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VISION STATEMENT

The International S8lidte Circuits Conference is the foremost global forum for
of advances in salidte circuits and systemachip. The Conference offers a u
opportunity for engineers working at the cutting edge of IC design and us
technical currencv. and to network with leadina exoerts.



Table of Contents

TADIE OF CONTENTS ...ttt ettt b e e st e e st e e he e e bt e e abe e eae e e sae e e beeeabeeembeeamseennneebeeenneesnneennneesd 4..
(ST 10 0] o)L= TSP PROTRTPTPRPPRPROPPIN 7
@ o I 1SS O oSO PRSPPI 7...
Overview: ISSCC 2083licon Engineering a Social WALId.............oooiiii i 10
Plenary SESSION (SESSIOMN.L).....cuuiiiiiiieiiiee ittt ettt e et e et e saee e s beeebeeaas e e aseeeabeeabeeabeeasseeaaeeebeeanneesnneennns 10
Plenary SeSSIBNINVITEA PAPEIS........ooiiiiiiiiieeiee ittt ettt e bt st e e sae e e be e eab e e eaeeesae e e saeeenbeeenbeesnneensneenes 12
Y= a1 T T =T | SRR 16
Evening Panel: FIgUDESI €It ON TTaAl...........oiii et r e e e e st e s et e e e s e eana e e e e e s sntreeeesennraneeenaas 16
Evening Panel: Lessons LedrBade at Ci r c ui t gs, [fOhhal HadBinodm).a..t..... Wo.r. . K.....(..Q16
Evening Panel: Can Artificial Intelligence Replacé VheJo&d®n of a New IC Industry with Al............ccoeveeriennne 16
Workshop on Circuits for SOCIALGOOM........o..ui e e e ne e 17
1o (U] 1 AR a0 Y oF= 1= =S 17
Session @YVIEWS and HIGhIGILS........oo e e e e e et e e e e s ane e e e e e s antbe e e e e enrres 18
CoNditioNS OF PUDHCALIAN..........eiiiieieeee ettt sttt et e bt esae e e sbe e e nbeeanb e e saseesneesneeanneens 19
PREAMBLE ...ttt et et ta e e s e e e s s e a e b bttt et e e e e e e e eeae e h b b e beee e et e e e e e e eenaan bbb b e neeeeaaaeeeeaan 19
L0 I I N[ I8 PP PUEPPPT PP 19
SESSION 2 OVEIVIEW: PTOCESSQLS. ....ccutiiieiitiesitie sttt esieeesteeaseesaseessee e beeabeeaas e e aaee e be e e beeaabeese st e abeesbeeaareesaneeabeeaneeeans 20
SESSION 2 HighlIghTS: PrOCESSIOIS. ....utiie it iitee ettt ettt e st e e bt e e aate e e s b bt e e sate e e sabeeeebaeaesnbeeesneeeeanseeenanes 21
Session 3 Overview: ANAIOG TECHIUGUES.........couiiiiieeiitireeieeeeseee et e e saeee e ssee e e ssseeessseeeessseeeasseeeaseeeessseessnseeesnssees 23
Session 3 Highlights: ANAlog TECHIUGUES...........ccuiii ittt e st e e ebee e et e e e ssr e e e e neeeeanreeeanneeeenes 24
Session @verview: milvave Radios for 5G and BEYONM..........ccueiiiiiiiiiiieiieesee et 25
Session 4 Highlights:-Wviave Radios for 5G and BEYON............oooiiiiiie it e st stee e s snre e e e s enrae e e e 26
SESSION 5 OVEIVIEW: IMAGE SEINSOIS......uiiiiiiieiitieeaitiee e sttt e ateeeastaeaessteeeaateeeaasteeeaseeesassesaasseeeaseeeaasseesanseeesnssesenseeens 28.
Session 5 HighlightS: IMAgE SENSOIS.......uii ettt s e e see et e e st eeessaeeeeteeeassseeeanseeeennaeeeanseeeanneeeennes 30.
Session 6 Overview: Ultra High Speed WIKEINE .........ooii it 32
Session 6 Highlights: Ultra High Speed WIKELINE...........co oot e e e et e e e e nanaes 33
Session @verview: Neuromorphic, Clocking and SeCurity.CILCULLS.........cuiiiriieeiiieesiie e siie s see e sree e 35
Session 7 Highlights: Neuromorphic, Clocking, and, SeCUrity,.CICULES.........ccocuireirieeeriieeseee e see e seeee s seeee e 36
Session 8 OvervigMireless PoOwer and HarVeSHING. .........coouiiieiaiiiiiee ittt reeess e sn e sneeeseeesneas 38
Session 8 Highlights: Wireless Power and HarveSHiNG..........covuiiiriieiieeie et 39
Session 9 Overview: Wireless Transceivers & TeChniques..........cccccvvvie e A0,
Session 9 Highlights: Wireless Transceivers & TeCAIGQUES...........cccceiereiiieeenieeeesieee e e sieeessnneesssneessnneeesneeen s AL
SeSSION 10 OVEIVIEW: SENSON SYSIEIMIS. ... .eiiiuiiiieeireesieeenteeateeateeseeesseeasseesseessseessseasseeanseesnseessseessessnsessnseesnseessnss A2
SesSIOA0HIgGlIGNTS: SENSOr SYSIBIMIS ... ..ottt et sab e bt e be e reesaneesnneenseeenes 43

©COPYRIGH2018SSCG DONOTREPRODUCWITHOUPERMISSION



Session 10 HighlightS: SENSOr SYSIBIIIS. ... .uiiiiiieeeitieeiiee ettt e e ste e e st e e s e e e sstee e eseeeassseeessseeesseeeeasseeeansenesnseneend 44

SeSSION 11 OVEIVIEW: SRAIM. ...ttt ettt re s e sbe e s be e sbeessneesreesneesnteesnneessneenneennness 0D
Session 11 HighlightS: SRANM.........c.uviii et e e esre e s e e e stree e e e s sntee e e e ssntaeeassssnsaneesssnssnseesssnssnneesens O
SeSSIoN 12 OVErVIEW: DRAM .. ...ttt ne s sneesnneesnnessnnesneesnneesns T
SeSSION 12 HIGhIIGNTS: DRAM......ooii ittt e e e e e e ettt e e e e e sttt e e e e s saabeeeeeeanraeeaesssteeeeesssbaneassannrnnesd 48
Session 13 Overview: Machine Learning and Signal PLOCESSING.........covueeiiiiiiiaiiieeiee e siee e snee e 50
Sessiod3Highlights: Machine Learning and Signal ProCeSSING..........ouuiiiiiiiiiie e 51
Session 14 Overview: FRIGROIUTION ADICS.........uvii et e s s e e e st e e e e s et e e e e e s ssbeeeeessnraeeeeeannens 53
Session 14 Highlights: High ReSOIUTION. ADCS........co ettt e e e s st e e e e s e tbe e e e e e enreeeaeennnes 54
SESSION 15 OVEIVIEBW: RF PLLS.....iiiiiiieie ettt h et e et e s st e e be e e b e e et e e sabe e eme e e beeanbeesnneennns 55
SeSSION 15 HighlIGNtS: R PLLS. ...ttt sttt e s ae e e sb e e e be e et e e ssbeesaeeebeesreeas 56
Session 16 Overview: Advanced Optical and Wireline TeChniQUES..........ocei i 57
Sessiod6Highlightgidvanced Optical and Wireline TeGNIGUE.........ooooiiierie it e e e 58
Session 17 Overview: Technologies for Health and.SOCIE1Y..........ciuiiiiiiiiie e 59
Session 17 Highlights: Technologies for Health and.SOCIE1Y.........ccuvi i 6Q
Session 18 Overview: Adaptive Circuits & Digital REGQUIATOLS.........cccviiiiiiieiiie i 63
Session 18 Highlights: Adaptive Circuits & Digital REGUIALOES.........oooiiiiiiiie e 64
Session 19 Overview: SENSOMBIEMTACES............ooiiiiiii e snnesneesne ] 65
Session 19 Highlights: Sensors and INIELIACES..........oii it s e e s neeeenneeeeas 66
Session 20 Overview: Flash Memory SOIULIOMS. ..........eiiueriieie e saeeesnee e 67
Session 20 Highlights: Flash Memory SOIULQINS...........cccieriii et e e et e e e e s nree e e e e enraeee s 68
Session 21 Overview: Extending Silicon and its APPCALIONS..........cvveiiiiiiii e 70
Session 21 Highlights: Extending SiliCOMAPHCERIONS..........cooiiiieiiieeiiie e esee e sseee e sneeessneesssneeesnneeesnne L
Session 22 Overview: Gigaherz Data CONMVEIIEIS ... ...oouii ettt se e e sae e sbeeabeesaseesnneesneeenes 74
Session 22 Highlights: Gigahertz Data COMNMEBIIELS. ........oiutriiieiieaieeatie st esiee et et e e e saeeasseesneessneesseeesbeesnseasnneens 75
SesSion 23 OVErVIEW: LO GENELALIAN. .........citiiiieeiii ittt st e b e re st esbe e e sneesre e 77.
Session 23 Highlights: LO GENELALIQN............ciii i iciee et e e e e e e e e e e e st e e e e s st e e e e s snb e e e e e esannaeeeeaanraeeens 18.
Session 24 Overview: GaN Drivers and CONVELIELS. ........ceuiiiaiieaie e e e seessnee s e snneesnneesneesnee s d O
Session 24 Highlights: GaN Drivers and CONNELTELS. ........utiiiiieiaiee sttt etee et sreeseeesse e ssessbeesneeeneeas 80
Sessio250verview: Clock Generation fFOBHEFIT LINKS............cooiiiiiiiiiie e e 81
Session 25 Highlights: Clock GenerationSpamihLinks. ...........cvvvii i 82
Session 26 Overview: RF Advanced Techniques for Communication.and.Sensing.......ccccccevvcveeeeeiicieeeescciveeenn. 83
Session 26 HighlggiRF Techniques for Communication and.SENSING........coooicciieei e 85
Session 27 OverviB@wer CONVErter TECNIGLLES ........oouiiiiieiee ettt ettt e et e beese e e sbe e e beeenbeesaneeneeas 87
Session 27 Highlights: Power Converter TECAIMIGUES..........cui ittt ae e b s 38
SesSIORBOVErVIEWVIreleSS CONNECHMILY.......ccciiiiiieie e cciiee e s st e e s e e e s e e e st e e e e e e s eareeeeessasbreeeeeansaeeeeeaannreeaesans 89
Session 28 Highlights: Wireless CONNECTIVILY.........ooeiiiiieri et e e e s ra e e e e e e nr e e e s eennnaeeaeaans 20

©COPYRIGH2018SSCG DONOTREPRODUCWITHOUPERMISSION



Session 29 Overview: Advanced BiomediCal.SYSIBIMS. ........oiiiiiiiiie et 92

Session 29 Highlights: Advanced BiomediCal SY.SIEIMS.........c.uuiiia ittt s ne e e 93
Session 30 Overview: EMerging MEMIOKIES. .......ciii it ee e eree e e e settae e e e s st e e e e s sabeeeeessntaeeeesanteeeessansaneeeessnsens 94
Session 30 Highlights: EMerging MEIMOIIES..........uuiiiii et rttee e e e e e s st e e e e ssats e e e e s e sntre e e e s ennsbeeeessannreneens a5
Session 31 Overview: Computation in Memory for Machine.Learning..........ccccccoicieie e 97
Session 31 Highlights: Computation in Memory for Machine Learning.........ccooeeiueerieenie e seee e 98
I (=16 ST RO R O PR UPURPOPPURR 99
CoNditioNS OF PUDITAL. ..........ooiiiiei e sr e bt e b e san e snn e s neeaane s 100

PREAMBLE ...ttt ettt e ettt e e e e e e e e s s e b b e e e e et e e eeaeeeeea e hRbEheee et e e aee et ee e e nnnrrrrreneaaaaeaaas 100

L L@ N I\ N I8 PP RRT 100
FN = (oo 2 0 e T =T o o OO OPR PP 102
Power ManagemEIZDLE8 TIEINMS........ccciuiiiiiiieeieitiee ettt e et e e sttt e e stae e e st e e e ete e e e asaeeeeaseeesseeeaasseeeasseeeaseeeeasseeeaseeeeanseeens 104
Data CONVEITATR0LE TTEINAS. ... .eiiteiiieeiiee sttt ettt sh ettt e st e he e e b e e st e e e s bt e be e e be e e b e e e beessseenbeeenbeesnreennneea 106
RF SUDCOMMITIERO L8 TIENAS .......eeiieeiiieiitie sttt ettt e e b e e e be e e b e e st e e s mee e abe e e be e enneennneennas 111
WWIFEIESE 2018 TTEINAS.....ceueeeiutee ittt ettt ettt ekttt ettt e he e ek e e bt e ehs e e eh st e ke e e b e e ee s e e eae e e be e eabeesnneennneenneesareeanneens 113
VL] T 30 R I =T oo L SRR P PR USRTR 115
Digital Architectures & SystemMS TRBEY TrENUS.......ooei i e e rrr e e e s s r e e e e ennnaeeeas 119
[0 e= U @81 o2 R T =T 0o £SO 124
Lo 720 It T I = oo LSRR 127
IMMUD 2018 TrENAS (SENSOIS). ... eeteeiuteeiuteerueeaiteeateeaeeeatseeaseeabeeabeeasseeaseeabeeaaseeasseesseeeaseeaaseeaseeasseenseeaseesnreesnneeas 133
IMMD 2018 TrendS (MEICAL)..........oueie e e e e e e e et e e e s e st e e e e s ssbeeeaesssseeeeesanntreeeeeannneeenans 134
IMMDO 2018 TreNdS (IMAGEELS). ... eeeiueeeiiuiiieeteeeesiiee ettt e ettt e e ssbe e e s be e e e asee e e abe e e s anee e e s abe e e e sbe e e anbeeesneeeeanbeeesasneeanneeennnes 135
Technology DireCHORODLE TIENGAS. ... ..ceiiiieeiiieeeiiee et e e ee e stee e st e e e s e e e ssbeeeaseeeessbeeesaseeeesseeeeanseeeesaeeaasaeeeanseeeennes 136
101 OO URTRPROPRO 138

Technical TOPICS M@ I0 PAPELS ........ii ittt et sttt e rbe e e bt e s bt e s he e e sbe e e beesabeesaneesneeeneas 139

Selected Presenting Companies/Institution Mapped.tQ.RaperS.........cocviueiieiiiiiiiie st s e e esrree e 139
CONTACT INTOMMALION. ...ttt ettt b et b e et e s e e e e b et e b e e e b e e s b e e s bn e e ane e e b e e sane e 145

©COPYRIGH2018SSCG DONOTREPRODUCWITHOUPERMISSION



Preamble

FAQon ISSCC

Whatis ISSCC?

ISSCC (International Btk Circuits Conference) fatipghipconference of the IEEE-Sdditd Circuits Society. According to
the SIA, the Semiconductor industry gen8&888.Ybillion in sales in 28l@SSCC continues to be the premier technical
forum for presenting advances istamliccircuits and &yss.

Who Attends ISSCC?

Attendance at ISSZI18is expected to be aro8®d0 Corporate attendees from the semiconductor and system industries
typically represent ards®fb

Where is ISSCC?

The65thISSCQwill be held at the San Francisco NWearapiis dRebruary TthroughFebruary 2018

Are there Keynote Speakers?

After a day devoted to educational events203&€gis formally on Mondagbruary 12018with four exciting plenary talks:

Vince Roche, President, Chief Ex&@ffiiee Analog Devices, USA
Barbara De Salvo, Chief Scientist and Scientific Diréatty FCihke
Yukihiro Kato, Senior Executive Director, Denso, Japan

David Patterson, Professor of the Graduate School at UC Berkeley

= =4 —a -4

What is the Technical CoveragéSSCC?

ISSCC covers afull spectrum of design approaches in advanced technical areas broadly categorized as: (In€ommun
(2) Analog Systems, (3) Digital Systems, and (4) Innovations inchatiminesierad MEMS, imagers, semzoregibal
devices, as well mrwartboking developmetiiat may take three or more years for commercialization.
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How are ISSCC Papers Selected?

Currently around 600 submissions are received each year across the broad spectrum. especificby tag&Eam of over
150 scientific and industry experts fromBastFaurope, and North America &kgerts are organized inButhl
Committees that cover the 4 broad areas described earlier:

Communication Systermcludes Wireless, RF, amdliéi Subcommittees

Analog Systemmcludes Analdgpwer Management, Bath Converter Subcommittees

Digital Systemscludes Memory, Digital Circuits, and Digital Architectures and Systems Subcommittees
Innovative Topidacludes Imagers/M EMS/Medigiad3/Displays and Technology Directions Subcommittees

= =4 -4 -9

What Companies are Presenting this year?

Companies presenting pap¢&Sa&018ncludeAM D, Analog DevicBsoadcom, IBM, IntgineonM ediaTelXP
SemiconductoisyidiaPanasoniQualommSamsung T Microelectronics, Texas Instruments, TEShii@nd Xilinust to
name a few. A more complete list can be found in the Index.

Are there educational sessions?

ISSCC features a variety of educational events which include:

1 TenTutorials (targeted toward participants looking to broaden their horizon)
1 Six Forums (targeted toward experts in an information sharing context)
1 One Short Course (targeted tow@degttinappreciation of a current hot topic)

Are There Other Events?

A moreomplete list of all activies at I3&BC

Four Plenary Presentations
Fivelnvited Talthn System Issues
Technical SessidB6distincsessions)
SixEvening Sessions and Panels
Educational Sessions Featuring:
0 Ten Tutorials
o Six Forums
0 One Short Coers
Student Research Preview (for the introduction estgcihiateseartiprogress)
Demonstration Sessions from Academia and Industry
Networking Social Events
Author Interview Sessions
Workshop on Circuits for Social Good
Industry Showcase
A Numbesf University Alumni Events
Book Display

= =4 -4 -4 -9
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How Do | Use this Press Kit?

The Press Kit provides a PREAMBLE section that fekilsfesntiother general information. The kit alsGBSGHON
OVERVIEWSND HIGHLIGH®alB0techital sessions indnich the 2@apers are grouped, together with brief descriptions
and context for ea8h well, there is an abstract for each of thetdi{erfaoy your convenience, the Kit includes twol structura
charts in the IND&¢tion(a) a list of the 4chaical Topics and their associatedn@ulittees (lAndSessions3();(b) a list of
contributing companies and institutions with their associalduigapdosated information of interest you cathacicésls

to identify sessions of inferesaft er whi ch you mOwiviewr Highlight seetiédierpatvelyc i€yews s |
interest is in particular organization then Chart 4.1 will direct you immediately to papers of interestiledcmaswhich is det:
correspoimg Session Overview and possibly in the Highlighs geciomny onedés i nter est it
appropriate Trend information which provides a broad historical view of the context of your interest aadce#ien includes |
current ISSCID18pepers.

Anything New This Year?

This year, for the first time, ISSCC wilWmikistiop on Circuits for Social Good, which will highlight various ways that circt
help address some of the mostimportant challengesidfcindaso ranging from health care to energy conservation. The
workshop includes speakers from industry, academia, and startups as well as-iatediseussions on topics such as
machine learning, medical devicegenesdtion commutiice, and security.

ISSCC will hold an Industry Showcase event the evening of Monday, February 12th, where companies will gmovide shc
their technology/product innovation, followed by an interactive session with attendees alyitdigtisAhaldespa
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OverviewlSSCQR018 Silicon Engineering a Social World

Continued advances in-staltd circuits and systems have brought evermore powerful communication and computational
into mobile form factors. Such ubiquitouslesinest lie at the heart of a revolution shaping how we connect, collaborat
relatonships, and share information. These social technologies allow people to maintain connections aricbhgpasenetwo
would not be possible; they ertbeidhbility to access information instantaneously and from any location, thereby helping fc
world's events and culture, empowering citizens of all nations, providing social networks allowing worldexiééo @man unitie
bond with comminterests.

Plenary Sessiafbession 1)

The Plenary Sessiorhenrmorning of Mondiabruary 12018 will feature four renowned speakers:

T Vince Roche, President, Chi ef Executive Othé Pater ,
Over or Just Getting Started?o0, and explore what
forward as scientists, technologists, and industry overall.

1 Barbara De Salagputy Director for Science and Long TerrohiRelséare t i, France, witdl g

I nspired Technol ogi e s :lustiale & eesedrsh st@agomEssinghayadrithms,hcircaits, 0
and components, all in support ehbpaied technologies to meeetds of 21st century applications.
T Yukihiro Kato, Senior Executive Director, Dens o,

Technol ogyo, and discuss how -iratentunatuansioatoo tcauseeby i ndus
electrification, automated driving, and connected vehicles.

1 David Patterson, Professor of the Graduate School
Mainframe CPUs to Neédialt wo r k T P U saanjury rofecomipaewarahigcture, frona thef IBM System 360 tc
moderndomanpec i fi ¢ computer architectures such as Goo

Highlights of these Plenary talks are prahelddllowing section
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Plenary Seseni Invited Papers

Chair Anantha Chandrakasav,assachusetts Institute of Technology, Cambridge, MA

ISSCC Conference Chair

Associate Chair Alison BurdettSensium Healthca@xford, UK

ISSCC International TecHaiwgram Chair

1.1 Semiconductor Innovation: Is the Party Over or Just Getting Started?

Vince RochePresident, Chief Executive Officer, Analog ld8vices,

The future pace of semiconductor innovation is by no means certain. A litlte more than a decade agoubetmarthaticaling
Symposia and media outl ets have been specul ating on
challenges, business challersgesellare puting pressure on tradiional semiconductor. isrovatimauctprices continue

their steady decline while geathetry wafer fab faciliies now cost cloSddobild.

In this environment, is there any room for continued innovation or is the future of the semiconductor iretasmaliained by
commaitization, and financial engineetir@® future is the latter, how will we meet the demands of a world where busines:
governments, and societies are digitizing at a blazing pace? The spread of pervasive ubiquitous sensingfiaapid advanc
intelligence, heterogeneous integeatbithe continued impact of digitzation on virtually every industry on earth will require
not less, semiconductor innovaton.

The physicist and philosopher Thomas Kuhn might describe our siwstisithasdhlyzes a new paradigm. So what is the
next paradigm for semiconductor innovation? What is our path forward as scientists, technologists, and an industry?
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1.2 Braininspired Technologies: Towards Chipsthat Think
Barbara D8alvq Deputy Director for Science and Long Term ReEédethh Grenoble, France

Since the late 50s, bir@ipired computing has been regarded as an interesting alternative to conventional computational

Today, t he omni pwordwidersacial interdctiors lreqgjres deahnaogies aapable of analyzing complex c
(such as sounds, imagevideos)n real timand interact with humans in a cognitve way. The demand for computational
efficiency and Aintelligentd features has go rinernedfe | |

Things has also introduced a new pahatligopports a decentralized and hierarchical communication architecture, where
deal of analytics processimoyld bdone at the edge and at thedevides instead of in the cloud. Specialipeddow
architectures, inspired by the humarhévairhus recenty become one of the most active research areas in the computing
landscape, offering tremendous opportunities for novel applications. To map the embedded systems requirements, ne\
braiAnspired technologies should be sefdlr@s particular automatic sensor fusion, system fault toleraipcs arydviidea
achieving high recognition accuracy, low power comrswmptiicing cost.

