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Direct-RF data converters [1,2] have seen increased adoption in remote-radio-
head TX and RX, due to their unparalleled bandwidth and flexibility. However,
since these converters need to directly synthesize and sample multi-GHz radio
signals, the sampling clock must exhibit excellent phase-noise performance, to
minimize self- and adjacent- channel mixing, and strong suppression of reference
and harmonic spurs, to meet stringent out-of-band emissions and minimize
aliased energy. Furthermore, a wide range of sampling frequencies is required for
the flexibility to cover multiple bands. Due to these stringent requirements,
typically, external PLLs are employed, adding to the BOM cost. This work presents
techniques for a fully integrated 7.4-to-14GHz PLL in 16nm FinFET that has 54fs,
jitter to satisfy the low noise requirements of RF data converters.

The design of a wide-range PLL, which implies wide-range LC VCOs for cost
optimization, presents significant challenges. The VCO typically requires large
capacitor banks, compromising the quality factor (Q) of the LC tank. Some phase-
noise reduction techniques like the use of AC coupling capacitors to optimize
varactor DC operating points and the use of harmonic filtering are not feasible in
a wide-range VCO design. In addition to the wide-range-VCO design challenges,
the increased flicker noise of FinFET devices impacts the performance of every
PLL sub-block, particularly the VCO, which has 1/f rather than 1/f slope at low
offset frequencies. To meet the overall phase-noise requirement, a wide PLL
bandwidth is preferred, which means all sub-blocks that contribute to the in-band
phase noise of the PLL must have low noise.

Figure 23.7.1 shows the RF SoC architecture, where the PLL, followed by a divider
and clock distribution buffers, provides clocks to the DAC and ADC slices. The
PLL uses two LC VCOs to generate continuous frequency coverage from 7.4 to
14GHz. A charge pump (CP), a loop filter, and CMOS circuits, such as a feedback
divider (/N), a phase frequency detector (PFD), a reference-clock input buffer, and
reference clock distribution, all contribute to the PLL in-band phase noise. In order
to keep their flicker- and thermal-induced phase noise low, the CMOS circuits
require fast edge-rate. All flip-flops and the buffers in the feedback divider and
the PFD direct path have less than 10ps rise/fall time, and the PFD dead-zone
mitigation pulse width is between 30 to 40ps over all PVT conditions. The supply
for the CMOS circuits is isolated from the rest of the design in order to mitigate
spurs associated with self-induced supply noise from the fast edge-rate.
Moreover, CP and VCO each have separate deep nwells to improve substrate noise
isolation.

Figure 23.7.2 shows the charge-pump (CP) circuit. The CMQOS input from the PFD
is converted to differential to drive a PMOS-and-NMOS current-steering pair,
which works off the regulated supply. To keep a large dynamic range, 18 CP unit
slices are used in parallel to deliver large current required to keep noise low. A
replica bias is used to ensure that up and down currents are matched within <1%
over the CP dynamic range. It is sized 4x of the CP unit cell to ensure better
matching and lower noise. An RC filter is added to the PMOS current source to
reduce output noise. A unity-gain feedback opamp is used to keep the charge-
pump output common mode constant to reduce dynamic CP mismatch. The
current sources are stacked for high output impedance and low noise. The small
current mismatch, coupled with the use of small resistor values and low leakage
MOM capacitors in the loop filter, significantly improves the PLL spurious
response.

To mitigate the impact of the flicker noise on the VCO voltage regulator, the noise
of the bandgap and bias generation circuitry, which delivers the regulator
reference voltage Vref, is filtered by a passive RC filter, as illustrated in Fig. 23.7.3.
In addition, a programmable FET resistor in sub-threshold operation is placed at
the output of the OTA to realize large (several mega-ohms) resistance to
implement <10kHz low-pass filter with a small silicon footprint. The use of a large
resistor in the regulator feedback path is possible due to the low gate leakage of
the FinFET process.

Two LC VCOs are designed to cover 7.4 to 14GHz PLL range with >1GHz
frequency overlap to ensure continuous frequency coverage over PVT. In the
16nm FinFET process, the flicker noise of a PMOS transistor is higher than that
of an NMOS transistor; therefore, an all-NMOS VCO architecture with stacked gm
pair and current bias is implemented. A closed-loop coarse tuning FSM sets a
6-bit and a 5-bit coarse tuning word to lower-band (LB) and upper-band (UB)
V/COs, respectively, to control binary weighted high-Q MOM capacitor banks to
choose the proper frequency band. The coarse tuning capacitor array consists of
MOM capacitor units with an NMOS switch M1 and two-stack NMOS pull devices
as illustrated in Fig. 23.7.3. When the unit is on, the source/drain (S/D) nodes A
and B of M1 are pulled to ground through the high impedance pull devices to
achieve higher Q. When the unit is off, nodes A and B are pulled high to minimize
Q degradation due to S/D leakage of M1, especially at higher temperatures.

The MOM capacitor units are placed between the inductor coil legs in the layout
and the units of different binary bits are distributed as a common centroid to
mitigate inductor-leg distributive effect to ensure sufficient overlap between
adjacent coarse frequency bands as illustrated in Fig. 23.7.3. This also allows the
use of smaller tuning varactors, which is the lowest Q element in the LC tank,
further improving the VCO phase-noise performance. To ensure that the VCO
stays within the same coarse frequency band when temperature drifts after the
initial coarse band tuning, temperature compensation is applied using varactors
controlled by a bandgap circuit that generates a voltage, V,, proportional to the
temperature. The V,, voltage is RC-filtered to limit its noise contribution to the LC
VCO. A small-silicon-footprint inductor (coil diameter < 90pum) with Q >17 is used
for the LC tank.

The RF SoC with the integrated PLL is fabricated in a 16nm FinFET process. Figure
23.7.4 shows the phase noise measured at the divide-by-2 output, with the PLL
running at 12.5GHz using a 500MHz reference. The PLL achieves phase noise of
-120dBc/Hz at 100kHz and -123dBc/Hz at 1MHz offset. The rms jitter integrated
from 10kHz to 10MHz is 53.6fs. The regulator-output FET filter improves phase
noise by 3.5dB around 300KHz and the rms jitter by 10fs. Figure 23.7.5 shows
the spurious response of the PLL observed at the DAC output with PLL running
at 12.5GHz and its output divider set to 2. A sinusoidal data pattern is applied to
the DAC such that when sampled by 6.25GHz clock, the DAC output tone is at
1.052GHz. Measured reference spur level is less than -75dBc at F=500MHz
offset and is less than -80dBc for the higher-order reference harmonics.

