 MHz or nore.
To avoid attenuating high frequency conponents, 30 the detector can be

desi gned with conponents (e.qg.. switches, transistors, and so on) having
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11) fog a mufti-| Ed ADC. Wthrn contr clrcuit at or
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so on. Theygnppl es are provided to asignal processor 1116 that further
processes t e sanples to generate a controlsignal. The control signal is
used to selectively enable and di sable E~ stagell22a, and may al so be used
to selectively enable and di sable EO stage 1122b (as35shown by t he dashed
line). A reference generator 1118 can be included w thincontrol circuit
1110, and is used to provide one or n .ore reference voltages to EDstages
1122, detector E~ stage 1112, and conditioning circuit 1114. The el enent sof
control circuit 1110 are further described bel ow. WD 02/ 3768G 32

PCT/ USQA / ~G188 Generally, ~one or nore. E~ stages 1122 |n the s| gnaI path are
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20 nodul ator input signal is determned to be greater than the particul ar
signal level, one or nore |large anplitude jamers are presuned to be
present iwoldB7ésgput signal. Both E~ stages 1122 are then peiaoedsik®
provi de high dynam c range such that the required SNR i s nai ntai ned.
Specifically, the high dynam c range allows ED ADC 1120 to quanti ze the
desired signal with the required 25 SNR %ven in the presence of |arge
anplitude janmers. As noted above, each™E~ stage 1122 can be a loop of a
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. gn
1981152, L o e 0 Tl AT PF 4D AR b T 20"

capaci t 6r s ,resorthters oar) henepieiadsahbuli f974gr &8t msofbtorucirarit 403 hasomfdeter
enhanced n%ﬁﬁngarf\grtmﬁ r%%ﬁt&%t% The second E~ stage 1122b can be

desi gned w er - si ze nmponents and hi ased with | ess current since
hi gh dynani ¢ rarfye imp ﬁ@@ntaém oiclavavpath inferlpayad resogator Bdprsing psendo
!ﬁ;?gﬁém e\,e@c}(—lgl)%!hséhriéunJE’gle%rh\L U§ﬂtﬁh%<ﬁ% a@@éﬁ%l&%{ﬁgt %@%1%%?(;(:61@(%; be
desi gned vmq{‘]a ERSUNREPT sthlétf mﬁt%g%ioem edh b %\?@‘ﬁtqheégz
ﬁ ur h egﬂo Deveitdlo 51%a-cotuadgts ﬂ‘)tl\lgﬁe leaduﬁe@ cimaswaeaﬁd gWaicheBidhi t[llﬁaeohthafld
i nami i | |

ol ol 111 o0 BB Rien 8 Lopde ﬁ%%?iﬁéﬁeﬁq’#‘fgcé’% Ehes AT 151
for cont roIHlBagilsp qcmrtleci $o0 ayfe gronndi2021 2witchst $20asared 5244 rodicank2@td oén be
a mufti-lo t: ﬁ?;% r
mul tiple s'?% es thatllagcaﬁmll‘]lcgEH fosﬁﬁ%clh?ere gi?ﬁa O?gn?lﬁ.l sgblelg{ &ggfdﬁ%pos& bly
bypassed) . ARagie4R comnegisio sufitahes palpand pdea. tSWstdéﬁ‘lﬁ?rfalsprpéﬂﬁ%tﬁf%g a
se]t t of 1t§a8<;@@e§to@ml 2(522261?!&'5@\51@{ mt al’d cfi)li*@ll BBtsi 0 t'ﬁbchori-ﬁwéﬁlh :cdh tput &f: )
mufti-stage ci si gnal i sprovi er
T4t hat Gupe! SAL”SPisHiN SHACA e roBRetts sRp ARG 5ooh caAbey and i
ger for rranceSvsﬁtngZZaZﬂlBa cbhaécts $o dtmhb&d?vmmtghn hiBbaﬂfp@iﬁmrSSe gﬁmashes hi gh

