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Abstract

A low-voltage AY. modulator, incorporating unity-
gain-reset opamps, is described. Due to the feedback
structure, the opamps do not need to be switched off dur-
ing operation, and hence can be clocked at a very high
rate. Atest chip, realized in a 0.35-pmCMOS processand
clocked at 10.24 MHz, provided a dynamic range (DR) of
80 dB and a signal-to-noisetdistortion-ratio (SNDR) of
78 dB for a 20-kHz signal bandwidth, and DR = 74 dB
and SNDR = 70 dB for a 50-kHz BW.

1. Intr oduction

Fine-linevidth low-voltageCMOS technologiesnalke
possiblefastandlow-poweroperatiorfor digital circuitry;
however, they introduceproblemdor thedesignersf ana-
log circuits [1]. Onedifficulty involvesthe operationof
floating switchesrequiredin switched-capacitofSC) cir-
cuits. If thedc supplyrangeVyq + |Vss| becomesompa-
rableto (or is lessthan)the sumof the magnitudeof the
thresholdvoltagesV;, + |Vi,|, thesefloatingswitchescan
no longerbeturnedon for midrangesignals[2]. Boosted
or bootstrappealock signalscanovercomethis problem
[3], but they may stressand damagethe gateoxide [4].
Low-thresholdswitchescanalsobe used[5], but they re-
quirespecialfabricationtechnologywhich maybeexpen-
sive, andtendto leadto increasedeakagecurrents.

The commonly used technique for realizing low-
voltage (LV) SC circuitsin standardCMOS technology
usesswitched opamps (SOs)[6], [7]. An SC integrator
usinga SOis shavnin Fig. 1. It doesnot have ary float-
ing switches,and hencecanuselow (e.g.,1 V) supply
voltage.However, sincethe opampneedgo beturnedoff
andthenonagainin every clock cycle,thesettlingtime of
theresultingtransientdimits the speedf the operation.

An alternatve to the SO techniquewas proposedby
usearlier[8]. It utilizesopampswvhoseoutputis resetto
theirinput duringoneof the clock phasesandhencewill
becalledreset opamps (ROs). Theopampgemainin their
active voltageregionsat all times,andhencethe turn-on
andturn-off transientaareavoided,makingfastoperation
possible.Details of the variouscircuit techniquesvhich
canbeusedo implementRO stagesveredescribedn [8].

c1
I
I

Tatle
i I

Vout
«—O

Figure 1. Switched-opamp integrator.

ThispaperdescribeaLV (1.05-1.2V) high-speed\X:.
modulatorusingRO stageslIt wasfabricatedn astandard
0.35um CMOS processgouldbe clockedover 10 MHz,
andachieved13-bitperformancevertheaudiofrequeny
range.Over a 50-kHz signalband,it gave a 12.5-bitcon-
versionaccurag.

2. Modulator architecture

Fig. 2 illustratesthe block diagramof the modulator
Sincethe RO integratorsusedintroducehalf clock period
delaysmatchingdelayswereintroducednto thefeedback
paths. Thesewererealizedin the digital domain, using
half-delayRSflip-flops.
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Figure 2. Low-voltage AY modulator.

3. The RO integrator and the input buffer

Fig. 3 shaws the basic RO integrator While ®1 is
high, the input capacitorC'1 is chaigedto the input volt-
agev;,, andthe opampoutputis resetto V3 (morepre-
cisely, to Vg — Visat, to keepthe outputdevicesin satu-
ration). Whenthe next ®2 rises,the outputvoltageof the
precedingRO is reset,causingthe chagein C1 to enter
C2. Hencew,,; changedy anincrementwhichis alin-
earfunction of v;,. All switchesin the stageoperateat



Vss = 0V, andhencethey all canberealizedby single
NMOS transistors.
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Figure 3. The unity-gain-reset integrator

Note that (as mentionedabore) the integrator intro-
ducesahalf-period(T"/2) delaybetweerits inputandout-
put signals,and henceadjacentstagesnust be operated
with complementarglock phases.

