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satmERERXEMSE TEREF TRERIIRBEIZR., bT 2007 FESEXFREMBFFZFLFN, T
2014 FHERFVRAFREBEN TREELFN, FAEMERFREINIESEFEIONR, AR EEX
K. KEFZAERBE, SREEMENT, AREFHERBNNBEFRAES. FaE IEEE Transactions
on Very-Large-Scale Integration 2 IEEE Transactions on Quantum Engineering B 8| 4R %8 ; {tbi£ &£ IEEE
International Solid-State Circuits Conference (ISSCC)#[] IEEE Radio-Frequency Integrated Circuit Symposium
HRAREZREMR. IEHRISHIRINETEEE 2017 FERBARFES CAREER R, 2018 FREFRAE
RHARER, LUK 2012, 2017 [ 2021 £ RFIC RWHEAFEFEILIE, thikE 2020 ~ 2022 £ |EEE ik
CHRAZESAEIHIT (Distinguished Lecturer)

ABSTRACT

Chip-Scale Teraheriz Systems and Applications

Terahertz (THz) electronics is attracting increasing attentions due to the recent “beyond-5G” research.
On the other hand, it may surprise many that devices for THz wave generation and detection had in fact
been reported as early as one century ago, and even the CMOS-based low-cost THz circuit also already
has more than 10 years of history. Despite those advances, exploration of unique and practical
applications of the THz technology, especially the applications for THz chip-scale systems, is still
insufficient. In this talk, we introduce our recent research outcomes in this regard. Showcased prototypes
include gas molecular spectrometer with high specificity, chip-scale molecular clock, high-angular-
resolution radar, lightweight wireline chip link, mm-sized packageless RFID, and so on.
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BEEIR . FREURT 2002 241 IEEE Brt. 2019 5, {th3X1§7T IEEE REFNEEZF S Harrington-Mittra 1t
HEEMFRN UIUC BSSTTEILIERMARINERAR. NEHHRENHAR TFEERNOELTES
SITETM.

ABSTRACT

Terahertz Radiator Array Chips

Supported by a 5-year Theme-Based Research Scheme funded by the Hong Kong Research Grants Council,
we have been working on terahertz (THz) signal generation using up-conversion from millimeter-wave and
down-conversion from optical frequencies since 2017. This presentation reports our recent results on silicon-
based terahertz radiation sources by designing scalable coupled oscillator-radiator arrays and enhancing
effective isotropic radiated power (EIRP) using an inexpensive elliptical Teflon lens. The THz radiator chips
were fabricated using TSMC 65-nm CMOS technology. The first 4x4 coupled oscillator array extracts and
radiates the second harmonic at ~450 GHz. Radiated power of -2.4-dBm is measured under 1.2- V supply
voltage in a core chip area of 0.55 mm2. The EIRP reaches 28.2 dBm at 452.3 GHz by adding an elliptical
Teflon lens. A 4.6% frequency tuning range is achieved by changing the bias and supply voltages. The second
array is designed to extract the third harmonic for a higher frequency at ~700 GHz. The core area is 0.61 mm2
with a radiated power of -3 dBm. The EIRP is 27.3 dBm measured at 694 GHz with the Teflon lens under 1.2-
V supply voltage. It has a frequency tuning range of 5.26% from 679.4 to 716.1 GHz.
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1., AREBEFEGHRSEGLZS. TEETESHE. VLSIHFEES4BEAR. KFRIEX 300 &, BINEF)
100 210, BEZE(E7 38, &54%IEERME 1 I8, /£ (IEEE Circuits and Systems Magazine) BlE4w. TETE
Febetl (ERSBFIERNE) (3R) HTRIESR, LK DAC FEMRSMAZRESMR. BRERIIAKBER T
ER. HEENER. YETRARPE—FR, FEEFFREARA—FRSE,

ABSTRACT

An Agile Crypto-Processor for Post-Quantum Cryptography on Multi-Mathematical
Problems

In the post-quantum era, post-quantum cryptography (PQC) processors are required to ensure quantum-
secure communication and e-commerce with high throughput while maintaining adequate flexibility to
execute different crypto-primitives, such as key encapsulation mechanism and digital signature at
multiple security levels with evolving modifications. The PQC standards, which are based on multiple
mathematical problems, will be available before 2024 in NIST's PQC standardization. Hence, crypto-
agility, coupled with new mathematical calculations, high computing complexity, and large memory
consumption brings challenges to the design of PQC processor considering agility, throughput, and
energy efficiency. To address this issue, this work presents a 28nm processor, achieving 232x and
3.9ximprovements than state-of-the-art PQC processors in throughput and energy efficiency,
respectively. To the best of our knowledge, this is the first silicon-verified PQC processor on multi-
mathematical problems.
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Be. ERASKBRERERTNE. 2021 F, EASEAFCRSRRMIGHRATARR. TERROGEEER Al
ORINEE-BR-ZEENEIRLT. BEE—ARESEE. SRESEMEERIESTR EDAJIE, Chiplet RS
HIEE Rk,

ABSTRACT

Multi-Chiplet-Module Computing-on-Memory-Boundary NN Processors for Scalable
Edge Machine Learning

With the recent explosion of machine learning algorithms, the classic Von-Neumann computer
architecture, VLS| design methodology and monolithic silicon implementations are confronted by
challenges. They are known as memory wall, power wall and area wall. In this talk, we will present our
recent progress on solving these challenges through computing-in-memory and multi-chiplet-module
techniques. A 2.5D integrated fanout MCM prototype will be detailed.
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WK ERBRZRHIE, EE4SIH, IEEE Senior Member, $IEESRANIRITSNA, B T SERFHIH

R, NEBAU BFRRAT, ERFERKME 40, KFEHE IJSSC. ISSCC. TCAS | & TKDE fEARIFEK
BN 50 5, IRIGERKIBEF 31 L.