namc ra 0 [ r Qyi a
mech um per FEPRANES ZA A ConsiE 1P B o SRR A Ahd o B el
(e.g., mediltha djwarend @fa¢og>e)21t®s53(qumedts revischpsdi36a amdsidRge Tirogther s
provi deg) t qra bptt;pﬂtoerma%natag% 13akdhet 13Ba %gvszfias etvﬂ%éseyfda ol

perfornance n Cc ran I men onl y20stage 1222c
i s enabl ed 5\%%@@?5100%’ ﬁa%mqg%a%mfﬂﬁwa hes;3423can Cﬁ pexd tQr e
enabl ed whehe mhm&m nb@tgmnﬁreanq:lffmtssoed,Reaaﬂa@tlc1t&tﬁesost1age$é12}22a

t hrough 12 ar na d o hi am c range is.t.equired. Stagesl2?222a
b 19500 iR ai/fﬁf&‘slﬁl qﬂgégbesot‘%é%é%‘tw&‘{% 4 AT nage of

sel ects ei ttheruppee IplhcEhe edtpuigobdmplifich 850 ypagpsisds shevatputnef esovitdes
the25sel-ect od sigpal to the output of the stage. The bypassed signal is
sel ect eg V\hent e sta e i s disabl ed. Each stage 1222 can be inpl ement ed
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det ect edsi gna conditroning circult S|gna processor 1214a.
a rcttlt/processor 1214acondi tions, quantizes, and further processes t he
detected si & tqﬂgene?ate a WD 02/37G86 34 PCT/USL1l /. 37 88 first
control si &PZ?ﬁag I p+¥8ed to selectively enable and di sabl i gh
per f ormance stage 1222a and nedi um perfornmance stage 1222b. In the second
detection path, a nmedium performance detector stage 1212b processes the
buffered signal and provides the processed signal to a | ow performance 5
detector stage 1212c. Detector stage 1212c further processes the signal and
provi des a second detected signal to a conditioning circuit/signal
processor 1214b. Circuit/processor 1214b conditions, quantizes, and further
processes the detected S|gnal to generate a second control si gnal that |s
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30 input signal anplitude is |less than the second signal |evel. The stages
can al so . be enabl ed based on other detected signal characteristics, and
can al so we @nakdsed in different order and confi gurati ons.pdriésordéigshows a
simplified bl ock diagramof a specific enbodinment of a control circuit 1310
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35 VII. Other Considerations

Double-sampling switched capacitor circuits for the XA ADC of the
present invention are sensitive to path mismatch which can result from
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Second, in sone enbodinent, the detector stage is a "shrunken" replica of
the stage in the signal path. Thus, the detector stage can be inpl enented
W th conppeBikssste. 9-. SwW tches and capacitor) having di mpagiapsdiggt are a
20 fraction of those of the stage in the signal path. For exanple, the
scaling for the detector stage can be a tenth of the size of the stage
being replicated. Third, the detector s ?ge can be operated at a fraction
of the bias current of the stage its re% i cates. The detector stage is
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high dynamic range is not required, the bias current can be decreased. For
example, the bias current of the amplifier within resonator 130a can be
decreased from 6 mA down to'2 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 ZA ADC. Then, based on the required dynamic range, the
ZA ADC can be configured accordingly. The various methods used to configure
the 3A 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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the desired or required performance is achieved.
Many challenges arise in designing such control mechanism. First, for a
20 =A 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 XA 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 CDMA 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, an input signal having




11. The circuit of claim 10, wherein a first E~ stage is disabled if the 2
detected anplitude falls below a first signal level. 12. The circuit of

claim 11, wih@yégdg a second ~~ stage is disabled if 2 the dgtecdede@ep! 1t ude
falls bel ow a second signal level. 13. Tlle circuit of claim 10, wherein

all ~0 stages are enabled if the 2 detected anplitude exceeds a third
signal level. 14. The circuit of claim 1Q, wherein the EO stages are
di sabl ed based, 2 in part, on relative l'ocations of the EO stages within

the ED ADC. 15. f claim,1l, .where i ng_ci r,cuit
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As shown in FIG. 11, within ZA ADC 1120, the input signal is provided
to buffer 1124 that buffers the signal. The buffered signal comprises the A
20  modulator input signal that is provided to the first A stage 1122a. XA stage
1122a noise shapes and quantizes the signal in the manner described above and
provides the processed signal to the second XA stage 1122b. XA stage 1122b
further noise shapes and quantizes the signal and generates the output data
samples. The outputs from XA 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 ZA stage
1122a, and may also be used to selectively enable and disable XA 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 ZA stage 1112, and conditioning circuit 1114. The elements
of control circuit 1110 are further described below.



