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Abstract

A low-voltage ��� 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. A test chip, realized in a 0.35- � m CMOS process and
clocked at 10.24 MHz, provided a dynamic range (DR) of
80 dB and a signal-to-noise+distortion-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-linewidth low-voltageCMOStechnologiesmake
possiblefastandlow-poweroperationfor digital circuitry;
however, they introduceproblemsfor thedesignersof ana-
log circuits [1]. Onedifficulty involvesthe operationof
floatingswitchesrequiredin switched-capacitor(SC)cir-
cuits. If thedcsupplyrange�	�
���� �	���� becomescompa-
rableto (or is lessthan)thesumof themagnitudesof the
thresholdvoltages�������� ������ , thesefloatingswitchescan
no longerbeturnedon for midrangesignals[2]. Boosted
or bootstrappedclock signalscanovercomethis problem
[3], but they may stressanddamagethe gateoxide [4].
Low-thresholdswitchescanalsobeused[5], but they re-
quirespecialfabricationtechnologywhichmaybeexpen-
sive,andtendto leadto increasedleakagecurrents.

The commonly used technique for realizing low-
voltage(LV) SC circuits in standardCMOS technology
usesswitched opamps (SOs)[6], [7]. An SC integrator
usinga SOis shown in Fig. 1. It doesnot have any float-
ing switches,and hencecan uselow (e.g., 1 V) supply
voltage.However, sincetheopampneedsto beturnedoff
andthenonagainin everyclockcycle,thesettlingtimeof
theresultingtransientslimits thespeedof theoperation.

An alternative to the SO techniquewas proposedby
usearlier[8]. It utilizesopampswhoseoutputis resetto
their input duringoneof theclockphases,andhencewill
becalledreset opamps (ROs).Theopampsremainin their
active voltageregionsat all times,andhencethe turn-on
andturn-off transientsareavoided,makingfastoperation
possible.Detailsof the variouscircuit techniqueswhich
canbeusedto implementRO stagesweredescribedin [8].
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ThispaperdescribesaLV (1.05-1.2V) high-speed���
modulatorusingRO stages.It wasfabricatedin astandard
0.35-� m CMOSprocess,couldbeclockedover10 MHz,
andachieved13-bitperformanceovertheaudiofrequency
range.Over a 50-kHzsignalband,it gavea 12.5-bitcon-
versionaccuracy.

2. Modulator architecture

Fig. 2 illustratesthe block diagramof the modulator.
SincetheRO integratorsusedintroducehalf clock period
delays,matchingdelayswereintroducedinto thefeedback
paths. Thesewererealizedin the digital domain,using
half-delayRSflip-flops.
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3. The RO integrator and the input buffer

Fig. 3 shows the basicRO integrator. While GFH is
high, the input capacitorIJH is chargedto the input volt-
age K.L�� , andtheopampoutputis resetto �M�
� (morepre-
cisely, to �	�
�ONP�	�
��QR� , to keeptheoutputdevicesin satu-
ration). Whenthenext GTS rises,theoutputvoltageof the
precedingRO is reset,causingthecharge in IJH to enter
IUS . Hence,K�VXW/� changesby anincrementwhich is a lin-
ear function of K.L�� . All switchesin the stageoperateat



� ���ZY\[ � , andhencethey all canbe realizedby single
NMOStransistors.
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Note that (as mentionedabove) the integrator intro-
ducesahalf-period( eOf.S ) delaybetweenits inputandout-
put signals,andhenceadjacentstagesmustbe operated
with complementaryclockphases.

The input integrator is a specialcase,sinceits input
capacitoris notconnectedto theoutputof aRO. Ref. [10]
describesaninputstagewhichcanbeusedto feedthefirst
integratorof thefilter. Thecircuit usedby usis shown in
Fig. 4. It is similar to thebuffersdescribedin Refs.[10],
[11]. It is basicallya track-and-reset(T/R) circuit usedas
aninput-samplingswitch.During G�g , it samplestheinput
signalandprovidesthe invertedinput signalto the input
capacitorof the first stage. During G�h , the opampis in
unity-gain-resetconfiguration,providing �	�
� to the first
stage.
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4. Low-voltageopamp

The opampusedis shown in Fig. 5 [12]. It has a
pseudo-differential structure,chosento easethe imple-
mentationof the common-modefeedback(CMFB) cir-
cuit. Eachhalf containsa PMOSdifferentialpair andan
NMOS inverteroutput stage,with an RC compensating
branchbetweenthem. The input stageusesa LV current
mirror [7].

Theminimumsupplyvoltageneededfor linearopera-
tion is givenby

� �
�RpTLq��Ymrts!uwv.x � VXy�z � �|{ ��S�� V,y~} (1)

Themainperformanceparametersof theopampwith a
loadof 3.5pFaresummarizedin Table1.
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5. Level shifting and CMFB circuits.