ABSTRACT

The Progress and Challenge of CIM based on Static Random Access Memory

The report introduces three levels involved in the research field of computing in memory based on
SRAM, and briefly introduces the research progress of each level. The report also analyzes the

challenges in CIM based on SRAM, and introduces some solutions proposed by the reporter team. At
last, some possible research directions in the future are discussed.
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MMREZERARBRESHRARBR., tHNELEEERERGFENESERIA, B1F A-SSCC2020 245
#'Distingushed Design Award”, {2 2015 £ IEEE ESBRINSTELARHRAIEERE, BRE 2014 FRUMNESHE
SWRFICRAELEIRRE ., LR RRERT PRI UEHE 18 RESHEEEAT) (JSSC) 11 KBE
PREISEIRSIY (ISSCC) 183, IR NKEREEERRERY, BEER ADC MHEEIRIFEEEE,

ABSTRACT

Everywhere Digital-Assisted High-Performance Analog-to-digital Converters

Research on data converter involves a large variety of different knowledge, such as signal processing
and mix-signal circuit design. One freedom that differentiates the research mechanism over other pure
analog circuits is the digital-assisted capability. Such techniques not only can achieve a performance
breakthrough but also are friendly to technology scaling, thus enabling a new dimension of design
optimization. In this talk, | will first give a brief review of the digital-assisted solution, followed by our
example and viewpoint for future research direction.
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EEEES BT 2012 FEF0 2019 G _EHSARIEAZF UT Austin 3REBZFHFE 47, M 2015 FF 2017 &, fthF4&
WU TR A E) Silicon Labs 3% ADC 181, 98IF 90nm. 40nm SEMESEFZ, M 2019 &= 2021 &, fthfE UT
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if, BUELIREE. ATERECRE.

ABSTRACT

An Event-Driven Pipelined ADC with 100x BW Scaling Using A 3-Stage Cascoded FIA

Emerging applications such as loT impose new challenges on ADC design. Due to the sparse nature of
the environmental signals, the ADCs should only be enabled when the events arrive. Otherwise, they
should remain in idle mode for energy saving. Pipelined SAR is a promising candidate due to its high-
precision and high-speed feature. The key challenge is how to make the inter-stage residue amplification
duty cycling friendly. This work presents a 3-stage fully-dynamic floating cascoded inverter amplifier (FIA)
that realizes high gain, good stability, fast settling, and low noise simultaneously. The pipelined SAR
ADC equipped with the proposed FIA achieves consistent 75.7dB-SNDR and linearly scaled power
across 100x sampling rate adjustment from 0.4MS/s to 40MS/s. It achieves Walden and Schreier FoMs
of 4.1fJ/conv-step and 179.6dB at 40MS/s.
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FhEIRENRER. BREEMARSRASCHEEGE RS, TENIIEESRRBREMNLIRIT.

ABSTRACT

Practical Concerns and Solutions in Integrated High-Resolution ADCs

Academic researchers often focus on improving ADC’s key performance, like bandwidth, accuracy, and
FoM, and many recent works have successfully pushed them to perfection. However in practice, the
system usually cares more than the pure performance or efficiency of ADC — especially for the ones
integrated on an SoC. In this talk, we will discuss some practical concerns under SoC scenarios,
including area, PVT, mismatch, input driving, referencing, and digital processing cost, and then discuss
some basic ideas and techniques to handle these concerns. Finally, we will discuss a SOTA high
precision ADC design with the smallest die area for >100dB SNDR, as an example of applying the
techniques.
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ABSTRACT

High-efficiency SNN Al Engine with Computing-in-Memory for AloT Chips

loT is the next trillion scale emerging IT application after the Internet, and the AloT chips are its underlying
hardware infrastructure. The great challenge of AloT chips is how to achieve ultra-long standby working
hours and ultra-high energy efficiency under extremely limited power supply constraints. To this end, we
have made a series of innovative achievements through cross-level collaborative innovation of data
sensing, data computing, data storage and data transmission. In the past three years, we have developed
the world's first clockless asynchronous event-driven |oT wake-up chip and AloT wake-up chip with light
CNN-based Al engine, as well as the humidity sensing chip with the best power consumption and energy
efficiency in the world, to verify our high energy-efficient and high-precision capacitive sensing chip. Thus,
the power consumption is significantly reduced at the architecture level and data sensing level, respectively.
On this basis, this year we have successfully developed the world's first clockless asynchronous SNN Al
processing chip based on computing-in-memory technology, and achieved the best energy efficiency of
pulse computing, thus providing AloT chips with an innovative Al processing scheme with high energy
efficiency and ultra-low power consumption. At the same time, we have also successfully developed the
SRAM chip with the lowest leakage current in the world under the same process level, thus providing a
ultra-low power solution for the weight-data storage in AloT chips.



Iy
//: Workshop on IC Advances in China (ICAC)
S

e N RS CHF L 2022
N L ADTREIWTEARHF TS DAY 2 / JUNE 23

15 )5 18]
TALK#4.2 / TIME: 09:30

BARHRXE

Wi, FIREM AFEEIRETE, 2021 F 5 BIABASRHAERBHMEBEFEEEHRE. HRUNERE

BIRIFERFENER. SHEERTRITE. ZERSEMATH. SRBEEREHARESE., RITRRIEN 20 RFE
(HPERBKIRITTRS ISSCC/VLSI Symp. & 55, TRfl JSSC 8 /) , HREZE 1 4. BEHT) IEEE

Transactions on Very Large Scale Integration (VLSI) Systems #[ IET The Journal of Engineering BY&I4#48,

ABSTRACT

Side-Channel Attack Counteraction via Machine Learning Targeted Power
Compensation for Post-Silicon HW Security Patching

Machine learning-based side-channel attack counteraction is presented for security upgradeability via
retraining, upon vulnerability discovery after deployment. Based on digital standard cell design, direct
compensation of information-leaking power contributions reduces the power overhead over conventional
indiscriminate compensation of total power fluctuations. A 40nm chip demonstrates design reuse across

crypto algorithms, patching against a new attack to PRESENT, and AES protection under more than 1.2
billion traces.
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ABSTRACT

ReDCIM: Reconfigurable Digital Computing-In-Memory Processor with Unified FP/INT
Pipeline for Cloud Al Acceleration

Cloud Al acceleration has drawn great attention in recent years, as big models are becoming a popular
trend in deep learning. Cloud Al runs high-efficiency inference, high-accuracy inference and training, in
demand of flexible FP/INT multiply-accumulation (MAC) support. Many Computing-In-Memory (CIM)
processors have been proposed for efficient Al acceleration. They usually rely on analog CIM techniques
that are only suitable for high-efficiency NN inference with low-precision INT MAC support. Since cloud
Al demands high efficiency, high accuracy, and high flexibility simultaneously, we propose an innovative
architecture Reconfigurable Digital CIM that meets all the three requirements. We design a CIM-based
cloud Al processor ReDCIM, which constructs a unified FP/INT pipeline architecture based on exponent
pre-alignment and reconfigurable in-memory accumulation. Bitwise in-memory Booth multiplication is
proposed to reduce computation on CIM. The fabricated ReDCIM chip achieves state-of-the-art energy
efficiency of 29.2TFLOPS/W at BF16 and 36.5TOPS/W at INT8.