14 processor configured to receive the conditioned signal and provide the
control signal. 30. The circuit of claim?29, wherein the detected signal is

i ndi cati vevgdzzestn anplitude of the input signal. 31. The giyGsileik Cl aim
29, wherein zero or nore signal stages are 2 disabled based, I1n part, on a

detected anplitude of the input signal. 32. The circuit of claim 29,
wherein at | east one detector stage is 2:,’ | npl emented as a replica of one of
the signal stages. 33. The circuit of cl gi m 32, wherein the at |east one
detector stage is 2 inplenented vvi‘%h corrponent,stﬂavi ng. di mensions that are

1 ng
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stages, th cont r ol | rell i cocgrp[ll S| &{1 ; O, Imre det ect or sg es .
confi gured R% Viesg syl gelativeufo dhgrd ARG 4 Prvange when datged aginjiture
wherein at jagaférsone prisent. olnsthagsithaidi)ighendsaantic 2ahgPlis eéqate®ns of
the signal 3fA9%S: quantization of the small amplitude desired signal with the required
SNR. In accordance with an aspect of the invention, jammers are detected by
measuring the amplitude of the modulator input signai?
Detector ZA stage 1112 processes the modulator input signal in similar
manner as one of ZA stages 1122 in A ADC 1120 and provides the detected
15  signal that is indicative of the amplitude of the modulator input signal. In an
embodiment, for a cellular application, if the amplitude of the modulator input
signal is determined to be less than a particular signal level, one of ZA stages
1122 can be disabled since jammers are not present (or are at low signal levels)
and high dynamic range is not required. Alternatively, if the amplitude of the
20 modulator input signal is determined to be greater than the particular signal
level, one or more large amplitude jammers are presumed to be present in the
input signal. Both ZA stages 1122 are then enabled to provide high dynamic
range such that the required SNR is maintained. Specifically, the high dynamic
range allows XA ADC 1120 to quantize the desired signal with the required
25 SNR even in the presence of large amplitude jammers.
 As noted above, each A stage 1122 can be a loop of a multi-loop ZA
ADC or a filter section of a multi-section A 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 XA stage 1122 is a second order lowpass
30  modulator for a baseband XA ADC and a fourth order bandpass modulator for
a bandpass A ADC. When the ZA stages are the same order, the second ZA
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 1argef~
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.



& a conditioning circuit coupled to the one or nore detector stages, the
conditioning circuit configured to receive the detected signal and provide

a 8 condiwpyageksgi gnal ; and a signal processor coupl ed topichasepiges i oni ng
circuit, the signal processor 10 configured to receive the conditioned

signal and provide the control signal, wherein the control signal

sel ectively disables zero or nore si gn\a\h stages in the 12 nulti-stage
circuit. 39. The circuit of claim 38 drein the nmufti-stage circuit is a
EO 2 ADC. .
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10%&' (30 baseband A ADC and a fourth order bandpass modulator for a bandpass ZA

ADC. In this embodiment, stage 1222b can be implemented as a shrunken
replica of stage 1222a, and stage 1222c 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
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first control signal that is used to selectively enable and disable high
performance stage 1222a and medium performance stage 1222b. In the second
detection path, a medium performance detector stage 1212b processes the
buffered signal and provides the processed signal to a low performance

5 detector stage 1212c. Detector stage 1212c further processes the signal and
provides a second detected signal to a conditioning circuit/signal processor
1214b. Circuit/processor 1214b conditions, quantizes, and further processes the
detected signal to generate a second control signal that is used to selectively
enable and disable high performance stage 1222a.