Figure 23.7.5 shows the phase noise of the PLL for 14, 12.5, 10, and 8GHz,
measured after the divide-by-2 circuit, with a 500MHz reference, demonstrates
consistent low in-band noise throughout the PLL operation range. The PLL
dissipates 45mW of total power at 12.5GHz, including the reference distribution
buffers. Figure 23.7.6 summarizes PLL performance along with previously
published RF PLLs [3-6] where phase noise is normalized to 1GHz for
comparison. A figure-of-merit (FOM;) that takes integrated jitter, power
consumption, and tuning range into account is defined, and this work exhibits an
FOM; of -246.8dB. Figure 23.7.7 shows the micrographs of the RF SoC and PLL,
where the PLL occupies 0.35mm? area.
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Figure 23.7.1: Direct-RF data-converter SoC architecture with integrated PLL. = Figure 23.7.2: Charge-pump circuit diagram.

pPhase Nose 5.000d8/ Ref -110.0d8c/Hz
8 . ST — _____Comwr 6,249999776 GHI _-16.4694 dBm
10 knz -113.7202 dec,/H
100 khz -120.0737 dBc/M
1 muz -123.2359 dac/H
-125.0438 dec/H;
-134.6462 dBC/H
100 MHz -147.8805 dBc/H
start 10 knz
Stop 10 MHZ
Center 5.005 MHZ
Span 9.99 MKz
— O 30—
Analysis Range X: Band Marker|
Analysis Range ¥: Band Marker|
Intg Noise: -56, 5485 dec / 9.
M5 Noise: ;.zéol;gis' mrad
RMS Jitter: 53.583 fsec

wﬂuﬂ Fa: 7.14611 knz

: / 3.5d8
3
Regulator FET 4

filter enabled

Common Centroid Cap Array

Regulator
Layout Placement

1:
2:
3:
4:
5:
561
x:

Regulator FET
filter bypassed

bo Mnz

M"WWM

Cap Array Unit

Fieo

- 6.25GHz (PLL at 12.5GHz)
: ] 53.6fs rms
_—— Y (10kHz — 10MHz)
e
_ﬁ:

Selb

Vetrl

Figure 23.7.4: Phase-noise measurement of the 12.5GHz PLL at the divide-by-

Figure 23.7.3: LC-VCO and voltage-regulator circuit diagram. 2 output w/wo regulator FET filter.

Mikrl 1852 63 GHzl 6] ] @] 6] This Work
Ref 8 dBm _R“'Qn 18 dB -ﬂ,?_ﬁ dBm
u‘p PLL Architecture Integer N, FracN, FracN, Integer N, Integer N,
18 SSPD based | SSPD DPLL DPLL SPD based CP based
o VCO LC LC LC LC LC
Technology 180nm 28nm 14nm FinFET | 16nm FinFET | 16nm FinFET
-75.5 dBc Reference Freq.(MHz) 5525 40 26 450 500
[rarker— AF=500MHz
1.852630000 GHz Frequency Range (GHz) 221 27-43 5.38 9-18 74-14
Loy | -4.20 dBm
| Measurement Frequency 221 582 269 18 6.25
HL 52|
53 Fs| GHz)
AR Phase Noise @100kHz 125 1055 1136 1041 120
CUx (dBo/Hz) (@200kHz) (@200kHz)
jil? Tl 1. s AR Phase Noise @1MHz 425 1154 12245 4073 4232
Center 1,968 B0 GHz Span .05 GHz (dBe/Hz) (from figure)
*Ros BH €.2 kHz *VEN 19 kHz SHoop 56.22 s (8191 prs)
Phase Noise @100kHz 1319 1208 1222 -1292 1359
(normalized to 1GHz) (@200kHz) (@200kHz)
ol L Phase Noise @1MH 1319 1307 131 1324 139.1
ase Noise iz - R - 5 - - - N
-118dBeiHz = HGH:P[M 12.56Hz) (normalized to 1GHz)
@100kHz 5GHz. (PLL 10GHz) RMS Jiter (1) 160 159 137 164 5356
S —4GHz (PLL 8GHz) (10k—-100M) | (10k—40M) | (10k—-10M) | (1k—-100M) | (10k—10M)
i 3 Reference Spur (dBc) 56 78 876 NA 755+
2 -123.7dBc/Hz 3
R @100kHz \ Power (mW) 25 82 134 292 45
g1 \' \ Area (mm?) 02 03 0257 0.39 035
£ -140
vl AR FOMr (dB) NA 2434 NA 2393 2468
150 *including DAC, measured at 1.052GHz DAC output
155 Trms\2 P 1 fmax = fmin
FOM7 =101 —_—— hy TR = (———
LOEHZ  1OOBR4  LODEWS  LODEsOG LO0E+07 L00E+08 ’ °g(( 1s ) 1mw X'I'R) where ( fmia )

Figure 23.7.5: PLL spurious response measured at the DAC output and phase Figure 23.7.6: Performance summary and comparison with previously
noise for 4-to-7GHz output frequencies. published PLLs.

DIGEST OF TECHNICAL PAPERS e 379



	Front Cover
	Title Page
	Copyright
	Table of Contents
	Reflections
	Foreword
	Session 1 Overview: Plenary
	Paper 1.1: Semiconductor Innovation: Is the party over, or just getting started?
	Paper 1.2: Brain-Inspired Technologies: Towards Chips that Think?
	Awards
	Paper 1.3: 	Future Mobility- Enhanced Society Enabled by Semiconductor Technology
	Paper 1.4: 50 years of Computer Architecture: From the Mainframe CPU to the Domain-Specific TPU and the Open RISC-V Instruction Set

	Session 2 Overview: Processors
	Paper 2.1: SkyLake-SP: A 14nm 28-Core Xeon® Processor
	Paper 2.2: IBM z14TM: 14nm Microprocessor for the Next-Generation Mainframe
	Paper 2.3 : An Energy-Efficient Graphics Processor Featuring Fine-Grain DVFS with Integrated Voltage Regulators, Execution-Unit Turbo, and Retentive Sleep in 14nm Tri-Gate CMOS
	Paper 2.4: ”Zeppelin": An SoC for Multichip Architectures
	Paper 2.5: An Energy-Efficient Reconfigurable DTLS Cryptographic Engine for End-to-End Security in IoT Applications
	Paper 2.6: A 595pW 14pJ/Cycle Microcontroller with Dual-Mode Standard Cells and Self-Startup for Battery-Indifferent Distributed Sensing
	Paper 2.7: A cm-Scale Self-Powered Intelligent and Secure IoT Edge Mote Featuring an Ultra-Low-Power SoC in 14nm Tri-Gate CMOS