Iy
//: Workshop on IC Advances in China (ICAC)
S

G TR it 2 2022
S BN R e DAY 2 / JUNE 23

AN
TALK#5.1 / TIME: 09:00

FRERIZRAKXSE

MR, EBRIRAFEEL, WMEPERFERARFER T CHEMBFEREE. BEESN, a8k, TEHRR
BRI AR ERBIRIZIT, BiERE/SEER-EnkiRes. TEARBEDR. MEBRFORH. BEERESEUR
A%, ERFRESSEREANFESH EINE. RHEERARITL. PRbARIETSSIMBESFIEIR 10 IT,
FEERFREINFIERT) EARIEN 30 ZfF, HHRLSE—SBiFERREMEIRIRITIURINK SN ISSCC FITRRHAH
JSSC Mt 1078, LAE—RIAAREGEEEFIFN 2N, FEEFIEN 3 I, K15 2020 5 IEEE ASP-DAC i
BT, 2018 FEBRFLSETFRIFR (1BRL) #2015 &F IEEE B KHE Pre-Doctoral Achievement
Award,

ABSTRACT

A Voltage-Mode Controlled DSD Power Converter with Fast Transient Responses

A 24V/1V voltage-mode controlled DSD power converter is presented. With the proposed delay-
insensitive technique, near-optimal transient responses can be achieved by using a simple PWM control
regardless of the time of occurrence of the transient. Moreover, the responses are further improved by
nearly 2 times by using the proposed dual-phase charging technique. The converter was fabricated in a
0.18um BCD process and achieves 56mV droop and 0.9us 1% settling time for a 3A/20ns load transient.
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ABSTRACT

CFLY Cross-Connected (CCC) DC-DC Converter

CCC converter shares almost the same power density and efficiency as double step-down (DSD)
converter, while it has proven to halve the input/output current ripple. Moreover, it has much more
working states than DSD, allowing better performances, such as faster load transient response. This talk
introduces our group's two CCC converter designs published in ISSCC 2020 and 2022. One illustrates
the topology, while the other addresses the fast transient response. The gate drive schemes have also
been discussed.
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ABSTRACT

A Battery-Input Sub-1V Output 92.9% Peak Efficiency 0.3A/mm2 Current Density Hybrid
SC-Parallel-Inductor Buck Converter with Reduced Inductor Current in 65nm CMOS

This report presents a hybrid switched-capacitor (SC)-parallel-inductor buck (CPL-Buck) converter with
reduced inductor current IL. The proposed CPL-Buck converter reduces the voltage stress on the power
inductor with a series-connected flying capacitors CF1 in phase 1, and reduces the current stress by a
parallel-connected SC in both phase 1 and phase 2. Therefore, it effectively reduces the current ripple as
well as the average current of IL, making it possible to use a small-volume inductor to deliver a large
output current IOUT. In addition, to cover a wide voltage conversion ratio (VCR) range, the proposed
CPL-Buck is able to reconfigure as the sub-1/3X mode and the sub-1/2X mode. This work, fabricated in
65 nm CMOS process, occupies an area of 2.72 mm2. Measurement results show that, for 1.2A
maximum IOUT, 3-4.2V input to 0.6-1V output, the proposed CPL-Buck obtains a peak efficiency of
92.9% and a peak current density of 0.3A/mm2 with a power inductor as small as 1.6x0.8x0.8mm3.
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ABSTRACT

Ultra-low Power MCU Design

A dynamic voltage stacking scheme is presented to reduce energy consumption for MCU, which
supports two operating modes: flat mode at normal operation and stacking mode at sleep state. In
stacking mode, the retention memory, the RTC and the XO32 are connected in a series path, and the on-
chip SCVR is shut down for power saving. By flat /stact dynamic switching architecture, the leakage in
sleep state is reduce to 115nA, thereby increasing the ULPMark-CP scores to 1205, ranking first.
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ABSTRACT

Low Leakage 6T-SRAM Design for AloT Sensing Platforms

The integration of Al on edge devices imposes great challenges for SRAM designers, as the world
embraces the emerging trend of AloT. Deeper neural networks call for larger memory capacity for more
weights and faster speed for an acceptable latency, while the loT system asks for low standby leakage
during retention to maintain its battery life. In this talk, we present single-mode 6T-SRAM macros,
designed with row-separate dynamic body biasing and keeper-loading free peripherals, that delivers
2.53fW/bit, a record-level low leakage, verified at 256kb capacity. With a compact 6T topology and a
MHz-level speed, this technique expands the capacity for weight storage in neural networks on edge
devices, with minimum impact on their battery life.
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ABSTRACT

A 28nm 27.5TOPS/W Approximate-Computing-Based Transformer Processor with
Asymptotic Sparsity Speculating and Out-of-Order Computing

This paper presents a Transformer processor to achieve energy-efficient attention computing with three
key features: (1) A big-exact-small-approximate (BESA) processing element (PE) saves 1.62x MAC
power for WR-Tokens with a self-gating approximate multiplier. It computes small values with large errors
for energy-saving, while computing large values exactly, matching the error tolerance of attention. (2) A
bidirectional asymptotic speculation unit (BASU) skips 46.7% of the redundant computations by capturing
sparsity. BASU exploits attention’s local properties to find the varying Xmax rapidly, improving the ability
to exploit the presence of sparsity. (3) An out-of-order PE-line computing scheduler (OPCS) improves
hardware utilization by 1.81x by reordering operands to enable dovetailing 2 operations into 1
multiplication, which omits “0” PPs computing.
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ABSTRACT

Heterogeneous Integration for Millimeter Wave Circuits and Systems

Three-dimensional heterogeneously integrated design technology can provide a single standard
electronic system with multiple functions and is the most important method to enhance the technical
performance of modern ICs and expand their capabilities. 3-D ICs based on system in package will
significantly improve the RF performance of a transceiver by integrating the system-on-chip made by
different materials, such as GaAs, silicon, or even GaN semiconductors. A transceiver can accommodate
digital, analog, millimeter-wave, and other circuits, as well as a large number of miniaturization of passive
components embedded in a multilayer substrate. Thus, the heterogeneous integration can be achieved
through a 3-D multifunctional circuit. In this talk, we present a design of a 94-GHz high-performance and
highly compact frequency-modulated continuous-wave radar sensor. In this sensor, an X-band CMOS-
based all-digital phase-locked loop chip, W-band SiGe-based transceiver MMIC, and W-band GaN-
based MMIC power amplifier (PA) are heterogeneously integrated. The fabrication process of our in-
house silicon-based MEMS photosensitive composite film is developed to provide very high-density
integration and very low insertion loss of interconnections between chips. The heterogeneously
integrated front end of the radar sensor is measured on-wafer with a high output power of 22 dBm. Thus,
the sensor offers a 55-dB dynamic range at a 2-m position with an expectation of a long-distance target-
detection range. The radar sensor has an 8 cm range resolution and is only 60 x 40 x 8 mm3 in size,
with a weight of only 78 g.
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ABSTRACT