In this talk, we will illustratese@arch strategjyoneencompassing algorithnirsuitsand componertisto develop braispired
technologies and meet the need¥-@érlry applications. To explore the architecture of neural networks, an open softwar
platiorm has beereated and several neural network concciis/ednd dbricated. The use of innovative components, such as
emerging resistive memories, advancedadil 85 technologies has been expladtmv for the implementation of cognitive
tasks in neural networks. Those novel components bring memoryposssinghait and offer extraordinary potential to

i mpl ement Aintelligento features, approaching the wa
examples will be given to illustrate hemslpiead technologies arelol@®@ using a holistic research approach, where proces:
development and integration, circuit design, system aectutéednning algorithms are simultaneously optimized, opening th
door to new disruptive applications.
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1.3 Future Mob#lSocietyEnabled by Semiconductor Technology
Y ukihiro KatpExecutive Director, DeAschiJapan

The automotive industry is in the naidsicein-a-century greatest transformation. The transformation of theissatomobile
consequence tbfee technology trends: (1) electrification, (Autimuatipnand (3) vehicigerconnectiorhll tree of these

require draaticadvancemewithinsemiconductor technologies. In thsutalkjon of the future recwmicietys presented,

focusing especially on automotive semicemeidmicsTo promote the electrification of the car, power semicorakejors are
technolog The energy conversion efficiency of the motor has been increasmubyed@&iEsaton SiC MOSFETs wil

further increase efficiertdgweverp tput automated driving to practical use, both advanced sensors and intelligent SoCs a
requiredmproved performance of sensors, suchas cameras, LIDARs, amaveiligadetey, witlicrieased range and

resaltion are required to precisely mdmetwtalenvironment of the @ath planning for automated drviblgesecognizing

the vehiclé proximitjo nearby objeerdthefree spacavailable.n this procesdgep learning is an exceedingly useful method
and highly sophisticated 3a6PUsare essentiddr its implementatidfinally, from the viewpoiatofhnected vehicle, cars

will shift from lumpsnetalinto something like a giant smattpBéreursenithe connected vehicle, you can make a phone cal
receive and/or transmit emails, do shomkegraymentand so oAs well, pdatd maps are constaatijailableBut, also,

each vehicle must be constantly dwmestatus and intenbeafrly vehicles. Cleartyintplement the intricacies of such an
interconnected vehicle network, wa megihd of semiconductors including communication ICs.

1.4 50 Years of Computer Architecture: From Mainframe CPUs tbldiewged TPUs

DavidPattersonGoogle, Mountain View,\@Aversity of California, Berkeley, CA

This talk reviews a-telftury of computer architecture: We start with the IBM System 360, which in 1964 introduced the
Abinary compati bitlhiet yidd.o mN@xihnht anarme otpheociedesa rofar chi t e
432 which was shortly replaced by the emergency introduction (xf86ie k9ZB8However, for the next 20 years, the Reduc
Instruction Set Computers (RE@me dominant. Then, the Very Long Instruction Word (VLIW) HP/Intel ltanium architect
heralded as their replacement in 2001, b x86. Thus) whileahe 80 t
x86 dominated the-BP@ARISCs have ldiaereaftercurrently with 20B shipped annually (versus8643. &ince the ending of
Mooreds Law and Dennar d s gudosemiropnoaessors, tapéaficochputgre r f or ma
architectures are the only dpfionAn early example of this trend inroduced by Google in 2015 is the Tensor Processing
for clouthased deep neural networking.
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Eveningevents

ISSCQR018will continue the popular tradiion of eveningnobeetning sessiomere experts, often of opposing views,
discuss topics which range from the lighthearted to the controversialfdbutteagad entertainifigh.i s y ear 6 s
AFi giMreeas t on Tri dGoeafiLEissonitGogpdshad dDiGhnl 6yt |Wotakd Kn
Inteligence Replace Myddte Dawnf a New | C I ndustry with Al o.

In addition, ISSCC 2018 will include additional evening events including €woitksbofsocial Gaod an Industry
Showcase.

EveningPanelFiguresof-Merit on Trial

MondayFebruary 12

This panel will probe the weaknesses and strengths of popular analog FoOMs in an entertaining and educatieal way: T
room will become a tribunal withotkerator as judge. For each FoM on trial, two panelists will officiate, one becoming the
advocate of the FoM, and the other the prosecutor, while the audience will become the jury, that will decide which of th
contestants will win.

EveningPanelLessons LearnadiGr eat Circuits That Didnot

TuesdayFebruary 13

Working on your first (or last) IC can be exciting, stressful, rewarding, and embarrassing. Whatever theslessbthigarned,
it was expenced by pioneers before you. Failures (mistakes or just bad ideas!) can be valuable learning experiences, |
revealed. Tonight, we provide an opportunity for recognized experts to share their past mistakes and &slsoes, and disc
lear ned. After the panelists have confessed, tifewtablg, u d i
this collection of revelations will be motivating: inspiring to the young and inexperienced; and sirarog donruecsain
truthi firstime perfection is rare!

Evening?anel Can Atrtificial Intelligence Replace My @di¥e Dawn of a New IC Industry with
Al

TuesdayFebruary 13

The emergence of artificial inteligence (Al) capable of human tasksl doattenoieapproaching fast. Shortly, most
businesses, including the IC industry, will cbeesaukhans, if Al can deliver the same results with lower risks and costs.
Consequently, many questions arise for us: what will be the respédtsed diesrans in developing ICs? How will Al shape
the IC industry? What is the right career choice for young people in the field? This panel will showcasevitlistrae experts
their vision on this daunting new development in our business.
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Workshop on Circuits for Social Good
Sunday, February 11

The Workshop on Circuits for Social Good highlights various ways that circuits can help address some of the most imf
challenges facing society today, ranging from health care to erai@y. conserv

The program aims to give a broad perspective of how one can have impact It begins with several keynoies and invitec
industry, academia and startups followed by interadiine rdigndissions on topics including machine learcahglewiesks,

next generaton communications, security and 10T, as well as discussions on career paths in research, pebduct develoy
entrepreneurship.

Industry Showcase

Monday, February 12

This year, for the first ime, ISSCC will hold arSalustige event on the evening of Monday, February 12th, which will hig
how advances in silicon circuits, SoCs and systems are fueling the mostinnovative industrial applicatienfutamd products
The event will feature short presentstivvedl as interactive demonstrations from each of the Industry Showcase participan
represent an exciting introduction to the next generation of applications and products enabled syatlvatagested solid
circuits.
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SESSION OVERVIEWS
AND HIGHLIGHTS




Conditions ofPublication

PREAMBLE

The Session Overviend Highlights follow serveto capture the context, highlights, and potential impact, of the pape
presenteth each Session at IS2CLBN Februarin San Francisco

OBTAINING COPYRIGHT to ISSCC press material is EASY!
You may quote the Subcommitiee Chair as the author of the text if authorship is required.
You are welcome to use this material, e@nadightaltfree, with the following understanding:

0 That you will maintain at least one reference 201BB8AI: body of your text, ideally retaining the date a
location. For detail, see the FOOTNOTE below.

0 That you will provide a courtesy PDFexfogspted press piece and particulars of its placement to
press_relations@isscc.net

FOOTNOTE

T From I SSCCb6s point of view, the phr aseol oggadeismpc | u
to know about this, @iaithappearance of ISSCCrebruary Tho February thiéth 2018 in San Francisco.

This and other related topics will be discussed at lengti2CHtd 88G@ emost global forum for
developments in the integcatedit industry. ISSCC, the Internation&te»lidircuits Conferenc
will be held drebruary 1-February 12018

at the San Francisco Marriott Marquis Hotel.

ISSCC Press Risclaimer
The material presented here is preliminary.
As ofNovember, 2017 there is not enough information to guarantee its correctness

Thus, it must be used with some caution.
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Session 2 Overview: Processors

Digital Architectures and SysteSighocommittee

Session Chaiithomas Burd, ANEDNnyvale, CA

Session Ca&ChairMuhammad Khellah, Intel, Hillsboro, OR

Subcommittee ChaByeongsyu Nam, Chungnam National University, Korea, DAS

Continued growth in ctoedge applications driving inoosah digital processors. The first two papers of this sessien covet
generation servdass processors. This is followed by arefic@gly 14nm graphics processor. An SoC configurdbtdnipsth 1
on an MCM to service multiple marketsrisedesext. The last three papers demonstrate the first implementation of the ¢
transport layer security (DTLS) protocol in hardware, apomBS&ibEO microcontroller wittimddal enabling minirpower

and minimuweanergy, and a 1zefreenegy (NZE) smart em&tiP for loT applications

T

In Paper 2.1, Intel describes Sk$RaKeon, a 28re servarlass CPU in a 14nrgdté process featuring a MESH on
die interconnect fabricdienVRs, and 6 DDR4 channels capable of 266 ¢Garagber

In Paper 2.2, IBM presents a 14nm FinFET z14, with 50% more laPgeadi®caches, 25% more cores, enhanced
branch prediction, and cryptography, running 200M Hz faster than the previous generation under the same pow

In Paper.2, Intel describes a 14nm graphics processor featpaimg OWES with execwtioh turbo andigrtive
sleep, enabling up ®63énergy reduction apedormance

I n Paper 2. 4, A MD -atchivated SdCenanufacEsad)idren! FinFFET technalogy, Wwith gighe t
Xx86 fNZenod cor es p eofourdibin amali@c madéle (§ GM)andivideal chipletnbeetenl e
arange of produsts t h AMDO6s coherent I nfinity Fabric.

In Paper 2.5, MIT presentirgthénfiplementation of the datagram transport layer security (DTLS) protocol?in a 65nt
test chip, resuling in‘Euction in code size and @& ovement in eneefigiency over a sofiware solution

In Paper 2.6, the National UniveiSitygapore presents an M SP430 microcontroller enablingomerifti@bpW)
and minimuenergy mode (33pJ/cycle) in a 9.5M80nm chip with cold start up from a dsstanicell at 55lux.

In Paper 2.7, Intel demonstrates a comgdeteceetiovered and secure 0T edge mote in 14nm, with 0.2mW (idle).
25mw (peak) power consumption integrated with an x86 core, CNN and crypitd/émgikep, raulio, and a 512KB
memory, operable from 20@5blzl Hz.
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Session 2 Highlights: Processors

[2.1]SkyLakeSP: A 14nm ZBore Xeon Processor

Paper 2.1 AuthorSimon Tam, Harry Muljono, Min Huang, Sitaraman lyer, Kalapi Royneogi, Nagmohan Sat, Rizwan
Chen, Tom Wang, Hubert Hsieh, Sujal Vora, Eddie Wang

Paper 2.1 AffiliatiomtelCorporation, Santa Clara, CA

[2.2] IBM zT¥ A 14nm Microprocessor for the N&sbheration Mainframe

Paper 2.2 AuthaiGhristopher BéfrJames WarnécBohn Isakshrdohn BadaBrian BéllFrank MalgiogliGuenter Ma§er
Dina HamlidJesse Surigé, David WolperOfer Gevab, Bill Huditon SigalSean CargyRichard Rizzbl®icardo Nigaglioni
Mark CichanowsKiureseti Chidambair&@hristan Jachnthony Sapdtitdrthur O'nkilRobert SonneliteChristian Zo€llin

Paper 2.2 AffiliatioABM Systems, Poughkeepsie2BM,Systems, Yorktown HeiBts] Systems, AusfiBM Systems,
Rochester, MIBM Systems, Boeblingen, GerfiigrySystems, Tel Aviv, IS8 Systems, Hopewell Junction, NY.

[ 2. 4] nidZ 8qg&foeNultichip Architectures

Paper 2.4 Authaldoah BeékSean WhiteMilam ParascRoBamuel Naffziger
Paper 2.4 AffiliatiolAM D Boxborough, ¥\ D, Fort Collins, CO

Subcommittee ChaByeongsyu Nam, Chungnam National Universagn,0¢ejea, DAS

CONTEXT AND STATE OF THE ART

1 Increasing core counts and advanced 14nm process technology in server microprocessors continue to provide
performance and efficiency in hyper scale data centers.

1 Advances in cryptography accelenadible secure computing.

1 Multiichip module (M CM) package technology enables flexibility to address the different power and performance
of the mainstream and-pagformance desktop, and server markets.

TECHNICAL HIGHLIGHTS

1 Intel announces zZ&re 14nm Xeon processor withdimMESH interconnect and 6 DDR4 channels

91 Intel describes the SkyiZReXeon processor, a sartass CPU with 28 cores in 11 metal layers irgatipratess
technology. The processor has a two dimensional-diéB#¢dammnect fabric serving the cores. Mdigpleoarer
planes are serviced bgierfully integrated voltage regulars. Addiibeatapabiliies include 6 DDR4 channels offerin
2667GT/s per channel, 10.4GT/s preogssoessor UPI lirdkesd PCI links.

IBM introduces the ZMprocessor in 14nm with 25% more cores and advanced cryptography acceleration

IBM presents the next generatidoMmadessor designed in 14rns processor has 50% more L2 cadiie,aPnount

of L3 cache, 25%ma cores, runs 200M Hz faster than previous designs, while maintaining the same power envel
has significant microarchitectural updates for branch prediction, cache management and cryptography.

= =4

1T AMDOs O0Zeppelind So Chlopkrfonnuitichip siodwdes Wwith eorfiguratioas sbitable fod i n g
mainstream and higénd desktops, and servers.

T AMD describes fAZeppelino, an SoC architected as a
markets, including sesverainstream desktops, aneébhiyldesktops. Utlizing 14nm FINFET process technology, the
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has over 4.8B transistors on a Zi8enfaach die contains eight x86 cores, 16MB of L3 cache, memory and 1/O
controllers, and integrated Southbridgeiespdiilese functions are connected on the SoC and between chips with

new AMD coherent Infinity Fabric.

APPLICATIONS AND ECONOMIC IMPACT

1 Nexpgeneration server class microprocessors showcase 14nm technology, providing leadership petjormance ar

1 Multichip module (MCM) package technology enablsdodiuilgimgessors to be uniquely packaged to address
different power/performance requirements of mainstream and high performance desktop, and server markets.

1 Three separate methods of moceédegration and scalability provide flexible solutions across the system spe
multichip module method of integration allows for a single die design to span various market segments with img
cost. Likewise, tdimensional meshasmalor increased performance ofao@gystems on a singleihally, system
level integration continues to provide significant advancements in security and processing power.
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Session 3 Overview: Analog Techniques

Analog Subcommittee

Session ChaiiY oungcheol Chae, Yonsei University, Seoul, Korea

Session CaChairMahdi Kashmiri, Robert Bosch, CA

Subcommittee Chalfofi Makinwa, Delft University of Technology, Delft, The Netherlands

Analog techniques continue to defy simple categories. Tihistaesiahe diversity and vigor of modern analog circuitry. Ei
span the range of amplifiers, -Dlasglio, references, programmable filters and oscillators. New frontiers of precision, p
performance are established. The first pajieesiadowoise voltage buffer wiipAinput current andrd/6offset. The second
and third papers describeDsiM operation of a crystal oscillator and an RC oscillator with Allan deviation floor down to 2
next three papers expand terpemnce of ClaBsaudio amplifiers in terms of powel\, &dD-fuiescent current. The last paper
describes a programmable FIR filter operating at 3.25GS/s.

T

In Paper 3.1, Delft University of Technology presemtsranchstabilized voltage buffed.@pAnput current and

0.61V offset. A digitadigsisted offsetduction scheme reduces its excdésemiasncy (LF) noise while achieving a
voltage noise of 29nV/ &aHz.

In Paper 3.2, the University of Macau preseft®\d 4624M Hz crystallatwcilfor enerdparvesting BLE radios with
only 14.2nJ startgtgepeweer gy and 31.8egW steady

In Paper 3.3, Delit University of Technology preseb#sed R&uency reference that achievascanacyf

+250ppm frord5°C to 85°C and ami\Deviation floor of 250ppb.

In Paper 3.4, Qualcomm preserB0W/2ClasB amplifier with a peak THD+N of 0.0013% and a 0.006% THD+N at
power level. The feedback path only needs to process the error signal between the referettwesahd output and
performance at full power level is enhanced by coefficient adjustment, lowering the loop order, and freezing the
index.

In Paper 3.5, MediaTek presents a 3.15\V &tagifier achieving 0.006408dB) THD+N and 112dB SNR (A
weighted Such high linearity is achieved with regpggemmomode injection andr®isecancellaton techniques.

In Paper 3.6, National Cheng Kong University preseisaaditaamplifier that proposes are¥idadliasing

reduction techniquepviding about 33% quiescent current reduction.

In Paper 3.7, Virginia Tech presents a 3.25G8rdec gitbgrammable FIR filter for wideband analog signal process
32nm SOI CMOS technology. Split CDACs are used to generate the progriantnmablépteefiproviding high
linearity up to the Nyquist rate.
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Session 3 Highlights: Analog Techniques

[3.4] A 2x20W 0.0013% THOMNSD Audio Amplifier with Consistent Performance
up to Maximum Power Level

[3.5] A 0.000494.08dB) THD+N, 1128ER 3.15W Fully Differential Claséudio
Amplifier with @Noise Cancellation and Negative Oufjmmmorviode Injection
Techniques

Paper 3.Authors Julian Aschieri, Eric Cope, Tony Lai, Franklin Zhao, Walter Grandfield, Pete RathfelderQiviuamael Cli
Liu, Siddartha Kavilipati, Aaron Vandergriff, Gerald Miaille

Paper 3.Affiliation:Qualcomm, Tempe, AZ
Paper 3.8\uthorsWenrChieh Wang, ¥sin Lin
Paper 3.2ffiliation:MediaTek, Hsinchu, Taiwan

Subcommittee Chaloungcheol Chae, Yobksversity, Seoul, Korea, Analog Subcommittee

CONTEXT AND STATE OF THE ART

1 By processing only the error sigreafeedback Clagsamplifiers enhance audio quality by maintaipedotheance
at full powéevelg20W)Furthermore, improved raoidinearityup to 0.0004% THDisNbtained through the use of
noise cancellaton and lineafigncement techniques.

TECHNICAL HIGHLIGHTS
20W Clas® amplifier achieving 0.006% THD+N.

1 In Paper 3.4, Qualcomm presents a 2x20W/ &igddier witpaak THD+N of 0.0013% and a 0.006% THD+N at its 1
power level. The feeddaokonly needs to process the error signal between the referenceRaridrowdpoe at full
power levels enhanced by coefficient adjustment, lowering the loop order, and freezing the modulation index.

ClassD amplifier achieving 0.0004%&dB) THD+N.

1 In Paper 3.5, MediaTek presents a 3.15\V &iggifier achieving 0.006498dB) THD+N and 112dR &N
weighted). Such high linearity is achieviee héip ofegative outmammaomode injection andr®isecancellation
techniques.

APPLICATIONS AND ECONOMIC IMPACT

1 ClassD amplifiers approach the performance of linear, dutglifiegher efficiency levels, enabling moreffever
systems with less dissipation and feature size.

©COPYRIGH2018SSCG DONOTREPRODUCWITHOUPERMISSION



Session 4 Overview: Mivave Radios for 5G and Beyon

Wireless Subcommittee

Session ChaiChuAHuat Heng, National University of SingaporeresSingap

Session C&ChairDavid McLaurin, Analog Devices, NC

Subcommittee ChaBtefano Pellerano, Intel, Hillsboro, OR, Wireless

Milimetenave beamforming anelfiglex techniques are increasingly important for S5@emetatext radio sysemhis
session includes two papers describing architectures and techniques for 5G basestations, two massive MM O pap
phaseérray chips scalable to hundreds of elements;elmeightreceiver supporting autonomous analog beam steerir
recaofigurable receiver for concurrediatidabr medtiream operation, and-duplex transceiver sharing a singieselfence
cancdhg antenna.

1

In Paper 4.1, Analog Devices presents an invited paper on various architectures and@chrogandos

Popular architectuis@ediscussed together with related process technologies, and opportunites for irwexeton in r
circuit integration for future systems will be explored.

In Paper 4.2, Broadcom presentsetef#ht phasaday transceiver using a tiled approach in 28nm CMOS for
802.11adt has 51dBm EIRP and supports scan aé@lerohzimuth aid.0 in elevation.

In Paper 4.8)e Georgia Institute of Technology descrideS@&3z8-element receiver supportngnamous spatial
signal tracking or blocker rejelttmrhieves-i2ns response time for beamforming on the desired signal.

In Paper 4.4, Qualcomm proposes a 28nm, 28GHz CM&Gphaseteiver supporting 12 elements each on 2 Ml
layers targieg 5G basestatiofisattains TXokof 8dBm per element, EA8& including an integrated switch, and RX
NF<5dB.

In Paper 4.5, Cagie M ellon University presents a reconfigurable mulimode 2887&ttihybrid beamforming
receiver supportiegher concurrent ehamhd or mulistream sibgted operatiomhe receiver incorporates anliki! S
beamsteering adaptation technique, and achieves 35dB image rejection.

In Paper 4.6, Bell Laboratories describes a scalsle mamsceiver witheigeceive elements and sixteen transmit
elements per tile in OSSIGe. It achieves >8dBipd? element, <0.25W per TX or RX elemsptendally

scalable to >100 elements.

In Paper 4.1e Georgia Institute of Technology proposes a bd@Hex filansceiver sharing a singhépomultiport
selfinterfereneeancelling antenéhe multiport antenna attains >35BRXXsolation across®P5GHz, and total

froniend SIC > 60dB acros® 63GHz.
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Session 4 Highlights: mwlave Rads for 5G and
Beyond

[4.2] A 60GHz HEdement Phasedlrray Transceiver with 51dBm max EIRP and +60
Beam Steering for Backhaul Application

[4.7] A 64GHz HDuplex Transceiver Frammd witran OrChip Mulport Self
Interferenc&€ancelling Antenna aad AlHPassive Candelr Supporting 4Gb/s
Modulation in One Antenna Footprint

Paper 4.2 Authorgirdad Sowlati, Saikat Sarkar, Bevin Perumana, Wei Liat Chan, Bagher Afshar, Michael Boers, Dol
Timothy Mercer, Wiehg Chen, Anna Papio TAalft&d Grau Besoli, Seunghwan Yoon, Sissy Kyriazidou, Phil Yang, Vipin Ac
Nooshin Vakilian, Dmitriy Rozenblit, Masoud Kahrizi, Joy Zhang, Alan Wang, Padmanava Sen, David Murphy, Ali
Mehrabani, Brima Ibrahim, Bo Pan, Kevin JesarX8h€laire Guan, Guy Geshvindman, Khim Low, Namik Kocaman, Hans E
Koji Kimura, Igor Elgorriaga, Vincent Roussel, Hongyu Xie, Leo Shi, Venkat Kodavati

Paper 4.2 AffiliatioBroadcom, Irvine, CA
Paper 4.7 Authorgaiyun Chi, Jong Seok FEamsen Li, Hua Wang
Paper 4.7 Affiliatio@eorgia Institute of Technology, Atlanta, GA

Subcommittee ChaBtefano Pellerano, Intel, Hillsboro, OR, Wireless

CONTEXT AND STATE OF THE ART

1 Milimetenave antenna arrays allow fine beamsteering withatach@aaer and compact Skzalability of arrays to
hundreds of elements is required to extend the range of >60GHz transceivers for wireless backhaul applications

1 Fullduplex (FD) techniques can improve spectral efficiency and have the ptaethiadatadiouor wireless
systemsNhile statettheart FD has been demonstrated wliip odintennas, FD wititlop antennas enables higher
integration for shamge mraave radios

TECHNICAL HIGHLIGHTS

Scalable mmvave transceiver enablelgsed arrays with 144 antennas for wireless backhaul applications

1 In Paper 4.2, Broadcom presentsetef#ht phasedray transceiver using atiled approach in 28nm CMOS for
802.11adt has 51dBm radiated power and supports scan anmglaezah6th and 10 elevation.

Millimetemwave fullduplex transceiver achieving setierference cancellation with an integrated -puiitiantenna

1 In Paper 4.theGeorgia Institute of Technology proposes a 6d@Giex filbnsceiver with aportiselhterferenee
cancelling (SIC) antenna integrateipdrhe multiport antenna attains >35RXXsolation across®b®s GHz,
and total freahd SIC > 60dB acros®&3 GHz.