10 In an embodiment, each of low performance detector stages 1212a and
1212c¢ is implemented as a replica of low performance stage 1222c, and medium
performance detector stages 1212b is implemented as a replica of medium
performance stage 1222b. The replicas can be implemented using smaller-sized
components and can also be operated using less bias current.

15 In the embodiment shown in FIG. 12, the stage(s) to be disabled are
controlled by a control signal from a detection path that includes the replica(s)
of the stage(s) that are enabled. For example, high performance stage 1222a and
medium performance stage 1222b are controlled by the first control signal from
the detection path that includes a replica of low performance stage 1222c.

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
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of stages is enabled to provide the requlred performance (e.g., the required
dynamic range or the required SNR), and remaining stages are disabled to
conserve power. In a specific embodiment, the highest dynamic range is
provided when all stages are enabled, the next highest dynamic range is

15  provided when all but one stage (e.g., first stage 1322a) are enabled, and the
lowest dynamic range is provided when only one stage (e.g., n-th stage 1332n)
is enabled. In a specific embodiment, the stages are disabled in accordance with
their relative location in the circuit. As an example, the first stage 1322a is
disabled first, the second stage 1322b is disabled next, and the (n-1)-th stage is

20  disabled last. In an embodiment, the n-th stage 1322n is enabled at all times, or
whenever circuit 1320 is turned on. In other embodiments, the stages can be
enabled in different configurations and disabled in different orders, 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.
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) 5 receive and process the input signal (e.g., the modulator input signal from
buffer 1124 in FIG. 1). Signal processor 1416 provides the control signal that is
used to enable/disable one or more stages of a multi-stage circuit. A reference
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, control circuit 1410 will now be described for used in
conjunction with the specific two-stage XA ADC design shown in FIG. 11. Ina
specific embodiment, A ADC 1120 is an eight order bandpass MASH 4-4 ADC,
and each XA stage 1122 comprises a fourth order bandpass modulator. As
noted above, ZA stage 1122b provides a particular dynamic range and noise

15  performance, and ZA stage 1122a provides additional dynamic range and
enhanced noise performance when enabled. The enhanced noise performance
of ZA stage 1122a can be provided with larger-sized components and greater
bias current.

In an embodiment, detector stage 1412 is a “shrunken” replica of one of

20  the XA stages (i.e., ZA stage 1122a or 1122b), and is also a fourth order bandpass
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 ZA modulator’s analog output amplitudes are indicative of

30 its input signal level. For some designs, the 2A modulator has tendency to

- become unstable as the input signal amplitude exceeds the reference voltage. In
fact, it can be shown that the ZA 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 XA modulator becomes unstable, the
standard deviation of its analog output signal is much larger than that of the XA
modulator when it is stable. In accordance with an aspect of the invention,
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these characteristics are used detect the amplitude of the modulator input
signal.

FIG. 15A shows a graph of the standard deviation of the detected signal

from detector stage 1412 versus input signal amplitude. FIG. 15A includes a set

5 of plots for various input signal frequencies. In FIG. 15A, the standard

deviation on the vertical axis and the input signal amplitude on the horizontal

axis are normalized to the detector reference voltage (i.e., V., and V., in

FIG. 14). When the frequency of the input signal (e.g., 0.58 MHz) is within the

bandwidth of the 2A modulator (e.g., 0.70 MHz), as exemplified by a plot 1510a,

10  the standard deviation of the detected signal increases sharply as the input

signal amplitude approaches a normalized value of 1.0. A normalized value of

1.0 corresponds to the point where the peak-to-peak amplitude of the input

signal equals the difference between V., and V.. It can be seen that the

standard deviation increases from less than 1.0 to greater than 20 (a twenty-plus

15 fold increase) when the input signal amplitude increases from 0.9 to 1.0 (an
eleven-plus percent increase).