A 15-bit Quadrature Digital Power Amplifier with Transformer-Based Complex Domain
Efficiency Enhancement

This paper presents a 15-bit quadrature digital power amplifier (DPA) with 1Q-cell-sharing and
transformer-based Doherty operation, which compensates the 3dB power loss in traditional quadrature
architecture and enhances efficiency. Efficiency enhancement at 3/6dB PBOs is obtained on the IQ
complex plane to improve average efficiency. A single-transformer-footprint parallel-combining
transformer (PCT) power combiner is implemented for compact die size. Fabricated in a 55nm CMOS
technology, the DPA is powered by 1.2/2.4V supply voltages and the core circuit only occupies
1.05%1.14mm2 chip area. It achieves 29.3dBm peak output power with PAE of 43.1%. With 10MHz
64QAM LTE signal, the DPA achieves the Pavg of 23.62 dBm and the average PAE of 24.4% with -
25.6dB EVM at 0.85 GHz without using any DPD technique. Moreover, for 20MHz 64QAM WLAN signal,
the Pavg of 21.01dBm and the average PAE of 20.1% are obtained with -25.1dB EVM.
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ABSTRACT

Wideband THz FMCW Radar

Wideband THz FMCW radar chips are essential in some emerging applications called for high resolution,
small form factor, and low cost. A CMOS-based, wideband FMCW radar transceiver using a THz
frequency-comb architecture is presented. The high-parallelism spectral sensing provided by this
architecture significantly reduces the bandwidth requirement for the THz front-end circuitry and ensures
that the peak output power and sensitivity are maintained across the entire band of operation. The speed
and linearity of frequency chirping are also improved by the comb system. As a proof of concept, a five-
tone radar prototype in 65-nm CMOS technology that seamlessly scans the entire 220-to-320-GHz band
is demonstrated.
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ABSTRACT

Hybrid Topologies for Device-to-Device Wireless Power Transceiver

Bi-directional Device-to-device (D2D) wireless power transfer, a.k.a. reverse wireless charging or
wireless PowerShare, has been a fancy selling point for the flagship smartphone models. Yet, either the
power level and efficiency of the current solution are relative low, or the size and cost are constrained. To
increase the charging power and efficiency, high AC voltages on the coupling coils are required for
reducing the coil conduction losses. Prior arts design the DC-DC conversion and DC-AC inversion or AC-
DC rectification separately. In this talk, we present a couple of hybrid power conversion topologies that
combine the DC-DC and DC-AC/AC-DC stages, for the next-generation D2D wireless fast charging. In
the first hybrid design, we merge a full-wave rectifier with a capacitor-assisted buck converter in the RX,
realizing a single-stage regulating step-down AC-DC rectification. In the second hybrid design, we merge
a switching converter with a class-E power amplifier for the TX, regulating the output power with PWM
and zero-voltage switching control. Both of them can be reconfigured as a wireless power TRX for bi-
directional D2D wireless fast charging.
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ABSTRACT

An Isolated DC-DC Converter with a Cross-Coupled Shoot-Through-Free Class-D
Oscillator Meeting the CISPR-32 Class-B EMI Standard

An isolated DC-DC converter with a cross-coupled shoot-through-free Class-D oscillator is proposed.
The proposed Class-D oscillator greatly improves the EMI performance with high efficiency and low cost.
The transmitter and the receiver were fabricated in a 0.18um BCD process and were assembled in an
LGA package. The proposed converter achieves 51% peak efficiency and 1.2W maximum output power,
and meets the CISPR-32 Class B standard on a two-layer PCB without using any stitching capacitor.
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ABSTRACT

A 5V Input 0.4~1.2V Output Reconfigurable Capacitive-Sigma Converter

A high efficiency 5V input 0.4~1.2V output reconfigurable capacitive-sigma converter is proposed. By
input-series and output-shunt an unregulated 2:1 switched-capacitor converter with a reconfigured hybrid
Dickson Buck, the proposed work achieves 98.4% peak efficiency and beyond 90% peak efficiency for
the entire 0.4~1.2V output range. Compared with the state-of-the-arts, this work achieves the highest
peak efficiency which is improved by 1.5% at VCR=4.2 and 4.9% at VCR=12.5, respectively. Besides,
the proposed architecture also shows inherently decent transient and regulation performances.
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Design and Characterization of a 10-MHz GaN Gate Driver Using On-Chip Feed-Forward
Gaussian Switching Regulation for EMI Reduction

Aiming at electromagnetic interference (EMI) suppression for multiple applications, this article
demonstrates a 10-MHz 4- to 40-V VIN, gallium nitride (GaN)-based buck converter with multiple EMI
reduction techniques. A Gaussian switching scheme is realized on chip for the first time for GaN power
switches to effectively reduce the conducted EMI level in the high-frequency domain. Meanwhile, spread-
spectrum frequency dithering (SSFD) technique is adopted to compress the spurious switching noise in
the low-frequency domain. To handle high-speed Gaussian switching, a feed-forward segmented driving
scheme is proposed to generate precise Gaussian trajectories. The Gaussian slopes are reconfigurable
to enable optimization of the power efficiencies for different EMI standards. Implemented in a 180-nm
BCD process, the presented GaN-based buck converter reduces the EMI noise by 35.8 and 38.7 dB at
10 and 100 MHz, respectively. From 100 to 250 MHz and from 250 to 400 MHz, the measured peak EMI
noise is reduced by 20 and 30 dB, respectively. While the EMI is greatly reduced, the maximum power
efficiency is 85.2%, comparable to that of other state-of-the-art GaN gate driving schemes.
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ABSTRACT

A Reflectionless Receiver With Absorptive IF Amplifier and Dual-Path Noise-Canceling
LNA

This article presents a 22.6-39.2-GHz reflectionless receiver (RX) capable of reducing the in-band
intermodulation and high-order mixing products. Such RX consists of an absorptive IF amplifier, a
double-balance passive mixer, and a dual-path noise-canceling low noise amplifier (LNA). The
absorptive IF amplifier is utilized to suppress the out-of-band signal reflected back to mixer, which can
reduce the intermodulation and high-order mixing products caused by the remixing of the out-of-band
signals. Meanwhile, the dual-path noise-canceling LNA is used for achieving low noise figure (NF) in a
wide frequency range. To verify the aforementioned principle, a reflectionless RX is implemented and
fabricated using a conventional 28-nm CMOS technology. The measurement shows the minimum NF of
3.6 dB and the peak input third-order intercept point (IIP3) of —=11.7 dBm. Besides, the proposed RX can
support multi-Gb/s, 256-quadratic amplitude modulation (QAM)/1024-QAM modulation signals.
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ABSTRACT