APPLICATIONS AND ECONOMIC IMPACT

1 Milimetenave massive MO systems could provide the high throughput required for 5G wireless banitdaul and la
Gb/s internet connectitdighly integrated phased antenna arrays with >100 elements caroghabletitvg for
these applications
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1 Fullduplex transceigenave the potential to double theatdatat mmave wireless links and improve the sensitivity of
radarsA highly efficient integrated antenna awitarfeetince cancellation could reduce cost and power consumption
these systems.
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Session 5 Brview: Image Sensors

IMMD Subcommittee

Session Chaitdayato Wakabayashi, Sony Electronics, San Jose, CA
Session C&ChairMakoto Ikeda, University of Tokyo, Tokyo, Japan
Subcommittee ChaMakoto lkeda, University of Tokyo, Tokyo, Japan

The sessigoresents advances in image sensors covering BSI, global shuttering, organic photoconductive film, pixel sc
vision, high frame rate imaging, 3¢fflighe, and SPADs. The first paper, by Sony, presents a BSI global-ptxattefBvith in
Then, Panasonic presents a global shutter using organicglin »wihlin noi se cancell ation.
complete dedmench isolation. Sony presentspavesy evedtiven imager with motion detection. TSM C presenisal BBS5M
image sensor with a readout subsampling architecture that allows 514fps at 720p. NHpeedsiemtgya segisor achieving
8K video up to 480fps. Toshiba presents a LIDAR SoC enabling range measurenméitsoapfipasemts ati&doffight

i mage s ens orshuter pikels \Bith Haduatog frequereies up to 320MHz. Delft University presesiisg tirect ti
image sensor with modular SR28Ed pixel arrays fabricated -#1a8ked 45/65nm CMOS. FinallyprEBétts a SPAD array
coupled with TDCs to measure spatial correlations of entangled photons at a rate of 800kHz.

1 In Paper 5.1, Sony presents a 1.46MP BSI global shutter CMOS image sengaraliehgiagidople ADC. Using
a CuCu bonding pixeiit, positive feedback, and the digital bucket relay of a repeater througHiapultistage flip
connection, all pixels are converted simultaneously with -glégb sibglchaving a size 66.99, énra
subthreshold region with operating durrédna.

1 In Paper 5.Ranasonic presents an 8K4K resolution organic photoconductive flm CMOS image sensor operating
rolling shutter and global shutter mode at 60fppixsircapacitreeupled noise cancelation. The noise canceller is al
used to expand thewell capacity up to 450kth a density of 50ke? which is 10dB higher than that of a silicon
globakhutter CMOS image sensor.

1 In Paper 5.3, Samsungpresents-ai28h 24 Mpi xel CMOS i ma gqratdbefdepto r wi
DTI. Fuivell capacity is increased upto 6,0006hi ch i s even | arger than a ¢
characteristics are also improved. Better optical performance is also achieved by using-sideogtsigest zack
higher aspect ratio oflégth DTI.

1 In Paper 5.4, Sony presentsiachi43.9M pixel {pawer evedtiven backuminated stacked CMOS image sensor
deployed with a readout circuit that detects motion for each pixel under lighting ldanthiti@ds060lux. Utilizing
pixel summation in a shared floating difusion (FD) for each pixel block, moving object detection is realized at 1
consuming only 1.1mW, a 99% reduction in power from the full resolution 60fps power of 95mW.

1 In Papr5.5 TSMC presents a new architecture to aehdv@ Hgher frame rates fao- 4 and 901 subsampled
videos implemented in a 1.1um pitch, 13-86IdR&DCM OS image sensor using 1 bank of column ADCs. A digitally
controlled colurawitchingnatrix combined with a-thvémed vertical signal routing is designed to utilize all the ADCs in
subsampling operation.

T I'n Paper 5.6, NHK presents a 2. 1&tm -BafdBiage pipeline ADG S
composed of Hofgintegration (FI), dogtlic and SAR. In the 120fps 14b modenéwe $ampling in the FI and digital
CDS reduce random noise and VFPN &n@.Q224e¢ respectively. In the 480fps mode, tegdlioahnd SAR achieve
480fps operation.

1 In Papéeb.7, Toshiba presents a TDC/ADC hybrid LIDAR SoC with a smart accumulation technique (SAT) to act
range imaging with 321 pixel resolution for reliabldrs@liy systems. The SAT using ADC information enhances th
effective pixel resolutidgihn an accumulation activated by recognizing only the target reflection, while the hybrid ar
enables a wide measurement range from 0 to 200m.

1 In Paper 5.8, Microsoft presents 310224 TimeftFlight image sensor with3.5 5 glamal shuttgixels with analog
binning in a TSMC 65nm 1P8M BSI CMOS image sensor process with modulation frequencies of up to 320MH
have modulation contrast of 87% @200M Hz, 78% @ 320M Hz and QE=44% @ 860nm, while the readout chain inr
adaptive gain wtither 9b 3.4GS/s or 10b 1.7GS/s ADC.

1 In Paper 5.9, Delit presents a direoffligh¢ image sensor with moduBaB8 S PAEbased pixel arrays, 14b range,
500¢e W, 6-dh 7 BCs shhredahyosdgvél decision treespikel 21b memories, adocins data processing,
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fabricated in a-8cked 45/65nm CMOS technology. A maximum distance of 430asarrdouvesty of 0.4% was
recorded, while 2266 3D images were obtained through laser scanning.

In Paper 5.10, FBK presents a-peB2magsensor fabricated in standard 150nm CMOS, for the measurement of
correlations of entangled photons. Each 44.64e¢m p
photons. Gehip mechanisms allow the sensor to obsesrate’@kHz and readout at 250kfps skipping irrelevant de
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Session 5 HighlightBnage Sensors

[5.8]A 1Mpixel 65nm BSI 320MHz Demodulated TOF Image Sensor with
3.5egem Gl obal Shutter Pixels and Anal

Paper Author€yrus S Bamiji, Swati M&day Thompson, Tamer Elkhatib, Stefan Wurster, Onur Akkaya, Andrew Pay!
Godbaz, Mike Fenton, Vijay Rajasekaran, Larry Prather, Satya Nagaraja, Vishali Mogallapu, Dane Snow, Rich McC
Mukadam, Iskender Agi, Shaun McCarthy, Zhanpiagis<Perry, William QiaslafeiChan, Prabhu Adepu, Gazi Ali, Muneel
Ahmed, Aditya Mukherjee Sheet hal Nay ak, Dave Gampell

Paper AffiliatiorMicrosoft, Mountain View, CA

Subcommittee ChaMakoto lkeda, Usmisity of Tokyo, Tokyo, Japan, IMMD

[5.1] A Backlluminated Glob&hutter CMOS Image Sensor with Piaedllel 14b
Subthreshold ADC

Paper Authordflasaki Sakakibangoji OgaweShin SakaiYasuhisa Tochid¢iatsumi Horidhlidekazu KikuGhRiakuy&Vadg
Yasunobu Kamikydsukasa MidyMasahiko Nakamj2aoki Jy¥pRyo Hayashibardohei Furukayvdhinya Miyét&atoshi
YamamotpY oshiyuki Qtddirotsugu Takahdshadayuki Tayrausuke Oikeeiji TataniTakashi Nagand akayulzaki
Teruo Hirayama

Paper AffiliatiortSony Semiconductor Solutions, AtsugiZSaparemiconductor Manufacturing, Kumamotgalapas|
Design, Fukuoka, Jag8ony, Atsugi, Japan

Subcommittee ChaMakoto Ikeda, University of Tokyo, Japa, IMMD

CONTEXT AND STATE OF THE ART

1 Global shutter enables simultaneous capture of an entire image, rather than the conventional rolliGjobalitter a
shutter is now realized using BSI atacRBDg for higheed video, as well adirfoeofflight sensors. Global shutter is
also implemented with organic photoconductive film, which concurrently offers extended dynamic range.

1 The trend towards-8Bcking for egration of the sensor layer and ASIC layer continues to incrdiésenfitmcliorat

motion detection and with increased subsampling modes for high frame rate imaging.

High speed and high resolution continue to improve as demonstrated by 8K video at 480fps.

SPADs used for direct-tiffight and other modalities areeaingy implemented using BSIand 3D stacking.

Range finding up to 200m using LIDAR with a smart acadwaotzisithe state of the art in depth sensing with

increased effective pixel resolution.

1 Pixel size continues to scalertm@&h compledeegrench isolation technology.

= =4 =9

TECHNICAL HIGHLIGHTS

1 Microsoft presents a 182024 Timef-Flight image sensor with8% . 5 glaiatshutter pixels with analog binning
ina TSMC 65nm 1P8M BSI CMOS image sensor process with modulation frequen@2MHz

1 The pixels hawaodulation contrast8@%o@200MHz, 78% @320MHz and QE=44% @B&Orihe readout chain

implements adaptive gain with either 9b 3.4GS/s or 10b 1.7GS/s ADC.

Sony presents a 1.46MP BSI gisbatter CMOS image sensor using d-pallel singkslope ADC.

Using a GGu bonding pixel unit, positve feedback, and the digital bucket relay of a repeater throdigip multis

connection, all pixels are converted simultaneously with -alégb gibglchaving a size $66.9 9, in msubthreshold

region witoperatingurrent of 7.74nA.

= =4
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APPLICATIONS AND ECONOMIC IMPACT

1 The Microsoft BSI image sensor has the smallest pixel and highest resolutioHigistedniatéimg. The applications
anticipated are for gamiingal/ reality, augmented reality and the Internet of Things.

1 The Sony high performance BSI global shutter implemenfadeugibiis the first of its kind enabledthykiy
technology. Scientific imaging and industrial automation applar#ipated.

©COPYRIGH2018SSCG DONOTREPRODUCWITHOUPERMISSION



Session 6 Overview: Ultra HgpreedWVireline

Wireline Subcommittee

Session ChaiMounir Meghelli, IBM T.J. Watson Research, Yorktown Heights, NY

Session C&Chair HyeoMin Bae, KAIST, Daejeon, Korea

Subcommittee ChaFrankD6 Mahony, | ntel, Hi Il l sboro OR, Wireline

Highspeed serial 1/0s continue to be pushed to higher bandwidth and density for every new generation of systems, w
scaling of data centers, fueled by a world that is becoming increasinglyl dayitaétled session starts with the presentation
of wo loywower transmitters demonstrating a data rate of 112Gb/s-dismgpd&l&iddn, both implemented in advanced CMC
FinFet technologies. It continues with a presentatiorstahdamidéne 1.250-28.05Gb/s transceiver designed in 14nm CMO
FiNnFET technology and supporting up to 40dB of channel loss at a power efficiency of 6pJ/b. Three papeesslesweing P.
are presented next, two implemented in 16nm CM OS FinFETateelingldgypg reach links at 56Gb/s and 64Gb/s respectiv
and one implemented in 28nm CMOS FDSOI targeting 64Gb/s short reach links. Finally, the session concludieg with a
a 4.16pJ/b 32Gb/s RANansceiver implemented in 65nm Gy .

T

In Paper 6.1, Intel presents a reconfigurable E§6BFE3TX that operates up to 112Gb/s wlDIRABEGb/Ss with
NRZ. The transmitter employs a-gartarchitecture, a 1Ul meéseratdoased 4o0-1 serializer combined with a CML
driver, a medtie g m ecailfor pad bandwidth extension, dadepeutgycle correction and quadratuoe correction
circuits. Implemented in a 10nm FinFET CMOS technology, the TX achieves 2.07pJ/b efficiency3a2a42Gh/s v
area.

In Raper 6.2, IBM Research describes a 112GHgdSMitter that is based on a gamt&6GS/s 8b SST DAC along
with a digitaHt& FIR filter for channel equalization. Implemented in a 14nm bulk CMOS FIinFET technology the cit
an area @.095 mAand consumes 286mW from a 0.95V supply.

In Paper 6.3, Rambus presents -atamdléird, lomgach, loywower 4ane 1.2%-28.05Gb/s transceiver implemented in
14nm CMOS FInFET technology. By usitana pédbased CDR, the receiver sigppdependent data rate across the
four lanes. Independent rate between the transmitter and the receiver of a single lane is also supported. The n
of this design is 40dB at 28.05Gb/s at a power efficiency of 6pJ/b. The area 8Beach lane is 0.

In Paper 6.4, Xilinx describest@bf&hb/s PAM transceiver in 16nm FINFET. The transceiver features a fully ad:
receiver consisting of a-stadfe CTLE, a configurakite7i3 ADC, a 4d4p FFE/hp DFE DSP, and a batel CDR. It
alsoincludes atdp FIR voltage mode transmitter. For 56Gb/s transmission over a 32dB channel, the des&yn achi
BER without expliciy added crosstalk #havitil@mns of added crosstalk, while consuming 9.7pJ/b. With the A
operating in 3bode, the transceiver achieves 6.4pJ/b over a 7.4dB channel.

In Paper 6.5, the University of Toronto presents a 64&ténsdeher including a 1.39pJ/b 1Vppd transmittgs with 3
FFE and a 32GS/s 4.41pJ/b-eBed receiver frentl with halite sampling CTLE and 6b ADC with 1b folding. T
transmitter has programmable nonlinearity compensation and achieves an RLM of 99%, while jifenertlisg 162
ADC quantizer is reconfigurable to allow power scaling over char8@ds atbg greedy search algorithm is used to
seek BERptimal nemniformly spaced quantizer thresholds.

In Paper 6.6, STMicroelectronics describpswaeow AM transceiver in 28nm CMOS FDSOI, targebbG\ER
applications. The volagele transmitigields larger eye openings compared to thenodleaadternative. The receiver
includes CDR, eye monitor, adaptation logic and a flexible CTLE meeting}ibguigizai®iMemands through optimal
adaptation at low, mid, and high frequency ofAlBE2Rs measured at 64Gh/s over das&dBhannel with a power
efficiency of 4.9pJ/b.

In Paper 6.7, Peking University infroduces a 32Gb/s 133madgeAiver implemented in 65nm CM G&pALiFie
featuring a phaadaptive clock is proposedidviate the tight timing constraints of the direct feedback implementatio
threshold voltages at the receiver slicers are adaptively optimized for different channels. Transmissiomiosier a 23
achieves better tharl2eBER at a powéicency of 4.16pJ/b.
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Session 6 Highlights: Ultra High Speed Wireline

[6.1] A 112Gb/s PAMIransceiver withTap FFE in 20nm CMOS
[6.2] A 112Gb/s 2.6pJfbap FFE PAMISST TX in 14nm CMOS

[6.4] A Fully Adaptive-i856Gb/s PAM Wireline Transceivevith a Configurable
ADC in 16nm FinFET

Paper 6.1 Author@dihwan Kim, Ajay Balankutty, Rajeev Dokania, Amr Elshzly, Hyung Seok Kim, Sandipan Kundu, Skyle
Yu, Frank O6Mahony

Paper 6.1 Affiliatiomtel, Hillsboro, OR

Paper 6.2 Author€hristian Menbliatthias Braehdiier Andrea Francde3@iomas Mgrilessandro CeviehMarcel Kossel
Lukas Kulll, Danny*2ullter Ozka¥&a Thomas Téifl

Paper 6.2 AffiliatioABM Zurich Research Laboratory, Rueschlikon, SwiEdétlatwakich, SwitzerlafiePFL, Lausanne,
Switzerland

Paper 6.4 AuthoBarag Upadhdy&hi Fung Pdoisiok Wei Lindunho ChoArianne RoldawWenfeng Zhangin Namkodng
Toan PhainBruce XuWinson LirHongtao Zhanglakul Narahd<ee Hiahar, Geoff ZhahgY ohan Frah¥en Chahg

Paper 6.4 Affiliatiokilinx, San Jose, @4ilinx, Singapore, Singapore

Subcommittee Chalf.:r ank OO6 Mahony, I nt el , Hi | | sbor o, OR, Wi reldi

CONTEXT AND STATE OF THE ART

1 The dataate of serial interfacesHgsto-chip or chip-optics interconnects is projected to achieve 112Gb/s in order to
increasing bandwidth demand in data centers and telecommunication infrastructures. Power and area efficienci
to improve in order to meet the ddandrigher bandwidth and achieve better energy efficiencies of data centers in

1 Next generation transceivers for 100Gb/s+ serial links will continue to explorertieruseddlatgim schemes, taking
advantage of more advanced CMI@®Iteyy nodes for the implementation of efficient digital signal processing &
sampling rate anaiedigital and digiabnalog converters.

TECHNICAL HIGHLIGHTS

1 Alowpower 112Gb/s transmitter implemented in 10nm FinFET.
In Paper 6.1, Intebgents a reconfigurable 56G8fsRE-E TX that operates up to 112Gb/s-4nkoaiRlor at 56Gb/s in

NRZ mode. The transmitter, which employs -eatguantehitecture, achieves 2.07pJ/bit power efficiency at the hi
speed and fits in a302nn? area.

1 A DAGCbased 112Gb/s low power PATransmitter.
In Paper 6.2, IBM describes a 112Gb/d ralisitter based on a quattei56GS/s 8b souseeies terminated DAC

along with a digitala@ FIR filter for channel equalization. Implemented bulx &M OS FINFET technology, the circu
occupies an area of 0.098andhachieves a power efficiency of 2.6pJ/b at the highest speed.

1 Power efficient ADRased 190-56Gb/s flexible transceiver in 16nm FinFET.
Xilinx describes atd896Gb/s PAM transceiver. Its fully adaptive receiver consists in particular of a dofigurable

ADC, a digital -tsp FFE/Bp DFE, and a bamatkbased clock and data recovery. The transmitter intdipdes Eaahd
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a \wltage mode driver. Operating at 56Gb/s over a 32dB channel, the transceiver achieves a bit-8rvathrate be
2mMinsof added crosstalk while consuming 9.7pJ/b.

APPLICATIONS AND ECONOMIC IMPACT

1 Continued performance scaling for datacenterspanidriigince computing requires denseapdwestfficient high
bandwidth data communication. The first two papers of the session are strong early demonstrations of serial d
to 112Gb/s.

1 The third paper is showing that 56Gb/4 tBiAddeivers for enegfficient data transmission over lossy electrical links
achieving a higher maturity level and becoming readily available for the deployment of next generation systems

1 Advanced CMOS technology nodes will facilitate theuserefibagh order digital modulation and sophisticated di
signal processing techniques, which are key to scaling the speed of sefifilZa@apénkemploy pulse amplitude
modulation in FiINFET technologies, and papers 6.2 and 6.4 drdpsigniéiotnt digital signal processing.
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Session 7 Overview: Neuromorphic,Clocking and
Security Circuits

Digital circuits Subcommittee

Session ChailYoungmin Shin, Samsung Electronics Co., Hwaseung, Korea

Session C&hair:Phillip Restle, IBM, YowktHeight, NY

Subcommittee Chakdith Beigne, CEEETI, Grenoble, France, Digital Circuits

The eight papers in this session highlight developments in neuromorphic accelerator, clocking circuit dodksécurity b
highlighted papgemonstrates a neuromorphic accelerator with stochastic synapses and embedded online reinforceme
autonomous migabotsThe clocking papers presented demonstratigigah athultiplying DLL, a synthesizable fackiial

and a synthsible perigiter sensdmprovements to rangammber generators and physically unclonable functions provide
error rates and losslesbilization by a novel remapping scheme

)l

In Paper 7.1, the University of Macau presents an M DL-tgiith fealency tracking loop in 28nm CMOS occupying
0.0056minThe frequency tracking loop consumes 0.3mW and the MDLL achieves 292fs inteRytatHsi Fiddd . with

In Paper 7.2, Samsung Electronics describes a fully synthesijiteblespesidtht does not require a reference clock or
calibration. Three jitter sensors with different sizes are fabricated in 10nm CMOS and they consume 1.5mW, 6mW
respectively, and occupy 0.003.Zn@@5maand 0.02mfrespectively.

In Paper 7.3, Pohamaversity demonstrates a fradtioAdDPLL for DVFS with a fregtran&ing speculating -dual
interpolation TDC. The PLL, implemented in G.00#%328mm CM OS, achieves a wide frequency/voltage range without
calibrationThe PLL FOM-225dBc/Hz aGRiz 1.0V and

-203dBc/Hz at 20MHz 0.3V.

In Paper 7.4, Georgia Institute of Technology presem$zsn8A8VHOS test chip demonstrating online reinforcement
learning in autonomous matrats. Uldawpower operation is achieved througlotimag medsignal circuit design and
stochastic synaptic connections. Measured performance is 3.12TOPS/W aeffiqieadyeiseigdS5pI/MAC.

In Paper 7.5, National Chiao Tung University presents a buck converter in 55nm witnnakisimsadqseod
hysteresis controller enhancing security agairsti@oveemel attacks (PSCA) and figestion attacks (PIA)
simultaneousl!| y. Measured peak electromagnetic inter

In Paper 7.6, CagieeM ellon University presents a secure camouflaged logic family to protect IP in ICs during manuf
defend against reverse engineering. A camouflagedeMctadger was implemented in 65nm bulk CMOS running at
3.6GHz at 1\hv&and roomreperature. Circuits can be perforv@rsted or securely erased in the field.

In Paper 7.7, eMemory presents a physically unclonable function (PUF)scheme using an oxide rupture mechanisn
uniformly random and reliable output under vagjimg opeditions. Bit error rate is consistently low regardless of voltag
temperature, aging and fab corner in 55nm CM OS with a unitrgize of 0.66

In Paper 7.8, Sungkyunkwan University presents-lzatezdkguig/sically unclonable functiormgfaUH)SFarea per bit in
180nm CMOS. Lossless stabilization is achieved by a remapping scheme, where PUF cells inesziaie pdiadlenge
(CRPs) are remapped to construct stable CRPs, avoiding costly CRP loss in a conventional roweshgetupuesath
BERis 0.004%.
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Session 7 Highlights:

Neuromorphic, Clocking, and, Security Circults

[7.1] A 0.0056n#All-Digital MDLL Using Edge-Rdraction, Dudking VCOs and a
0.3mW BlocBharing Frequency Tracking Loop Achieving92ifser and-249dB

FOM

[7.4] A 55nm Tirigomain Mixe8ignal Neuromorphic Accelerator with Embedded
Reinforcement Learning for AutonosMicraRobots

[7.8] A 445H eakagdBased Physically Unclonable Function with Lossless
Stabilization Through Remapping for loT Security

Paper 7.1 AuthoBuilin Mak S.Yarig J.Yily R.P.Martihg

Paper 7.1 AffiliatioRUniversity of Macau, Macau, @hstauto Superior fieo/Univeity of Lisboa, Lisbon, Portugal

Paper 7.4 Authora:RaychowdhiyrnA. Amravatis.B.NasirS.Thangadukal.Y ooh

Paper 7.4 AffiliatioHGeorgia Institute of Technology, Atlanta, GA

Paper 7.8 Authord:.Leé D.Lek Yongmin.Le& oonmyung.Llee

Paper 7.8 AffiliatioFBungkyunkwan University, Suwon, Korea

Subcommittee Chaltdith Beigne, CEETI, Grenoble, France, Digital Circuits

CONTEXT AND STATE OF THE ART

1
T

T

Lowpower neuromorphic circuits can enable functionseistaric@sent learning for 10T devices.

Providing important security functions, such as encryption/decrypiiombeamggmeration, and others using hardware
based solutions offers excellent energy efficiency.

Cryptography is one common secucigtiappperformed-ahipi these building blocks are well known to be susceptibl
to reverse engineering, probing, amthamiel attacks, particularly the monitoring of current/power profiles to disclo
secret keys.

Postmanufacturing programmabiétsican camouflage logic and simultaneously obscure design IP from the
manufacturer, as well as combat reverse engineering.

Standard approaches to combatfideerannel atiacks involve high overhead techniques, such as differential circ
design ortiwer nowonventional design stBemmless lewwerhead strategies to obscure power profiles are therefore
desirable.

