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Abstract— A second-order multibit switched-capacitor (SC)
complex bandpass AYXAD modulator has been designed, fabri-
cated and tested for application to low-IF receivers in wireless
communication systems. We have employed two new algorithms
there to improve the signal-to-noise-and-distortion (SNDR) of the
modulator. (i) A complex bandpass filter with I, Q dynamic
matching to reduce the mismatch influence between I, Q paths.
As its by-product, the complex modulator can be divided into two
separate parts without signal line crossing between the upper and
lower paths. Therefore, the layout design of the modulator can be
greatly simplified; (ii) A new complex bandpass Data-Weighted
Averaging (DWA) algorithm is implemented to suppress nonlin-
earity effects of multibit DACs in complex form to achieve high
accuracy. Implemented in a 0.18-pm CMOS process and at 2.8V
supply, the modulator achieves a measured peak SNDR of 64.5dB
at 20MS/s with a signal bandwidth of 78kHz while dissipating
28.4mW and occupying an area of 1.82mm?.

I. INTRODUCTION

A complex bandpass AYXAD modulator performs AD con-
version only for the positive frequency of I, Q input signals in
a low-IF receiver [1], and hence it can be realized with lower
power dissipation than a pair of real bandpass A>XAD modula-
tors which perform AD conversion for the negative frequency
(image signal) as well as the positive frequency [2]. A multi-
bit AXAD modulator makes higher SNDR possibly to be with
low-order loop filter, and the stability problem is alleviated.
It is attractive for low power implementation because it alle-
viates the slew-rate requirements of OP-Amps with high dy-
namic range in the modulator. However, multibit DACs cannot
be made perfectly linear and their nonlinearity in the feedback
paths degrade the SNDR of the AXAD modulator. Then we
developed a DWA algorithm for complex bandpass modulator
to suppress nonlinearity effects of multibit DACs in a complex
form. Furthermore, we propose a new structure for a complex
bandpass AXAD modulator which can be divided into two sep-
arate paths without crossing signal lines between the upper and
lower paths, and its layout design can be simplified. This paper
presents the chip implementation with SC circuits employing
the above-mentioned two algorithms. Measured results of the
implemented chip show that above two algorithms are effec-
five.

II. COMPLEX AY. MODULATOR ARCHITECTURE
A. New Structure of Complex Bandpass Filter

Fig.1(a) shows a basic complex bandpass filter while
Fig.1(b) shows its proposed equivalent implementation, where
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four multiplexers (MUX) are added and their select signal
(SEL) toggles at half rate of CLK in z~! block and they are
synchronized. The proposed complex filter is divided into two
separate parts without any crossing of signal lines. The input
I and Q signals alternate between the upper and lower paths
of the complex filter by SEL signal, so that it is equivalent to
the conventional one when their circuits are ideal but the I, Q
mismatch problem is alleviated [3].

B. Complex Bandpass DWA Algorithm in Feedback Path

DACs in our modulator have 9-level resolution with the
segmented SC architecture. Nonlinearities of the segmented
DAC due to mismatches of capacitors introduce errors in feed-
back loop, and the SNDR of the modulator degrades. Fig.2
shows our proposed complex bandpass noise-shaping architec-
ture, nonlinearities error of two DACs el + je2 can be noise
shaped in a complex form at fs/4. In practice, however, this
structure cannot be realized because the input signals may be
infinite (out-of-DAC-input-range). Then the equivalent imple-
mentation called complex DWA algorithm is proposed to re-
alize the above architecture. Element selection logic circuits
(DWA1 and DWA?2) are added between the two ADC outputs
and DAC inputs to select the DAC unit-elements in a rotational
manner [4] as shown in Fig.3. For the I-channel and Q-channel
DAC, we apply highpass and lowpass DWA algorithm with in-
ternal interaction between I, Q modulator output respectively.
DACI, DAC?2 are used alternately for I, Q-channels, and hence
mismatch effects between two DACs el + je2 are first-order
complex bandpass noise-shaped at fs/4.

II1. CIRCUIT IMPLEMENTATION AND EXPERIMENTAL RESULTS

Fig.4 shows our entire proposed complex bandpass AX.AD
modulator. It has no crossing signal lines for either the 2!
block or the feedback paths from DACs. Hence its layout
design can be greatly simplified, and its internal signal lines
can be shorter, which leads to smaller chip area. The pro-
posed modulator was designed with fully differential SC cir-
cuits, and the prototype is implemented in 0.18um CMOS oc-
cupies 1.4 x 1.3mm?, the chip micrograph is shown in Fig.5.

The degree of the mirror image signal suppression in the
modulator was evaluated by demodulating the complex IF-
signal down to baseband. The spectrum of the demodu-
lated, complex valued baseband signal is shown in Fig.6 for
a 4.92MHz sinusoidal input. The image signal is suppressed
by 46 dB with respect to the desired signal, and measured
peak SNDR is 64.5dB at 20MS/s. The modulator operates at
2.8V and consumes 28.4mW. Fig.7 shows output power spec-
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Fig. 1. (a) Basic complex bandpass filter. (b) Proposed equivalent
implementation.

Analog
Output

Fig. 2. Proposed architecture of DAC nonlinearitiy noise-shaping for a
complex bandpass modulator. However, note that this architecture cannot be
implemented directly.
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Fig. 3. Explanation of our complex bandpass DWA algorithm. The
unit-current-cells in ON state are filled in black for a real part (I-path) and in
gray for an imaginary part (Q-path), when the complex input data are
sequentially given by 4+3j, 2+5j, 3+j, 6+2j, ...

trum comparison of the modulator for zero input between at
ON/OFF state of DWA logic. When DWA logic is at ON state,
noise floor at the band of interest is about 3dB lower than that
when DWA logic is at OFF state.
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Fig. 5. Chip micrograph.

Output Power Spectrum

Input Signal

N
o

'S
o

Image Signal

Power[dB]

=2
o

=]
o

-
(=3
=]

-0.01 0 0.01
Normalized Frequency(Fin/Fs)

-0.02 0.02

Fig. 6. Measured output power spectrum of the proposed modulator.
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Fig. 7. Power spectrum comparison in cases of DWA on and off.

97

1D-3




<<
  /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
  /SyntheticBoldness 1.00
  /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


