SIGMA-DELTA ARRAYS FOR REJECTING AMPLIFIER NOISE, DISTORTION, AND
QUANTIZATION NOISE CASEWESTERNI@SERVE

UNIVERSITY £

1he.

of ARSIty

Arjuna Madanayake (arjuna@uakron.edu), Soumyajit Mandal (sxm833@case.edu)

N-PORT LNAS AND ADCS

State-of-the-art receivers for N-element
antenna arrays simply replicate N high-
sensitivity receivers at each element to create
an N-element aperture. This approach is not
optimal because it ignores the relationships
that must exist between signals, noise, inter-
ference, and non-linear distortion across the
elements of the array. In particular, Special
Relativity defines a region of causality (the
light cone) outside which no propagating
waves can exist. We use this fact to improve
the performance of array processors. Specif-
ically, we develop spatially-oversampled
arrays to spectrally shape the noise and
distortion of LNAs and ADCs such that they
do not overlap with the light cone of the input
signals, i.e., electromagnetic waves. We call
this approach spatio-temporal noise shaping.

INTRODUCTION

Multiple narrow beams formed by large-scale
antenna arrays are fundamental for 5G wire-
less networks if they are to achieve expo-
nentially larger capacities and data rates than
the current state-of-the-art. We investigate
fundamentally new circuits based on multi-
dimensional signal processing for simulta-
neously forming many steerable mm-wave
(mmW) beams, each with several GHz of
bandwidth. The proposed system replaces the
N independent LNAs and ADCs of a con-
ventional array with a spatially-oversampled
array interfaced to a single energy-efficient
multi-dimensional (/V-port) LNA and ADC. A
hybrid approach based on a combination of
analog sub-arrays and low complexity digital
systems is then developed to simultaneously
form multiple narrow mmW beams [1, 2].
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Figure 1: (a) A K, -times spatially-oversampled ar- y(0,nAT)
ray with an antenna spacing of A/ (2K,); (b) the
ROS of received waves (green) is a compressed
light cone that overlaps receiver noise and distor-
tion (red); (c) spatial A-3 noise-shaping removes
noise from the ROS; (d) a space-time low-pass fil-
ter removes shaped noise from the outputs.
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Figure 3: N-port LNA (top) and ADC (bottom) ar-
chitectures with spatially-interconnected spatial in-
tegration and amplification modules (SIAMs).
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Figure 4: (a) SIAM used in the proposed N-port
LNA. (b) Fully-differential amplifier used to realize
each channel of the LNA in 65nm CMOS.

Figure 2: Continuous frequency domain represen-
tation of a 2-D A — ¥ modulator.
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Figure 5: SIAM used in the N- Vnsﬂ%jvm‘ﬂ P ina. anFWns
port ADC. Right: schematic of 7
the (a) signal combiner and (b)
comparator used in the STAM.

RESULTS
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Figure 6: Spatial output spectra
with ("SE") and without ("PA")
noise shaping. Input: a broad-
band plane wave incident at 30°.

Process: UMC 65nm RF-CMOS Figure 7: Simulated IIP3 of a 16-

port LNA,; it is 3.7dB higher than
without noise-shaping.
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K, Figure 10: Noise-shaped 2-D out-
Figure 9: Spatial output spectra  put spectrum of a 64-port ADC
of a noise-shaped 64-port ADC  for K, = 4, K; = 10, and an ar-
for 10% full-scale inputs at two  rival angle of 30°.

different arrival angles.
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Figure 8: Normalized quantiza-
tion noise improvement (in bits)
due to time-space over-sampling.

CONCLUSION

We have introduced two-dimensional A-Y noise-shaping methods for N-port LNAs and ADCs.
These methods use spatial integration and oversampled antenna arrays to enable improvements
in the noise figure, linearity, and resolution of mmW beamforming receivers. Theoretical results
have been verified with transistor-level simulations in 65nm CMOS.
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