Synthesizing increasingly sophisticated digital PLLs (DPLLs) using standard design tools is advantageous in re
imes andniproves technology portability

It is valuable to sense clock jitehipmithout the need for a reference clock using only synthesizable logic
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TECHNICAL HIGHLIGHTS

University of Macau presents Macau presents a MDLL witthgitebfrequency dacking loop in 28nm CMOS

1 In Paper 7.1, the University of Macau presents an M DL-Higitti dre@llency tracking loop in 28nm CMOS
occupying 0.0056nirhe frequency tracking loop consumes 0.3mW and the MDLL achieves 292fs integrated
-249B FoM.

Georgia Institute of Technology shows neuromorphic chip with reinforcement learning in autonosrassnicro

1 In Paper 7.4, Georgia Institute of Technology presents design and measurement ré&S3tarioC M Q.8rtast
chip demonstrating online reinforcement learning in autonerobats.nutfevwpower operation is achieved
through tirdomain mixesgnal circuit design and stochastic synaptic connections. Measured performance is
3.12TOPS/W, apelak energy efficiency is 1.25pJ/MAC.

Sungkyunkwan University presents a leakaged PUF with remapping scheme and achieving very low BER

1 In Paper 7.8, Sungkyunkwan University presents-aateadkage/sically unclonable function (PUF) téthesd45F
per bit in 180nm CMOS. Lossless stabilization is achieved by a remapping scheme, where PUF cells in uns
challengeesponse pairs (CRPs) are remapped to construct stable CRPs, avoiding costly CRP loss in a cony
trimming approach. LowestvathBER is 0.004%.

APPLICATIONS AND ECONOMIC IMPACT

1 With the increasing pervasiveness of 10T devices, data and IP security has become aHanupatant issue
encryption for secure data transfer and Helsippyotection is essential to prevantréc loss from individual
identity theft, as well as attacks on infrastructure

1 Inexpensive secure data transfers reduce the cost of consumer transactions.

1 Synthesizable digital PLLs and jitter sensors can use standard digital design tdyplsetiudeadesigalcosts and
improve technology portability.
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Session 8 Overview: Wireless Power and Harvesting

Power Management Subcommittee

Session ChaiiYuan Gao, IME A*STAR, Singapore

Session C&ChairZhiliang Hong, Fudan University, China

Subcommittee Cha#kxel Thomsen, Cirrus Logic, Austin TX, Power Management Subcommittee

Innovations in energy harvesting continue to enhanocaev@gien efiiciency, reduce cirestdraglf voltage, and system-static
power consumption. Variousenesgy sources including a triboelectric nanogenerator anddd&iiszZolectric harvesters
have been reported. New design methodologies fgpoweelass piezoelestficatioenergy harvesting are improving the state
of the art.

1

In Paper.8, Oregon State University and Texas Instruments present a 2.4Glitegmtrdane@less energy harvester
powered by a WiFi radio. Implemented in 65nm CMOS, the circuit only consumes 960pW and acdielBan wensitiv
normal mode argBldBm in coldtart mode.

In Paper 8.2, National Chiao Tung University presents a 6.1&idétz GadE wirelespower system. A doab
control for automatic matgumy searching and linearizatimpensati@apacitance tuning is proposed. flgak @y

up to 90% is achieved under 70W output power.

In Paper 8.3, University of Macau presents a 6.78Mélmp&Edseconfigurable wirpleser transceiver for dewice
device (D2D) charging. With the proposeplimean switiming controtisemes, the peak D2D total efficiency is 78.19
and the maximum charging power is 2.7W.

In Paper 8.4, Fudan University presents a 13.56M Hz wireksd gavansfer receiver for implantable biomedica
devices. To avoid the efficiency reductionhdularige AM modulation depth and to maintaipoRet loensumption,

the receiver with shifted limiters-desigmed with an active rectifier using dynamic impedance matching and a
conversieratio tuning. Power conversion efficiency @it P514%6AM MD is achieved.

In Paper 8.5, University of California, San Diego, presémistassingiiductor mdiitput energy harvester employing
eventriven MPPT control to achieve 89% peak efficiency and a 60,000x dynamic randgel iprac2®sm FDS

In Paper 8.6, Korea University presents a triboelecttanessigy system based on avdligbe duaiput buck
converter with a maximum gavirgr analysis. Implemented in a 0.18um CMOS BCD process, the input voltage rar
70V and the maximum power conversion efficiency is 51.1%.

In Paper 8.7, University of Freiburg presents an interface circuit for piezoelectric energy harvesting with full
conjugatenpedance matching. Implemented in a 0.35um CMOS, the sharmteddthd iby 156% over the natural
frequency of the circuit, and the power output at the resonant frequency is increased by 26%.

In Paper 8.8, CEETIMINATEC presents an SECE piezoelectrichamvasfing interface circuit in 40nm CMOS. Th
circuits optimized to work under shock stimulus and features a 30nA quiescent current in aieependate rand
sequencing in harvesting mode. The pé&a&nehdfficiency is 94%, and the circuit can harvest vibrations -io the 801
14mW power rangt wip to 10V input voltage.

In Paper 8.9, University of Cambridge presents an induc@elessdspliichronizesivitch harvestogcapacitors
(SESSHC) rectifier, fully integrated in 0.18um CMOS, for piezoelectric energyihiagyregdidgthCGocustom MEMS
device comprising of adaptrode topology, up to 821% ofh@westing improvement is demonstrated with a pe
power of 186¢W.

In Paper 8.10, KAIST presents a 13.56Mrtiertzaged resorapitagenode wirelegmower reogr in 0.18um CMOS.
The resonacapacitanterleaving scheme isolates the LC tank from the output and maintains optimal powe
regardless of the operation phase. The circuit achieves the maximum receiver efficiency of 67.8%.
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Session 8 HighligsitWireless Power and Harvesting

[8.1] A 960pW Antennal@tegrated Wireless Energy Harvester for WiFi Backchanr
Wireless Powering

Paper AuthorK. Sadagopan]. Karlg Y. Ramadas#\. Natarajan
Paper AffiliatioiOregon State University, Cor@id exas Instruments, Santa Clara, CA

Subcommittee Cha#xel Thomsen, Cirrus Logic, Austin TX, Power Management Subcommittee

CONTEXT AND STATE OF THE ART

1 Leveraging the ubiquitous WiFi infrastructure to wirelessly power sensors can epablerpdrgetnsdys with long
lifeimes for several monitoring andrasisiey InterrdfEverything applications.

TECHNICAL HIGHLIGHTS

Energyharvesting devices drawing power from ambieriel@ W iFi signals

1 Record sensitivity for wireless enevggtiiam the 2.4GHz band. The devices demonstrates 1.5x better sensitivity t
devices while enabling optimal power extraction from a WiFi beacon.

9 The circuit only consumes 960pW and operates from an input p@4dBleval mbrmal mode-ahdBmin coldstart
mode.

APPLICATIONS AND ECONOMIC IMPACT

1 Harvesting from WiFi is one of the most promisihgremstiyg solutons. Increased efficiency due to thedifitenna
codesign and sulanepower design are the key to enabling-aariengynous tiny 10E nodes.
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Session 9 Overview: Wireless Transceivers & Techniq

Wireless Subcommittee

Session ChaiAlan Wong, EnSilica, United Kingdom

Session CaChairXin He, NXP, Netherlands

Subcommittee ChaBtefano Pellerano, Itdlsboro, OR, Wireless

Wireless technologies continue to penetrate and support a wide range of application areas. This safttsdamtinvitelessstate
fransceivers for car radar, sysathetitire imaging radarsta®its cellular base stsjoand 60GHz dual polarization MIMO.
Furthermore, wireless techniques to enhance performance are presented, including-iatduitrenpgexcstiition FDD
ransceiver, an automatic tracking 3flo suppression notch filter technique dod Ll BEigdftiéncy outphasing PA using a
triaxial balun combiner.

1

In Paper 9.1, Texas Instruments describes-bits RIT X/4RX automotive radar transceiver operating at 76 to 81GH:
implemented in 45nm CMOS. The 10dBm TX has binary and lindafafipradernivblM O and beamforming; a 15MHz
BW I/Q RX has <18dB NF and a PLL chirp generator eliBiridzphase noise with 4GHz ramps at up to
100MHz/us.

In Paper 9.2, Nanyang Technological University describes aafray dressrkiverplemented in 65nm for
airborne/spaceborne Synthetic Aperture Radar Imaging reporting <30cm resolution. The TX has 14.7dBm outpi
ripple, 1GHz chirp bandwidth-efidA MHz / ¢ s tunabl e ci8idBnplksand 5. 65dBhNFl e t
In Paper 9.3, Analog Devices describes a wideband 65nm €bh& siinec2RX/2TX/1FBREBE basestation
fransceiver with operating bandwidths of 200/450/450MHz for 2G/3G/4G/5G macro basestations. For FDD sys
achieves >90dBbiand SFDR for GSM blocker scenarie8&ificneiM 3 iFband TX emissions.

In Paper 9.4, Intel describes a 60GHz receiver baseband that supports dual polarization MIMO. The work prese
signal 38doefficient FFE and 2d0€ficient DHiasedreaefficient receiver baseband, integrated with CDR. The
prototype supports up to 40Gb/s LOS 16QAM and 14GB/s NLOS QPSK and is implemented in 28nm CMOS.
In Paper 9.5, Intel describes a 60Gigplduzation MIM O transceiver. It utlizes orth@y@aiopomodes to enable
simultaneous independent data streams. Using two TX/RX with a single PCB antenna, the workhéainonstrates
2x13.9Gb/s 16QAM.

In Paper 9.6 the Tokyo Institute of Technology presents a wideband transceiver sddevatg 18Q@M . It
simultaneously up/downconverts two 15GHz signal channels located at 70GHz and 105GHz. The 70GHz and !
signals are generated by a doubler and a tripler from an external 35GHz source.

In Paper 9.7, the University of Washesytabes a full duplex transceiver with integrated balance duplexer. Togethe
two feedforward -gatrferenegancellation signal paths, it achieves cancellation of 70dBc (40M Hz BW) and 65dBc
BW), with an RX NF degradation of 1.6dB at P2ASuBmt power at around 1.8GHz.

In Paper 9.8, Samsung Electnorésents a 1.4~toA2Hzransmitter with automatic tracking 3flo notch filter at mixer
output to lower CIMB5.1dBm output for LTE PC2 HPUE it aBHiddE: CIM 3 while consur@éhgrtWW DC power.

In Paper 9.9, the University of California, Sdadoidgiges a 28GHz outphasing PA using a triaxial balun as the low |
Chireix combiner. The SiGe PA reaches a saturated outpubfZRd&nPfrom a 4V supply with a peak BP¥%Eabf 4
21dBm and a PAE of 34.7% at 6dB backoff.
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Session 9 Highlights: Wireless Transceivers & Techniq

[9.1] A Multimode I681GHz Automotive Radar Transceiver with Autonomous
Monitoring

Paper AuthorsB. GinsbuktgK. SubbufgjS. Samdla K.Ramasubramarfiad. Singh S. Bhata?aS. Murd)iD. Breén M.
Moallef K. DandusS. Jalgn N. NayakR. SachdeM. PrathaparK. BhattaT. DavisE. Sedk H. Parthasarathi. Chatterjge
V. SrinivasgrVv. GiannfhiA. KumarR. Kuldk S. Raf P. GuptaZ. ParkarS. BharadwajY. RakeshK. A. Rajagopah.
Shrimdlj V. Rentdla

Paper AffiliatiorTexas Instruments, Dallas, TX
2Texas Instruments, Bangalore, India

3Intel, Bangalore, India

4Uhnder, Austin, TX

Subcommittee I&ir: Stefano Pellerano, Intel, Hillsboro, OR, Wireless

CONTEXT AND STATE OF THE ART

1 Enabling autonomous driving in future automobiles will require car radar systems with long range and strong de
capability while achieving low cost and robustness
1 Automotive radar is currently focused on BICMOS implementatito®1BHzer@@ar band

TECHNICAL HIGHLIGHTS
A fullyintegrated 760-81GHz CMOS ADAS radar transceiver with high resolution and flexitalegaflinctionality.

1 In Paper 9.1, Texastiuments describes afioRiEs 3TX/4RX automotive radar transceiver operating at 76 to 81GH
implemented in 45nm CMOS. The 10dBm TX has binary and linear phase modulation for MIM O and beamform
BW I/Q RX has <18dB NF and a PLL chirpr gieleretimg-$1dBc/Hz phase noise with 4GHz ramps at up to
100M Hz/ps.

APPLICATIONS AND ECONOMIC IMPACT

9 The radar system is targeted for front and corner radars in automobiles. Such systems are expected to play an
in realizing autonomougirdy applications.

1 Increasing the use of colisioitlance radar through integratedpsio@M OS radar will lead to increased safety and
save lives.

©COPYRIGH2018SSCG DONOTREPRODUCWITHOUPERMISSION



Sessionl0OverviewSensor Systems

IMMD SUBCOMMITTEE

Session ChaiMichael Kraft, Universibeafen, Belgium
Session C&Chair:Masayuki Miyamoto, Wacom, Japan

Subcommittee Chaltakoto Ikeda, University of Tokyo, Japan, IMMD

The session describes advances in sensor systems covering topics of sensors for inertial navigation, yapasiisenosich ar
ultrasound and bolometers. The first paper presents arfiagiyiaecly gyroscope using rate chopping to reject drift The se
paper describes a personal inertial navigation system for GPS denied environments. The thichpapiévetesehtsystem
with palm rejection functionality. The fourfirgssmes a highly némenune stylus analog-&odtthat supports pen pressure for
both passive electrically coupled resonance (ECR) and active styluses. The fiftrateaper piimatbed freahd ASIC

that realizes subarray beamforming and digitization for ultrasound imaging. The sixth paperdtemiosisfratsa 64SIC
for intracardiac echocardiography (ICE) catheters. The seventh papérpsesdoisndidsed magnetic sensor array, which
can detect magnetic nanoparticles with better than 0.3ppm accuracy. Finally, the eighth papest 3@S@piseh ttermal
infrared imager featuring 100mK temperature resolution.

1

In Paper 10.1, Berkeley presents a frequerarjulated gyroscope that measures rate signal directly as frequ
variations and employs a rate chopping technique to reject drift. The sensor can also be operatetbima long
mode of operation.

In Paper 10.2et University of Utah, UC Berkeley, Ozyegin University and Case Western Reserve University
personal navigation system for operations under a GPS denied environment. The system demonstrates a pc
of 5.5m over 3km walking distathoatwsPS.

In Paper 10.3, Hanyang University, Leading-AhgChuiversity and MiraeTNS present awayltipieractve
capacitvmuch system (@TS) with the palm rejection functionality. The system is basedrexqemytigleiving
methocand successfully eln2o nasntdr d6tvEndis@edimpdrkl®a4an 850 19

In Paper 10.4, Samsung Electronics presents a highinumgsstylus analog -&odt (AFE) that supports pen
pressure for both passive electrically cespiethce (ECR) and active styluses. The measured SNR with a 1mi
stylus is 56dB under a charger and display noise environment.

In Paper 10.5, Delft University presentsrajoitedd freabhd ASIC that realizes subarray beamforming and digitiza
a 10 lower power and33.8maller area per element than prior work. This is achieved by employing s
beamforming ADCs that merge thewiddayn and digitizaton functions in the charge domain.

In Paper 10.6, the Georgia Institute of TechdotbgyUsiiversity of Leeds demonstratehanfél frontend ASIC
for intracardiac echocardiography (ICE) catheters® 17Thenr@ ASIC is implemented in 60Mn®.18VBCD
technology, effectively reducing the number of wires in the catheter fi@mtovamiy than

In Paper 10.7, the California Institute of Technology pFr2samsfar2vased magnetic sensor array, implementec
in a CM OS process, which can detect magnetic nanoparticles with better than 0.3ppm accuracy and as litle
consumption. The capability of the sensor is demonstrated by pexftironDiyAd@tection experiment.

In Paper 10.8, KAIST presentscasdB®60pixel thermal infrared imager featuring 100mK temperature resolutio
integrated biasing DAt. @xtremely lmwise DAC architecture avoids the use of-giss lifier, achieving a sensor
startup time as low as 100ms.
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SessionlOHighlights:Sensor Systems

[10.2]Personal Inertial Navigation System Employing MEMS Wearable Ground
Reaction Sems Array and Interface ASIC Achieving a Position Accuracy of 5.5m
Over 3km Walking Distance Without GPS

Paper AuthorQingbo GaoWilliam DehdOzkan BebekCenk CavusoylCarlos Mastrangelo
Darrin Youhg

Paper AffiliatiortUniversity of Utah, Salt Lake CigiJtuMersity of California at Berkeley, Berkels
CA20zyegin University, Istanbul, T#key, Western Reserve University, Cleveland, OH

Subcommittee Chaiakoto Ikeda, University of Tokyo, Tokyo, Japan, IMMD

CONTEXT AND STATE OF THE ART

GPS sensors in smart phones have enabled a broad set of applications, ranging from ride sharing, to maps, to
Such sensors are inoperable ird&®M&] environments.

Inertial navigation is a-#dagding technology usmtkportaton systems.

There is a need for lochimed services in such environments, as enabled by petfsotirgniadirtial navigation

TECHNICAL HIGHLIGHTS

= =4 =4 A

9 Personal inertial navigation system deployed within the heal of a GdR$denied environments

1 A personal inertial navigation system for operations leéed=d#P8ironment is presdrtiedsystem employs a MEMS
based E26 highdensity flexible capacitve ground reaction sensor array achieving a sensitvitg lol@ovierkPa
interface ASIC consistingpobgrammable offsatcellation capacitaiemltage converter followed by a 12b ADC, an
a Jaxis inertial measurement unit (IMU). A prototype system is designed and implemented inside a haéthregion
an effective system calibration technique and serfesiendatad processing algorithm to suppress IMU offset and
drift, the system achieves high positon accuracy of 5.5m over 3100m walking distance exhibiting various gt
wittout GPS.

APPLICATIONS AND ECONOMIC IMPACT

1 A personal navigation system without GPS will enable a variety of new applications, ranging from wearable ele
smart sensors to personalized pripeisety services.
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Session 10 HighlightSensor Syims

[10.5]A 0.91mW/Element PHdiatched FrofEnd ASIC with Integrated Subarray
Beamforming ADC for Miniature 3D Ultrasound Probes

Paper Author€€hao Cheénzhao CherDeep BetsEmile NoothguZuYao ChangMingliang Tan
Hendrik J. ViesJohan G. BoscMartin D. VerweiNico de Johg Michiel A.P. Pettijs

Paper AffiliatiortDelft University of Technology, Delft, The Netitendanuss MC, Rotterdam, The
Netherlands

Subcommittee Chaktakoto Ikeda, The University of Tokyo, Japan, IMMD

CONTEXT AND STATE OF THE ART

It is desirable in certain scenarios to combine the multiple medical imaging modalites of MRI and ultrasound.
This combination has been impeded by the challenges of RF heating of wiritigrisdultasnuasl well as the
number of wires necessary for adequatyideld sonography.

3D ultrasound compounds these problems by requiring even more wiring.

Reducing the number of wires required for ultrasound addresses the above issueasesviiekibgityn and reduces
cost.

TECHNICAL HIGHLIGHTS

= =4 = =9

1 Pitchhmatched ASIC within the intracardiac echocardiography catheter performs subarray beamforming and
digitization at BOlower power

1 A pitchmatched freahd ASIC realizes subareaynformirgnd digitization a 18@ver power and33sinaller
area per element taior work, with a pittatchedayout. The beamforming ADC directly digitizes the output of switc
capacitor delay lines irctrrge domain, eliminatingneiad for powkungry buffer stages. By combining the digitized
outputs of every 4 subarrays with-speéalatalink, the ASIC demonstiatefeasibility of digital chamoeit

reduction in miniature ultrasound probes.
APPLICATIONS AND ECONOMIEOMP

1 Heath care costs are reduced by more accurate diagnosis via enhanced imaging.
1 Lowpower techniques in ultrasound extend the application space untethering-theet feystarad.
1 3D ultrasonic imaging can be achieved with lower power bliniydisoaatebdeployment of such technologies.
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Session 11 Overview: SRAM

Memonsubcommittee

Session Chaidonathan Chang, TSMC, Hsinchu, Taiwan
Session CaChairChun Shiah, Etron, Hsinchu, Taiwan
Subcommittee Chalreland Chang, IBM, Y orktown Héiyhts,

SRAM continues to be the critical technology enabler for a wide range of applipatiees tdrdmgitavermance computing.
This session showcaseddhdinggdge SRAM developméoim the semiconductor industey presents the smafid#iv

bitcell for 10nm technology, with design assist techniques to ernapérdtanSamsung presents the smallest bitcell for 7nr
technology and shawdoublevrite driver techniques to further improd&M C demonstrates a 7nm 5GHz Llocdubh f
performance computing

1 In paper 11.1 Intel presents a 23.6KBRAM in 10nm FinFET with the smallest 10nm SRAMduifts|!
colum#based transient voltage collapsestepped wordline to lower the minimum operatignmpltage

1 Inpaper 11.2 Samsung Electronics presents a 7nm FInFET SRAM using EUW\Adthutgra Ohya6?
bitcell andwis improved walproposed selective double bitline scheme in combination with a negative t
scheme.

1 In paper 11.3 TSMC presentsralL1 cache memory compiler, which operates at a 5GHz clotk frequency
implements a stthing scheme with sreigihal sensing aafiblded architecture to increase the performance.
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Session 11 Highlights: SRAM

[11.1] A 23.6Mb/m8BRAM in 10nm FiBF Technology with Pulsed PMOS TVC and
SteppedVNL for Low/oltage Applications

[113] A 5GHz 7nm L1 Cache Memory Compiler foEptgld Computing and Mobile
Applications

Paper 11.1 Authozheng Guo, Daeyeon Kim, Satyanand Nalam, Jami WiedeWeangX&dfeiKarl

Paper 11.1 Affiliatiotel, Hillsboro, OR

Paper 1B AuthorsMichael ClinfprRajinder SirigiM arty TSaiShayan ZhdndBryan SheffieldJonathan Chéng
Paper 1B AffiliationITSMC, Austin, PXSM C, Hsinchu, Taiwan

Subcommitte€ hair.Leland GangJBM Y orktown Heights, Niémory

CONTEXT AND STATE OF THE ART

1 SRAM continues to scale over process technologies since first inffiémmemedein
1 Intel scaled 10nm technology to 23.6\Mdhmmproved assist citcuits
1 TSMCemonstratea5GHz, 7nm L1 cache memory compiler

TECHNICAL HIGHLIGHTS

1 Paper 11.8A23.6Mb/mirfSRAM in 10nm FIinFET Technology
In Paper 11.423.6M b/m#highdensity SRAM array and a 20.4MIbirvoitage SRAM array utilizing 0108%2d
0.036m¥ bitcells ikOnm FINFET technolaggpresented. Pulsed PM OS transient voltage coll@sséstvaitecuit is

used to minimize the write energy overfig&d Afstepp®UdL technique is used to complement TVC ta Es@ie
write Minimprovemeior fHDC with mrhum impact to read stability.

1 Press Headline for Paper3dA 5GHz, 7nm L1 Cache Memory Compiler for High Speed Computing and Mobile
Applications
In Paper 13,.an L1 cache memorycompiler designed using a-Kmnetabate FinFiEEhnology and the

HC 6T SRAM bitcell aclsigreater than 5GHz operation ipargirmance computing (HPC) applications. Tt
memory implements atgalhg scheme with srigilhas e nsi ng, a #Afol dedod arct
improve perfoamce during overdrive conditions.