A charge-domaindc level shifter is requiredto main-
tain theappropriateinputandoutputcommon-modevolt-
agesfor the opamps. With a CM level of ¡	¢
¢A£�¤ at the
opampoutput, the CM at the next opampinput mustbe
setto ground.
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TheSCdc level shifterandCMFB circuit [9] usedare

shown in Fig. 6. The output voltages ¡	°X±b²�³ and ¡	°X±b²�´
areaveragedandusedto inject a correctioncharge into
thevirtual grounds,soasto obtainanoutputCM voltage
equalto ¡	¢
¢/£�¤ .
6. The comparator and the DAC feedback

branch

Thelow-voltagecomparatorusedis shown in Fig. 7. It
requiresdc level shiftersat theinputsto settheinput CM
to ground.Theresetswitchesgroundboth latchoutputs,
sincefloating resetswitchescannotbe used. The simu-
latedtransitionspeedof thecomparatorwas12ns.
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Fig. 8 shows thecircuit diagramof theDAC feedback
branches.Its switchesoperateat groundor �	�
� . TheCM
of theDAC signalis cancelledby thelevel shiftercircuits
at theopampinputs.

Vdd

Φ1

Φ1
Φ2

of Integrator

Cref

of RS FlipFlop
from Output To Virtual Ground 

�i� ���! �"U·M%(^�-A"9E 2A)B1DCA2�E *,5A�&"9¸�¹(ºw»�"b"b0�¼A56+.½9¼� #5!:6+6-i%

7. The overall circuit diagram

Thecircuit of themodulator(with the CMFB circuits
andinput buffersomittedfor clarity) is shown in Fig. 9.
Theelementvalues(scaledfor optimumdynamicrange)
aregivenin Table2.

^�5!¼!E "U?�%(^�-A"U+<5!4656+/� *,5!:6+d"FCA5!E¾�A"<c/%
Cs1 2 pF Cs2 0.8pF Csc 0.4pF
Cdac 2 pF Cdac2 0.4pF Cdcc 0.4pF
Cdc1 1 pF Cdc2 0.12pf
Ci1 8 pF Ci2 1.6pF
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8. Layout and floor plan

Fig. 10 shows thedie photoof theprototypeIC, real-
ized in a 0.35 � m double-polytriple-metalCMOS tech-
nology. The digital andanalogcircuitriesareseparated,
with the opampslocatedat maximumdistancefrom the
digital stages.Well andsubstrateguardstripsandrings
were also usedto shield the sensitive analogelements
from substratenoise. By using static switches,it was
possibleto allow operationusingeithertheinput stageof
Fig. 4 or a floating input transmissiongateat the front-
end. This allowed operationeven if the actualthreshold
voltagesof the fabricatedchip were different from the
simulatedvalues. The total chip area(excluding the in-
putbuffer) was0.41mmg .
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9. Testresults

Thefabricatedchipwastestedwith a10.24MHz clock
signalandwith varying (1.05 to 1.2 V) supplyvoltages.
Table3 givesa summaryof themeasuredresults.For au-
dio band(0 to 20 kHz) operation,a true 13-bit accuracy
resulted;extendingtheinputfrequency rangeto 0-50kHz,
ENOB= 12.5bitswasobtained.Thechip remainedoper-
ational,but at ENOB = 10.5bits, down to 0.95V supply
voltage.TheSDNRandSNRcurvesfor a 2.5 kHz input
sinewave areshown in Fig. 11.

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

Therewas a variationof the thresholdvoltagesfrom
thesimulationmodelsto theactualchips.While themod-
els assumed���|{/��ÂY 0.55V and  ���|{d�M(ÂY 0.55V, in the
chips ���|{/� rangedfrom 0.486V to 0.563V, and  ���|{d�M
from 0.422V to 0.486V. In the low-thresholdchips,the
floatinginputswitchcouldbeturnedon; in theothers,the
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SignalBandwidth 20kHz 50kHz
SamplingFrequency 10.24MHz 10.24MHz

Max. Diff. Input 1.2Vpp 1.2Vpp
DynamicRange 80dB 74dB

PeakSNR 78.6dB 70.6dB
PeakSNDR 77.8dB 70.4dB

PowerConsumption 5.6mW 5.6mW
SupplyVoltage 1.05V 1.05V
ChipCoreArea 0.41mmg 0.41mmg

Technology 0.35 � m 0.41mmg
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inputbuffer hadto beused.Theperformancedid notvary
significantlybetweenthetwo modesof operation.

10. Conclusions

A low-voltageandfastdelta-sigmaADC wasdesigned
andfabricated.It usesunity-gain-resetopamps,which do
notrequiretheturningonandoff associatedwith switched
opamps. The test resultsindicatethat this circuit tech-
nique is suitablefor high-speedhigh-accuracy operation
with 1 V or lowersupplyvoltages.

11. Acknowledgments

The authorsaregrateful to Jośe Silva, RobertBatten,
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