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Conventional Wireless Recelver
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Digitization of one channel

Digital Channel Selection

at a fixed-IF
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e.g. Sala et al., JSSC Jul. 2004



Digitization of all channels I\

Digital Channel Selection
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e.g. Breems et al., JSSC Dec. 2007



Digital Channel Selection

Digitization of one channel
at a variable-IF
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Objective: To provide a programmable passband with a
performance comparable to state-of-the-art fixed-passband

UJ’T modulators 5



Modulator Architecture
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Inpui for DAC
digital comection

CRFF architecture provides a programmable centre-frequency
with the fewer programmable gains than a CRFB



Programmable Modulator Coefficients
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Quantization of the
Integrator gains
iIntroduces some
overhead in the

design

= Want to minimize
the resolution
required to quantize
each of the
coefficients without
sacrificing
performance
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Quantization of the Coefficients

The modulator's SQNR is most sensitive to the accuracy of the
resonant frequency of the resonators
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These only depend upon the product (cg), noton c or g
iIndividually

It is possible to quantize one coarsely

Then, quantize the other with more resolution in order to
accurately set (cg)



Modulator Architecture

Input for DAC

digital comection

Quantization of the coefficients does not
limit the modulator's performance



OTA compensation
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Thermal Noise Analysis

The thermal noise in the first resonator dominates the noise floor of the mod-
ulator.
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The thermal noises can be referred to the input of the modulator as
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DAC Nonlinearity Compensation

Dynamic element matching would have been
complicated since the passband is programmable

Modulator

Loop filter

Digital correction

16 o
»| LUT ——V

—( ADC

A

{ DAC |-=

t

Contains digital
! representation of the
i actual DAC output

Instead, DAC nonlinearity can be
digitally corrected with a lookup table
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DAC Calibration

Path added for DAC-output measuremesnt
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DAC calibration is accommodated taking
advantage of the modulator's programmability
with little additional overhead



Die Photo
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Measured DAC Nonlinearity

DNL (LSB)

INL (LSB)

Feedback DAC DNL (reference=16 bits)
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Centre-Frequency Programmability

NTFs
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f, = 40-MHz with bandwidth of 310 kHz (OSR = 64)

Centre frequency swept from dc to 31% of f, in steps of 0.5% of f,
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SNR (dB)
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dBFS (NBW=38.1 Hz)

Two-Tone Testing
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dB/dBc

Measurements

Center Frequency (MHz)
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Summary and Comparison

This work Colonna  Cusinato Salo
CICC'07 JSS5C 04 JSS5C'01 JS5C 03
fs (MHz) 4Q 37.05 42.8 80
f (MHz) 0-12.6 10.7 10.7 20
BW (kHz) 310 200 200 270
SNDR (dB) 82-71 - 61 78
SNR (dB) 86-75 72 - 80
DR (dB) 93-76 78 4 86
-IMD (dB) -(90-73) -65 -75 -
P (mW) 115 88 76 24
Area (mm?) 4.51 1 1 0.52
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Conclusions

Performance comparable to state-of-the-art fixed passband
modulators was achieved with a programmable centre frequency

Partly due to the fact that there have been very few multi-bit
bandpass AX modulators reported

Overhead required to accommodate programmability was
minimized

Future work will look at the other blocks required for flexible IF &
baseband processing
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Extras
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Overall Schematic
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Power Breakdown

Supply Description Power (mW)
OTA1 35.5
OTA2 35.3
OTA3 9.32
AVDD OTA4 9.27
OTAS 7.70
ADC preamps 2.43
Others 0.60
Subtotal 100
BVDD Bootstrapping 0.936
CVDD Clock buffers 3.42
DVDD | Clock generator and output buffers 3.24
LVDD ADC latches 0.234
Total 108
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Active
combiner

Test Setup

SE-DIFF
conversion &
buffering

PC

DUT

High-speed
/O

GP-1B ‘
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