	Session 3 Overview: Analog Techniques
	Paper 3.1: A Quiet Digitally Assisted Auto-Zero-Stabilized Voltage Buffer with 0.6pA Input Current and 0.6µV Offset
	Paper 3.2: A Regulation-Free Sub-0.5V 16/24MHz Crystal Oscillator for Energy-Harvesting BLE Radios with 14.2nJ Startup Energy and 31.8µW Steady-State Power
	Paper 3.3: A CMOS Dual-RC Frequency Reference with ±250ppm Inaccuracy from -45°C to 85°C
	Paper 3.4: A 2×20W 0.0013% THD+N Class-D Audio Amplifier with Consistent Performance up to Maximum Power Level
	Paper 3.5: A 0.0004% (-108dB) THD+N, 112dB-SNR, 3.15W Fully Differential Class-D Audio Amplifier with Gm Noise Cancellation and Negative Output-Common-Mode Injection Techniques
	Paper 3.6: A 0.96mA Quiescent Current, 0.0032% THD+N, 1.45W Class-D Audio Amplifier with Area-Efficient PWM-Residual-Aliasing Reduction
	Paper 3.7: A Low-Power 3.25GS/s 4th-Order Programmable Analog FIR Filter Using Split-CDAC Coefficient Multipliers for Wideband Analog Signal Processing

	Session 4 Overview: mm-Wave Radios for 5G and Beyond
	Paper 4.2: A 60GHz 144-Element Phased-Array Transceiver with 51dBm Maximum EIRP and ±60° Beam Steering for Backhaul Application
	Paper 4.3: A 23-to-30GHz Hybrid Beamforming MIMO Receiver Array with Closed-Loop Multistage Front-End Beamformers for Full-FoV Dynamic and Autonomous Unknown Signal Tracking and Blocker Rejection
	Paper 4.4: A 28GHz Bulk-CMOS Dual-Polarization Phased-Array Transceiver with 24 Channels for 5G User and Basestation Equipment
	Paper 4.5: A Reconfigurable 28/37GHz Hybrid-Beamforming MIMO Receiver with Inter-Band Carrier Aggregation and RF-Domain LMS Weight Adaptation
	Paper 4.6: A Fully Integrated Scalable W-Band Phased-Array Module with Integrated Antennas, Self-Alignment and Self-Test
	Paper 4.7: A 64GHz Full-Duplex Transceiver Front-End with an On-Chip Multifeed Self-Interference-Canceling Antenna and an All-Passive Canceler Supporting 4Gb/s Modulation in One Antenna Footprint

	Session 5 Overview: Image Sensors
	Paper 5.1: A Back-Illuminated Global-Shutter CMOS Image Sensor with Pixel-Parallel 14b Subthreshold ADC
	Paper 5.2: An 8K4K-Resolution 60fps 450ke--Saturation-Signal Organic-Photoconductive-Film Global-Shutter CMOS Image Sensor with In-Pixel Noise Canceller
	Paper 5.3: A 1/2.8-inch 24Mpixel CMOS Image Sensor with 0.9μm Unit Pixels Separated by Full-Depth Deep-Trench Isolation
	Paper 5.4: A 1/4-inch 3.9Mpixel Low-Power Event-Driven Back-Illuminated Stacked CMOS Image Sensor
	Paper 5.5: A 1.1μm-Pitch 13.5Mpixel 3D-Stacked CMOS Image Sensor Featuring 230fps Full-High-Definition and 514fps High-Definition Videos by Reading 2 or 3 Rows Simultaneously Using a Column-Switching Matrix
	Paper 5.6: A 2.1μm 33Mpixel CMOS Imager with Multi-Functional 3-Stage Pipeline ADC for 480fps High-Speed Mode and 120fps Low-Noise Mode
	Paper 5.7: A 20ch TDC/ADC Hybrid SoC for 240×96-Pixel 10%-Reflection <0.125%-Precision 200m-Range Imaging LiDAR with Smart Accumulation Technique
	Paper 5.8: 1Mpixel 65nm BSI 320MHz Demodulated TOF Image Sensor with 3.5μm Global Shutter Pixels and Analog Binning
	Paper 5.9:  256×256 45/65nm 3D-Stacked SPAD-Based Direct TOF Image Sensor for LiDAR Applications with Optical Polar Modulation for up to 18.6dB Interference Suppression
	Paper 5.10: A 32×32-Pixel Time-Resolved Single-Photon Image Sensor with 44.64μm Pitch and 19.48% Fill-Factor with On-Chip Row/Frame Skipping Features Reaching 800kHz Observation Rate for Quantum Physics Applications

	Session 6 Overview: Ultra-High-Speed Wireline
	Paper 6.1: A 112Gb/s PAM-4 Transmitter with 3-Tap FFE in 10nm CMOS
	Paper 6.2: A 112Gb/s 2.6pJ/b 8-Tap FFE PAM-4 SST TX in 14nm CMOS
	Paper 6.3: A 4-Lane 1.25-to-28.05Gb/s Multi-Standard 6pJ/b 40dB Transceiver in 14nm FinFET with Independent TX/RX Rate Support
	Paper 6.4: A Fully Adaptive 19-to-56Gb/s PAM-4 Wireline Transceiver with a Configurable ADC in 16nm FinFET
	Paper 6.5: A 64Gb/s PAM-4 Transceiver Utilizing an Adaptive Threshold ADC in 16nm FinFET
	Paper 6.6: A 4.9pJ/b 16-to-64Gb/s PAM-4 VSR Transceiver in 28nm FDSOI CMOS
	Paper 6.7: A 32Gb/s 133mW PAM-4 Transceiver with DFE Based on Adaptive Clock Phase and Threshold Voltage in 65nm CMOS

	Session 7 Overview: Neuromorphic, Clocking and Security Circuits
	Paper 7.1: A 0.0056mm2 All-Digital MDLL Using Edge Re-Extraction, Dual-Ring VCOs and a 0.3mW Block-Sharing Frequency Tracking Loop Achieving 292fsrms Jitter and -249dB FOM
	Paper 7.2: A 0.02mm2 Fully Synthesizable Period-Jitter Sensor Using Stochastic TDC Without Reference Clock and Calibration in 10nm CMOS Technology
	Paper 7.3: A 0.3-to-1.2V Frequency-Scalable Fractional-N ADPLL with a Speculative Dual-Referenced Interpolating TDC
	Paper 7.4: A 55nm Time-Domain Mixed-Signal Neuromorphic Accelerator with Stochastic Synapses and Embedded Reinforcement Learning for Autonomous Micro-Robots
	Paper 7.5: An Enhanced-Security Buck DC-DC Converter with True-Random-Number-Based Pseudo Hysteresis Controller for Internet-of-Everything (IoE) Devices
	Paper 7.6: A Secure Camouflaged Logic Family Using Post-Manufacturing Programming with a 3.6GHz Adder Prototype in 65nm CMOS at 1V Nominal VDD
	Paper 7.7: A PUF Scheme Using Competing Oxide Rupture with Bit Error Rate Approaching Zero
	Paper 7.8: A 445F2 Leakage-Based Physically Unclonable Function with Lossless Stabilization Through Remapping for IoT Security