Energy-Efficient Silicon-Based Terahertz Power Ampilifiers for Emerging B5G/6G
Application

With the evolution of B5G and 6G wireless communication standards, the spectrum resource above
100GHz has attracted much attention and extensive research. Owing to the advantages on integration
level and low cost, and increasing cut-off frequency, silicon-based technology has strong potential in
terahertz applications. However, due to the low voltage and high substrate loss, the performance of
silicon-based power amplifiers is limited. In this talk, we will address these challenges and overview the
research progress in this field, and introduce our recent achievements in energy-efficient power
amplifiers.
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ABSTRACT

An Ultra-Low-litter Frequency Synthesizer with Robust Lock Acquisition Performance

With the rapid development of modern communication technology, the communication standards impose
stringent performance requirements on the phase-locked loop (PLL) frequency synthesizers such as
ultra-low jitter. As one of the widest employed PLL structures, charge pump PLL (CPPLL) with phase-
frequency detector (PFD) is known for its excellent robust lock acquisition performance due to the
capability to detect phase and frequency error simultaneously. Recent research exhibits the great
potential of CPPLL to achieve sub-100fsrms jitter performance. However, a large current CP is adopted
in to minimize CP noise at the cost of high power consumption. In this work, a 25.8GHz PLL with time-
amplifying phase-frequency detector (TAPFD) is implemented to suppress CP noise by the high phase
error detection gain of TAPFD and maintain the robust acquisition ability concurrently. The prototype is
measured to achieve 60fsrms jitter and -252.8dB FoMJ.
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ABSTRACT

Multi-core oscillators for wideband, low phase noise, and high FoM

In this report, two multi-core oscillators are presented to achieve state-of-the-art frequency range, phase
noise, and FoM. The first is a 2-D mode-switching quad-core oscillator using E-M mixed-coupling
resonance boosting technique. The oscillator exhibits a 73.2% tuning range from 18.6 to 40.1 GHz. The
best phase noise at 1-MHz offset is —108.5 dBc/Hz, corresponding to a FoM of 184.4 dBc/Hz and FoMT
of 201.7 dBc/Hz. The second is a harmonic-impedance-expanding multi-core oscillator achieving low
phase noise and high FoM simultaneously. The minimum phase noise is —138.9 dBc/Hz at 1-MHz offset,
corresponding to a FoM of 195.1 dBc/Hz. The 1/f3 phase noise corner is 100—130 kHz over the 26.6%
tuning range.
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ABSTRACT

Fully Passive Noise-shaping SAR ADC with 4x Passive Gain and Second-order Mismatch
Error Shaping

This work presents a 90dB-SNDR passive NS SAR with 2nd-order misamtch error shapign. It has an
efficient architecture that removes the residue sampling and realizes 4x passive gain, leading to reduced
kT/C and comparator noise. Moreover, it realizes 2nd-order MES that is tone-free and supports full input

range. Fabricated in 40nm CMOS, the prototype achieves 94.3dB DR with 40kHz BW and 67uW of
power, leading to a DR FoM of 182dB.
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ABSTRACT

A Fully Dynamic Low-Power Wideband Time-Interleaved Noise-Shaping SAR ADC

This article proposes a fully dynamic, low-power, wideband, time-interleaved (TI), noise-shaping (NS)
successive-approximation-register (SAR) analog-to-digital converter (ADC) based on the cascade of
integrators with feedforward (CIFF) architecture. Both the interleaving operation and the loop filter are
implemented by using the fully passive switched-capacitor circuits. The feedforward summation is
realized by a multi-path dynamic comparator. The overall noise transfer function (NTF) is highly robust
against process, voltage, and temperature (PVT) variations since the NTF is determined by device ratios.
This allows the NTF zeros to be close to 1, with a good NS effect. Compared with a recently published Tl
NS SAR based on the error-feedback (EF) architecture, this work does not need a static amplifier, thus
leading to the fully dynamic operation. Meanwhile, it eliminates the dependence of NTF on the PVT-
sensitive amplifier gain. Implemented in a 40-nm CMOS process, the prototype ADC achieves an SNDR
of 69.1 dB, a bandwidth of 50 MHz, and a power consumption of 8.5 mW under a 1.1-V supply, leading
to a Walden FoM of 36.3 fJ/conv.-step.



Iy
//: Workshop on IC Advances in China (ICAC)
S

N EFATREUTRARBFITS 2022
DAY 2 / JUNE 23
5 18]
TALK#10.3 / TIME: 16:40

BAFRHRAZE

g, BEuENEL, 2017 FERBFESZLTEMHA=ARKXGFETIAFNEESE. TERRAAAMIERESE
FREBESFIAEYIEEF SRR B, BIEHEEIR. KINFE. Si8E A/D #ikss. BRMGERSEMBE. LBESXETH
SRR, IMEREMRBIEE, HRFAENSESTEARNZES. N)|EERMASEERINE 10 RIA., TEMB
RATIHAIEESIY IEEE CICC, VLS|, ISCAS #IHAT IEEE JSSC. TCAS-I. TCAS-Il. TVLSI 3Rt 40 55,
B BEF) 50 £I0, #81F IEEE TCAS-I, TCAS-Il, T-VLSI, ASICON, OJCAS ZHIFIFILINEBA, 2018
APCCAS TPC iR,

ABSTRACT

A 13-Bit ENOB Third-Order Noise-Shaping SAR ADC Employing Hybrid Error Control
Structure and LMS-Based Foreground Digital Calibration

This paper presents a 3rd-order noise-shaping(NS) successive approximation register (SAR) analog-
todigital converter (ADC), which exploits a hybrid error control topology to increase the order of the noise
transfer function (NTF). This scheme is a hybrid of two NS stages, namely, a cascaded integrator feed-
forward (CIFF) and an error feedback (EF). This EF-CIFF structure contributes a more effective NS
capability and enhances the robustness of the high-order NTF. An improved dither-based digital
calibration is developed to mitigate the harmonic distortion caused by the capacitor mismatch. Due to the
usage of an averaging filter, this calibration greatly reduces the interference of quantization noise on
mismatch extraction while only needing a minimum modification in a standard SAR Topology. Hence, our
scheme is simple and inherently robust to the process, voltage, and temperature variation. Based on an
8-bit SAR, our prototype is fabricated in a 130-nm CMOS process. It consumes a 96-uyW power when
operating at a 2-MS/s sampling frequency with a 1.2V supply. The proposed NS-SAR yields a peak
Schreier figure of merit of 170.7 dB with a signal-to-noise-and-distortion ratio of 79.57 dB at an
oversampling ratio of 8.
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ABSTRACT

