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Abstract - This paper describes a novel single-loop
multi-bit (3 bits) sigma-delta modulator (SDM) with reduced
number of op-amps for wideband WCDMA. Such architecture
is based in a simplified analog structure that not only features
low distortion but also provides an aggressive and significantly
enlarged noise shaping bandwidth with low over-sampling
ratio (OSR). With a sampling frequency of 39MHz and an
OSR of 10 the proposed circuit can achieve 74dB SFDR.

L. INTRODUCTION

Oversampled sigma-delta analog-to-digital converters
(sigma-delta ADCs) are well known for their capability to
achieve  high-resolution in low-to-medium speed
applications. However, extending these converters to
broadband applications requires lowering the oversampling
ratio (OSR) in order to implement the sigma-delta
modulator within the technology limits and reasonable
values of consumable power. Due to the need of high-speed
communications, the bandwidth of such modulators has
been increasing up to the MHz range in recent years.
High-order modulator structures and multi-bit quantizers
are often used to decrease the OSR requirements without
lowering their performance [1-2].

Another advantage of multi-bit quantization includes
enhanced modulator stability as well as relaxed slew-rate
and settling-time requirements of the operation amplifiers
(opamps) in the loop-filter integrators. At low oversampling
ratios (for example, 4 or 8) as required in such applications,
these ADCs are increasingly sensitive to circuit
imperfections [3]. Distortion components, produced by
nonlinear opamp gain and limited slew-rate, are not
adequately attenuated by the sigma-delta loop, which
implies a careful opamp design to avoid these effects.
However, there are design trade-offs to be achieved
combining, simultaneously, the appropriate circuit
requirements and the necessary power consumption.
Opamps consume most of the power in sigma-delta ADCs,
specially the first stage opamp, because of its requirements
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in terms of DC gain, unity-gain frequency and slew rate.
The SDM proposed in this paper exhibits high-speed and
low distortion, containing a high dynamic range sigma-delta
ADC for WCDMA applications. In section 2, the circuit
architecture will be described, followed by its integrated
circuit implementation on section 3. Section 4 will present
the results of simulation and finally in Section 5 the
conclusions will be drawn.

II. MODULATOR DESIGN

2.1 Proposed Sigma-Delta Modulator (SDM)

To avoid the noise leakage of the uncancelled
quantization noise and the digital cancellation logic, a
single loop topology has been chosen instead of a cascade
topology. The block diagram of the traditional architecture
with multi-bit feedback is shown in Figure 1. This
architecture has several drawbacks in a high-order SDM
design because a high coefficient spread is required to
stabilize the circuit, which not only leads to more area and
power consumption, but also implies higher coefficient
sensitivity and poor stability.

A low-distortion topology [3] has many advantages over
the conventional structure. According with the requirements
of WCDMA communication standards, different circuit
topologies have been proposed [4-6] that are able to achieve
an adequate performance.
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Figure 1: Traditional 3" order SDM with distributed feedback.
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Figure 2 shows a generic low distortion SDM [7] with
the corresponding signal and noise transfer functions given
by (1) and (2). Only one DAC in the feedback path turns
the implementation more convenient especially if the
calibration is used for its linearization. In fact, the second
and third integrator can be shared to further decrease the
power and chip area. In order to simplify the structure and
reduce the redundant components, a modified circuit is
proposed in figure 3. Here, the second and third opamps are
grouped together to realize a second order integrator [8] and
the power consumption can be reduced. Instead of placing
the entire zero at DC, the modified structure spreads the
zero of the second & third integrator such that a more
regressive NTF can be achieved. After optimizing the
circuit by simulation, the highest performance is obtained
by setting a = 1.9. In the generic architecture, the feedback
path 2-a is needed to spread the zeros. However, it requires
very good matching of the capacitance when a is close to 2,
which is not realistic. This additional feedback path is not
necessary in the newly proposed architecture. With OSR=
10, a 3-bits quantizer and o 1.9, Figure 4 shows the
comparison among the SNDR of traditional, generic and the
proposed structures. The simulation shows that the
proposed has SNDR degradation until the input amplitude
reaches -3dB, which is better than the circuit without
low-distortion topology. In addition, the proposed structure
achieves maximum SNDR of 64dB, which is 1dB higher
than the generic circuit and 4dB higher than the traditional
circuit.

2.2 Switched-Capacitor (SC) Circuit

The first integrator is similar to the conventional SC
integrator with multi-bit feedback. Due to the low distortion
topology, the analogy requirement of the op-amp such as
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the DC gain, GBW and SR can be relaxed. The second
integrator and the corresponding timing diagram are shown
in Figure 5. The inverting unity-gain can be implemented
easily by using v,- or v,+ in the fully-differential
configuration. One drawback of this circuit is the increasing
of the capacitor loading in the second integrator, which is
caused by extra-circuitry. However, the analog nonlinearity
of the second amplifier will not be increased significantly
due to the noise-shaping characteristic of the second
integrator.
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Figure 4: SNDR versus input amplitude.
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Figure 5: The circuit of the second integrator.
III OTA CIRCUIT IMPLEMENTATION

The most critical part of the circuit implementation
was the design of the OTA. Since the voltage supply is
only 1.8V in the proposed process, a 2-stage OTA with
rail-to-rail output is required to optimize the output swing.