	Session 8 Overview: Wireless Power and Harvesting
	Paper 8.1: A 960pW Co-Integrated-Antenna Wireless Energy Harvester for WiFi Backchannel Wireless Powering
	Paper 8.2: A 70W and 90% GaN-Based Class-E Wireless-Power-Transfer System with Automatic-Matching-Point-Search Control for Zero-Voltage Switching and Zero-Voltage-Derivative Switching
	Paper 8.3: A Reconfigurable Cross-Connected Wireless-Power Transceiver for Bidirectional Device-to-Device Charging with 78.1% Total Efficiency
	Papr 8.4: A 13.56MHz Wireless Power and Data Transfer Receiver Achieving 75.4% Effective-Power-Conversion Efficiency with 0.1% ASK Modulation Depth and 9.2mW Output Power
	Paper 8.5: MISIMO: A Multi-Input Single-Inductor Multi-Output Energy Harvester Employing Event-Driven MPPT Control to Achieve 89% Peak Efficiency and a 60,000× Dynamic Range in 28nm FDSOI
	Paper 8.6: A 4.5-to-16µW Integrated Triboelectric Energy-Harvesting System Based on High-Voltage Dual-Input Buck Converter with MPPT and 70V Maximum Input Voltage
	Paper 8.7: A Piezoelectric Energy-Harvesting Interface Circuit with Fully Autonomous Conjugate Impedance Matching, 156% Extended Bandwidth, and 0.38μW Power Consumption
	Paper 8.8: A 30nA Quiescent 80nW-to-14mW Power-Range Shock-Optimized SECE-Based Piezoelectric Harvesting Interface with 420% Harvested-Energy Improvement
	Paper 8.9: A Fully Integrated Split-Electrode Synchronized-Switch-Harvesting-on-Capacitors (SE-SSHC) Rectifier for Piezoelectric Energy Harvesting with Between 358% and 821% Power-Extraction Enhancement
	Paper 8.10: A 13.56MHz Time-Interleaved Resonant-Voltage-Mode Wireless-Power Receiver with Isolated Resonator and Quasi-Resonant Boost Converter for Implantable Systems

	Session 9 Overview: Wireless Transceivers and Techniques
	Paper 9.1: A Multimode 76-to-81GHz Automotive Radar Transceiver with Autonomous Monitoring
	Paper 9.2: A 253mW/Channel 4TX/4RX Pulsed Chirping Phased-Array Radar TRX in 65nm CMOS for X-Band Synthetic-Aperture Radar Imaging
	Paper 9.3: A Highly Reconfigurable 65nm CMOS RF-to-Bits Transceiver for Full-Band Multicarrier TDD/FDD 2G/3G/4G/5G Macro Basestations
	Paper 9.4: A 40Gb/s 6pJ/b RX Baseband in 28nm CMOS for 60GHz Polarization MIMO
	Paper 9.5: A 27.8Gb/s 11.5pJ/b 60GHz Transceiver in 28nm CMOS with Polarization MIMO
	Paper 9.6: A 120Gb/s 16QAM CMOS Millimeter-Wave Wireless Transceiver
	Paper 9.7: A Broadband and Deep-TX Self-Interference Cancellation Technique for Full-Duplex and Frequency-Domain-Duplex Transceiver Applications
	Paper 9.8: A 1.4-to-2.7GHz High-Efficiency RF Transmitter with an Automatic 3FLO-Suppression Tracking-Notch-Filter Mixer Supporting HPUE in 14nm FinFET CMOS
	Paper 9.9: A High-Efficiency 28GHz Outphasing PA with 23dBm Output Power Using a Triaxial Balun Combiner

	Session 10 Overview: Sensor Systems
	Paper 10.1: Chopped Rate-to-Digital FM Gyroscope with 40ppm Scale Factor Accuracy and 1.2dph Bias
	Paper 10.2: Personal Inertial Navigation System Employing MEMS Wearable Ground Reaction Sensor Array and Interface ASIC Achieving a Position Accuracy of 5.5m Over 3km Walking Distance Without GPS
	Paper 10.3: Multi-Way Interactive Capacitive Touch System with Palm Rejection of Active Stylus for 86" Touch Screen Panels
	Paper 10.4: A Noise-Immune Stylus Analog Front-End Using Adjustable Frequency Modulation and Linear-Interpolating Data Reconstruction for Both Electrically Coupled Resonance and Active Styluses
	Paper 10.5: A 0.91mW/Element Pitch-Matched Front-End ASIC with Integrated Subarray Beamforming ADC for Miniature 3D Ultrasound Probes
	Paper 10.6: Single-Chip Reduced-Wire Active Catheter System with Programmable Transmit Beamforming and Receive Time-Division Multiplexing for Intracardiac Echocardiography
	Paper 10.7: A 0.3ppm Dual-Resonance Transformer-Based Drift-Cancelling Reference-Free Magnetic Sensor for Biosensing Applications
	Paper 10.8: A 100mK-NETD 100ms-Startup-Time 80×60 Micro-Bolometer CMOS Thermal Imager Integrated with a 0.234mm2 1.89μVrms Noise 12b Biasing DAC

	Session 11 Overview: SRAM
	Paper 11.1: A 23.6Mb/mm2 SRAM in 10nm FinFET Technology with Pulsed PMOS TVC and Stepped-WL for Low-Voltage Applications
	Paper 11.2: A 7nm FinFET SRAM Using EUV Lithography with Dual Write-Driver-Assist Circuitry for Low-Voltage Applications
	Paper 11.3: A 5GHz 7nm L1 Cache Memory Compiler for High-Speed Computing and Mobile Applications