Pipelined SAR ADC with kT/C Noise Cancellation and Robust Ring-Amp

Pipelined ADCs are widely used for high-speed high-resolution applications, but there are two
challenges. First, limited by kT/C, its 1st-stage sampling capacitor has to be large. Second, it is difficult to
design a low-power, high-speed and PVT-robust residue amplifier in advanced process. To address
these challenges, this work proposes a PVT-robust ring-amp with kT/C noise cancellation capability. A
1.3mW 200MS/s 67dB-SNDR pipelined ADC with only 128fF input capacitance is presented.
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ABSTRACT

A High-Linearity N-Path Passive-LNA for Direct Channel-Selection at Flexible RF

This talks introduces an N-path passive-LNA using a switched-capacitor-transformer network to perform
high-linearity RF channel selection with in-band amplification and S11 matching. The inductive and
lowpass characteristics of the transformer also allow passband centering and harmonic-folding reduction.
Prototyped in 28nm CMOS, this N-path passive-LNA scores a 9.8dB voltage gain and a 3.4-t0-4.8dB NF
over a 1.7-t0-3.6GHz range. At 3GHz, the OB-IIP3 is 23.5dBm and 0dBm-blocker NF is 4.7dB at 80MHz
offset.
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ABSTRACT

Magnetic-Tuning Technique for CMOS Millimeter-Wave and Teraheriz Signal Generation

Magnetic tuning can be leveraged as coarse and fine tuning for millimeter-wave (mm-Wave) and
terahertz (THz) fundamental oscillators to achieve wide tuning range and low phase noise without using
capacitors or varactors. Firstly, a 110-GHz varactor-less fundamental oscillator achieving a tuning range
of 14.3% and phase noise of -106.9 dBc/Hz at 10-MHz offset is discussed. Secondly, a 140-GHz
varactor-less fundamental oscillator with linearity improvement provides a tuning range of 16.1% and -
105.1 dBc/Hz phase noise at 10-MHz offset is presented. Finally, a mm-Wave and THz injection-locked
frequency synthesizer with the proposed 140-GHz oscillator is described. The demonstrated prototype
achieves an ultra-wide frequency tuning range from 61.2 GHz to 273.6 GHz with an integrated jitter from
124 to 159 fs over the tuning range.
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ABSTRACT

Analysis and Design of Tuning-less mm-Wave Injection-Locked Frequency Dividers with
Wide Locking Range Using 8th-Order Transformer-Based Resonator in 40 nm CMOS

Three tuning-less ultra-wide locking range (LR) transformer-based millimeter-wave (mm-wave) injection-
locked frequency dividers (ILFDs) are presented. An 8th-order transformer-based resonator is proposed
to improve the LR without an extra tuning mechanism or chip area. The operation principle of high-order
transformer-based resonator in ILFDs based on the impedance diagram is analyzed. By comparing
different high-order transformer-based resonators, the proposed resonator is the best option for the ultra-
wide LR ILFD design. Also, the design considerations and trade-offs of the implemented resonator are
discussed. Furthermore, an inductive gain peaking technique is adopted to ensure start-up conditions
and achieve low power consumption. Three ILFDs are designed and fabricated in 40 nm CMOS
technology. The first chip exhibits a best-in-class LR of 104.5% from 28.8 to 91.9 GHz while consuming
5.8 mW with a 0.9 V power supply. The second chip achieves the best figure of merit (FoM) up to 26.6
GHz/mW and 79.6% from 31 to 72 GHz LR with a 0.5 V power supply. The third chip obtains an LR of
108.9% from 20 to 67.8 GHz while consuming 4.9 mW with a 0.9 V power supply. Furthermore, 6 dB
phase noise differences of the three chips are achieved, which is close to the theoretical value.
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ABSTRACT

Low-phase-noise Millimeter-wave Fundamental CMOS Oscillators: from Multi-core to
Many-core

Compared with the frequency multiplier scheme to generate the millimeter-wave LO signals, the
fundamental oscillator consumes less chip area and total power, and is free of harmonic component
issue. However, the fundamental oscillator suffers from the low-Q passive components in millimeter-
wave frequency range. Multi-core is an attractive approach to improve the phase noise of the
fundamental millimeter-wave oscillators. In this work, we proposes a millimeter-wave fundamental
oscillator using mode-rejection-coupled synchronization method which is suitable for many-core
extension and improves the inductors' Q. A scalable mesh multi-core topology is used to save the chip
area. Using these techniques, a 16-core prototype in 65nm CMOS process achieves a state-of-the-art -
136.0dBc/Hz phase noise at 10MHz offset, 190.3dBc/Hz peak FoM at 10MHz, and 53.6-t0-60.2GHz
frequency tuning range.
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ABSTRACT

Silicon based RF/mm-wave Frequency Synthesizer Chip Design

RF/mm-wave frequency synthesizer plays important role in signal over noise ratio etc. In the wireless
communication and radar system. The performance of the synthesizer. Silicon based frequency
synthesizer with advantages of compact size . low power consumption. high integration and reliability
draw much attention by the society. This report will introduce the work of our team in the silicon based
RF/mm-wave frequency synthesizer.



Iy
//: Workshop on IC Advances in China (ICAC)
S

N EFATREUTRARBFITS 2022
DAY 3 / JUNE 24
5 18]
TALK#12.1 / TIME: 09:00

SEXFMEFERARR, BTESIH, MEAELEIVTFE=R/RRFETRFMEFR, ERUMMEFHART
& (imec) BB 12 FRITIRRN, 2018 FMAEERFEREMBRSRFAERERIRE, ARETESENE
B ET M RRYRIIFEREIRIR T IR, EreERaEtH, SEEREIBAREEM ADC, ERFMS5ZMITURGH
RITHIBERAE, Eh=5ChH EXNEFHD N AEFHETNEEFRmT, 5 30 B LS EE
EEPREMBE—RSINANEET, BREEEFRUNER 11 T, TE ISSCCIHAZRREMA, K8 1SSCC2019 Hid
BRIEI R, 1SSCC2022 22482 BEIRH imec2014 R MLFER,

ABSTRACT

Dry-Electrode Bio-Impedance Interface with Current Mismatch Cancellation and
Biosted Input Impedance of 100MQ at 50kHz