APPLICATIONS AND ECONOMIC IMPACT

1 Demonstrate that SRddling for/1hm technology with record low SRAM bitcell area
1 Demonstrate SRAMafaide range of applications from mobileperfbighance computing.
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Sessim 12 Overview: DRAM

Memory Subcommittee

Session ChaiSeunglun Bae, Samsung Electronics, Hwaseong, Korea

Session C&ChairWolfgang Spirkl, Micron Semiconductor, Munchen, German

Subcommittee Chalreland Bang, IBM, Yorktown Heights, NY

Demand fdrighperformance and kigipacity DRAMSs is increasing more dramiadioaiythe pasiue to the emergence of new
areas such as machine learning, VR and AR. In line with this trend, sievitincapaiginof 16Gb andhtarate speed of
18Glks/pinareintroduced this year. These changes are commperformgimce computing, gaming graphics, mobile, and se
fields, including artificial intelligence. Two graphics DRAM papers of next gerstaaitardBDI@EGaximum data rate of
16~18Gb/s/pin with siegied signalingnd 16Gb higlensity DRAMs in a 10nm process node are introduced in LPDDR4
DDR4. HBM2is extended to an 8H stack for 64Gb density whiid\keBpiGB/s.

T

In paper 12.1, Samsung presgniplaicORAM GDDR6 at a-dak of 18Gb/s/pin with 16Gb density. The chip
implements a gait trainable singleded DFE, a £Qded transmitter, and-IB&$ clocking to overcome I/O speed
limitations due to the DRAM process. Furthermore, thimizesrklopk and power domain crossing and adepts a spl
die architecture to improve signal integrity.

In paper 12.2, Samsung presents a 16Gb 5Gb/s/pin LPIEPRXMVECC with asefiesh power of 0.1mW/Gb in a
10nm DRAM process. Circuitgaeblnior achieving high speed and low power are presented and key features incl
NBTHolerant solution, a PMOS SWD GIDL reduction, adalatve, gehybrid 1/0 buffer and a metas@ldlS

aligner.

In paper 12.3, SK Hynix presents a 64@&s34B& 2 DRAM with 8H stack. To increase data rate- Db Westanky
a spiral poittpoint TSV structure and improved bank group control are propoesegphil 8¢isatjues and serial
temperature code reatl schensare introduced for reliable 3D operation.

In paper 12.4, SK Hynix presents a 16Gb/s/pin GBD&Bhnitansity. Bandwidth extension techniques are: introduce
WCK divider with an analog duty correctiontoitcoitiplexer withradiip feedbadkQ filter, and leoprolled one
tap DFE with atstage pramplifier.

In paper 12.5, SK Hynix presents a 16Gb 3.2Gbh/s/pin DDR4 DRAM in an 18nm process. To overcome internal
the large die, power pads are placed in the middle dcirldeasstaygered power up scheme for the memory stack is
used to reducerirsh current. ECC for reliable operation of redundancy fuse latches anepaiodalbesedfs are
introduced.
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Session 12 Highlights: DRAM

[121] A 16Gb 18Gb/s/pin GDDR6 DRfiMPeBit Trainable Singlended DFE and
PLL-Less Clocking

Paper 12.1 AuthoMounglu Kim, Hyg&ung Kwon, Steon Doo, Yedno Eom, YouSik Kim, MiBu Ahn, Yordun Kim, Sang
Hoon Jung, Su@gun Do, Chali@ng Lee, J&ung Kim, Doffgok KangykingBae Park, Juigum Shin, Joilfp Lee, Seung
Hoon Oh, Saipng Lee,-Hak Yu, Jsuk Kwon, iun Yu, Chdlee Jeon, Sasgin Kim, MiWoo Won, Ginee Cho, Hy800
Park, HyuAgyu Kim, Jeoigoo Lee, Seuhtyun Cho, Kewmo Park, J&&oo Park, Ygdae Lee, YongJun Kim, Y-bumgSeo,
BeoHRae Cho, Chahlp Shin, Chafong Lee, YoungSeok Lee,-@aerSong, Savfoung Bang, YounSik Park, $gaulkChoi,
Byeong_heol Kim, Gergum Han, Seuhgn Bae, Hyikin Kwon, Jufiyvan Choi, Yodfigo Sohn, kangll Park, Seorgn
Jang

Paper 12.1 AffiliatioBamsung Electronics, Hwaseong, Korea

Subcommittee Chalreland Chang, IBM, Yorktown Heights, NY, Memory

CONTEXT AND STATE OF THE ART

1 GDDRG6 is a new kagieed graphic DRAM JEDEC standard on thalibasiteofomponents.
1 Itextends the ldivjgng GDDR5/5X family.

TECHNICAL HIGHLIGHTS

1 A 16Gb GDDR6 dui# packaged DRAM with 18Gb/s/pin 10 speed, the highest reported so far

1 In paper 12.1, Samsung presents a giipAlRsGDDR@tha daterate of 18Gb/s/gind al6Gb density. The chip
implements a gat trainable singleded DFE, a 080ded transmitter, and-IB&s clocking to overcome I/O speed
limitations due to the DRAM process. Furthermore, this work optimizes iettark @ndcposgng and adopts-a split
die architecture to improve signal integrity.

APPLICATIONS AND ECONOMIC IMPACT

1 GDDRE6 is intended for use in a large varietyaotiaglih applications such as next generation gaming, virtual reali

highperformare computing, autonomous driving and artificial intelligence.
1 GDDRG6 provides an economic way to extend existing system solutions to higbewitt@ialedwidi the -well
established ecosystem of PCBs with discrete components.
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[122] A 16Gb LPIR3X SDRAM with NBBlerant Circuit Solution, SWD PMOS GIDL
Reduction Technique, Adaptive @savn Scheme and Metastdlde DQS Aligner
ina 10nm Class DRAM Process

Paper 12.2 Authoksi Chul Chun, Yeagu Chu, J®eok Heo, T&ing Kim, Soohwan KimKap Yang, Mo Kim, Chasgyo

Lee, Juhwan Kim, Hyunchul Yoon-@heign, Sanguhn Cha, Hyuméim, Yow&ik Kim, Kyungryun Kim, Yaurhgm,
Wonjun Choi, B8 Yim, Inkyu Moon, Y-@uniim, Junha Lee, Young Choi, Yongmin KwaforSaey JungVook Kim,
YoorSuk Park, Woongdae Kang, Jinil Chung, Seunghyun Kim, YesidiRyih&ddogn Shin, Hangyun Jung, Sanghyuk Kwc
Kyuchang Kang, Jongmyung Lee, Yujung SondaéY #ling Eukh Kim, Kyw®po Ha, Kyouhtp Kim, Sedkun Hyun,
Seungbum Ko, Jdigyan Choi, YodBgo Sohn, KwalhdgPark, Seordgn Jang

Paper 12.2 AffiliatioBamsung Electronics, Hwaseong, Korea

Subcommittee Chalreland Chang, IBM, Yorktown Heights, NY, Memory

CONTEXT AND STATE OF THE ART

1 LPDDRA4X is a verysmpply voltage extension of LPDDR4

TECHNICAL HIGHLIGHTS

1 A16Gb LPDDR4X SDRAMIMDRAM ECC, 5Gb/s/pin I/0 speed and 0.1mW /Ghefinesif

1 In paper 12.2, Samsung presents a 16Gb 5Gb/s/pin LPDEIPRXMEC®Ith aselrefresh power of 0.1mWiGb
10nm DRAM process. Circuit technigues for achieving high speed and low power are presented and key featur
NBTHolerant solution, a PMOS SWD GIDL reduction, adaative, gehybrid 1/O buffer and a mefas@alilS
aligner.

APPLCATIONS AND ECONOMIC IMPACT

1 LPDDR4X is targeted for the huge and growing mapketef damd mobile applications such as smart phones, came
and smart sensors.
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Session 13 Overview: Machine Learning and Sig
Processing

Digital Architectures argl/stems Subcommittee

SessionChaibej an Mar kovi i University of California, Los
Session C&ChairMasato Motomura, Hokkaido University, Sapporo, Japan
Subcommittee ChaByeongsyu Nam, Chungnam National University, Daejeon, Korea, DAS

Architectures supporting machine learning for embedded perception and cognition are continuing their dapyd evolution,
modern data analytics and enabled by the low energy cost of CM OS processing. This makes it feasible to migrate data
toward edge and wearable devices. To further support increased requirements for multiuser connectivity -aser sparse d:
MIM O and compressive reconstruction are also required.

This session covers trends in machine learning and signalqorioopesiagl faccuracgpafechimage, video processing for
nexigeneratiomobile/edge and data center deViresession features programmable accelerators for Convolutional Neure
Network$CNN), Recurrent Neural Networks $Raid M uliiayer Peaptron (MLP) algorithms, with digital andigmaied
processing kerndlbe session concludes with-adaptive massive MIM O detector and robust corapnssgive

reconstruction processors.

1 In Paper 13.1, Google describes a vision for-lezanitin€M L) processing. The tajiresidint the concept of a single
ML compute fabric from the device to the data center, and discuss some of the technical challenges that mustt
broadly enable a powerful yetfiaative ML compute fabric.

1 In Paper 13.2, Hokkaido University preserit8.arivhgnultpurpose leguantized deep neural network (DNN)
inference engine stacked on a 96M B 3D SRAM using inductive coupling technology in 40nm. Theyslgstem featu
28.8GB/s memory communicatid 7.49TOPS peak performance in binary precision at 1.1V, 300M#gge for cutting
DNN workloads.

1 In Paper 13.3, KAIST describes a DNN accelerator with variable bit precision from 1b to 16b. Using a flexible C
architecture, leogtablebased bserial processing, andhofi memory management, the2Bnm chip achieves
50.6TOPS/W energy efficiency for 1b data at 10MHz, 0.66V.

1 In Paper 13.4, KAIST presents a 3Qdsaunm@ recognition processor fimealser interaction in smart rdebites.

With a CNN stereo engine, tripkpgpigdouffers, and processaemory techniques, the X&@Bnm processor
achieves retiine 3D hargksture recognition with 9.02mW and 4.3mm error at 0.85V, 50MHz.

1 In Paper 13.5, Stanford University drsN@d introduce a msigdal binary CNN processor based -onemeary
data processing. Thé 2.Amra28nm 0.6V processor features 328kBhgd &RAM for da9er CNN, data parallelism
and parameteruse, achieving arl&lassificaton at 86accuracy on the CHARataset.

1 In Paper 13.6, the University of Michigan desériltema8ive MIM O detector with link adaptation to meet practical
channel conditions with scalable energy. Implemented as a condensed systoli€28may BiS©OPctip achieves
1.8Gb/s at 70pJd/b, 569MHz and 4.3dB processing gain with channel data oHtfanetedsumeneahts.

1 In Paper 13.7, National Taiwan University presents a coensiegsieeonstruction engine with parallel atom search
apprach to reduce signal distortion due to measurement noiS€.93ra@Bm processor achieves up to
1996KS/s with 93mW power consumption at 0.9V, 67.5MHz.
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Session 13 Highlights: Machine Learning and Sign:
Processing

[132] QUEST: A 7.49TQWdtHPurpose Logluantized DNN Inference Engine
Stacked on 96MB 3D SRAM Using Indidtivpling Technology in 40nm CMOS

13.2Paper Authors. UeyoshiK. AndoK, HiroseS. TakamaetamazakiM. Nakamudrd . AdachiJ. Kadométa'. Miyata
M.Hamada T. Kurordsand M. Motombura

13.2Paper AffiliatioriHokkaido University, Sapporo, Jaltieernemory Inc, Hachioji, Jéfeaio, University, Yokohama, Japan

[133] A 50.6TOPS/W Endaffjcient Unified Deep Neural Network Accelerator-with :
to-16b Fully Variable Bit Precision

13.3Paper Authorsl. Lee, C. Kim, S. Kang, D. Shin, S. KimJ]ardd.

13.3Paper AffiliatiorKAIST, Daejeon, Korea

[135] An Alway©n 3.83/86% CIFARD Mixeebignal Binary CNN Processor with All
Memory on Chip B88nm CMOS

13.5Paper Author®. BankmarL. Yang B. MoodsM. VerhetsB. Murmahn
13.5Paper AffiliatioriStanford University, StanforcBKCALeuven, Leuven, Belgium

Subcommittee ChaByeongsyu Nam, Chungnam National UniDersjigéprKorea, Digital Architectures and Systems

CONTEXT AND STATE OF THE ART

1 There is growing demand for accelerating deep neural network (DNN) inference both in mobile/edge and data «
9 There is a need for reduced numerical precision and entignefidiesTey using digital and-sigxed approaches.

TECHNICAL HIGHLIGHTS

1 First 3Bstacked (with8 SRAM dies) DNN accelerator featdtingdarithmically quantized NN arithmetic
o0 Hokkaido University proposes stacking its noveatdli® Dgtiirpose DNN accelerator with SRAM dies for
achieving balanced capacity, latency and bandwidth, which also features a logarithmic quantized DNN ¢
T CNNRNN unified DNN accelerator witBld programmable Lid@sed arithmetic
o KAIST presents a DNBlederator that supports CNN and RNN with a single programmable archite
that outperforms previous RypedCNMRNN architecturesin energy efficiency
1 A mixedsignal inmemory binary CNN processor
o Stanford University and KU Leuven propose a @Nigmaixeference processor that is aiobrder
magnitude more enezffigient than previous works, combining-ahigllhoemory, dgtarallel
architecture, and switeb@pacitor circuits

APPLICATIONS AND ECONOMIC IMPACT
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Deep neural network (CNN)gor i t hms ar e outperforming conventior
including video, image, and speech processing, owing to higher prediction/inference accuracies.

DNN computational requirements are distinctively diffe@mtefitional workloads, and hence new processing
architectures, with superior performance and energy efficiency, are being developed in both industry and acade
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Session 14 Overview: Higlsolution ADCs

Data Converter Subcommittee

Session ChaiMatt Straayer, Maxim Integrated, Chelmsford, MA

Session C&hairSeungrak Ryu, KAIST, Daejeon, Korea

Subcommittee ChawinKu Moon, Oregon State University, Corvallis, OR

Thi s s e-sesoluiom énaltoglyifalgdonverters (ADCs) WitBHLZENB introduce a number of advanced circuit desig
techniques to achieve very high performance with low power consumption. While many of the proposed degi§hs use
architecture where possible for moderate resolution, higher performstecdly isecabled by dsfipma and pipeline
architectures. Precision is further enabled by techniques such asibardalématien, dynamic element matching, chopping, :
correlated douisiampling.

T

In Paper 14.1, Oregon State University arkelMaiaent an efficient dynamic error correction technique for an
feedback DAC in a contintimgs deltaigma ADC. The 28nm ADC achieves 80dB SNDR in a 50M Hz bandwidtt
consuming 64.3mW.

In Paper 14.2, The University of California Los dgugédes d capacitively coupled corimeowdekaigma ADC for

a neural recording feordt in 40nm CMOS. Chopping and linearity enhancement techniques are key to demonstre
ENOB with only 4.5uW in 5kHz bandwidth.

In Paper 14.3, The UniyeditTexas at Austin proposes an error feedback structure with a passiusdadR anc
comparator to realize complex noise transfer function zereshiapamgd®®R ADC. Clocked at 10MHz, the 40nm Al
realizes 79dB SNDR in 625kHz bandwidth ameé<84siV.

In Paper 14.4, The University of Ulm introduces an integrator slicing technique in arsigoneneD@! tiolattaallows
for improved noise and power tradeoffs indhe fiaegrator stages. The 200kS/s prototypamirOMIBS achieves
91.5dB dynamic range and 1.1mW.

In Paper 14.5, The Delft University of Technology presents a dynamic zoom-gyig€advéisyanbigionous SAR front
end that works in tandem with &igeita bae&nd. Fabricated in 61b6CM OS, the ADC reaches 1180R $ a 1kHz
bandwidth while consuming 280uW.

In Paper 14.6, The National Tsing Hua University propopathatisivdgenain voltagentrolled delay line for use in a
coarse SAR comparator and a fine incremesigindeliategrator to realiZébaADC. Power consumption is only 638n\W\
at 270kS/s with 11.9b ENOB

In Paper 14.7, Analog Devices introduces a signal independent background calibration technique to achieve (
20b 1M S/s pipelined SAR ADCimDQBIOS he double convergiatibration setiles to 0.25ppm within 100k sample
resulting in 101.5dB SNDR with a 5V reference.
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Session 14 Highlights: High Resolution ADCs

[14.2] A 15:ENOB ContinuouEmem FADC for a 7.3uW 20QsmMnearinput
Range Neural Recording F+andl

Paper 14.2 Authoid: Chandrakumar, D. Markovic

Paper 14.2 Affiliatiodniversity of California, Los Angeles, Los Angeles, CA

[14.7] A Signdahdependent Backgrow@alibrating 20b 1MS/s SAR ADC with 0.3pm
INL

Paper 14.7 Authois: Lt, M. Maddéxvi.Cold, W. BuckleyD. Hummerston

Paper 14.7 Affiliatiosnalog Devices, Wilmingtor’Avidlpg Devices, Cork, Irefdndlog Devices, Newbury, UK

Subcommittee ChalgrirKu Moon, Oregon State University, Corvallis, OR

CONTEXT AND STATE OF THE ART

1 Micopower ADCs with high linearity and dynamic range are required in emerging applications such as smart se
biomedical imaging, and portable instrumentation.

f Random mismatches in components and circuit nonlinearity have been a fundamectaleimgaliah tinearity,
even in advanced IC technologies.

1 Innovations in ADC architectures and circuit techniques, including meticulous calibration, help break the perforr

TECHNICAL HIGHLIGHTS

UCLA introduces a continuetiree deltasigmamodulator for closelbop neural recording with 10x higher bandwidth
compared to statef-the-art frontends.

1 A capacitiveoupled 40nm CMOS contifinoesdeltasigma ADC demonstrates -ES\EDB with only 4.5uW in 5kHz
bandwidth.
Analog Devicedemonstrates a 20b Nyquist ADC achieving performance comparable to oversampling ADCs.

1 With a signal independent background calibration, the 20b 1M S/s pipelined SAR ADC achieves 101.5dB SNDF
INL 0.18m CMOS.

APPLICATIONS AND ECONOMIC IMPACT

1 Advanced circuit techniques for high accuracy ADCs makpneasiphigipplications possible and efficient.
1 Highprecision ADCs do not need factory trimming, thereby reducing manufacturing cost significantly without agi
temperature sensitivity
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Session 15 Overview: RF PLLs

RF Subcommittee

Session Chaidiayoon Ru, Broadcom, Irvine, CA

Session Cd&ChairJaehyouk Choi, Ulsan National Institute of Science and Technology (UNIST), Korea

Subcommittee Chaliet Wambacq, imec, BelgiurSBuBfommittee

This session presents the latest advances in digital and analog PLLs generating frequencies fraraveitind dd@&kse and
topics, such as uloepower ADPLLs, FMCW synthesizessttifagt badgang PLLs, interferenoapling tigation, tyge
sampling PLLs, and +mave ADPLLs.

T

In Paper 15.1, Tokyo Institute of Technology preseiisvpovudiraatligital fractiodl PLL in 65nm CMOS. Therms
jiter of 0.53ps is achieved at 2.44GHz with the power consumptiorhefb8&spunding FOM46dB.

In Paper 15.2, Infineon Technologies describoeki@BR@ digital bapang PLL in 65nm CMOS fovwanra FM CW
radars. The 19.7mA fractdnBLL, having 213fs jitter da@@@Bc fractional spur, synthesizes fastvéhitph a 3 6
period and a 200M Hz gegkak frequency range.

In Paper 15.3, University of Michigan describes a 38GHz digitblFkaCidhahirp synthesizer using a bandpass delta
sigma TDC to enable >1MHz PLL bandwidths -baihdaiAhB85dBc/k at a 100kHz offset. The chip fabricated in
40nm CMOS generates a 9Midiops and 824kidnkzrror trianguahirp signal with a 500M Hz bandwidth, while
consuming 68mW.

In Paper 15.4, Politecnico di Milano presetugtAGHz digital barang PLadopting a background frequsedcy
technique. Over a 364MHz frequency hop, #eM@B8Miactiomdl PLL has coarse (withir
and fine (within 1kHz) settling ti md4dmdfleading © arsFOM df h
i247.5dB.

In Paper 15.5, University of Southern California presg@isladgital frequency synthesizer to mitigate simultaneou
interference coupling to DCO and reference paths. Implemented in 65nm CMOS &md\dhrikarpiop@ded PLL
mitigates the increase in the noise floor and spectral spurs due to PA and oscillator mutual pulling by 12 and 2z
respectively.

In Paper 15.6, University of Briish Columbia describes a frequency synthesizer, whitHigitah firispeaoya

locked loop and a yjegeN PLL with an LC VCO. The synthesizer occupies?a@@imébnm CMOS and
achieves 18bifsjitter while consuming 1.1mW, corresponding to dr2%4dB) afross 4.6 to 5.6GHz.

In Paper 15.7, Gohbia University describes a dividerless PLL architecture, i.esamgfimgneeL. The 65DkhOS
integefN PLL achieves an rmsjitter of 110fs at 2.55GHz, while consuming 3.5mW. The corre2p8riiiy &M is
the reference spur is lowerithaiBc.

In Paper 15.8, Hong Kong University of Science and Technology-paeseABRLWemploying alveidd DCO and

a deltssigma TDC. The 6568M OS integhl PLL achieves a frequdunaipng range from 82 to 108GHz and 10M Hz
phase noise betwead6 and 110dBc/Hz, while consuming 35.5mW.
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Session 15 Highlights: RF PLLs

[15.1] A 0.98mW FractieNaAADPLL Using 10bolated Constat8lope DTC with
FOM 0f246dB foloT Applications in 65nm CMOS

Paper 15.1 Authois: Liu, D. Tang, Z. Sun, W. Ber@, Ngo, K. Okada

Paper 15.1 Affiliatiofiokyo Institute of Technology

[15.6] A 0.01n?4.6t0-5.6GHz SuBampling TypeFrequacy Synthesizer with
254dB FOM

Paper 15.6 Authows: Sharkia, S. Mirabbasi, S. Shekhar
Paper 15.6 Affiliatiodniversityf British Columbia

Subcommittee Chaliet Wambacq, imec, Leuven, Belgium, RF Subcommittee

CONTEXT AND STATE OF THE ART

1 Phase noise (jitter), power consumption, and silicon area are the three efeguEidBih®8sizer metrics that
always causedesign dilemma
1 Advent of the era of lIoT demanghdaenocise PLLs consuminglolivapower and using compact silicon area.

TECHNICAL HIGHLIGHTS
0.98mW ultrlow-power ADPLL with 525&fgitter

1 In Paper 15.1, Tokyo Institute of Technology gmegdedtsvpower atligital fractiofdl PLL in 65nm CMOS. Therms
jiter of 0.53ps is achieved at 2.44GHz with the power consumption of 0.98mW, corresporgifGyi an FOM of
0.01mim LC-based compact PLL with 185égtter

1 In Paper 15.6, Uniitgrsf British Columbia describes a 65nm CMOS frequency synthesizer, coraitihg of an all

frequenciocked loop and a /L witan LC VCO, occupying 0.04amea. The synthesizer achievesnd fififs
with 1.1mW power consumption, codiegpip an FOM 254dB across a-4b6.6GHz frequency range.

