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This 16b, 2.5M % output rate AT is intended for xDSTL and high-
speed instromentation applications. A fourth-order cascaded AX
modulator (AZM) operating at 20MHz employs multibit quantiza-
tion and dynamie element matehing (DEM) to make all quantiza-
tion neise contributions negligible at an oversampling ratic (OSR)
of eight, The ADC achieves 90dB signal-to-noise ratio (SNIRV) in a
1.20MI1z bandwidth, and 102dB spurious free dynamic rangoe
(SI'DIR) with 270mW dissipation.

Cascaded AZM siructures realize high-order noise shaping without
instability, and are suited for high-speed converters with low OSE
[I121{3]. A 2-1-1 cascade AXM wilh 1b quantizers can reduce the
inhand power of theovotical quantizalion noise (TQN) to -90dRTFS at.
24x OBR. The resulling oversampling clock of 60MHz increasos
analog speed requirements, and makes decimation filter switching
noise more diffienlt to manage in sinple-chip inbegration, The use of
a mullibit quantizer in the last stage further reducca the TN, bul
the quanlization noise leakage (QNI} due to analeg circuit imper-
fections limit the OSH to 16x [2), The cascaded pipeline approach is
feasible at 8x OSR, but the extra complexity in the pipeline con-
verfor increases analog powor [3].

This architecture overcomes the limitation of conventional 2-1-1
cascaded ALZMs by using multibit quantizers in the first Lwo stages
{Figrure 20.8.1), This simple exlension has several advantages that
make low (8x) OSR. feasible, and reduee power. Use of multibit
quantizers in the first and second stage does not directly reduce
TQN, becanse ils quantization noise is eancelled by the noise
caneellation logic (NCL), However, the smaller quantizer error
oxtracted from the preceding stage allows the interstuge gain to bo
Jarger than one to ulilize the full dynamic range of the following
stagie. In case of 4b quantizers, interslage gain smaller than 16 will
not cause overload, For this design, 4 three-stage implementation
allows use of interatage gaing 4 (hel) and 8 (he2). Sinen the
quantization noisc of the last stage is scaled by the inverseofheland
he2 in the NCL, the T@N is veduced by tho same amount, Figure
20.3.2a illustrates the division of the three factors for the signal-to-
quantizalion-noise ratio (SQNR} set by TQN, At 8x OS8R, fourth-
order noise shaping gives 54dB SQNR. Four-hit quantization in the
lasl stage gives another 24d13, Total interstage gain of 32 provides
the final 30dR, totaling in 1084, Unlike conveniional AZMs, noise
shaping provides only half ol the total SQNR.

Another advantape of muliibit quantization in the carlier stages is
Lthe reduced QNL. The dominant souree is thoe fiest stage QNI
causcd by integrator pole crrers due to finite opamp de gain, because
its offeet is only livsl-nrder neise-shaped. Figure 20.3.2b shows
SGQNE by QNL for opamps with 80dB de gain. Use of 1b quantizers
in the fivst fwo stages requires 32x OSR to keep QNL negligible. The
propased architecture achieves 110dB SQNR at 8x OSR. Note thal
a larger interstage gain increases the pole ervor, Thus, he2 is made
larger than hel because the pole crror of latter stagas has smaller
clfect. The architecture makes both T@N and QNL negligible inthe
overall SNR, leaving the entive noise budget to analog tIc1YC) noige.
Tn addition, the insertion of interstage gain reduces the kT/C noise
contributions of the latter stages, which otherwize would be signifi-
cant with limited noisc-shaping at 8x OSR.

The nonlinearity of the fivst-stage multibit DAC divectly affects the
performance wilhout suppression by noisc ghaping. However, im-
provement of capacitor mismateh in modern procoss technology and
development of XM algorithms has made this a viable choico, A
cammon DEM algorithm, data weiphted averaging (DWA) achioves
first-order mismateh shaping, but can introduee signal-dependent
tones [4], This degradea SFDR and makes the inband mismatch-
induced noise power dependent on signal leve] 151, The bi-directional
DWA (Bi-DWA) algorithm shown in Figure 20.3,3a switchos the
direction of rotation every sample with a separate index pointer for
the add zamples (right rotation) and the even samples {leftrotalion),
This simple modification te DWA randomixes the sequence to
eliminate tones while preserving the noise shaping. Figure 20.3.3h
demonsgtrates this by comparing simulations of DWA and Bi-DWA
with 0.1% mismatch. The cost of Bi-DWA is the slight increase in
mismatch neise. With capacitor mismateh of this design, the in-
crease is 1B compared to the worsl-ease of DWA, keeping mismaich
naige conlribution minor in the noise budget. Applying Bi-DWA to
all three stages allows capacitor sizes in the latter stages to he
optimized for kT/C noise instead of miamateh, which reduees power.

Fully-differential switched-capacitor circuits are used for the AXM
implementation. In the integrator stapge, 2 common set of capacitors
is shared by input sampling and the 4b DAC [3]. Rliminating one set
of gwitched-capacitors results in 3dB reduction of kKT/C noise,
smaller acload, and smaller integrator pole error. The advantage for
use in the first integrator is the relaxed ADC input drive require-
ment, The full-scale input range is £2.0V differential. Capacitors are
pre-charged to the provieus quantizer output lovel, which elosely
lracks the input in a gversampled multibit AZM. The nse of low-
threshold CMOS iransfer gates for input switches reduces resis-
tance valtage dependency, hence sampling distortion, FFor the firsi
integrator opamp, de gain higher than the @NL requirement is
implemented to avoid distortion eaused by gain dependency to
voltage. Settling requirements lor QNL and distortion prevention
are greatly relaxed by multibit quantization. A folded-cazeode
topology with gain boost achieves high de gain with the necessary
bandwidth (Figore 20.3.4). A single low-threshold transistor gain
boost has the minimum current overhead, with swing reduction of
only 0.3V compared to a cuscode load biased in high-swing condition.
The simulatod de gain is 96dB. The closced-loop deminant pele is
BOMHy, which is only 4.5 times the sampling frequency.

The 4.6x5.4mn? chip is fabricaled vsing triple-metal, double-poly,
0.5um CMOS (IFMigure 20.3.5). The decimation low-pasg filter con-
sists of three half-band FIR stages. The stopband aitenuation is
85dR and the passband ripple 1% £0,004d5, All measurements are
with 5V analog and 3V digital power supplies. Power dissipation of
the AZM is 105mW. The 270mW total power is leas than half that of
a previously-reported ADC with comparable performance [3]. Fig-
ure 20.3.8 shows signal-to-(noisc + distortion)} ralio (SNDR) and
SFDR va. input level lor 100k1Iz and 500kHz signuls, The SNR at
500kITz iz 40dB. The SFDR is 1104B at -10dBFS, and 102dB at
-0.1dBTS, Figare 20.3.7 shows the FF1 spectrum for a -0.1dBFS,
100kIIz sine-wave input. The total harmenie digtorlion s 98dB,
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Figure 20.3.3: (a) Concept of Bi-NDWA, (b) Simulated FFT
with 0.1% DAC mismaich (average of 50sets).
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Figure 20.3.6: Measured SNDR and SFDR vs. input level.
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Figuve 20,3.2; Multibit quantizers in a 2-1-1 eascade:
{a} TQN vs. OS8R, (h) QNL vs. OSR.
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Figare 20,8.4; Opamp circuit diagram,

Figure 20.3.5: Sec page 468,
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Figure 20.3.7: Mcasared FTT of a -0.1dBFS, 100kH= signal.
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