	Session 12 Overview: DRAM
	Paper 12.1: A 16Gb 18Gb/s/pin GDDR6 DRAM with Per-Bit Trainable Single-Ended DFE and PLL-Less Clocking
	Paper 12.2: A 16Gb LPDDR4X SDRAM with an NBTI-Tolerant Circuit Solution, an SWD PMOS GIDL Reduction Technique, an Adaptive Gear-Down Scheme and a Metastable-Free DQS Aligner in a 10nm Class DRAM Process
	Paper 12.3: A 1.2V 64Gb 341GB/s HBM2 Stacked DRAM with Spiral Point-to-Point TSV Structure and Improved Bank Group Data Control 
	Paper 12.4: A 16Gb/s/pin 8Gb GDDR6 DRAM with Bandwidth Extension Techniques for High-Speed Application
	Paper 12.5: A 16Gb 1.2V 3.2Gb/s/pin DDR4 SDRAM with Improved Power Distribution and Repair Strategy

	Session 13 Overview: Machine Learning and Signal Processing
	Paper 13.2: QUEST: A 7.49TOPS Multi-Purpose Log-Quantized DNN Inference Engine Stacked on 96MB 3D SRAM Using Inductive-Coupling Technology in 40nm CMOS
	Paper 13.3: UNPU: A 50.6TOPS/W Unified Deep Neural Network Accelerator with 1b-to-16b Fully-Variable Weight Bit-Precision
	Paper 13.4: A 9.02mW CNN-Stereo-Based Real-Time 3D Hand-Gesture Recognition Processor for Smart Mobile Devices
	Paper 13.5: An Always-On 3.8μJ/86% CIFAR-10 Mixed-Signal Binary CNN Processor with All Memory on Chip in 28nm CMOS
	Paper 13.6: A 1.8Gb/s 70.6pJ/b 128×16 Link-Adaptive Near-Optimal Massive MIMO Detector in 28nm UTBB-FDSOI 
	Paper 13.7: A 232-to-1996KS/s Robust Compressive-Sensing Reconstruction Engine for Real-Time Physiological Signals Monitoring

	Session 14 Overview: High-Resolution ADCs
	Paper 14.1: A 50MHz-BW Continuous-Time ΔΣ ADC with Dynamic Error Correction Achieving 79.8dB SNDR and 95.2dB SFDR
	Paper 14.2: A 15.2-ENOB Continuous-Time ΔΣ ADC for a 7.3µW 200mVpp-Linear-Input-Range Neural Recording Front-End
	Paper 14.3: A 13-ENOB 2nd-Order Noise-Shaping SAR ADC Realizing Optimized NTF Zeros Using an Error-Feedback Structure
	Paper 14.4: A 1.1mW 200kS/s Incremental ΔΣ ADC with a DR of 91.5dB Using Integrator Slicing for Dynamic Power Reduction
	Paper 14.5: A 280μW Dynamic-Zoom ADC with 120dB DR and 118dB SNDR in 1kHz BW
	Paper 14.6: A 0.4V 13b 270kS/s SAR-ISDM ADC with an Opamp-Less Time-Domain Integrator
	Paper 14.7: A Signal-Independent Background-Calibrating 20b 1MS/s SAR ADC with 0.3ppm INL

	Session 15 Overview: RF PLLs
	Paper 15.1: A 0.98mW Fractional-N ADPLL Using 10b Isolated Constant-Slope DTC with FOM of -246dB for IoT Applications in 65nm CMOS
	Paper 15.2: A 23GHz Low-Phase-Noise Digital Bang-Bang PLL for Fast Triangular and Saw-Tooth Chirp Modulation
	Paper 15.3: 	A 36.3-to-38.2GHz -216dBc/Hz2 40nm CMOS Fractional-N FMCW Chirp Synthesizer PLL with a Continuous-Time Bandpass Delta-Sigma Time-to-Digital Converter
	Paper 15.4: A Low-Phase-Noise Digital Bang-Bang PLL with Fast Lock Over a Wide Lock Range
	Paper 15.5: A Digital Frequency Synthesizer with Dither-Assisted Pulling Mitigation for Simultaneous DCO and Reference Path Coupling
	Paper 15.6: A 0.01mm2 4.6-to-5.6GHz Sub-Sampling Type-I Frequency Synthesizer with -254dB FOM
	Paper 15.7: A Dividerless Reference-Sampling RF PLL with -253.5dB Jitter FOM and <-67dBc Reference Spurs
	Paper 15.8: An 82-to-108GHz -181dB-FOMT ADPLL Employing a DCO with Split-Transformer and Dual-Path Switched-Capacitor Ladder and a Clock-Skew-Sampling Delta-Sigma TDC

	Session 16 Overview: Advanced Optical and Wireline Techniques
	Paper 16.2: A 28Gb/s Transceiver with Chirp-Managed EDC for DML Systems
	Paper 16.3: A 56Gb/s Burst-Mode NRZ Optical Receiver with 6.8ns Power-On and CDR-Lock Time for Adaptive Optical Links in 14nm FinFET CMOS
	Paper 16.4: A 0.5-to-0.9V, 3-to-16Gb/s, 1.6-to-3.1pJ/b Wireline Transceiver Equalizing 27dB Loss at 10Gb/s with Clock-Domain Encoding Using Integrated Pulse-Width Modulation (iPWM) in 65nm CMOS
	Paper 16.5: A 20Gb/s Transceiver with Framed-Pulsewidth Modulation in 40nm CMOS
	Paper 16.6: A 7.8Gb/s/pin 1.96pJ/b Compact Single-Ended TRX and CDR with Phase-Difference Modulation for Highly Reflective Memory Interfaces
	Paper 16.7: A 126mW 56Gb/s NRZ Wireline Transceiver for Synchronous Short-Reach Applications in 16nm FinFET
	Paper 16.8: A 1.17pJ/b 25Gb/s/pin Ground-Referenced Single-Ended Serial Link for Off- and On-Package Communication in 16nm CMOS Using a Process- and Temperature-Adaptive Voltage Regulator
	Paper 16.9: A 20Gb/s 79.5mW 127GHz CMOS Transceiver with Digitally Pre-Distorted PAM-4 Modulation for Contactless Communications