This paper presents 0.45cm2 dry-electrode bio-impedance (BioZ) interface for wearable healthcare. By
employing full pre-charge (FPC), quiet chopping (QC) and dynamic element matching (DEM) techniques,
the IC achieves a high input impedance of 100MQ at 50kHz, 50mQ/vVHz sensitivity and a 106dB SNR.
The use of bias control loop (BCL) eliminates excitation current mismatch, and so facilitates 4-electrode
BioZ sensing without an additional bias electrode or self-bias resistors.
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ABSTRACT

A 0.35-V 5,200-pm? 2.1-MHz Temperature-Resilient Relaxation Oscillator With 667
fJ/Cycle Energy Efficiency Using an Asymmetric Swing-Boosted RC Network and a Dual-
Path Comparator

This article describes a 2.1-MHz relaxation oscillator (RxO) for energy-harvesting Internet-of-Things (loT)
sensor nodes. The RxO features an asymmetric swing-boosted RC network and a dual-path comparator
to surmount the challenges of sub-0.5-V operation while achieving temperature resilience. The former
enables alternating the common-mode voltages at the output of the RC network to facilitate the sub-0.5-
V operation, while the latter is outfitted with a delay generator for tracking the temperature-sensitive
delay of the comparator. Prototyped in 28-nm CMOS, the RxO occupies a tiny footprint of 5,200 pm2.
The power consumption is 1.4 yW at 0.35 V. The measured temperature stability is 158 ppm/°C (average
of seven chips) over —20 °C-120 °C. It scores the best energy efficiency (667 fJ/cycle) among the
reported MHz-range RxOs and has a figure-of-merit (181 dB) that compares favorably with the state-of-
the-art.
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ABSTRACT

A Hybrid Thermal-Diffusivity /Resistor-Based Temperature Sensor with a Self-Calibrated
Inaccuracy of 0.25°C (30) from -55°C to 125°C

This work describes a hybrid temperature sensor in which an accurate, but energy-inefficient, thermal
diffusivity (TD) sensor is used to calibrate an inaccurate, but efficient, resistor-based sensor. The latter is
based on silicided polysilicon resistors embedded in a Wien-bridge (WB) filter, while the former is based
on an electrothermal filter (ETF) made from a p-diffusion/metal thermopile and an n-diffusion heater. The
use of an on-chip sensor for calibration obviates the need for an external temperature reference and a
temperature-stabilized environment, thus reducing the cost. To mitigate the area overhead of the TD
sensor, it reuses the WB filter's readout circuitry. Realized in a 180-nm CMOS technology, the hybrid
sensor occupies 0.2 mm2. After calibration at room temperature (~25°C) and at an elevated temperature
(~85°C), it achieves an inaccuracy of 0.25°C (30) from -55°C to 125°C. The WB sensor dissipates 66
MW from a 1.8-V supply and achieves a resolution of 450 pKrms in a 10-ms conversion time, which
corresponds to a resolution figure-of-merit (FoM) of 0.13 pJ-K2. The sensor also achieves a sub-10-mHz
1/f noise corner, which is comparable to that of bipolar junction transistor (BJT)-based temperature
Sensors.
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Run Chen (S'07-M’15-SM’19) received the B.S. and M.S. degrees in electronic engineering from Tsinghua
University, Beijing, China, in 2006 and 2008, respectively, and the Ph.D. degree in electrical engineering from
University of Southern California (USC), Los Angeles, CA, USA, in 2015. He is currently the VP of engineering at
NewRadio Technology Co., Ltd., Shenzhen, China. His current research interests include RFIC and system

integration for wireless communications.

ABSTRACT

A 6.5-t0-10GHz IEEE 802.15.4/4z-Compliant 1T3R UWB Transceiver

This work presents a 6.5-t0-10GHz IEEE 802.15.4/4z-compliant UWB transceiver that integrates RF
front-end, analog and digital baseband. The proposed 1T3R architecture allows receiving signals from 3
antennas simultaneously, leading to increased location accuracy. A highly reconfigurable transmitter is
proposed with arbitrary pulse engineering, suitable for precise spectrum control. The prototype
implements HRP PHY/MAC standards that support data rates of 0.11/0.85/6.81/27.24/31.2Mbps.
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ABSTRACT

Co-design of the Si-Photonic Segmented-MZIM and Distributed CMOS Driver for High-
Efficiency Optical Interconnects

The datacenter demands for high-speed and power-efficient optical interconnects. Silicon photonics have
the potential of high-density integration with CMOS electronics. However, the Traveling-Wave (TW)
Mach-Zenhder Modulator (MZM) features a large-size, significant RF-loss and power-hungry loading,
which is not compatible to low-voltage CMOS drivers. This report presents a highly integrated Si-
Photonic transmitter Incorporating a Lumped-Segment MZM, Distributed CMOS Driver, and Integrated
CDR. A mixed-signal O-DAC is proposed to achieve PAM-4 modulation in the optical domain, which
significantly improves the optical extinction ratio (ER) with only low-swing limiting-output drivers. The
circuit techniques and co-design considerations will be discussed in this talk.
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ABSTRACT

Reference-Less Frequency-Detector-Less Single-Loop Bang-Bang Clock and Data
Recovery Circuit

This talk will overview the state-of-the-art wide-frequency-acquisition techniques used for reference-less
frequency-detector-less bang-bang clock and data recovery (BBCDR) circuit in the single-loop topology.
And then | will detail the clock-selection-based and deliberate-current-mismatch-based frequency-
acquisition schemes via the silicon-based prototypes. Finally, the state-of-the-art of the BBCDR circuit is
summarized and its tendency will be discussed as well.
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Dr. Shouyi Yin is a full professor and vice director of School of Integrated Circuits in Tsinghua University. His
research interests include reconfigurable computing, domain-specific reconfigurable architecture design and high
level synthesis. He has published more than 100 journal papers and more than 50 conference papers. He is the
Secretary-General of EDA Chapter in Chinese Institute of Electronics. He is also the technical committee member
of Asia Pacific Signal and Information Processing Association. Dr. Shouyi Yin has been served as program
committee member and organizer in the tops VLSI and EDA conferences such as MICRO, A-SSCC, DAC, ICCAD
and ASPDAC. He is the associate editor of IEEE TCAS-I, ACM TRETS and Integration, the VLSI journal.

