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Introduction to the Special Section on the 2021
IEEE International Solid-State
Circuits Conference (ISSCC)

I. INTRODUCTION

THIS Special Section of the IEEE JOURNAL OF SOLID-
STATE CIRCUITS is dedicated to a collection of the

best articles selected from the 2021 IEEE International
Solid-State Circuits Conference (ISSCC) that took place on
February 13–22, 2021, in San Francisco, CA, USA. This
Special Section covers articles from the Wireline, Digital
Circuits, Digital Architectures and Systems (DASs), Machine
Learning and AI, and Memory Committees.

II. WIRELINE ARTICLES

Our wireline selection includes a mix of industry and
university papers on transmitters and receivers that push the
state of the art in speed and power efficiency. On the transmit
side, the trend of doubling the link data rates continued at
ISSCC 2021 by the introduction of the first 224-Gb/s PAM4
transmitter in 10-nm FinFET and a 200-Gb/s PAM4 transmitter
in 28 nm. This Special Section includes an extended version
of both papers with more details on implementation and
measurement data. The 224-Gb/s transmitter, designed by
Intel, incorporates a digital-to-analog converter, an 8-tap feed-
forward equalizer (FFE), and a quarter-rate output driver. The
200-Gb/s transmitter designed at the University of California
at Berkeley, on the other hand, deploys a segmented driver
architecture with reconfigurable FFE taps.

On the receive side, this section includes a complete
112-Gb/s PAM4 receiver, designed in a 7-nm FinFET by
Huawei, and a 100-Gb/s PAM4 optical receiver in 28-nm
CMOS by Intel. While the former implementation is an analog
to digital converter (ADC)/digital signal processing (DSP)-
based system, the latter design deploys sample-and-hold
circuits, analog FFE, and direct decision feedback equal-
izer (DFE) to achieve the desired performance. The 112-Gb/s
paper, in particular, pushes the state of the art in DFE design
for ADC-based systems by demonstrating a 9-tap sliding DFE.

Finally, this section includes a 56-Gb/s NRZ receiver in
a 28-nm process. The receiver, designed at the University
of California at Los Angeles, deploys a number of feed-
forward and feedback loops in the front-end to extend front-
end bandwidth and equalization capabilities, and achieve a
very good power efficiency in a relatively slow process.

III. DIGITAL CIRCUITS ARTICLES

Four articles have been selected from digital circuits ses-
sions. The first article by Yoon et al. presents a 64-Kb
compute-in-memory (CIM) macro testchip fabricated in 40-nm
CMOS and RRAM process. It achieves a peak energy effi-
ciency of 56.67 TOPS/W while demonstrating the 8-bitline
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hybrid CIM/digital MAC operation with 1–8 b inputs and
weights, and 20 b outputs without quantization. The sec-
ond article by Zhang et al. presents a fractional-N digi-
tal multiplying delay-locked loop (MDLL) that employs a
digital-to-time converter to control the reference injection for
the fractional-N operation. The MDLL prototype fabricated
in 65-nm CMOS achieves −60 dBc fractional spur and
1.67-ps rms jitter at around 20-MHz offset. The third article
by Huang et al. presents a single inductor multiple output
(SIMO) converter with dynamic droop allocation and adaptive
clocking. These techniques implemented on an integrated
4-domain SIMO System on Chip (SoC) in 65-nm CMOS
show total system power reduction of 31%. The fourth article
by Liu et al. proposes a dynamic voltage-stacking scheme,
which supports two operating modes: a flat mode in the normal
state and a stack mode in the sleep state. The measurements
show that compared with the conventional flat architecture,
the dynamic voltage-stacking scheme reduces the sleep current
by 32.3% under the same circumstances, and it also improves
ULPMark-CP score by 23.6%, which is higher than the top1
in the ULPMark score list.

IV. DIGITAL ARCHITECTURES AND SYSTEMS ARTICLES

In the DAS category, five articles from two sessions
have been selected. The first article by Matsubara et al.
presents a 12-nm autonomous driving SoC featuring a convo-
lutional neural network achieving 60.4 TOPS at 13.8 TOPS/W,
combined with task-separated Automotive Safety Integration
Level D (ASIL-D) control. The second article by Rossi et al.
showcases a wide-dynamic-range IoT SoC, achieving a com-
bination of 1.7 µW state-retentive sleep power and a peak-
performance of 32 GOPS at 1.3 TOPS/W efficiency. The third
article by Schmidt et al. presents an 8-core RISC-V-based SoC
designed entirely using an agile design methodology where
a generator-based design-flow enables a small-design team
to achieve silicon success with a complex 1.44 GHz, multi-
core 1.125 M-gate mixed-signal SoC. The fourth article by
Taneja et al. describes a novel unified true random number
generator (TRNG) and physically unclonable function (PUF)
architecture using a 16-Kb SRAM achieving 3.6-Mb/s TRNG
throughput and 1.78%–3.84% PUF BER in 28-nm CMOS. The
fifth article by Ghosh et al. describes an AES256 architecture
with a digital signal attenuation circuit and a time-varying
transfer function, improving security by 25% over existing
work.

V. MACHINE LEARNING ARTICLES

Two articles from the machine learning sessions of ISSCC
2021 have been selected. The first article by Lee et al.
presents a 7-nm 4-core AI chip that offers four types of mixed
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precision computation to support diverse application demands
for training and inference. Workload-aware clock throttling is
used to maximize performance within a given power budget.
The AI chip demonstrates up to 3.5 TFLOPS/W and up to
25.6 TFLOPS for hybrid-FP8 iso-accuracy training, and up to
16 TOPS/W and 102 TOPS for INT4 iso-accuracy inference.
The second article by Jia et al. describes a scalable neural-
network inference accelerator with a 4 × 4 array of program-
mable cores combining precise mixed-signal capacitor-based
in-memory computing with digital single instruction multiple
data (SIMD) near-memory computing. The accelerator is
fabricated in 16-nm CMOS technology and achieves peak
MAC-level throughput of 3 TOPS and peak MAC-level energy
efficiency of 30 TOPS/W, both for 8-b operations. An 11-layer
CNN and ResNet-50 are executed on the accelerator, achieving
accuracy, throughput, and energy efficiency of 91.51% and
73.33%, 7815 and 581 image/s, 51.5 and 3.0 K image/s/W,
with 4-b weights and activations, respectively.

VI. MEMORY ARTICLES

From memory sessions, three cutting-edge articles have
been selected for this Special Section. The first article by
Kang et al. presents a GDDR6 DRAM with a half-rate daisy-
chain-based write clock (WCK) tree. An 8-Gb chip fabricated
in 1y-nm DRAM process achieves 24-Gb/s/pin bandwidth.
Second, an article by Hollis et al. demonstrates an 8-Gb

GDDR6X DRAM that features a PAM-4 encoded, single-
ended memory interface to double the per-pin bandwidth
for a given data-clock and delivers 22 Gb/s/pin. The third
article by Song et al. describes a 3-nm GAA SRAM array
design that increases transistor sizing flexibility compared to a
FinFET technology which improves read margin. Write assist
techniques are also introduced and improve Vmin by 230 mV.
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