The input integrator is a specialcase,sinceits input
capacitoiis notconnectedo theoutputof a RO. Ref.[10]
describeaninputstagewhich canbeusedto feedthefirst
integratorof thefilter. The circuit usedby usis shovn in
Fig. 4. It is similar to the buffersdescribedn Refs.[10],
[11]. It is basicallya track-and-resgfT/R) circuit usedas
aninput-samplingswitch. During &5, it samplegheinput
signalandprovidesthe invertedinput signalto the input
capacitorof the first stage. During ®,, the opampis in
unity-gain-resetonfiguration,providing V4 to the first
stage.
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Figure 4. The LV input sampling circuit.
4. Low-voltageopamp
The opampusedis shavn in Fig. 5 [12]. It hasa

pseudo-diferential structure,chosento easethe imple-
mentationof the common-moddeedback(CMFB) cir-
cuit. Eachhalf containsa PMOSdifferentialpair andan
NMOS inverter output stage,with an RC compensating
branchbetweenthem. Theinput stageusesa LV current
mirror [7].

The minimumsupplyvoltageneededor linearopera-
tionis givenby

Vddmin = max [ 3%1}7 ‘/th + 2Vov ] (1)

Themainperformancgarametersf theopampwith a
loadof 3.5 pFaresummarizedn Tablel.
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Figure 5. The LV pseudo-differential opamp.

Table 1. The simulated performance of the LV opamp.

Adc fu PM
68dB | 170MHz | 70°

Slew Rate
100V/us

Tsettling
20ns

5. Levelshifting and CMFB circuits.

A chage-domaindc level shifteris requiredto main-
taintheappropriaténput andoutputcommon-modeolt-
agesfor the opamps. With a CM level of V,,4/2 at the
opampoutput,the CM at the next opampinput mustbe
setto ground.

Level-Shifter Common-Mode Feedback Circuit
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Figure 6. The pseudo-differential integrator with

CMFB.

The SCdc level shifterand CMFB circuit [9] usedare
shavn in Fig. 6. The outputvoltagesVey:, and V,yy
are averagedand usedto inject a correctionchage into
thevirtual grounds soasto obtainan outputCM voltage
equalto Vz4/2.

6. The comparator and the DAC feedback
branch

Thelow-voltagecomparatousedis shavnin Fig. 7. It
requiresdc level shiftersat theinputsto settheinput CM
to ground. The resetswitchesgroundboth latch outputs,
sincefloating resetswitchescannotbe used. The simu-
latedtransitionspeedf thecomparatomas12 ns.
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Figure 7. The LV comparator.

Fig. 8 shavs the circuit diagramof the DAC feedback
brancheslts switchesoperateat groundor V3. The CM
of the DAC signalis cancelledoy the level shiftercircuits
attheopampinputs.
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Figure 8. The low-voltage DAC feedback branch.

7. The overall circuit diagram

The circuit of the modulator(with the CMFB circuits
andinput buffers omittedfor clarity) is shovn in Fig. 9.
The elementvalues(scaledfor optimumdynamicrange)
aregivenin Table2.

Table 2. The capacitance values.

Csl | 2pF Cs2 | 0.8pF Csc | 0.4pF
Cdac| 2pF ||| Cdac2| 0.4pF || Cdcc| 0.4pF
Cdcl| 1pF || Cdc2 | 0.12pf
Cil | 8pF Ci2 1.6pF
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Figure 9. The LV second-order AX modulator.

8. Layout and floor plan

Fig. 10 shows the die photoof the prototypelC, real-
izedin a 0.35 um double-polytriple-metal CMOS tech-
nology The digital and analogcircuitries are separated,
with the opampslocatedat maximumdistancefrom the
digital stages.Well and substrateguardstripsandrings
were also usedto shield the sensitve analogelements
from substratenoise. By using static switches,it was
possibleto allow operationusingeithertheinput stageof
Fig. 4 or a floating input transmissiorgateat the front-
end. This allowed operationevenif the actualthreshold
voltagesof the fabricatedchip were different from the
simulatedvalues. The total chip area(excluding the in-
put buffer) was0.41mn?.

Figure 10. The die photograph of LV second-order AX
modulator.

9. Testresults

Thefabricatecchipwastestedwith a10.24MHz clock
signalandwith varying (1.05to 1.2 V) supplyvoltages.
Table3 givesa summaryof the measuredesults.For au-
dio band(0 to 20 kHz) operation,a true 13-bit accurag
resultedextendingtheinputfrequeng rangeto 0-50kHz,
ENOB = 12.5bitswasobtained.Thechip remainedper
ational,but at ENOB = 10.5bits, down to 0.95V supply
voltage. The SDNR andSNR curvesfor a 2.5 kHz input
sinewave areshowvn in Fig. 11.

The typical measuredspectrumof the digital output
streamis illustratedin Fig. 12. No harmonicswere de-
tected.