In order to minimize the power consumption, a class AB
push-pull second stage is used to allow a low static
current and achieve high slew rate. A fully-differential
2-stage OTA with 70dB gain and 120MHz unity-gain
bandwidth (GBW) was designed, with Miller
compensation, with the circuit architecture shown in
Figure 6. In addition, eight 1-bit fully-differential
comparators with 62mV of resolution were designed to
implement the 3-bits quantizer. Besides, a Data Weighted
Averaging (DWA) technique has been used to shape the
DAC nonlinearity caused by mismatch of the feedback
capacitor. The signal dependent tones will not degrade
the performance of the converter since the quantization
noise will be the dominant noise source in the system.

vdd

Mmi12

Mi4

Gnd

Figure 6: A 2-stage fully-differential Class AB OTA.

IV SIMULATION RESULTS

The behavioral simulation of the proposed SDM from
Figure 7 was performed with the circuit parameters
mentioned previously and with a sampling frequency of
39MHz with an OSR=10. Each sampling capacitor has a
value of 1.6pF in the first integrator. The variation of the
design parameter o due to process variations will affect the
overall circuit performance. The mismatch of the unit
elements has also been analyzed by using a Gaussian
distribution with a mean equal to the nominal value and
standard derivation corresponding to the requirement of
the accuracy. With 7-bits accuracy of the unit capacitance,
Figure 8 shows the statistical histogram of the 300-run
simulation for SNDR. In addition, Figure 9 shows the
output spectrum for an input signal frequency of 0.5MHz
with 0.6V,,. The achieved SNDR/SFDR are 64dB/74dB,
respectively. The results satisfy the ADC requirement for
WCDMA [4~6]. Besides, the effect of the DAC
nonlinearity on the SNDR under different Signal-Level
(SL) is presented in Figure 10. It shows that at least 7 bits
accuracy for the feedback capacitor ratio is required
without significantly degrading the performance. In
addition, a comparison of the existing SDMs for WCDMA
with the novel proposed architecture is provided in Table 1,

where it is shown that the proposed architecture obtains
similar levels of accuracy when compared with others but
with a simplified architecture.

\% CONCLUSIONS

This paper has proposed a robust 3™ order
low-distortion and opamp-reduced multi-level SDM.
Simulation results have shown that the proposed SDM is
particularly adequate for wideband applications such as
WCDMA. Moreover, the architecture can be extended to
higher order to increase the SNDR for wider signal
bandwidth. Comparing the proposed SDM with existing
topologies targeted for WCDMA, the proposed modulator
not only reduces the number of opamps, but also satisfies
more demanding communication standards with higher
performance showing that this architecture is well-suited
for low-power applications. Besides, chip area will also
decrease with the reduction of the number of opamps.
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Figure 8: Histogram of 300-run Monte-Carlo simulation with capacitance

variation for SNDR.
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Figure 9:  Output Spectrum of the Proposed SDM.
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Figure 7: Circuit implementation of the proposed SDM.

ACKNOWLEDGEMENT

This work is financially supported by the University of
Macau under the research grant with Ref. No.
RG069/02-03S/MR/FST.

REFERENCES

[1] I Fujimori, L. Longo, A. Hairapetian, K. Seiyama, S. Kosic, J. Cao,
and S. Chan, “A 90-dB SNR 2.5-MHz output rate ADC using
cascaded multibit ZA modulation at 8 x oversampling ratio,” /EEE J.
Solid-State Circuits, Vol. 35, pp. 1820-28, 2000

[2] Y. Geerts, “A High-performance multibit XA CMOS ADC”, in
IEEE J. Solid-State Circuits, Vol. 35, pp.1829-40, 2000.

0 [3]1 J. Silva, U. Moon, J. Steensgaard and G.C. Temes, “Wideband
low-distortion delta-sigma ADC topology,” in Electronics Letters,
S - vol.37, no.12, pp. 737-338, June 2001.

0 10 Signal Level (dB) [4] A. Dezzani, E. Andre, “ A 12-V dual-mode WCDMA/GPRS
delta-sigma modulator”, in Digest International Solid-State Circuits
Conference- ISSCC, San Francisco, CA, pp. 58-59, Feb. 9-13, 2003.

[5] G. Gemoz, B. Haroun, “A 1.5V 2.4/29mW 79/50dB DR XA
modulator for GSM/WCDMA in a 0.13um digital process”, in
vFrancisco, CA, pp. 242-490, Feb. 3-7, 2002.

[6] J.S. Chiang, P.C. Chou, T.H. Chang, ‘“Dual-mode sigma delta
modulator for wideband receiver applications”, in Proc.

Capacitor accuracy
(no. of bits)

Figure 10: SNR vs DAC linearity for OSR = 10.

Table 1: Comparison among different Sigma Delta Modulators.
(Ci-jBm: cascaded i-j converter where m denotes the number of bits in

the quantizers. SnBm denotes n™-order SDM with a m-bit quantizer.)

International  Symposium on Circuits and System-ISCAS 03,
Refs [4] [5] [6] Proposed Bangkok, Australia, pp. 374-7, May. 6-9, 2001
[7] Anas A. Hamoui and Kenneth W. Martin, “High-Order Mulitibit
OSR 10 12 8 10 Modulators and  Pseudo  Data-Weighted = Averaging in
Low-Oversampling AX ADCs for Broad-Band Applications”, /EEE
Topology C21B5 S2B2.3 C23B4 S2B3 Transactions on Circuits and Systems, vol. 51, No.l January 2004.
] [8] A.Q. Safarian, F. Sahandi, S.M. Atarodi, “A new low-power
Bandwidth 1.92 2 1.92 1.92 delta-sigma modulator with the reduced number of op-amps for
speech band applications” in Proc. International Symposium on
(MHz) Circuit and Systems — ISCAS03, Bangkok, Thailand, pp. 1033-6,
May. 25-28, 2003.
SNDR (dB) 64 50 72 64

3102




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