	Session 17 Overview: Technologies for Health and Society
	Paper 17.2: 4-Camera VGA-Resolution Capsule Endoscope with 80Mb/s Body-Channel Communication Transceiver and Sub-cm Range Capsule Localization
	Paper 17.3: A 0.3V Biofuel-Cell-Powered Glucose/Lactate Biosensing System Employing a 180nW 64dB SNR Passive ΔΣ ADC and a 920MHz Wireless Transmitter
	Paper 17.4: A 0.28mΩ-Sensitivity 105dB-Dynamic-Range Electrochemical Impedance Spectroscopy SoC for Electrochemical Gas Detection
	Paper 17.5: 50nW 5kHz-BW Opamp-Less ΔΣ Impedance Analyzer for Brain Neurochemistry Monitoring
	Paper 17.6: A 200Mb/s Inductively Coupled Wireless Transcranial Transceiver Achieving 5e-11 BER and 1.5pJ/b Transmit Energy Efficiency
	Paper 17.7: A 330µm×90µm Opto-Electronically Integrated Wireless System-on-Chip for Recording of Neural Activities
	Paper 17.8: A 665µW Silicon Photomultiplier-Based NIRS/EEG/EIT Monitoring ASIC for Wearable Functional Brain Imaging
	Paper 17.9: A Recursive-Memory Brain-State Classifier with 32-Channel Track-and-Zoom Δ2Σ ADCs and Charge-Balanced Programmable Waveform Neurostimulators

	Session 18 Overview: Adaptive Circuits and Digital Regulators
	Paper 18.1: Droop Mitigation Using Critical-Path Sensors and an On-Chip Distributed Power Supply Estimation Engine in the z14™ Enterprise Processor
	Paper 18.2: A Combined All-Digital PLL-Buck Slack Regulation System with Autonomous CCM/DCM Transition Control and 82% Average Voltage-Margin Reduction in a 0.6-to-1.0V Cortex-M0 Processor
	Paper 18.3: A 2.5µW 0.0067mm2 Automatic Back-Biasing Compensation Unit Achieving 50% Leakage Reduction in FDSOI 28nm over 0.35-to-1V VDD Range
	Paper 18.4: A 0.4V 430nA Quiescent Current NMOS Digital LDO with NAND-Based Analog-Assisted Loop in 28nm CMOS
	Paper 18.5: A Fully Integrated 40pF Output Capacitor Beat-Frequency-Quantizer-Based Digital LDO with Built-In Adaptive Sampling and Active Voltage Positioning
	Paper 18.6: A 500mA Analog-Assisted Digital-LDO-Based On-Chip Distributed Power Delivery Grid with Cooperative Regulation and IR-Drop Reduction in 65nm CMOS
	Paper 18.7: A Sub-1.55mV-Accuracy 36.9ps-FOM Digital-Low-Dropout Regulator Employing Switched-Capacitor Resistance
	Paper 18.8: A High-Efficiency and Fast-Transient Digital-Low-Dropout Regulator with the Burst Mode Corresponding to the Power-Saving Modes of DC-DC Switching Converters

	Session 19 Overview: Sensors and Interfaces
	Paper 19.1: An 8b Subthreshold Hybrid Thermal Sensor with ±1.07°C Inaccuracy and Single-Element Remote-Sensing Technique in 22nm FinFET 
	Paper 19.2: A 0.25mm2 Resistor-Based Temperature Sensor with an Inaccuracy of 0.12°C (3σ) from -55°C to 125°C and a Resolution FOM of 32fJ·K2
	Paper 19.3: A 0.53pJ·K2 7000μm2 Resistor-Based Temperature Sensor with an Inaccuracy of ±0.35°C (3σ) in 65nm CMOS
	Paper 19.4: A ±4A High-Side Current Sensor with 25V Input CM Range and 0.9% Gain Error from -40°C to 85°C Using an Analog Temperature Compensation Technique
	Paper 19.5: A Current-Measurement Front-End with 160dB Dynamic Range and 7ppm INL
	Paper 19.6: A 2.5nJ Duty-Cycled Bridge-to-Digital Converter Integrated in a 13mm3 Pressure-Sensing System
	Paper 19.7: A 21.8b Sub-100μHz 1/f Corner 2.4μV-Offset Programmable-Gain Read-Out IC for Bridge Measurement Systems
	Paper 19.8: A Phase-Domain Readout Circuit for a CMOS-Compatible Thermal-Conductivity-Based Carbon Dioxide Sensor

	Session 20 Overview: Flash-Memory Solutions
	Paper 20.1: A 512Gb 3b/Cell 3D Flash Memory on a 96-Word-Line-Layer Technology
	Paper 20.2: A Flash Memory Controller for 15μs Ultra-Low-Latency SSD Using High-Speed 3D NAND Flash with 3μs Read Time
	Paper 20.3: A 1Tb 4b/Cell 64-Stacked-WL 3D NAND Flash Memory with 12MB/s Program Throughput

	Session 21 Overview: Extending Silicon and its Applications
	Paper 21.1: Mixed-Signal Programmable Non-Linear Interface for Resource-Efficient Multi-Sensor Analytics
	Paper 21.2: A 1μW Voice Activity Detector Using Analog Feature Extraction and Digital Deep Neural Network
	Paper 21.3: 32GHz Resonant-Fin Transistors in 14nm FinFET Technology
	Paper 21.4: A 10Gb/s Si-Photonic Transceiver with 150μW 120μs-Lock-Time Digitally Supervised Analog Microring Wavelength Stabilization for 1Tb/s/mm2 Die-to-Die Optical Networks
	Paper 21.5: A 286F2/Cell Distributed Bulk-Current Sensor and Secure Flush Code Eraser Against Laser Fault Injection Attack
	Paper 21.6: An 8-Channel 13GHz ESR-on-a-Chip Injection-locked VCO-array achieving 200μM-Concentration Sensitivity

	Session 22 Overview: Gigahertz Data Converters
	Paper 22.1: A 24-to-72GS/s 8b Time-Interleaved SAR ADC with 2.0-to-3.3pJ/conversion and >30dB SNDR at Nyquist in 14nm CMOS FinFET
	Paper 22.2: A 16b 6GS/s Nyquist DAC with IMD <-90dBc up to 1.9GHz in 16nm CMOS
	Paper 22.3: A 16b 12GS/s Single/Dual-Rate DAC with Successive Bandpass Delta-Sigma Modulator Achieving 

	Session 23 Overview: LO Generation
	Paper 23.1: A -31dBc Integrated-Phase-Noise 29GHz Fractional-N Frequency Synthesizer Supporting Multiple Frequency Bands for Backward-Compatible 5G Using a Frequency Doubler and Injection-Locked Frequency Multipliers
	Paper 23.2: A >40dB IRR, 44% Fractional-Bandwidth Ultra-Wideband mm-Wave Quadrature LO Generator for 5G Networks in 55nm CMOS
	Paper 23.3: A 22.8-to-43.2GHz Tuning-Less Injection-Locked Frequency Tripler Using Injection-Current Boosting with 76.4% Locking Range for Multiband 5G Applications
	Paper 23.4: A 301.7-to-331.8GHz Source with Entirely On-Chip Feedback Loop for Frequency Stabilization in 0.13μm BiCMOS
	Paper 23.5: An Inverse-Class-F CMOS VCO with Intrinsic-High-Q 1st- and 2nd-Harmonic Resonances for 1/f2-to-1/f3 Phase-Noise Suppression Achieving 196.2dBc/Hz FOM
	Paper 23.6: A Quad-Core 15GHz BiCMOS VCO with -124dBc/Hz Phase Noise at 1MHz Offset, -189dBc/Hz FOM, and Robust to Multimode Concurrent Oscillations
	Paper 23.7: A 7.4-to-14GHz PLL with 54fsrms Jitter in 16nm FinFET for Integrated RF-Data-Converter SoCs