APPLICATIONS AND ECONOMIC IMPACT

1 PLLs concurrently achieving low power consumption and low phase noise are presented for future 10T and 5G
1 Thesd’LLs will be the best choicer@iowpower wireless connectivity solutions.
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Wireline Subcommittee

Session ChaiAzita Emami, Caltech, Pasadena, CA
Session C&ChairAndrew Joy, Cavium, Northampton, UK
Subcommittee ChalF.:r ank O6 Mahony, I ntel, Hi I |l sbor o, OR

Electrical and optical links continue to provide challenges that cannot be overcome by process technologyngeraitges alc
of the designer is a major contribution, and this isToteetyate by the papers in this session. The first is an invited pape
reviews staftheart optical interconnects in scalableehigly standardased switching fabrics for networking systems al
cloud computing. The second paper dekerifiss électrical domain solution to #ieeaomlispersion for both transient and
adiabatic chirp of directly modulated lasers. This is followed by a paper that describes thenticdd optiealebuvith rapid
power on/off functionalitya tata rate of 56Gb/s and a power efficiency of 2.2pJfbrnmabeiays

The next three papers demonstrate the benefits of ime domain modulation and equalization techniques wasraivmdibrnativ
voltagelomain modulation. The first utitegeated pulse width modulation to equalize ceviséSlufiven 3 to 16Gb/s achieving
1.63.1pJ/b. The second encodes data based on pulse width and locatioHewdtin fiarfix@dn order to signal at 20Gb/s witl
4.53pJ/b. The third uses elulifference modulation to overcome reflectons in a 7.8Gb/s/pin, 1.96pJdrdipkmiemorylt
applications. The next paper addresses the short reach interface requirements at 56Gb/s and achieves a@y2%J/b pc
56Gb/s. This is folldwby a 1.15pJ/b/pin greafeenced singleded link at 25Gb/s in 16nm CMOS {die npaitkage
communication spanning up to 80mm. The final paper describes -distmjitatly R#é¥ modulation technique for contactless
communication at 20@k&r a 127GHz carrier consuming 3.98pJ/b.

1 In Paper 16.1, Axalume describes the use of optical interconnects inderaaplsiandardased switching fabrics
for networking systems and cloud computing. It discusses datacenter switchiety ®%spptoxiapacity with the use
of optical interconnects to improve density, efficiency, .and latency

1 In Paper 16.2, Korea Advanced Institute of Science & Technology presents a 28Gb/s electronic dispersion corr
technique for directy modukdeds|(DMLs). The dual lane transceiver is fabricated in a 40nm CMOS process, an
consumes 236mW at 28Gb/s.

1 In Paper 16.3, IBM Research describes a 56Gb/s optical receiver in 16nm CMOS FinFet technology with rapid
functionality. It achievésBas wakep time while consuming aleaysd off powers of 126mW and 8mW, respectively

1 In Paper 16.4, Oregon State University preddit@bés Svireline transceiver in 65nm CMOS with clock domain
egualization using integrated pulse width m@&gWdlidhencoding. The proposed transceiver can compensate 27dB
at 10Gb/s with an efficiency of 1.8pJ/b.

1 In Paper 16.5, Korea Advanced Institute of Science & Technology (KAIST) presents a 20Gb/s serial link transct
CMOS, which employs aefimisewidth modulaton (FPWM) scheme. It achieves a total throughput of 20Gh/s wi
keeping the minimum pulse width to the equivalent of 15Gb/s.

1 In Paper 16.6, Pohang University of Science and Technology proposes a 7.8Gb/s/piifitredodiogphiaien
transmitter for highéflective memory interfaces. It demonstrates ISI suppression capgapiliyF&f layl@vercoming
10 irband notches.

1 In Paper 16.7, Xilinx presents a 56Gb/s NRZ short reach wireline transceiver in 16mgyFilRE T éeduedler
achieves better tharlBeBER over a channel with 8dB loss at 28GHz while consuming 126mW at 56Gb/s.

1 In Paper 16.8, Nvidia describes a 25Gb/s/pirefpraunued singleded serial link in 16nm CM OS that communicates
offpackage @v 80mm of lamest PCB and package interconnect. It achieves a link energy efficiency of 1.15pJ/b, ¢
an adaptive digital regulator to compensate for process and temperature variations.

1 In Paper 16.9, Jet Propulsion Laboratory (JPL) preséntpeatigdrted PAMItransceiver for contactiess
communications. It achieves 20Gb/s of data with a 127GHz carrier over 1mm air gap while consuming 79.5mW
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Technigques

[167] A 126mW 56Gb/s NWRKZeline Transceiver for Synchronous JRedch
Applications in 16nm FIinFET

Paperl6.7Authors:Marc EréttDeclan Careylames HudhAeiRonan CaskyKevin GedpyPedro NetoMayank Ré&jyScott
MaclLecgdHongtao Zhandrianne Roldationgyuan ZitaPingChuan ChiahdHaibing ZhadeeHian TarY ohan Frahden
Chang

Paper16.7 Affiliation:*Xilinx, Cork, Ireladdjlinx, San Jose, CAcacia Communications, San JoséXi¥, Singapore,
Singapore

Subcommittee Chakrank @ahonylintel,Hillsboro, B WirelinBubcommittee

CONTEXT AND STATE OF THE ART

9 Thanks to the speed increase in serial link communications, transceivers deichipdirtercbimections are
becoming more and more demanding in terms of area@spoypdon. Synchronous high speed interface standa
have been recently proposed that targetleipicommunications across <10dB loss PCB traces. To meet this dema
year 6 s conf er enc e -reach piling tsansceivebndgiitdu /insa 18R EinFEThGMOS technolog
that uses a queate clocking architecture anegraand voltageode signaling

TECHNICAL HIGHLIGHTS

1 NRZ Wireline Transceiver for 56Gb/s Synchronous Short Reach Applications in 16nm FinFET.
In Paper 16.Xjlinx reports adaBe 56Gb/s NRZ transceiver for short reach links basedjmurrdnealtageode

transmitter output driver and areli€dl delay adjustment fdaperdeskewing receiver. Channel loss equalization is ba
on transmitside sbrUl deemphasis and a receside singistage continuetime linear equalizer. The transceiver
achieves 50% lower area and power consumptionrdftheastatgublished solutions for the same application profile.

APPLICATIONS AND ECONOMIC IMPACT

1 Transceivers operating upB®b/s at minimum power and area will be criicajdoenatish pack&agpackage
integration, including tight electrical and optical integration.
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Technology Dections Subcommittee

Session ChaiPatrick P. Mercier, University of California, San Diego, La Jolla, CA
Session C&ChairLong Yan, Samsung Electronics, Korea
Subcommittee ChaMakoto Nagata, Kobe University, Japan, Technology Directions

Advances iressors, lopower circuits, and integration technologies are helping to revolutionize industries ranging from e
healthcare. This session highlights innovations in connected sensors for improved food production, diagritestidaimaging
sensing, and neurophysiology. The first paper is an invited paper, and describes how advances in sensiwssctanits, ar
help improve the efficiency of food production. The second paper demcoatredea @apsilte endoscope tenaied high
throughput communications. The next three papers describe sensing systems that are powered from and/or me
parameters in gas for industrial applications, or in bodily fluids for healthcare applications. Subseqa@ntapapersedemons
transcranial communications, optoelectronic neural recardetal, wedtrable brain imagers, andlo@sedural implants with
integrated support vector machine classifiers.

1 InInvited Presentation 17.1, Fujitsu prasefitaceted overview of current challenges in agriculture and food pro
industries. The presentation then discusses how advances in sensors, integrated circuit technologies, wire
artificial intelligence algorithms, and robotigs weakéadhese industries more efficient.

1 In Paper 17.KAIST presents a capsule endoscope suppéniigyad6ihgle byCameras and 80Mb/s body channel
communication (BCC) transceiver for 4fps, VGA resolution image transmission. WithigheablelpB& Ceaandivers
distributed on the human bodyinredbcalizatiaf the capsule at suth accuracy is demonstrated.

1 In Paper 17.3, thniversity of Califgrrian Diego demonstrates a wireless biosensing systendiremtigrech
Glucosefictate biofuel aeihout a DDC convertdDperating at 0,38 presented chip includetuscycled maximum

power point tracked,8dnW5s4dB SNBassiva zADCand &0pJ/b 920M Harismitter
1 In Paper 4. Analog Devicescribes an electrochemical impesiagxieoscopfEIS) SoC for electrochemical gas

detection. It features 02&mensitivity and 105dB dynamic range which has 5x better sensitivity and 10dB highel

range compared to gifteeart.
1 InPaper 15 the University of Toronto and the Toronto Westenprétmspitli¢hannel potentiostat IC sensing K+ ions
concentration in vivo by computing the impedance on the surfaceredfistérfbuliagete potassiugensitive

chemically functiored microelectrodes. The 50n\WBMtdpamigsss zZADC performs 19.5()/airarENOB of 8bits,

and is validated in a mouse model

1 InPaper 17.6, the University of California, Berkeley, demonstrates a wireless transceiver designeitdtofranscrarn
Utllizing efhip 10x10nmfrmoupled inductors, the 65nm transceiver achieves a data rate of up to 200Mb/s with a bi
as low as 5x¥across scalp and skull; at a ransmit power of 300uW, an energy efficiency of 1.5pJ/bit is achieve

1 In Paper 17.7, Cornell University presents a 33@faatronic wireless system for neural recording applications
0.18em CMOS chip is powered by an Al GaAs diodes
wireless taieetry of recorded neural data.

1 In Paper 17.8, imec demonstrates an active sensing ASIC that supports simulianeous medsitaeatent of
spectroscopy (NIRS), electroencephalography (EEG), and electrical impedance tomography (EIT). Use
photomultiplier reduces the power needed for NIRS sensing, resulting in total ASIC power of 665uW.

1 In Paper 17.9, the University of Toronto, the Krembil Neuroscience Center, the Toronto Western Hospital,
University present a neural interf&es8a for closkedp control of neurological disordersh@n82l analog frentd
captures data using an attifacant architecture, and classifies neural data with an integrasecendecaggpor t
vector machine before deciding whevate actiigitally chabgéanced neurostimulator
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Society

[17.2] amera VGResolution Capsule Endoscope with 80Mb/s-Bbdgnel
Communication Transceiver and SobRange Capsule Localization

Paper 17.2 Authoik:Jang, J. Lee;K.Lee, J. Lee, M. Kim, Y. Lee, J. Eaé&,dd.
Paper 17.2 AffiliatiokAIST, Daejeon, Korea

Subcommittee Chaakoto Nagata, Kobe University, Kobe, Japan, Technology Directions

CONTEXT AND STATE OF THE ART

1 Capsile endoscope supporting f@lh@g@uality images with wireless telemetry is highly desirable for accurate but
painless diagnoses of diseases in digestive tract

1 Although, apsule endoscopes \wittitedvisual anglef viewand/or without wireless telemetry hayer®éensly
demonstrated; this is the first realizatifutly dhtegrated capsule endoscope with wireless telemetry suppd@rting 4fps
VGA resolution image.

TECHNICAL HIGHLIGHTS

360 VGA resolution wirelesspsule endoscope allows the patientsatcean endoscopy outside of clinical settings

1 In Paper 17.RAIST presents a capsule endoscope supp@niiisgied@hgle by 4 cameras and 80M b/s body channel
communication (BCC) transceiver for 4fpssul@h image transmission. With the help of reconfigurable BCC recei
distributed on the human bodyinredbcalizatiaf the capsule at sub accuracy is demonstrated.

APPLICATIONS AND ECONOMIC IMPACT

1 Wireless capsule endoscope increases tite gat@dmy and reduces healthcare costs significantly by facilitating «
based remote patient monitoring.
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[17.3] A 0.3V Biofd€kllPowered Glucose/Lactate Biosensing System Employing a
180nW 64dB SNR PassfX&ADC and a 920MHz Wireless Transmitter

Paper 17.3 Authoi:F. Yeknami, X. Wang, S. Imani, A. Nikoofard, I. Jeerapan, J. Wang, P.P. Mercier

Paper 17.3 Affiliatiodniversity of California, San Diego, La Jolla, CA

Subcommittee Chaakoto Nagata, Kolmversity, Kobe, Japan, Technology Directions

CONTEXT AND STATE OF THE ART

T
1

Wearable and implantable glucose sensors conventionally require a bulky-batteomaette3Go power electronic
readout circuits.

Powering directly fromvioliageenergsharvesting sources without-BOConverter requires sophisticated circuits that
reliably operate at very low voltages.

TECHNICAL HIGHLIGHTS

Selfpowered glucose sensing: a wireless chip extracts energy from a glucose biofuel cell and epaiesglycose
concentration without a battery

1

1

In Paper 17.3, tmiversity of Califgrid@an Diego demonstrates a wireless biosensing systenfirpotiyeyea
Glucose/Lactate biofuedtblbut a DOC converter or battery

Operating at 0,3epresented chip includeslatycycled maximum power point radi@n\ab4dB SNBassive z
ADCand &80pJ/b 920M Harismitter

APPLICATIONS AND ECONOMIC IMPACT

T
T

Diabetes is projected to affect 522 million people worldwide by 2030. M anig ofdijage fratipient monitoring of
glucose levels, yet conventional technology requires invasive blood draws and large cumbersome power sourc
The mudbilliordollar glucometer market can potentially benefipiareragifglucose sensors thataddintiulky

batteries and I converters.

Lowvoltage instrumentation, including ADCs and transmitters, can also be potentially valpablertto®ther low
applications.
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[17.9] A Recursivdemory BraHstate Classifier with &hannel TrackndZoom
D’SADCs and Chardgalanced Programmable Waveform Neurostimulators

Paper 17.9 Authofs:.. O § R. PazhmoyhanéleD. GroppeT.A. ValiadteN. VerntaR. Gendv

Paper 1B AffiliationtUniversity of Toronto, Canpa€ieembil Neuroscience Center, Toronto, Gaoeatsto Western Hospital,
Toronto, Canad®rirteton University, Princeton, NJ

Subcommittee ChaMakoto Nagata, Kobe University, Kobe, Japan, Té&iteciiogsg

CONTEXT AND STATE OF THE ART

9 Neural interface SoCs are used for-lofgsemntrol of neurological disorders.
1 The stateftheart in such SoCs are pushing towards increasingly rich feature sets for enhancing the specificity ¢
therapeutic amatbortive stimulations.

TECHNICAL HIGHLIGHTS

Brain State Classifier withG@hannel Programmable Waveform Neurostimulators

1 In Paper 17.9, researchers from University of Toronto, Krembil Neuroscience Center, Toronto Western Hospital
Universitpresent a 3Zhannel analog frentl that captures data using ar-atéfesnit architecture, and classifies
neural data with an integrated denssmgry support vector machine before deciding when to activate a digitally cl
balanced neurostirtoula

1 The paper exploits arich feature set including spectral enleckinghase cressupling parameters to enhance
brain state classification.

APPLICATIONS AND ECONOMIC IMPACT

1 Electroceuticals and neuromodulators represent areas of restasinigbinthe pharmaceutical and medical device
industry.

9 The resuling devices are having a great impact in enhancing the quality of life for patients -rgfstamy from drug
diseases especially those of the central nervous system.
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Digital Circuit Technigues Subcommittee

Session ChaiDennis Sylvester, University of Michigan, Ann Arbor, Ml

Session C&ChairKoji Hirairi, Sony LSI Design, Kanagawa, Japan

Subcommittee Chaledith Beign€EALETI, Grenaoble, France, Digital Circuits Subcommittee

This session focuses on circuits that detect and adapt to various typesliafgrogesstsaging (PVTA) variatons, along
with the latest progress in digitardpaut (LDO) voltagguiators. The presented adaptive circuits demonstrate rapid and ac
voltagelroop detection to perform instruction throting, clock period stretching viapzdie ogplicateshin the pladesd

loop (PLL) and (buck) voltage reacrat@ipseldop continucbedybias for temperature, process, and aging compensation. Tl
are five digital LDO papers that introduce a range of new techniques, sucasassiad afisl@S power transistor, -a beat
frequenchased adaptisampling cheme, and the replacement of traditionalrgmswedor devices with a switdpatitor
resistor. These papers also describe a distributed LDO array that improves IR drop and response time, ssdesijas@n LD
to minimize pattsough fovoltage ripple from a preceding switching regulator.

T

In Paper 18.1, IBM describes a new set of techniques to improve lataroppnnaditggen, including slope
calculation and #miinit communication, that double the performance ¢@inspos@otgeneration design. They

also describe a new method to estimate voltage noise in a large processor using local activity detectore These
validated on their latest 14nm enterprise class processor.

In Paper 18.2, the Universityashington presents a combined buck converter and PLL design in 65nm that uses
programmable carbaged oscillator to reduce the impact of supply droop on timing margin. Caligidaled with all
autonomous switching between contiandwdiscontinussconduction modes, the design reduces margin by 90% and
offers 95% peak converter efficiency acio3¥.0.6

In Paper 18.3, GEETI and STMicroelectronics describevaribead compensation unit that provides continuous anc
bodybias values to redleakage at fixed frequency across process/temperature/aging variation in 28nm FDSOI
technologyThe unit is ®2maller and 4dower power than prior work iRbxigeneration, while offerings 100

response time across a wide supply voltage ragg® of 0.

In Paper 18.4, the University of Macau presents a digital LDO design that exploits an NMOS power device for il
response to output voltage droops, and empleyasa laighlog path with a valiagieled NAND gate to increase
conductance @g load transients. Together, these techniques enable a 5.1fs speed FoM &8ar0). Q08B rinat
provides 20mA output current with 50mV minimum dropout.

In Paper 18. the University of MinneswaCisco describe a new approach to balancingntfe aleesponse time
(speed) and quiescent current (power) in a digital LDO. An adaptive sampling frequency is gerratery via a bea
guantizer. The resulting 0.037design in 65nm improves settling tinfeand2bltage droop byBer a fed

sampling frequency design and uses a small 40pF output capacitor.

In Paper 18.6, the Hong Kong University of Science and Technology3pmessmisf arglagsisted LDOs that work
together to supply 500mA to an unevenly distributed loadleblsaag phiases for clocking, the SdbiOlsgether to
improve response speed. The design is fabricated in 65nm CMOS process and ergbiqy s ap8coF. on

In Paper 18.7, the University of California San Diego describes a fully digiz d B@ittiagdpacitor resistance to
replace the PMOS switch array in conventional digital LDOs. The 65nm CMOS design achieves 99.3% peak cL
a 3mALbap 34.3ps speed FoM and less than 1.5mV voltage ripple in steady state.

In Paper 18.8, National Chiao Tung University presents a fully digital LDGaingHinearusimiich control technique
to improve current efficiency by decreasing quiescent current and reducing switching power consumption with \
switching guency control. It achieves peak current eficiency of 99.8%@tA8erALOUA quiescent current, 6mV
voltage ripple, and 40mV droagys @@aBsient response time) e-20InA load step.
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Regilators

[18.1] Droop Mitigation Using CritRath Sensors and an-QGhip Distributed
PowefSupplyEstimation Engine the z1MMEnterprise Processor

Paper 18.1 Author€. VezyrtZis T. Strach P. ChuadgP. LobH R. Rizzotp T. Webel P. Owczarcz§kA.
BuyuktosunogliR. BertranD. Hdj S. EickhéffM. FloywlG. SalefnS. Cargy S. Tsapepgd. Restle

Paper 18.1 AffiliatictHBM Research, Yorktown Heigh&BNIYSTG, Boeblingen, Gerrdi@M,STG, Bangalore, India;
4BM STGRoughkeepsie, NlBM STG, Austin, IBM STG, Essex Junction, VT

CONTEXT AND STATE OF THE ART

T
T

Large current draw in-h@fformance processors leads to droops on power supply rails, necessitaing margining e
degraded performance
Innovations supply voltage droop mitigation therefore enhance performance and energy efficiency in data cente
computing applications.

TECHNICAL HIGHLIGHTS

T
T

IBM demonstrates two novel voltage droop detection techniques to improve the response time for droc
mitigation enhancing the ZMperformance.

The z1Wintegrates two novel techniques for mitigating the impact of voltage droops. dnestdoimigunee detects
voltage droops by continuously trackinepatticahitor (CPM) delay changesielhsas CPM measurements from
neighboring cores to trigger core instruction throtting to reduce the current demand, and thus .tfde s epontagnity
technigue employs a distributechiprcyclby-cycleaccurate (CBCA) voltage estimation esgaeoh core activity
countersThe voltage droop mitigation scheme with the CPM detectors enables a 4% processor frequé&hey impr
CBCA voltage estimation engine accurately tracks the effect of a voltage droop on CPM delay, @&hdiokting tt
replacing the CPM with the estimator to trigger the instruction throtting in future implementations.

APPLICATIONS AND ECONOMIC IMPACT

)l
)l

Datacenter operating costs, dominated by energy costs, drive the need to improve enbigjypefimierarycen
processors.

Robust operation and peak performancehighréiable data compute centers are crucial for many business applice
including machine learning and in financial industries.
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Session ChaiManKay Law, University of Macau, China
Session C&ChairTaeik Kim, Samsung Electronics, Hwaseong, Korea
Subcommittee Chalfofi Makinwa, Delft University of Technology, Delft, The Netherlands, Analog Subcommittee

This session highlights the advances-afttsaiet temperature, current, physical and chemical sensors. Tbfegesriergy
CMOS temperature sensors with the besofifjureme r i t 2dre veported. TwoXurenl FefBapers 4 and &je
presented, one demonstratng a higitengpenature gain accuracy with a +4A input range, while the other shows a 16
biosensor readout with 7ppm INL. Anefiidegy presstsensing systefRaper @nd a highesolution readout(Raper Jfare
alsoreportedAn energgfiicient C3ensoachievingxbetter resolution (94ppm) andicvd@r energy consumption (12mJ/meas)
than the prior art is @escribed (Paper 8)

1 In PapetQl, Intel Advanced Design describes a hybrid tempesatuusirsg subthreshold NMOS devices and parasi
PNPs. It enables shaianent remote sensing with a small size (0.@088dnachieves 3x better Resél@ibh of
0 . 5 4 usihgfakR2nm FIiNFET process.

1 In Paper 19.2, Delft University of Teclmekeyts the first resistmed CMOS temperature sensor capable of operati
over the full military rarg@C to 12%). It achieves stafthea r t ener gy Z2evithf3k emallermaey: o f

1 In Paper 19.3, Yonsei University describeg adnigidct resistmsed CMOS temperature sensor for dense therm
monitoring in nanometer semiconductor processes. The prdjzssetiFPPFshows 13% smaller area and 15x high
resolutichROM when compared to similar prior art.

1 In Paper 19.4, Delitversity of Technology presents a current sensor that supports a +4A range with 0.05% ge
room temperature. It achieves a resolution efib5@icAnversion time of 2ms while consuming 10.9pA, which is 10x
energy efficient than the-chiteart.

1 InPaper 19.5, the Univensiyalifornia, San Diego presents an accurate current measurement with wide dynamic
high linearity for biosensor readouts. With an asynchronous Hourglass A@ihjdire&ysteriNL and 160dB DR.

1 InPaper 19.6, the University of Michigan describeycdedutyidgedigital converter for a small bagterated
pressure sensing system. By heavilyydlity the bridge sensor's excitaton voltage, the system reqglasss 600C
excitaion powdt consumes 2.5nJ/conversion and achieves 49.2dB SNRamestHhBERINE.

1 In Paper 19.7, Seoul National University preseintegudidly ggimogrammable read IC with a maximum resolution
of >21b. With the proposed system choppiqpgetaattiming an-chnip reconfigurable digital filter, the system achieve:
low 1/f corner <100puHz and a maximum FOM that is 5.3dB higher than previous work.

1 In PapeiQ8, Delit University of Technplagpentsa CMOSompatble therreahductivilyssed C®sensor using a
highresolution phagemain deltigma modulator to sense the thermal time constant of a hot tuhbgstsensoe
achieves a G@ensor resolutiofi94ppm while dissipating only 12mJ per measurement.
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Session 19 HighlightSensors and Interfaces

[194] A+4A HigKSide Current Sensor with 25V Input CM Range and 0.9% Gain Er
from-4(C to 85C Using an Analog Temperature Compensation Technique
Paper 19.4 Authotsong Xu, Johan Huijing, Kofi Makinwa

Paper 19.4 AffiliatioDelft University of Technology, Delft, The Netherlands

[191] A 8b Subthreshold Hybrid Thermal Sensor #itlhPC Inaccuracy afSingle-
Element Remote Sensing Technique in 22nm FInFET

Paper 19.1 AuthoGhaYing LYy Surej Ravikumar, Amruta D [Gathias Eberl&jrHyunglin Lek
Paper 19.1 Affiliatiotntel, Hillsboro, GRtel, Neubiberg, Germany

Subcommittee Chal€ofi MakinwBglft University of Technology, Delft, The Netherlands, Analog

CONTEXT AND STATE OF THE ART

1 Temperature sersane scaling down to enable more local temperature sensinghintsiicoeeded in highly dense
technologies. By reducing the remote sensing to one element only connected with one wire, the overhead of ac
temperature sensing is reduced tadheibanum.