However, when the frequency of the input signal (e.g., 15.4 MHz) greatly

exceeds the bandwidth of the A modulator (e.g., 0.70 MHz), as exemplified by

a plot 1510k, the standard deviation of the detected signal increases slowly as

20 the amplitude of the input signal increases past a normalized value of 1.5. The

plots 15a through 15k in FIG. 15A indicate that higher frequency components

are filtered by the XA 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 provides 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

1432c, 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 to 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,
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)@g(tal-exceédslﬂ%oomﬁarﬁs)on voltdgkO¥4,, . 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
comparison voltage, a more accurate detection may be obtained, which may
reduce the likelihood of false detection. The distribution bi-nodal when the ZA
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
period. As shown in FIG. 15A, the comparison voltage V., 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

0
5
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' 5 through 1530k for various comparison voltages V ., As noted above, the
digital samples from conditioning circuit 1414 are provided to signal processor
1416 that counts the number of ones within a particular time period. The
number of ones increases noticeably as the input signal amplitude increases
from a normalized value of 0.9 to 1.0. The comparison voltage V. effects the

10 count value when the input signal amplitude is between the normalized values
of 0.9 and 1.0 but has less impact when the input signal amplitude exceeds the
normalized value 1.0. When the comparison voltage is low, as indicated by plot
1530a, the count value saturates when the input signal amplitude reaches the
normalized value of 0.95. However, when the comparison voltage is higher, as

15  indicated by plot 1530k, the count value does not saturate until the input signal
amplitude reaches the normalized value of 1.0. When the input signal
amplitude exceeds a normalized value of approximately 1.0, the count value
saturates at a particular count value.

In an embodiment, signal processor 1416 compares the count value with

20  a count threshold. If the count value exceeds the count threshold (e.g., 6000 in a
specific implementation), the input signal amplitude is deemed 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 ZA 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

3 particular percentage of the detector reference voltage V.. (e.g., A,, > 0.95
DEC)'

. 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 ZA
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reference voltage is adjusted, if the count value exceeds a particular amount
10 (e.g., 6000), the input signal amplitude is determined to be greater than a
particular percentage (e.g., 95%) of the detector reference voltage V..

In some applications, it is not necessary to determine the input signal
amplitude with a great deal of precision. Rather, it is only necessary to
determine whether the input signal amplitude exceeds particular signal levels.

15  The signal levels 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 detector reference
voltages (e.g., a high and a low detector reference voltage). If the count value is
high for the high detector reference voltage, the input signal has a large

20 amplitude and all three stages may be enabled to provide the required
performance. If the count value is low 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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cellular) application in wluch the 1nput sagnal may include large amplitude
jammers. The control mechanism described above presumes that large
amplitude jammers are present when the input signal amplitude is high, and
additional ZA stage(s) are enabled to provide increased dynamic range. For
other applications, large spurious signals may not be present in the input signal
and the reverse could be true. That is, the ZA stages can be disabled as the
input signal amplitude increases. The large signal amplitude could indicate a
desired signal having a higher SNR and requiring less dynamic range. Thus,
the control mechanism is designed based, to an extent, on the characterization
of the input signal.

Also for clarity, the invention has been mainly described for a specific
application to ZA ADC. However, the invention can be adopted for use with
many other multi-stage circuits. Generally, the multi-stage circuit includes a
number of signal stages, some of which can be seleciively enabled and disabled.
In an embodiment, the control circuit includes one or more detector stages, with
each detector stage being a replica of one of the signal stages. The detector
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
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.