	Session 24 Overview: GaN Drivers and Converters
	Paper 24.1: A 2MHz 150-to-400V Input Isolated DC-DC Bus Converter with Monolithic Slope-Sensing ZVS Detection Achieving 13ns Turn-On Delay and 1.6W Power Saving
	Paper 24.2: A Fully Integrated Three-Level 11.6nC Gate Driver Supporting GaN Gate Injection Transistors
	Paper 24.3: A 3-to-40V VIN 10-to-50MHz 12W Isolated GaN Driver with Self-Excited tdead Minimizer Achieving 0.2ns/0.3ns tdead, 7.9% Minimum Duty Ratio and 50V/ns CMTI  

	Session 25 Overview: Clock Generation for High-Speed Links
	Paper 25.1: A 4-to-16GHz Inverter-Based Injection-Locked Quadrature Clock Generator with Phase Interpolators for Multi-Standard I/Os in 7nm FinFET
	Paper 25.2: A 5GHz 370fsrms 6.5mW Clock Multiplier Using a Crystal-Oscillator Frequency Quadrupler in 65nm CMOS
	Paper 25.3: A Fractional-N Digital PLL with Background-Dither-Noise-Cancellation Loop Achieving <-62.5dBc Worst-Case Near-Carrier Fractional Spurs in 65nm CMOS
	Paper 25.4: A -242dB FOM and -75dBc-Reference-Spur Ring-DCO-Based All-Digital PLL Using a Fast Phase-Error Correction Technique and a Low-Power Optimal-Threshold TDC

	Session 26 Overview: RF Techniques for Communication and Sensing
	Paper 26.1: A 0.55-to-0.9GHz 2.7dB NF Full-Duplex Hybrid-Coupler Circulator with 56MHz 40dB TX SI Suppression
	Paper 26.2: A 62-to-68GHz Linear 6Gb/s 64QAM CMOS Doherty Radiator with 27.5%/20.1% PAE at Peak/6dB-Back-off Output Power Leveraging High-Efficiency Multi-Feed Antenna-Based Active Load Modulation
	Paper 26.3: A 69-to-79GHz CMOS Multiport PA/Radiator with +35.7dBm CW EIRP and Integrated PLL
	Paper 26.4: A 28GHz 41%-PAE Linear CMOS Power Amplifier Using a Transformer-Based AM-PM Distortion-Correction Technique for 5G Phased Arrays
	Paper 26.5: A Compact Dual-Band Digital Doherty Power Amplifier Using Parallel-Combining Transformer for Cellular NB-IoT Applications
	Paper 26.6: A Continuous-Mode Harmonically Tuned 19-to-29.5GHz Ultra-Linear PA Supporting 18Gb/s at 18.4% Modulation PAE and 43.5% Peak PAE
	Paper 26.7: A Coupled-RTWO-Based Subharmonic Receiver Front-End for 5G E-Band Backhaul Links in 28nm Bulk CMOS
	Paper 26.8: A 12mW 70-to-100GHz Mixer-First Receiver Front-End for mm-Wave Massive-MIMO Arrays in 28nm CMOS
	Paper 26.9: A 13th-Order CMOS Reconfigurable RF BPF with Adjustable Transmission Zeros for SAW-Less SDR Receivers
	Paper 26.10: A 128-Pixel 0.56THz Sensing Array for Real-Time Near-Field Imaging in 0.13µm SiGe BiCMOS

	Session 27 Overview: Power-Converter Techniques
	Paper 27.1: A 0.22-to-2.4V-Input Fine-Grained Fully Integrated Rational Buck-Boost SC DC-DC Converter Using Algorithmic Voltage-Feed-In (AVFI) Topology Achieving 84.1% Peak Efficiency at 13.2mW/mm2
	Paper 27.2: A 10MHz Time-Domain-Controlled Current-Mode Buck Converter with 8.5% to 93% Switching Duty Cycle
	Paper 27.3: An 86% Efficiency SIMO DC-DC Converter with One Boost, One Buck, and a Floating Output Voltage for Car-Radio
	Paper 27.4: A 97% High-Efficiency 6µs Fast-Recovery-Time Buck-Based Step-Up/Down Converter with Embedded 1/2 and 3/2 Charge-Pumps for Li-Ion Battery Management
	Paper 27.5: 	A 95.2% Efficiency Dual-Path DC-DC Step-Up Converter with Continuous Output Current Delivery and Low Voltage Ripple
	Paper 27.6: An 87.1% Efficiency RF-PA Envelope-Tracking Modulator for 80MHz LTE-Advanced Transmitter and 31dBm PA Output Power for HPUE in 0.153μm CMOS
	Paper 27.7: A 2TX Supply Modulator for Envelope-Tracking Power Amplifier Supporting Intra- and Inter-Band Uplink Carrier Aggregation and Power Class-2 High-Power User Equipment
	Paper 27.8: 94% Power-Recycle and Near-Zero Driving-Dead-Zone N-Type Low-Dropout Regulator with 20mV Undershoot at Short-Period Load Transient of Flash Memory in Smart Phone
	Paper 27.9: An On-Chip Resonant-Gate-Drive Switched-Capacitor Converter for Near-Threshold Computing Achieving 70.2% Efficiency at 0.92A/mm2 Current Density and 0.4V Output

