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WA 20.5 A Two-Path Bandpass XA Modulator
with Extended Noise Shaping’

All Tabatabael, Kambiz Kaviani, Bruce Woaley
Genter for Integrated Systems, Stanford Univ., Stanford, GA

The proliforation of communications applicalions stimulates inlor-
est in digitizing bandpass signals with bandwidiths of several MHz
at inlermediate frequencies abave 10MHz. This multistapge
oversampling modulator comhines lowpass and bandpass stages to
achieve an extended dynamic range at low eversampling ragios. An
cxperimenlal pentotype of the architecture integraled in 0,254m
CMOS achieves 7540 dynamic range for 2MHz signal bandwidth at
16MIIz IF.

Overgampling modulators are an effeclive means of digitizing
signals with a large dynamic range without precise matching of
analog circuits components, Tlowever, the lundamental benefits of
these converters generally derive from the ability to achieve a lavge
oversampling ratio. In applications where the oversampling ralio is
constrained by technology limitations or power consideraiions,
multiple cazeaded stages are commonly used Lo incvease the modu-
lator order and thus roduce the oversampling ratio needed to
achieve a given dynamie range.

Ina cuseaded, or multistage, XA modulatoy, each stage following the
first is desipned to cancel the quantization noise of the preceding
stage. In a conventional architccture, ail of the stages ave them-
selves ovorsampled, with the null in their noise shaping placed al
the center of the signal band. Thus, the notse cancellation is mosi
elfective at the center of the signal band, and the density of the
guaniization noise in the modulator entpat increases from the
center to the edges of the signal band, aa depicled in Figure 20.5.1a.
As the quantizatien neise is progressively shifted toward the band
edges in the caseade, additional stages contribute progressively loss
ta inereasing the overall dynamiec vange.

Alternatively, quantization noise al the edpges of the signalband can
be cancelled more officiently by allering the noise shaping in the
later stages of a caacade. Figure 20.5, 1h illustrates how moving the
null in such stages to the band edges can attenuate the noise where
its cnergy is the largest, As implicd by Figure 20.5.1h, a handpass
maodulator stage with its null shiflod to the band edge ean bo used
for this purpose, In this work, such an approach is adopted to extend
the dynamie range of the bandpass ZA modulater shown in Fig-
ure 20.5.2.

In the architocture of Figure 20.5.2, a bandpass signal is digitized
by firsi shifting the 1 and Q components of the signal to hascband
and then digitizing these signals with two parallel low pass modu-
lators that are clocked at one-half the sampling lrequency of the
overall modulator [1]. Each of the lowpass modulators is then
implemented with the three-stagoe architecture shown in Kig-
ure 20.5.3, Conventional 1h, 2nd-crder low-pass ZA modulators are
used ag the building blocks in this architecture.

In the threc-stage modulator of Figure 20.5.3, the fivet two stages
aresimply low-paszs YAmodulators, In the third stage, thenullin the
noise shaping is shifted from de to the band edge by means of a 4th-
order bandpass modulator stage. Thus, the overall avehitecture,
deacribed here ag a 2(LP)-2(L1)-4(BP) cascade, places two second-
ordor notches at de and one second-order noleh at cach end of the
signal band, Simulations indicate that, when limited only by quan-
Lization noiae, this architeetuve achieves 10441 dynamic ranpe at
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an oversampling ratio of 16. Thoy also show that the dynamic range
would be reduced to 90dB by a 0.5% mismaich hetween analog and
digital cocfficients, including the sinusoidal coefficients in the
mixers.

To implement the bandpass noise-gshaping function in the third-
skage of the lowpass modulater, the input to thal siage is first mixed
in quadrature so as to shift the neise shaping null from de to the
edges of the signal band. The required frequency shifl is f/4M),
where M is the oversampling ratio and {5 is the sampling frequency
for the overall maodulater. The resulling I and Q outputs of this stage
must be mixed back to their original [requency as part of the
subsequent digital signal processing that combines the outpuls of
the three stages so as to suppress the quantization noise of the first
twao stagos.

An implementation of the overall bandpass maodulator of Fig-
ure 20.5.2, using the three-stagoe lowpass architeclure of Fig-
ure 20.5.8, is shown in Figure 20,5.4, In the experimental proto-
type, a 16MHz IF input signal with 2MHz bandwidth is sampled at
G4M3ample/s. The front-ond mixer down-converts the £/4 IF signal
by alternating the polarily of conrecutive samples, which is readily
accomplished with appropriate sampling switches at the modulator
mput [2). No other analag circuitry is requived.

The mixcrs at the input of the third stage in the lowpass moednlator
are switched-capacitor vaviable-gain amplifiors, as shown in Fig-
ure 20.6.5. Eight difforent eapacitor values are uscd to weigh each
sample with its corresponding sine cocfficient. Folded-cascode am-
plifiers with a gain of at least 60dB gain are used Lo implement the
mixer/integrator cireuiis.

Thie modulator of Figure 20.6.4 is inteprated in a 0.25um CMOS
technology in an active area of 2,8mm? The cirenit dissipates
T40mW from a 2.5V supply. The analog switched-capacilor eirenits
disipate 100mW, and the clock generator cirenits dissipate 10mW;
the remaining 30mW is dissipated in the digital output dreivers, A
plat of megsured SNDR vs, input signal level is shown in Figure
20.5.6. The modulalor attains 75dB dynamic range and 70dB
maximmm SNDR. At present, the maximum sampling frequeney for
which this performanee ean be maintained is believod to be limited
by noise coupling on the test board valther than by the circuit ilself.

Figare 20.5.7 shows the measured complex oulpat spoetrum of the
overall three-stage modulator, along with the spectrum obtained
uging only the outpuls of the first two modulator stages, This
comparison demonstrates that the third stage effoctively cancels
the guantization-neise at cach end of the signal band, The dc
component in the ontput of the modulaler results from capacilor
mismatch and amplificr offsct in the fvsi modulator stage. The
1MHz component is due to similar nenidealitios in the third stago
as the third-slage mixers up-convert the effect of these nonidealitics
from de to 1MLz, ITowever, these tones do not limit the dynamie
range and ean be removed by digital filtering.

Mizmateh betweon | and @ pathy of the overall modulator ereates
tho mirror signal apparent in Figure 20.5.7. The mismatch is the
result of both component mismateh and non-orthogenal sampling.
The measured 40dB mirror-signal altenuation is accoptable for
most communications applications.
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Figure 20.5.4: Bandpass modualator architecture,
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Figure 20.5.7: See page 468,
DIGEST OF TECHNICAL PAPERS + 343



ISSGC 2000 PAPER CONTINUATIONS

Receivr Performance (RF=5.25 GHz, 1.0=35,26 Gflz)
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Transmitter Performance (Baseband=150MHz, LO—5.55 Giiz)
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Figure 19.2.8: Transceiver performance.
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Figare 20.2.5: DS micrograph,

\'! DA :
) L R I

Figure 19.3.7: Chip mierograph.

Figure 20,3.5: Chip micrograph.
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