1 Current measurement systems become more and more important for controlling andpowEethgldatiesyand
transport. Increasing the accuracy and emmaieanput range are key toirgnhighside measurement capabilities.
Reduatin of the power consumptitre nfeasurement chain while increasing the accuradgregeblettery lifetimes.

TECHNICAL HIGHLIGHTS

Fully integrated 48MOSurrent sensor with 25V comnmode range

1 In Paper 192elft University of Technology presents a current sensor that supports a +4A range with 0.05% gain
temperature. dthievea resolution of 15@p4n a conversion time2afis while consuming 10.9uA, whick nsof®
energy efficient thaates of the art.

Ultrasmall remote temperature sensor enabling distributed monitoring in 22nnidenikr@dgy

1 In Paper 19litel Advanced Design describes a hybrid temperature sensor using subthreshold NMOS and paras

transistorslt enables gieelement remote sensing (0.0002 Bmdnachieves BetterresoluiofOM o f ®. 54 nJ
usinga22nm FIiNnFET process.

APPLICATIONS AND ECONOMIC IMPACT

9 Distribution of temperature sensors in highly dense devices provides information fan tbepegbpraiecto
optimization
1 Enabling more accurate ctgeesing techniques ersdiddter protection of the battery, guaranteeing a longer lifetime
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Session 20 Overview: Flash Memory Solutions

Memory Subcommittee

Session ChaiKiTae Park, Samsuglgctctonics, Hwaseong, Korea
Session C&ChairYan Li, Western Digital, Milpitas, CA
Subcommittee Chalreland Chang, IBM, Yorktown Heights, NY

Continued proliferation of semiconductors for a smarter society drives the evolution of flagem éwargltebigiao density,
lower power consumption, and lower cost. This year, a new generation of 3D NAND Flash metaubgdtiotoie ttapérs

is inroduced. For the first tme, a memory with over 1Tb density is demandbatéd3DsMGND technology. AHailtra
latency flash controller with a negpbigth 3D NAND is proposed in order to fill a large performance gap between DRAM
memories.

1 In Paper 20.1, Toshiba and Western Digital present a&il2GNADNID Flasvith an advanceds@&kedVl-layer
technology. A start bias control scheme designed for 3D NAND is proposed to enhance program performance |
new smart arhipMrtracking reatlatcan support program suspend function is also presented.

1 InPaper 20.2, Samsung presents dowltaency Flash controller usingpet@imance 3D NAND that supports a
15rs-latency SSD, which is ovetifBes faster than a conventional SSD. To proviigiperfoemancgain a split
DMA architectumadanadvanced suspend/resume DM A operation are proposed.

1 In Paper 20.3amsung presents a 1Tb NAND Flash in 64 stacked layexrddgalisiaghnology. It achiaves
5.63Gb/m#areal densjtthe highest density ever. In order to conweldigfhibutionsit12M B/s, a new fast unselect
precharging scheme and a slow bit bypass scheme are proposed.
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Session 20 Highlights: Flash Memory Solutions

[20.1] A 512GDb 3b/Cell 3D Flash Memory eWar@binelLayer Technology

Paper 20.1 Authortiroshi Maegjitn&azushige Kahdanabu Saforoshifumi Hashimoku LY Bushnag Satadsusumu
FujimuraYuuki ShimiziKenichi AbeTadashi Yasufykiunji Mushar akatoshi Minamoktiroshi Y oshiharfelizuho Yoshida
Katsuaki Sakutal &ahiro, Yamashjtelicham HalpKazuhiko Satprohru Tatega&mieruo Takagiwdakahiro Suginpto
Fumihiro KohdMasatsugu Ogawdusuke OéhNaoaki KanagawMitsuhiro Ahd omoharu Hashigydiiasatsugu Kojima
Makoto Matsiddalikaru Mbzuld, Satoshi Incvyey asuhiro Suemaidtenro Kubéta aichi Wakpy oshihiko Shidddakahiro
Shimizj Akihiro Imambtdaoki Kobayashilakoto Miakaskiouichirou Yamagydbong HeWeihan WahdHiroe Minagaywa
Tomoko NishiuglBusum®zawg Jumpei SdtdNaohito Morozénlyo Fuku#aY uui ShimizuHao Nguy&rKwangdo Kirfy
Ken ChedhYee KdhFeng LtuVenky Ramacharid&inivas RajentirGteve ChbpiKeyur PaygNamas Raghunatha®piros
GeorgaktsHiroshi Sugawardeungpil L&eTakuya Futatsuyankaoji HosohdNoboru Shibgtdoshiki Hisddaetsuya Kanéko
Hiroshi Nakamura

Paper 20.1 Affiliatiohfoshiba Memory, Yokohama, Jammshiba Memory Systems, Yokohama,3Japaiha Information
Systems, KawasgalapariSanDisk, Milpitas, CA

[20.2]A Flash Memory Controller for 15us tloalatency SSDsing HighSpeed
3D NAID Flash with 3us Read Time

Paper 20.2 AuthodinHyeok Choi, Wooseong Cheong, Chanho Yoon, Seonghoon Woo, Kyuwook HaiGhDsstungn Kinr
Lee, Youra Choi, Shine Kim, Dongku Kang, Geunyeong Yu, Jaehong Kim, Jsécanis&agk-figie Park, Sangyeun Cho,
Hwaseok Oh, Daniel DG Lee, Jaeheon Jeong

Paper 20.2 AffiliatioBamsung Electronics, Hwaseong, Korea

[20.3] A 1Tb 4b/Cé#tStackeedWL 3D NAND Flash Menwvaith 12MB/s Program
Throughput

Paper 20.3 AuthofSeungjae Lee, Chulbum Kim, Minsu Kim, Sungrrliad ¢tarkKi

Paper 20.3 AffiliatioBamsung Electronics, Hwaseong, Korea

Subcommittee Chalreland Chang, IBf@rktown Heights, NY, Memory

CONTEXT AND STATE OF THE ART

9 The three papers in this session are-alhfierd in three different directionsevofasty flash memory technologies.

1 One paper showcases the most advanced 3D NAND technolagy withdhé s f i r sAnoth& Gapéray e r
achieved the wor |l doés .Tha3gllpaper prosidee ms cryYyoyc QbhCr bl e h me
fastest SLC NAND.

TECHNICAL HIGHLIGHTS

1 [20.1]Toshiba and Western Digital presei@a3d@ll 3D NAND Flash with an advanestdc®@d WL layer
technology

1 [20.25amsung presents anofwalatency Flash controller using the fastest performancevBRWNAND
supports 1578 latency SSihatis over -5 times faster thagonventiah SSD.
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9 [20.3] Samsung presents a 1Tb 3D NAND Flash using 4b/cell thatcachidaémreal densjtthe highest
density ever.

APPLICATIONS AND ECONOMIC IMPACT

1 96layer 3D NAND demonstrates continued physical scaling and cost reductimernaheirfelastiyhe logical
scaling to QLC giasextra cost reductid@@heaper NANAash will continue to iigedpplication in data centers, mobile

devices and other storage applications.
9 The SSD based on fast NAND provided comparable pérftrenbrieeOptane SBisfast media will fill a gap
between Flash and DRAM in computer hierandhyedrugiperformance applications.
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Session 21 Overviewextending Silicon and its

Applications

Technology Directions Subcommittee

Session Chaidan Genoe, imec, Belgium

Session C4ChairFrederic Gianesello, STMicroelectronics, France

Subcommittee ChaMakoto Nagata, Kobe university, Japan, Technology Directions

This session includes six papers from the Technology DireationittesulitclSSCC 2018. The first two papers present adva
in mixed signal processing for machine learning, the third paper describe a 32GHz mechanical resonatotiraehieved fc
14nm FIinFET technology, the fourth paper reviews lashESitansceiver targeting 1TBMigtodie communication, the
fith paper describes an innovative sensor to detect laser fault injection attack on a cryptographic congiimfoondatidm avoi
exposure and the final paper presentstam ifgeked VCO array targeting ESR application.

T

In Paper 21.1, KU Leuven University presentscanhighigble ntimear mixesignal interface for sensor systems
enabling energfficient and applicatiorable translation from analog-ioewwligital. The work achieves 90nm {C proof
ofconcept demonstrating up to 33kS/s operation andréf@ttdatawhile preserving 9.5b resolution in tieé region
interest

In Paper 21.2, Columbia University presents a voice activity detectorsigsiagpaoatssing and a digital deep neura
network classifier for feature extracticlowUtiaver operation of 380nW is achieved (9.4x improvement) while de
mean speech/repeech hiate of 85.4%.

In Paper 21.3, MIT, Purdue Universityobatio@ldries present a 32GHz Rdsiondmansistors in 14nm FIinFET
Technology. A periodic array of fins formsvavelostructure that achieves confinement of mechanical vibrations
FEOL.

In Paper 21.4, CEETI and ST Microelectronics pret@@t#s Sihotonic transceiver for 1TbhAdietmdie optical
networksA 1 0 Gb/ sp hloEF ®anWcSiT r a n stimehasvbeen obtainet! throupl2-dggeltyiset analdg
micrering wavelength stabilization.

In Paper 21.Kobe Universiyhe University of EleCommunication and Nara Advanced Institute of Tpas@idgy

a 286HCell distributed bolkrent sensor that protects against laser fault injection attacks by securely flush erasing
The erasing is in the nanoskeoer and the overall overhead is only 28%.

In Paper 21.6, Ulm University and Helierinlen Berlin fur Materialien und Energie present an array of eight in
locked VCOs for ESR spectroscopy operating around 13GHz. By using injésticinc itodiadpleis afdld increase

in sensitive volume and-mldGmprovement in noise frequency floor.
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Session 21 Highlights: Extending Silicon and |
Applications

[21.1] Mixe&ignal Programmable Nbimear Interface for ResouEfficientMulti
Sensor Analytics

Paper 21.1 Authoksomail Badami, Juzarlos Pena Ramos, Steen Lauwereins, Marian Verhelst
Paper 21.1 AffiliatiodU Leuvenl euven, Belgium

Subcommittee Chaakoto Nagata, Kobe University, Kobe, Japan, Technology Directions

CONTEXT AND STATE OF THE ART

1 Analog signal processing is a powerful technique that enafiieemowempression of sensor signals and reduces tr
power consumption required for signal processing.

1 Current mixegignal nelinear interfaces areprogrammable, thus providing some scalability to be able to adapt the
circuit performance to various use cases is a desirable feature.

TECHNICAL HIGHLIGHTS

MixedSignal Programmable Interface for Resehffieient MultSensor Analytics

1 In Paper 21.1. KBuven presents, for the first time, a highly configtiradde maxesignal interface for sensor
systems enabling enafigient and applicaiorable translaton from analog-timesmdigital domain.

f The work demonstrates a-pfooficeptin 90nm CMOS demonstrating up to 33kS/s operation anedid®todata
while preserving 9.5b resolution in thefegoest.

APPLICATIONS AND ECONOMIC IMPACT

1 Analog signal processing targetiqmpve@n 10T applications.

©COPYRIGH2018SSCG DONOTREPRODUCWITHOUPERMISSION



[21.2] A 1uW Voice Aty Detector using Analog Feature Extraction and Digital Det
Neural Network

Paper 21.2 Autholdinhao yang, Chiutheng Yeh, Yiyin Zhou, Joao Oedro Cerqueira, Aurel Lazar, Mingoo Seok

Paper 21.2 AffiliatioBolumbia University, New York, NY

Subcommittee ChaMakoto Nagata, Kobe University, Kobe, Japan, Technology Directions

CONTEXT AND STATE OF THE ART

1 Voice activity detectors are used to provide a compelling user interface for wearable and mobile devices.
9 Prior arts were targeting higsitiséyn and consequently power consumption was not optimal.

TECHNICAL HIGHLIGHTS

Voice Activity Detector using Analog Feature Extraction and Digital Deep Neural Network

1 In Paper 21.2, Columbia University presents a voice activity detector usahgaotasegirgigand a digital-uaaal
network classifier for feature extraction.

i Ultrdowpower operation of 380nW is achieveth(@@dvement) while delivering a mean spesgad@obriitite of
85.4%.

APPLICATIONS AND ECONOMIC IMPACT

1 Lowpowemvearable and mobile devices using a voice user interface.
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[21.4] A 10Gb/s-Bhotonic Transceiver with 150uW 140pdeTime Digitally
Supervised Analog Microring Wavelength Stabilization for 1 THIsétoADie
Optical Networks

Paper 21.4 Author¥.Thonndrt J.L.Gonzalimenez G.Waltener R.Polstér O.Dubrdy M.Zif F.Lepin S,Bernabe
S.MeneZpG.ParésO.Castahyl.. BoutafaP.GrosseB.Charbonnie€.Bauddt

Paper 21.4 AffiliatiodfCEALETITMINATEC, Grenoble, Fra&&JeVlicroelectonices, Crolles, France

Subcommittee ChaMakoto Nagata, Kobe University, Kobe, Japan, Technology Directions

CONTEXT AND STATE OF THE ART

i Thestrong temperatatependencefthe microrings WDM (wavelerdjtrisiommultiplerg systemsequires
temperature robustness by-mrimg of wavelength

TECHNICAL HIGHLIGHTS

Siliconphotonic Transceiver for high BoeDie Optical Networks

1 In Paper 21.@EALETIMINATEC presents a high density and highly -stablee8ICM @$tSiphotonicdansceiver
chip

1 A10Gb/Siphotonic transceiver fortdiize WDM optical communications, consistodduR¥r drivend 2 RX
receiverachievesh2 0 ¢ s w a vimebgdigiglisipervisedndiogslosed looptabilization

APPLICATIONS ARBONOMIC IMPACT

1 The wavelenddtked electaptical di-die communicaton networks pave the realization of unfoeifednizigbe
computation applications.
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Session 22 Overview: Gigahertz Data Converters

Data Converter Subcommittee

Session ChaiKostas Doris, NXP Semiconductors, Eindhoven, The Netherlands
Session CaChairJan Westr8roadcom LtBunnik, The Netherlands
Subcommittee ChainKu Moon, Oregon State University, Corvallis, OR

Extensive calibrations, the use of FINFET teamoblogiitectural innovations continue to push the bandwidth and dynami
envelopes of higheed data converters. This session covers gigahertz data converters covering resolutions from 8b u
sampling rates up to 72GS/s.

In the first papean ADC designed in 14nm CMOS extends hierarchical tme interleaving techniques cepeeidddvwith hi
power SAR ADCs and extensive calibrations to enable a record samplingpraterfers8with only 235mW power dissipation.

In the secormhper, a Nyquist DAC designed in 16nm CMOS combines a current source calibration scheme with dyr
matching to push the boundaries of linearity across the whole Nyquist range.

Finally, a hybrid DAC introduces a bandpass Delta Sigmaohdectater \aith glietortion techniques for agile signal generatio
of RF carrier signals up to 6GHz.

1 In Paper 22.1, IBM presents7@@%/s 8b ADC in 14nm CM OS that achieves 30dB SNDR at Nyquist. This ADC e
hierarchical interleaving wigarblel sampling switches each driving 4 sub ADCs. The 64 asynchronous 8b SAR ,
separate comparators per bit and are extensively calibrated for offset, gain and timing errors.

1 In Paper 22.Broadcom presents a 16b 6GS/s Nyquist DAC in 16mecHrialegy. Utlizing calibration and Dynamic
Element Matching, this DAC achieves af0iH2 «p to 1.9GHz and SFDR >80dBc up to 900MHz, occupying an a
0.52mr% while consuming 350mW.

1 In Paper 22.3, the University of Southern Californiaa pfds&B86S/s bandpass-Bgjtaa DAC in 65nm CMOS able
to tune to the center frequency up to 6GHz. A timing and amplitude error correction scheme combined with inve
distortion enables it to achieve an IM&Sor87dBc up to Nyquist andSFDR >60dBc at 4.2GHz.
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Session 22 Highlights: Gigahertz Data Converters

[22.1] A 248b-72GS/s 8b TiMaterleaved SAR ADC withH2-8.3pJ/conversion and
>30dB SNDR at Nyquist in 14nm CMOS FinFET

Paper 22.1 Autholsukas KdlIDanny Ldd, Chrisan MenolfiMatthias BraeAdHier Andrea France3domas
Mor}, Marcel Kos$efNessandro Cevieltier Ozkayd Thomas T éifl

Paper 22.1 AffiliatiothBM Zurich Research Laboratory, Rueschlikon, SkiZéflZudich, Zurich, Switze AaREL
Lausanne, Switzerland

[22.2] A 16b 6GS/s Nyquist DAC with 180BBc up to 1.9GHz in 16nm CMOS

Paper 22.2 AuthoiGhiHung Lin, Koon Lun Jacki WongydueeKim, Guangxi Ray Xie, Donald Major, Gregory Un
Hans Eberhart, Ardie Venes

Paper 22.2 AffiliatioBroadcom, Irvine, CA

[22.3] A 16b 12GS/s Single/BR&e DAC with Successive Bandpass Sajtaa
Modulator AchievingeZdBc IM3 With DCto-6GHz Tunable Passbands

Paper 22.3 AuthoiShiyu Su and Mike Skives Chen
Paper 22.3 Aliation:University of Soeth California, Los Angeles, CA

Subcommittee ChaunKu Moon, Oregon State University, Corvallis, OR

CONTEXT AND STATE OF THE ART

Highbandwidth data converters, with bandwidths above 1GHz, are required in future ophoatioicati
Advanced IC technologies, like 16nm and 14nm FinFET CMOS, allow data converters to push the trac
bandwidth limits and shift traditionally analog functions into the digital domain.

1 Extensive calibration, randomization and interleaving t@ehkitheesaditional trafie between resolution,
noise, area, and power consumption.

T
)l

TECHNICAL HIGHLIGHTS

1 IBM demonstratesa CMOS 72GS/s ADC that achieves >30dB SNDR at NyquistZ2Brauivning
1 TheBroadcom 16b 6GS/s DAC achieves an9@8tiBe up to 1.9GHz, dissipating 350mW.
1 USC demonstratesa 16b 12GS/s DAC using bandpassghestanodulation in 65nm CMOS.

APPLICATIONS AND ECONOMIC IMPACT

9 Highbandwidth data converters enableiigitmentation of traditionally analog functions staivassign mixing
or DFE.

1 New techniques and scaled technology help to reduce power consumption and save system cost by reducing &
integrating functions in a single chip.
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Session 2®verviewt. O Generation

RF Subcommittee

Session Chaitlyunchol Shin, Kwangwoon University, Seoul, Korea

Session C&ChairAndrea Bevilacqua, University of Padova, Padova, Italy

Subcommittee Chaliet Wambacq, imec, Belgium, RF Subcommittee

The sessigresents L-@eneration systems aimed at 5G communicationsnamgiasisensing systems. The first three paper
focus on mmvave CMOS LOs for multband 5G systems and highlight the importadoeket irjegiieamcy multipliers and
accurate quadna generation for theo2BIGHz band. Then, the session continues with a BiC¢3ELRBGEHz source and

a 4GHz inversdassF CMOS VCO. A gaade BICMOS 15GHz VCO is presented next, wihld@Hz CM OS PLL concludes
the session.

1

In Paper21, Ulsan National Institute of Science and Technology presents a multband LO generator for 5G sys
covering 5#36GHz and 2630GHz bands and shovdagldBc integrated phase noise angsfiiifsfor a 29GHz
carrier

In Paper 23.2, Uniwgref Pavia presents a circuit capable of precise generation of quadrature signals over a wide
range for 5G communication systems. Ower44&PE frequency range, the circuit achieves a quadrature error of
than 1°.

In Paper 23.3, Unsity of Electronic Science and Technology of China presentioekeddjdaiguency tripler

operating from 22.8 to 43.2GHz to support muliband 5G applications. The sighal gef@d&orirdetnatess phase
noise at 28GHz with a 41.8mW @uowgemption.

In Paper 23.4, University of Michigan, Cornell University, and STMicroelectronics describe a frequency stabiliza
for mrwave/THz oscillators. The paper presents a BICMOS 300GHz oscillator having a very stable tfr@gfuency ¢
the need for a PLL or achgif crystal and providing a peak output pbt3v@dBm across a-88232GHz range.

In Paper 23.5, University of Macau describes a 4@Mzhasenoise invergelass- CM OS VCO that significantly
improves phaseise in #/&nd 1¥regions. The VCO exhibits an FOM of 196.2dBc/Hz with a tuning range of 25.5%
between 3.5 and 4.5GHz.

In Paper 23.6, Infineon Technologies and University of Padova pilesgitasandise 15GHz quanke oscillator.

Over a B tuning range, the phase noi$24dBc/Hz at a 1M Hz offset, and the oscillatorl S@iBddHz.

In Paper 23.7, Xilinx describest@ld@Hz PLL in a 16nm FINFET process. The design prayjitiess Fbknd

noise of120dBc/Hz at a 100kfset a75.5dBc reference spur with the power dissipaton of 45 mW.
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Session 23 HighlightsO Generation

[23.4] A 30146-331.8GHz Source with Entirelydbip Feedback Loop for
Frequency Stabilization in 130nm CMOS

Paper 23.4 AuthofS: Jiant, A. CathefnE. Afsar?

Paper 23.4 Affiliatiotniversity of Michigan, Ann ArbéCakhiell University, Ithaca3®IWlicroelectronics, Crolles, France

[23.5] An InverggélassF CMOS VCO with IntriAdighQ ¥t- and 2d-Harmonic
Resonance for/f:-to-1/# Phase Noise Suppression
Paper 23.5 AuthoiS:C. Lim? J. Yif P:l. Mak H. Rami&hR. P. Marih%

Paper 23.5 Affiliatiotuniversity of Macau, Macau, @dimeersity of Malaya, Kuala Lumpur, Méalapsgesity of Lisbon, Lisbon,
Portugal

Subcommittee Chaliet Wambacq, imec, Belgium, RF Subcommittee

CONTEXT AND STATE OF THE ART

1 Very stable frequency sources operating from a few @ldrés amencritical building blocks for wireless communicat
and sensing systems.-howe and loyphasenoise design techniques for Si oscillators have always been needed ai
challenging.

1 A new ochip frequensyabilization technique for a very stable 300GHz BiCM OS oscillator andaseew phase
reduction technique for a 4GHz CM OSroacdlaroposed in this session.

TECHNICAL HIGHLIGHTS

300GHz oscillator with-chip frequencgtabilization technique.

1 In Paper 23.4, University of Michigan, Cornell University, and STMicroelectronics destalhitzaticequenbyique
for mmwave/THz oscillators. The design presents a 300GHz oscillator with a very stable frequency output witho!
for a PLL or andlfip crystal. The BICMOS oscillator provides a peak outpd3SulBen @fcross 302 to 332GHz
range.

4GHz CMOS VChvinherent phaseoise suppression.
1 In Paper 23.5, University of Macau describes a 4@Mahesenoise invergelasss CMOS VCO that significantly

improves phase noise jraddf 1#fregions. The VCO exhibits an FOM of 196.2dBc/Hz witngdunfirgh.6%
between 3.5 and 4.5GHz.

APPLICATIONS AND ECONOMIC IMPACT

1 Very stable -8CQdesign techniques pave the way to builgiogidowowoise wireless communication transceivers
and THz imaging systems.
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Session 24 Overview: GaN Driverdaom/erters

Power Management Subcommittee

Session ChailYogesh Ramadass, Texas Instruments, Santa Clara, CA
Session C&ChairGerard Villar Pique, NXP Semiconductors, Eindhoven
Subcommittee Cha#xel Thomsen, Cirrus Logic, Austin, TX

GaN power devidemve garnered significant attention for their reduced switching losses leading to small form
frequency switching converters. However, issues related to reliable GaN gate drivers, level shifters with high
immunity and zemltage siching detection remain. This session presents recent advances in gate drivers
detection schemes for GaN based power converters.