Therewas a variation of the thresholdvoltagesfrom
thesimulationmodelsto the actualchips. While themod-
elsassumed/, = 0.55V and|V;p,| = 0.55V, in the
chips Vi, rangedfrom 0.486V to 0.563V, and |Vip,|
from 0.422V to 0.486V. In thelow-thresholdchips,the
floatinginput switchcouldbeturnedon;in theothers the
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Figure 11. The SNR and SNDR for 20 kHz and 50 kHz

signal bands

Table 3. The measured performance of the second-order
AY, ADC.

input buffer hadto beused.The performancelid notvary

SignalBandwidth 20kHz 50kHz
SamplingFrequenyg | 10.24MHz | 10.24MHz
Max. Diff. Input 1.2Vpp 1.2Vpp
DynamicRange 80dB 74dB

PeakSNR 78.6dB 70.6dB
PeakSNDR 77.8dB 70.4dB
Paver Consumption| 5.6mW 5.6mw
SupplyVoltage 1.05V 1.05Vv
Chip CoreArea 0.41mm? | 0.41mn?
Technology 0.35um 0.41mm?
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Figure 12. The spectrum of the digital output bit
stream.

significantlybetweerthetwo modesof operation.

10. Conclusions

A low-voltageandfastdelta-sigmaADC wasdesigned
andfabricated It usesunity-gain-resebpampswhich do
notrequiretheturningonandoff associatedith switched
opamps. The test resultsindicatethat this circuit tech-
nigueis suitablefor high-speechigh-accurag operation
with 1V or lower supplyvoltages.

11. Acknowledgments

The authorsare gratefulto Jos Silva, RobertBatten,
TetsuyaKaijita, and Greg Barnesfor their assistancelur
ing thedesignandfabricationof the prototype.Addition-
aly, we arethankfulto AMI Semiconductofor fabricat-
ing the testchip. This work was supportedby the NSF
Centerfor Designof Analog-Digital IntegratedCircuits
(CDADIC).

12. References

[1] Edgar Sanchez-Sinenci@nd AndreasG. Andreou, Low-
Voltage/Lav-Pawer IntegratedCircuits and Systems|EEE
PressNJ 1999

[2] M. Steyaert,V. PelusoJ. BastosW. Sansen;Customana-
log low power design:The problemof low voltageandmis-
match; IEEE CustomintegratedCircuitsConferencel 997,
pp.285-292.

[3] J.Grilo, E. MacRobbieR. Halim, GaborC. Temes,1.8 V,
94 dB dynamicrangeAX modulatorfor voiceapplications,
Proc.ISSCG Feh 1996,pp.230-231.

[4] “The national technology roadmapfor semiconductors,
SemiconductomdustryAssoc., Tech.Rep.,1997

[5] T.Atachi,A. Ishinava,A. Barlow, andK. Taksuka;'A 1.4V
switchedcapacitoffilter,” Proc.CICC, May 1990,pp.8.2.1-
8.2.4

[6] V. PelusoM. Steyaert,andW. Sansen;A 1.5V 100 yW
AY. modulator with 12-bit dynamic range using the
switched-opamgechniqué, IEEE J. Solid-StateCircuits,
vol. 32, pp.943-952 July 1997.

[7] V. Peluso,P. VancorenlandA. Marques,M. Steyaert,and
W. Sansen;A 900mW low-power A/D with 77 dB dynamic
rang€, IEEE J. Solid-StateCircuits,vol. 33,pp.1887-1896,
Dec.1998.

[8] E. Bidari, M. Keskin, F. Maloberti, U. Moon, J. Steens-
gard, and G. C. Temes,“Low-voltage switched-capacitor
circuits; Proc.IEEE Int. Symp.CircuitsSyst, Florida,May
1999,vol. I, pp.49-52.

[9] L. Wu, M. Keskin,U. Moon, andG. C. Temes,“Efficient
common-modefeedback circuits for pseudo-diierential
switched-capacitostages, Proc.IEEE Int. Symp. Circuits
Syst, Genea, May 2000,vol. V, pp. 445-448.

[10] A.BaschirottoR.CastelloandG. P. Montagna, Active se-
ries switch for switch-opampircuits; Electron.Lett., vol.
34, pp.1365-1366,July 1998.

[11] M. Ishikava andT. Tsukahara;An 8-bit 50-MHz CMOS
subrangingA/D corverterwith pipelinedwide-bandS/H;
IEEE J. of Solid-StateCircuits vol. 23,pp.1309-1315Dec.
1988.

[12] A. Baschirotto,’A 40 MHz CMOSsample& hold operat-
ingatl.2V,” ESSCIRC1998