The control mechanism described above provides many advantages.
The detector stage receives the same input signal that is provided to the multi-
stage circuit. Exira 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
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
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The detector stage is particularly accurate in measuring jammers in a

cellular application. High frequency jammers are attenuated by the detector
stage in similar manner as the enabled stage(s) in the signal path. Thus, even

10  though the amplitude of the jammer may be high, the detected signal could be
small if the jammer frequency is sufficiently high. In this case, a low dynamic
range setting may be adequate since the jammers are similarly filtered by the
stage in the signal path. In contrast, a detector employing a flat frequency
response may falsely declare a high input signal amplitude for large out-of-

15  band jammers and erroneously turn on additional signal stages that may not be
required. '

Second, in some embodiment, the detector stage is a “shrunken” replica
of the stage in the signal path. Thus, the detector stage can be implemented
with components (e.g., switches and capacitor) having dimensions that are a

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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1. A data conversion circuit comprising:

a sigma-delta analog-to-digital converter (£A ADC) configured to receive
an input signal and provide data samples, the ZA ADC including a plurality of
ZA stages coupled in cascade; and

a control circuit coupled to the ZA ADC and configured to provide a
control signal that selectively disables zero or more of the plurality of ZA 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 conditioned samples, and

a signal processor 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 ZA stages.

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

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

5. The circuit of claim 1, wherein at least one detector stage is
implemented as a replica of one of the XA 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 A
stage being replicated.

7. The circuit of claim 5, wherein the at least one detector stage is
biased with a fraction of a bias current for the ZA stage being replicated.
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8. The circuit of claim 1, wherein the detected signal is indicative of

[\

an amplitude of the input signal.

9. The circuit of claim 1, wherein the one or more detector stages are
2 further configured to receive a detector reference voltage, and wherein the
detected signal is indicative of an amplitude of the input signal relative to the

4  detector reference voltage. -

10.  The circuit of claim 1, wherein zero or more XA stages are disabled
2  based, in part, on a detected amplitude of the input signal.

11.  The circuit of claim 10, wherein a first ZA stage is disabled if the
2 detected amplitude falls below a first signal level.

12.  The circuit of claim 11, wherein a second ZA stage is disabled if
2 the detected amplitude falls below a second signal level.

13.  The circuit of claim 10, wherein all ZA stages are enabled if the
2 detected amplitude exceeds a third signal level.

14.  The circuit of claim 10, wherein the A stages are disabled based,
2 in part, on relative locations of the 2A stages within the A ADC.

15.  The circuit of claim 1, wherein the conditioning circuit includes
2 a comparison circuit configured to
receive the detected signal and a comparison signal,
4 compare the detected and comparison signals, and
provide the conditioned samples based on the results of the
6 comparison.

16. The circuit of claim 15, wherein the comparison circuit is
2  implemented using a switched capacitor circuit.

17.  The circuit of claim 1, wherein the XA ADC includes two ZA
2 stages, each ZA stage comprising a fourth order bandpass A modulator.

18.  The circuit of claim 1, wherein the XA ADC includes two ZA
2 stages, each XA stage comprising a second order lowpass £A modulator.
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19.  The circuit of claim 1, wherein the XA ADC is a double-sampling
ZA ADC.

20.  The circuit of claim 1, wherein the XA ADC is a quadruple-
sampling ZA ADC.

21.  The circuit of claim 1, wherein the control circuit further includes
a reference generator configured to provide at least one reference signals.

22. A CDMA receiver comprising the data conversion circuit of claim

23. A method for controlling XA stages in a sigma-delta analog-to-
digital converter (£A 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 2A 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 XA 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
disabling a first ZA stage if the detected signal amplitude falls below a
first signal level.

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

disabling a second A stage if the detected signal amplitude falls below a
second signal level.

27.  The method of claim 24, wherein the selectively disabling includes
enabling all ZA stages if the detected signal amplitude exceeds a third
signal level.

28.  The method of claim 23, wherein the detecting includes
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38. A control circuit for controlling a multi-stage circuit that includes
2 aplurality of signal stages, the control circuit comprising:
one or more detector stages configured to receive an input signal and
4 provide a detected signal, wherein at least one detector stage is implemented as
a replica of one of the signal stages;
6 a conditioning circuit coupled to the one or more detector stages, the
conditioning circuit configured to receive the detected signal and provide a
8 conditioned signal; and
a signal processor coupled to the conditioning circuit, the signal processor
10  configured to receive the conditioned signal and provide the control signal,
wherein the control signal selectively disables zero or more signal stages in the
12 multi-stage circuit.

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