ABSTRACT

Evolver: A Self-Evolvable Intelligence Processor with Reinforcement Learning
Mechanism and Neural Network Plasticity

Many Al accelerators have been proposed in the past few years. However, these accelerators are only
designed for neural network inference or training. They cannot adapt to new environments and extend to
new intelligent tasks by themselves. In order to realize human-like intelligence on silicon, we design a
self-evolvable intelligence processor Evolver based on two brain-inspired features: Reinforcement
Learning Mechanism and Neural Network Plasticity. Reinforcement learning enables adaptation to
environments and serves as the basic learning mechanism for self-evolution. Neural network plasticity
adjusts network structure and neural strength to learn new intelligent tasks. Evolver implements a
reinforcement learning engine to receive environment feedbacks and evolve the hardware towards the
optimal direction with the highest environment fitness. Its Q-table based learning mechanism enables
evolution with arbitrary network structure and neural strength. Evolver has a reconfigurable computing
architecture that supports neural network plasticity with on-chip network and processing unit
reconfiguration. An online configuration compiler is proposed to achieve self-adjustment for the
computing architecture. In summary, Evolver goes beyond conventional Al accelerators by realizing self-
evolution for environment adaptation, which sets a hardware foundation for future human-like
intelligence.



Iy
//: Workshop on IC Advances in China (ICAC)
Nl A S AR RARFITL 2022
DAY 3 / JUNE 24

5 18]
TALK#14.2 / TIME: 11:10

TERIE, SRIIKRMEBFARREIERIR, HRMGBEERIGEREINEE Al BIUERITE. H=RETF FPGA R
Al IMERREE, SRR ARIE ISSCC, JSSC, A-SSCC, T-CAS | EER BRSBTSV AHITIE -5, 9
®F A-SSCC 2021 RISE 1815 ERFEEIH.

ABSTRACT

A Low-Power Small-Area Analog Voice Activity Detector Featuring a Time-Domain CNN
as a Feature Extractor and a Sparsity Related Computation and Quantization Scheme in

28nm CMOS
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ABSTRACT

A 1.041Mb/mmA2 27.38TOPS/W Signed-INT8 Dynamic-Logic-Based ADC-Less SRAM
Compute-In-Memory Macro in 28nm with Reconfigurable Bitwise Operation for Al and
Embedded Applications

This work presents a 32Kb full-precision ADC-less SRAM CIM macro in 28nm. This work features: (a)
dynamic logic compute circuit (DCC) for compact size, (b) reconfigurable local process units (RLPUs)
supporting reconfigurable bitwise operations (AND, XOR & OR), and (c) novel post-sum circuits for >98%
DNN utilization rate. This work has the highest figure of merit: energy efficiency (27.38TOPS/W with all-
int8 precision) multiplying density (1.041Mb/mm”2) normalized to 28nm node among SRAM-CIM
macros.



I/
@//: Workshop on IC Advances in China (ICAC)
Sl EABHRHRARFIT S 2022
DAY 3 / JUNE 24

AN
TALK#15.1 / TIME: 10:40

Fk:1967 F 4 B4, BEAFEMBRF RSB, B1XESI0, REGHEREA. 95)F 1988 F6 A
11991 FF 6 B EALRIBAFBFITRATEFTSUMTEMES, 1995 F 4 BEFERZRESAHARAT
REFSHIMESHEHTWIBRETF, 1999 FFNIFEAZMBFEARFT CAD RAHARETLIE, 2004 F5F
FHAHUE, 2003 F£Z 2016 FHAE, 18(E CAD RAARZRIEE. £E. HBFEARAZZAIBIC. MEFEH
RATBEIFTK. MEBFEESMBFZRAIEE. B 2014 F-2020 F, FEFETEYIERRRE F LM FTEER
RR. WEEPFREATI Journal of Computational Electronics B4R, FEILENSERMAREESHETIZRS
BIEEER, BRHBERVERAEFPORAERZRESEZR, FEEFAEEWEAELXFSHERABFRE
FESERNTIINEPES, (BFHEM) RHERE ARRBAFEFESSEMAYENERLNEETEFAZRRE
R, PEBENIEF<BENBEFEMEIVERRF—EER. ARAOMAASEERS EDA TEFLR, MREXKKE
PREBEEIRTT, BEEHHESMK (SIC. GaN. £NIf) {USERMAE, FARKRAREBTZIM 973, 863, EREKX
Rt BEREARKEN. EREANZFESMBUREREREWEITRAIE., HWRESEHAITIE Sk
BEEESHREXERAT 2018 FREFEMEMSEHHL—FER, EERIEFHTISN ERRF RIS
200 Rfs, IRIEPIMEINRBEFIE T, ESNFEZREERSNFIELIE,

ABSTRACT

1V 32.1dBm 92-to-102GHz Power Amplifier with Proposed Scalable 128-to-1 Power
Combiner Achieving 15% Peak PAE in 65nm Bulk CMOS Process

In this work, we propose a scalable hybrid cascaded center- and side-fed coupled-line (CL) -based
power combine scheme to overcome the limitations of Pout and efficiency at W-band. A proof-of-concept
design is implemented in 65nm CMOS process with a scalable 128-to-1 power combiner, which
combines 128 output ports of 16 8-way unit PAs and delivers 32.1dBm peak Pout with 15% peak PAE at
98GHz under 1V supply. Our proposed PA achieves ~10x more Pout than recently reported W-band
CMOS PAs. These demonstrations set new records for silicon-based technologies above 100GHz.
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ABSTRACT

D-band Joint Radar-Communication CMOS Transceiver

Recent years, millimeter-wave and Terahertz radar systems for sensing and radio systems for
communication have attracted substantial attention both from the academia and industry. In addition,
there is an increasing demanding for fusing both the hardware platform and frequency band of the radar
and radio system, which has advantages of energy efficiency, performance optimization, spectrum
sharing/efficiency, compact size, interference management, and the overall cost, as compared to
assembling of two distinct systems. In this talk, a D-band radar/communication fusion-mode transceiver
in 28nm CMOS technology, which is suitable for performing high-resolution range measurement and high
data rate wireless transmission on one single chip, is introduced for future radar-communication joint
wireless system.
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ABSTRACT

Direct Digitally Modulated Transmitters with Efficiency Enhancement and Beam Steering

To meet the ever-increasing demands of multiple wireless standard, multi-function micro-systems
including the direct digitally modulated transmitters with re-configurability and beamforming are
dramatically developed. In this talk, a series of digital transmitters on Silicon with efficient enhancement
and beam steering are introduced. Hybrid Doherty and impedance boosting technique, switched/floated-
capacitor power amplifier, and reconfigurable self-coupling canceling technique are proposed to achieve
multi-mode power back-off efficiency enhancement in complex domain. A wideband digital modulated
polar phased-array transmitter based on phase modulation phase-shifting architecture is also introduced
with good efficiency and high resolution beam steering.
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