	Session 28 Overview: Wireless Connectivity
	Paper 28.1: An 802.11ax 4×4 Spectrum-Efficient WLAN AP Transceiver SoC Supporting 1024QAM with Frequency-Dependent IQ Calibration and Integrated Interference Analyzer
	Paper 28.2: An ADPLL-Centric Bluetooth Low-Energy Transceiver with 2.3mW Interference-Tolerant Hybrid-Loop Receiver and 2.9mW Single-Point Polar Transmitter in 65nm CMOS
	Paper 28.3: A 0.8V 0.8mm2 Bluetooth 5/BLE Digital-Intensive Transceiver with a 2.3mW Phase-Tracking RX Utilizing a Hybrid Loop Filter for Interference Resilience in 40nm CMOS
	Paper 28.4: A 0.45V Sub-mW All-Digital PLL in 16nm FinFET for Bluetooth Low-Energy (BLE) Modulation and Instantaneous Channel Hopping Using 32.768kHz Reference
	Paper 28.5: A 0.2V Energy-Harvesting BLE Transmitter with a Micropower Manager Achieving 25% System Efficiency at 0dBm Output and 5.2nW Sleep Power in 28nm CMOS
	Paper 28.6: 	A -76dBm 7.4nW Wakeup Radio with Automatic Offset Compensation
	Paper 28.7: A 14.5mm2 8nW -59.7dBm-Sensitivity Ultrasonic Wake-Up Receiver for Power-, Area-, and Interference-Constrained Applications
	Paper 28.8: A 5.8GHz Power-Harvesting 116μm×116μm "Dielet" Near-Field Radio with On-Chip Coil Antenna

	Session 29 Overview: Advanced Biomedical Systems
	Paper 29.1: Creating Neural "Co-Processors" to Explore Treatments for Neurological Disorders
	Paper 29.2: A Fully Immersible Deep-Brain Neural Probe with Modular Architecture and a Delta-Sigma ADC Integrated Under Each Electrode for Parallel Readout of 144 Recording Sites
	Paper 29.3: A 16384-Electrode 1024-Channel Multimodal CMOS MEA for High-Throughput Intracellular Action Potential Measurements and Impedance Spectroscopy in Drug-Screening Applications
	Paper 29.4: A 0.13µm CMOS SoC for Simultaneous Multichannel Optogenetics and Electrophysiological Brain Recording
	Paper 29.5: A mm-Sized Free-Floating Wirelessly Powered Implantable Optical Stimulating System-on-a-Chip
	Paper 29.6: A 92dB Dynamic Range Sub-μVrms-Noise 0.8μW/ch Neural-Recording ADC Array with Predictive Digital Autoranging
	Paper 29.7: A 110dB-CMRR 100dB-PSRR Multi-Channel Neural-Recording Amplifier System Using Differentially Regulated Rejection Ratio Enhancement in 0.18µm CMOS
	Paper 29.8: A 43.4µW Photoplethysmogram-Based Heart-Rate Sensor Using Heart-Beat-Locked Loop

	Session 30 Overview: Emerging Memories
	Paper 30.1: An N40 256K×44 Embedded RRAM Macro with SL-Precharge SA and Low-Voltage Current Limiter to Improve Read and Write Performance
	Paper 30.2: A 1Mb 28nm STT-MRAM with 2.8ns Read Access Time at 1.2V VDD Using Single-Cap Offset-Cancelled Sense Amplifier and In-situ Self-Write-Termination
	Paper 30.3: A 28nm 32Kb Embedded 2T2MTJ STT-MRAM Macro with 1.3ns Read-Access Time for Fast and Reliable Read Applications
	Paper 30.4: A 20ns-Write 45ns-Read and 1014-Cycle Endurance Memory Module Composed of 60nm Crystalline Oxide Semiconductor Transistors

	Session 31 Overview: Computation in Memory for Machine Learning
	Paper 31.1: Conv-RAM: An Energy-Efficient SRAM with Embedded Convolution Computation for Low-Power CNN-Based Machine Learning Applications
	Paper 31.2: A 42pJ/Decision 3.12TOPS/W Robust In-Memory Machine Learning Classifier with On-Chip Training
	Paper 31.3: Brain-Inspired Computing Exploiting Carbon Nanotube FETs and Resistive RAM: Hyperdimensional Computing Case Study
	Paper 31.4: A 65nm 1Mb Nonvolatile Computing-in-Memory ReRAM Macro with Sub-16ns Multiply-and-Accumulate for Binary DNN AI Edge Processors 
	Paper 31.5: A 65nm 4Kb Algorithm-Dependent Computing-in-Memory SRAM Unit-Macro with 2.3ns and 55.8TOPS/W Fully Parallel Product-Sum Operation for Binary DNN Edge Processors

	ISSCC 2018 Glossary
	ISSCC Tutorials
	T1: Low-Jitter PLLs for Wireless Transceivers
	T2: Nonvolatile Circuits for Memory, Logic, and Artificial Intelligence
	T3: Basics of Quantum Computing
	T4: Error-Correcting Codes in 5G/NVM Applications
	T5: Hybrid Design of Analog-to-Digital Converters
	T6: Single-Photon Detection in CMOS
	T7: Basics of Adaptive and Resilient Circuits
	T8: Fundamentals of Switched-Mode Power-Converter Design
	T9: Digital RF Transmitters
	T10: ADC-Based Serial Links: Design and Analysis

	ISSCC Forums
	F1: Intelligent Energy-Efficient Systems at the Edge of IoT
	F2: FinFETs & FDSOI – A Mixed Signal Circuit Designer’s Perspective
	F3: Circuits and Architectures for Wireless Sensing, Radar and Imaging
	F4: Circuit and System Techniques for mm-Wave Multi-Antenna Systems
	F5: Advanced Optical Communication: From Devices, Circuits, and Architectures to Algorithms
	F6: Advances in Energy Efficient Analog Design

	ISSCC Evening Events
	EE1: Student Research Preview (SRP)
	Session 1: Communications and Power
	Session 2: Deep Learning and Biomedical Circuits
	Session 3: Memory, Sensors and Mixed-Signal Circuits

	EE2: Workshop on Circuits for Social Good
	EE3: Industry Showcase
	EE4: Figures-of-Merit on Trial
	EE5: Lessons Learned – Great Circuits That Didn’t Work  – 
	EE6: Can Artificial Intelligence Replace My Job? 

	ISSCC Short Course: Hardware Approaches to Machine Learning and Inference
	SC1: Introduction to Machine Learning and Inference
	SC2: Algorithm and Implementation Co-Design for Learning and Inference
	SC3: Efficient Edge Solutions for Deep Learning Applications
	SC4: Efficient Alternatives and Extensions to Deep-Learning-Based Solutions

	Index to Authors
	ISSCC 2018 Executve Committee
	ISSCC 2018 Technical Editors
	ISSCC 2018 Multi-Media Coordinator
	ISSCC 2018 ITPC
	ISSCC European Regional Subcommittee
	ISSCC Far East Regional Subcommittee
	Conference Space Layout
	ISSCC 2019 Call for Papers
	ISSCC 2018 Timetable
	Back Cover