1 In Paper 24.1, University of Texas at Dallas describes ac400¥Z i&flated phadefted feiridge bus camer
using gatdrivers that perform skgmsingpased ZVS detection. The adaptivénteacircuitry reduces converter loss
by 1.6W and enables 2M Hz switching frequency which is 14x better than state of the art for comparable power

1 In Pape24.2, Reutingen University presents a 1.5A GaN gate driver that provides the capabikyebfdafmlar/three
drive without the need for any external capacitors. The integrated buffer capacitors enable the gate driver to su
gate chargand the ability to drive gate injection GaN transistors.

1 In Paper 24.3, University of Texas at Dallas describesRCCadter for automotive application, which employs «
isolated gate driver with dead time and duty ratio minimizaton sitssimssToen be reduced to 0.2ns while
supporting a 40V to 3.3V conversion-di@gmund isolaton scheme can handle CM Tl rates up to 50V/ns.
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Session 24 Highlights: GaN Drivers and Converters

[24.1] A 2MHz 16400V Inpdisolated DOC Bus Corerter with Monolithic Slope
Sensing ZVS Detection Achieving 13ns-@uarbelay and 1.6W Power Saving

Paper Authord:. Congl,2, H. Leel
Paper AffiliatiortUniversity of Texas at Dallas, Richard@®exaXInstruments, Santa Clara, CA

Subcommittee Chalf. Ramadass, Texas Instruments, Santa Clara, CA, Power Management

CONTEXT AND STATE OF THE ART

1 Increasing popularity of GaN transistoghvoltage arkighfrequency switching converters with high efficiency.
1 Need forobushighvoltage integrateghte drivers that can switch very fast

TECHNICAL HIGHLIGHTS

1 A2MHz 156400V GaN BRC Bus Converter with Adaptive Loss Reduction Control

1 In Paper 24.1, University of Texas at Dallas describes ad406% i&flated pheshifted fubiridge bus converter
using gatdrivers that perform skgmsing based ZVS detection. The adapttreedeaduitry reduces converter loss
by 1.6W and enables 2MHz switching frequency, which is 14x better than state of thke guvieer caific jgarajo

APPLICATIONS AND ECONOMIC IMPACT

1 Veryhighvdtage andigh frequency switching converters using GaN power transistors.
1 Compact power supplies with small form factor.

1 Improved power conversion efficiematpnirotivendustrialandoffine applications
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Session25 Overview: Clock Generation for Figeed
Links

Wireline Subcommittee

Session ChaiRoberto NonisfineopAustria
Session C&Chair:;Pavan Kumar Hanumolu, University of IllinoisC bebareagn, 1L

Subcommittee Chak:r ank OO6 Mahony, I ntel, Hillsboro

Clock generation circuits are ubiquitous building blocks in all electronic systems and are the fundamemtlirperéomynance
of them. This session covers the ddtemtces in clock generation fespaigh links. The first paper addresses a precisic
quadrature generator in the latest CMOS process, making udeakinigjetetiimiquéche second papgaiesents gchnigue

for generating higkguency refexe clocks by quadrupling the frequency of commonhcased;risial oscillators. The third
paper demonstrates a fractional PLL that uses reference clock dithering and calibrated dither cancellatop i the fe
effectively attenuate tibpaal spurs. And the final paper describes a digital ring PLL that uses a fast phase correction |
proportional pulse calibration to reduce jitter.

1

In paper 25.1 Xilinx presents a combinedlog&etibruadrature clock generator andhrgsitor in a 7nm FINFET
process. The design achieves a continuous range from 4 to 16GHz with less than 1° quadrature phase error
phase interpolatefl.5LSB at 16GHz, while dissipating 22.4mW.

In paper 25.2. University of lllinoistpraserystal oscillator frequency quadrupler in cascade with a SGdtkeijection
multiplier in 65nm CMOS. The quadrupler and the injection locked multipliers archi8é6i29fgegrated jitter,
respectively, while consuming 1.45mW and 5mW.

In PapeRh3, University of Southern California presterfi§c BB fractiordl digital PLL with a spur reduction technique
implemented in 65nm CMOS. The proposed method uses dithering of the reference clock to break the fractic
performslither cancellation in background. The PLL measures >40dB spur improvement andcasleidnaetianabrst
spur of62.5dBc

In Paper 25.4, Ulsan National Institute of Science and Technology (UNIST) presamntoradastept@sdechnique
that reduces the impact of oscillator noise on PLL output jitter. Using a TDC with optimally spaced timg greeshold
DPLL achieves 32@fgtter with an FoM2:#2dB
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Session 25 Highlight&€lock Generation for Hi§ipeed
Links

[25.2] AAGHz 37048 6.5mW Clock Multiplier using a CrnyGt&dillator Frequency
Quadrupler in 65nm CMOS

Paper 25.2 AuthoksarinMegawer, Ahmed Elkholy, Mostafa Ahmed, Ahmed Elmallah, Pavan Hanumolu.
Paper 25.2 Affiliatiodniversity of lllinois, UrB@nampign, IL

Subcommittee Chak:r ank OO6 Mahony, I ntel, Hi Il l sboro, OR, Wi

CONTEXT AND STATE OF THE ART

1 Low noise clock generationis criticalspéeghserial links. Such clock generators can be implemented us
lownoise higlrequenceference clocks, at the expense of the increased cost of the crystal oscillator. TF
provides a means to multiply a crystal oscillator frequency using feedforward techniques, and demons
application in a lawise injectidacked clock gerator.

TECHNICAL HIGHLIGHTS

1 Lowest noise crystal oscillator quadrupler
This rindpased clock multiplier uses a crystal oscillator frequency quadrupler and injection locking to

jitter while using a relativerémuencyreference clbakricated in 65nm CMOS, the prototype clock multif
achieves 366isjitter at 4.752GHz while operating with a standard 54MHz crystal oscillator, which tran
multiplication factor of 88. It consumes 6.5mW of power of which 1.5mVWysleesysteddscillator and
the quadrupler.

APPLICATIONS AND ECONOMIC IMPACT

1 The demonstration of high quality feedforward crystal clock multipliers paves the way tetdst usage of |
crystal oscillators even in high performance applicatitirGHizédgispeed links and RF frequency
generation.
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Session 26 Overview: RF Advanced Technigues
Communication and Sensing

RF Subcommittee

Session ChaiGiuseppe Gramegna, Huawei, Nice, France
Session C&€harHua Wuang, Georgiaology, tAittleardtoa, TGSA

Subcommittee Chaliet Wambacq, imec, Leuven, Belgium, RF Subcommittee

The increasing need to improve transmitter efficiency, enhance receiver linearity and robustness, andriangsatelestronic
to the antennzontinues to stimulate research in advanced RF techniques. The first paper in this session presents a broe
coupler circulator fordfutlex operation. The following two papers demonsieate antenna and power ampliielegm@ation

to increase efficiency and reduce cost Next, we have three papers that eaiwaliter pangbitectures for 5G andTNB
applications. The three papers towards the end of this session demonstrate tedimeigtitys riscdivgins. A-tiesd, narfield

THz imager concludes the session.

1 In Paper 26.1, Oregon State University presents a balactedldigbriRX that achievedB2ANF, while providing
>40dB TX¥-RX baseband isolation across 32MHz BW (56M Hz BW for an avesa@imi)4Caitl >30dB isolation
across 190M Hz bandwidth. &hiprbalancing network is not required. The improvement in NF in this work is >2x,
isolation bandwidth is increased >2.7x comparadtteatateirculatdrased RX.

1 In Paper 28B. Georgia Institute of Technology leveragesieidngiymulifeed antenndvased actiMeadmodulation
scheme. The paper reports a multiport 65¢BigzDwherty radiator in 45NARCBIAIS that supports Gb/s modulations
and generates 19dBrsWih 27.5%/20.1% PAE at 0dB/6dBofiatke best baok efficiency enhancement ameng 60
t080GHz silicdvased PAs is demonstrated using a new output network.

1 In Paper 26.3, the California Institute of Technology demonstrates an integratéddndP khngehob@Z9GHz that
is capable of providing a continuous 35.7dBm EIRP and 24.4dBm of total radiated poweraslititidd.2% DC
eficiency. The approach is also scalable and extracts high power leaitsgieo@M®S transistors foypinong
power from multiple PAs and lowering the radiator driving impedance.

1 In Paper 26.4, Washington State University presents a transformer to -GivtelistiniohMdf a CIASSPA for 5G
applications. The 65nm CMOS PA achieves <0.7 delytelisidhlon, 41% PAE, and 15.5d2tn2BGHz CW.
Tested under a 512/256/64QAM signal with a 20/40/250/340Vefy raf286atkz, the PA has a linear PAE at 28GHz
of 18.2% for a 64QAM, 340M Hz BW signal§#Bm, EVNeS.4dBc and ACRBGBdBC).

1 InPaper 26.5, Fudan University demonstratdsaadibatpower digital Doherty PA for cellular NB 0T in 55nm CMC
The PA reaches 28.9¢BulRouiwith 36.8% PAE in the low band andp2¢B&iwith 25.4% PAE in the high band. For a
12subcarrier 0BHz NBOT signals offis 24.4dBm with an average PAE of 29.5%Guitl EVM.

1 In Paper 26.6, Georgia Institute of Technology presents a PA that-slddiebaadniRith of 19 to 29.5GHz (43.3%) or
S213dB BW of 17.7 to 32.3GHz (58.4%) fanan&lioM IM O. Itsupports 18Gb/s 64QAM and 8Gb/s 256QAM with
>8.7dBmd >16.3% total PAE, and >20% PA PAE under modulation. The design is baseehooda continuous
harmonically tuned linearwarre PA that features anadirgpact echip PA output wetk in only one transformer
footprint. The continuouxle terminations at the fundaméthtahd23 harmonics are wideband with no tunable
elements or switches.
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In Paper 26.7, the KU Leuven demonstraBarahdiEeconversion subharmonic rscé8HRX) that achieves 8.3dB
noise figure, 12.5GHz RF bandwidi#25dBah |Gk while consuming <100mW. The receiver leveshigesoupled
RTWOs to generate 8 differential phaselsqdt fit is implemented in a 28nm bulk CMOS technotogy wlitzo

thick top metal.

In Paper 26.8, University of California, Berkeley, preBemd @ixérst RX with18-10dB, #0-12.7dB NF, 19k
25.3dB gain, afi6.8dBm maximumikgicross #-100GHz. The higbuimpedance passive mixarnatched at
the RF input using a frequieanyglational feedback and a broadband matching network. Power consumption is 12

In Paper 26.9, the University of Southern California de$enibdes @M3IDS reconfigurable RF bandpass filter that is
turable from 0.8 to 1.1GHz. Th&OFBIis +24dBm at a 40MHz offset. The filter has adjustgbiertdosission

zeros. The 3dB BW is 30 to 50MHz, tunable, abdOd#sH00M Hz transiiimnd rebff that enables cldigeblocker
rejection.

In Pape26.10, University of Wuppertal presents-lbasiidosupeesolved retiine terahertz sensing system that
includes THz illumination, detection, evanescent field sensing, and readout on a single chip. It congprises of 12¢
resonatdnased B6THz nedield sensors. Chopping techniques and an integiatedh fiié&r are employed to

achieve 93dB dynamic range (1Hz BW) in an analog readout mode, and 37dB at 28fps in a digital readout moc
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Session 26 Highlights: RF Techniqgue€@mmunication
and Sensing

[26.2]A 62t0-68GHz Linear 6Gb/s 64QAM CMOS Doherty Radiator with 27.5%/20
PAE at Peak/6eBackoff Output Power Leveraging Higficiency MuHireed
AntennaBased Active Load Modulation

Paper 26.2 Authotd: Nguyen, T. C8i,Li, H. Wang
Paper 26.2 AffiliatioBeorgia Institute of Technology, Atlanta, USA

[26.6] A Continuotdode Harmonically Tunedtd29.5GHz Ultlanear PA
Supporting 18Gb/s at 18.4% Modulation PAE and 43.5% Peak PAE

Paper 26.6 AuthofB: Li, M. Huang. Wang

Paper 26.6 AffiliatioBeorgia Institute of Technology, Atlanta, USA

[26.10] A 12Bixel 0.56THz Sensing Array forfReaeé NeaF i el d | magi n
SiGe BIiCMOS
Paper 26.10 AuthoR: Hillgér R. JaiJ. CrzybL. MavaranB.HeinemaAnG. M. GrogarP. MoundXT. ZimmeJ. Pfeiffer
Paper 26.10 AffiliationtUniversity of Wuppertal, Wuppertal, Germany

2HP, Frankfurt (Oder), Germany

3Institut Bergonie, Bordeaux, France

4CNRS, Talence, France

SUniversity of Bordealialence, France

Subcommittee Chaliet Wambacq, imec, Leuven, BelgRimSubcommittee

CONTEXT AND STATE OF THE ART

1 Future mmvave massiMIMO systems will extensively employ spectrally efficient modulation schemes-with high
average powkvels. This necessitates pamiifier (PA) architectures that simultaneously support high energy effic
high linearity, and Gbit/'s modulation speeds. The Doherty power amplifier is a populaachejpgidatioms) due to
its efficiency gncement power baeéff andigh modulation bandwidths. Furthermore, broadband linear PAs with
harmonic tuning can achieve superior peak efficiency and linearity.

1 Reatime THz sensing arrays with high spatial resolution, low cost, and rapid scanning time are an enabling tecl
various applications.

TECHNICAL HIGHLIGHTS

A mmwave linear radiator with-antenna Doherty efficiency enhancement at rackoff
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1

A higkefiiciency, multiport antdraseed actiMeadmodulation scheme is proposed to enhance the pealofand back
efficiency of a rave radiator. A prfgbncept implementation in 45n@M OB at 65GHz supports Gh/s
modulatons and genera@$Bm P1dB with 27.5%/20.1% PAE at G@BladBThe best badl efficiency

enhancement amongo®DGHz silicdvased PAs is demonstrated usingaateona Doherty load modulation network.

A wideband harmonicatiyned linear mwave PA in CMQ@&th worldrecord efficiency

T

A continuotrmode harmonicdliped linear mwave PA utilizes arcbip, compact, emensformer PA output network

to implement contindowxle wideband terminations at the fundaniestal, 3harmonics with no tunable elements or
switches. The PA achieves:adB bandwidth of 19 to 29.5GHz (43.398)&r sandwidth of 17.7 to 32.3GHz (58.4%)
for muliband 5G MIMO. It supports 18Gb/s 64QAM and 8Ghb/s 256QAM wijtr» 2@ IHBOEAE, and >20% PA
PAE under modulation.

A THz sensing array systema-chip for reatime supesolution neafield imaging

T

A silicobased supeesolved retiine terahertz sensing system includes functions such as THz illumination, detect
evanescériield sensing, and readout on a single chip. It comprisasgt@8syaiitbased 0.56THz ndéeld

sensors. Chopping techniques and an integratedmiplifier are employed to achieve 93dB dynamic range (1Hz BV
an analog readout modd,3tIB at 28fps in a digital readout mode.

APPLICATIONS AND ECONOMIC IMPACT

1

Improving transmitter efficiency while maintaining high linearity and wide modulation bandwidth supports emere
systems, mamave communication, and sensing applicat@essibinpresents multiple power amplifier architectures
and showcases improving transmitter efficiencies.

With their néonizing nature, rirale THz imaging is a unique technology for sensing applications, such as security
screening, nakestructive alation, and material characterization.
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Session 27 OvervieRower Converter Techniques
Power Managemestibcommittee

Session ChaiNakoto Takamiyahe Univsty of Tokyo, Japan
Session C&ChairYenHsun HsuMediatekdsinChy Taiwan

Subcommitte€hair: Axel Thomse@irrus Logic, Austin, TX

The session dhower Converter Techniguesents improvements of power density, power eficiency and power dissip
switchedapacitor, hybrithearand inducttmased DOC converterand power modulatof$e first paper addressesfully
integrated frggainedrational budboosiconverter wigwitcheadapacitor. The next four papers present innovative ideas in indu
based DOC converters includiagaciteassisted hybridCIC converters. This is followed by tfredugey HPUEapable
envelop&acking power modula#arsLDO iglsopresentethat achievegood transient response underHtitransient stimulus.
Finally, the last paper introduces-ttgpmesomagatedrive SC converter for nimeshold computing.

1 In Paper 27.8 acau Universitgscribes an Algorithmic Véieedn (AVFI)opology for systematic rational VCR
generation. The converter achieves 84.1% peak efficiency at2@tAn\BR¥hAV input, demonstrairgl3x
power density improvdmen

1 In Paper 27.Blanyang University preseatsranmoddimedomairtontrolled buck convevibich eliminates the need
for current sensor and preverdasoionic oscillatiotheut slope compensaiitiis10M Hzurreninode buck
converter can provide wide range of output from 0.15V to 1.69V wiiith beAkafiipiencyof 94.9%.

1 In Paper 27.8¢ University of PademonstratesSIM O DDC converter generating three supply voltages suitable fol
classD audio amplifier of aredio.The circuit withstands t#@48V range of car batieayiations and regulates in the
range of.5t0 27V Designed usia® . 1 1 ¢ m B Gvich@drai2eid iz Sl O offers a peak efficiency of 86% at
2.7W of output powdthactive areaf2.5mm

1 In Paper 27.KAIST preserdsstepup/down converter IC famLbattery management, which embeds 1/2 and 3/2
chargeoumps in buck topgldgisfabricated with0.1§imBCD process, ach&9@% maximum efficiency with wide
load current range of @A3A , a n decogetgydimefwihshysteretic control.

1 In Paper 27.5, KAIST describespatiuatepp DEDC convertavithtwo currenpathsin an inductor and a flying
capacitoin different tinséot. The output ripple voltagedsaced to less than 15mV owing to the continuous output deliy
currenand furthermore, its tgiplane zero is alleviaf@dis converter hpsakefficiency of 95.2%en with a DCR up
to 200m.

1 In Paper 27.8 ediateklemonstrates an envetopea c ki ng modul at oran80MHzZM-E i n O.
transmitter with a enalde AC fedorward ClagsB linear amplififthis 80M Hz EBighiees-38.1dBc ACLR at 26dBm
PA output powend its peak efficiency is 87.1% and 81.2% for 20MHz and 80M Hz, respectively.

1 In Paper 27.3amsung demonstratesngle 2TX SM supporting two independent TXs with Power Clazse2. Only
buckboost is useddshared for both TXs by swapping capacitors, and buck converters are equigipbdttenth return
switching for efficiency and noise. Taehieives max 84.6% efficiencylaBdBm/Hz noise. ThePRTof LTE Band 41
reaches 42.7% PAE while deli2&idBm power wii8.2dBc ACLR

1 In Paper 27.Blediatek presents an ttia@eaturesavirtuabrounébased dynampoweirecycling buffer and anti
ringing feedrwardcompensatioitt achieve20mV undershauththe unique shperiod H-H loadransient of flash
memoryThe earzero driving deadneof the buffdmprovetransient response wiikdntaining high current efficiency
with94% power recycling.

1 In Papek7.9, Ohio State University demonstfaligintegrated switcHeédconventgfor neathresholdn 45nm SOA
single 100pH-ohip inductds usedo reduce the switching losses of multiple power FETS, thus maximizing efficienc
without sacrificing current density. The converter achiesfeser@yat 0.92 Adand 0.4V output using an-area
efficient resonayattedrive schemkoperates from 1V input and occupies Ddhipn® of which is for the inductor.
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Session 27 Highlights: Power Converter Technigues

[27.4] 97% HigdHfficiency 6us FaftecovenylimeBuckBased Stefyp/Down
Converter with Embedded 1/2 and 3/2 GRangs for Lion Battery Magement

Paper 27.4 AuthoslinWoo Kb KiDuk Kif) Youngin Wob SeUn Shihh HyurKi Hah Yeunhee HuhGyeongu Kang
JeongHyun CHpSanglin KirhHyungMin Let GydHyeong Cho

Paper 27.4 AffiliatiohAIST, Daejeon, Kof8diconworks, Daejeon, Kéikeaea University, Seoul, Korea

[27.5] A 95.2% Efficiency BRalh DEC StepJp Converter with Continuous Output
CurrentDelivery and Low Vada Ripple

Paper 27.5 AuthoiSeUn Shity Yeunhee HuhYougmin JuSungwon ChoChangsik ShirY ounglin Wob Mingeong Choi
Sehong PatkYoundnoon SoAnMirwoo K Young JpHyunki HrHyungVin Lee SungVan HorigGyeHyeong Cho

Paper 27.5 AffiliatiohAIST, Daejeon, Kofarea University, Seoul, K&8ea,o Kk my ung Womensd Uni v

Subcommittee Cha#xel Thomsen, Cirrus Logic, Austin, TX, Power Management

CONTEXT AND STATE OF THE ART

1 In mobile devices (e.g. smartphoneB); Dahverters are crucial to bridge the voltage gap between the battery volt
various IC$nDCDC converters, however, thedffatbetween the power conversion efficiency and the size exists.

1 To solve thieadeoff, hybrid converters, where one or two capacitors are added to conventiorAICiradunterte3C
are presented.

TECHNICAL HIGHLIGHTS

1 Adding two capacitors achieves a sipfdown DEDC converter with high poveenversion efficiency and tas
transient.

1 In Paper 27.4, KAIST presents-adpyvn converter IC fooriLbattery management, which embeds 1/2 an
3/2 chargpumpsin buck topology. Fabricated in a 0.18um BCD process, it achieves 97% maximum ef
wide load current ramg 0.08 1A, and|fs fast recovery time with hysteretic control.

1 Adding a capacitor achieves a stigpDCDC converter with high poveenversion efficiency and srglte
inductor.

1 In Paper 27.5, KAIST describesatiuatepp DEDC convertavith two current paths in an inductor and a flying
capacitor in different t#loé The output ripple voltage is reduced to less than 15mV owing to the continuous outpt
current and furthermore, itshefjpiane zero is alleviated. This @niias a peak efficiency of 95.2% even with a DCI
up to 200mq.

APPLICATIONS AND ECONOMIC IMPACT

1 Mobile devices (e.g. smartphones) with smaller form factor and longer battery life will be achieved temalys to the
of the DOC converters ngismatize passive components (e.g. inductors).
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Sessior280verviewWireless Connectivity

Wireless Subcommittee

Session Chaikdoward Luonglong Kong University of Science and Technology, HGhgh&ong
Session C4ChairKyoohyun LifutureCommunication IC (HR&public of Korea
Subcommittee Chaftefano Pellerano, Itigisboro, OR/ireless

Connecting thinggrrelesslyequires optimizaton frondtidiscipting ares This sessiowill introducstateoftheart wireless
transcears supportingltralowefpowerloT anadonnectivitgolutionsin this sessioamhighperformanc@/LANSoC supporting up
to 8021ax 1024QAM wvaé presentedhen,weblockes-tolerant higgensitivity Bluetooth -Eowergy (BLE) transceive&5nm
and 40nm CM @48l bepresented followed aiestinclass performandedigital PLL f&Ein 16nmFinfETtechnologyandan
energyharvesting BLE transmitie28nm CMQ3\n tiralowpower wakeup receiver mmpdVentrivensensor nodesnd a
ultrasonic wakip receiversinga precharged capacitive amachinedlitrasound-ansducewillbe showrFinally, 8.8GHz near
field radiachievinghesmallesties i z e @1f 1 61wilii® presentad this session.

1 InPape281, Toshibpresestafully integrateck4AP WLAN SaC28nm CM G8pporting up to 8d8x andequipped
withfrequencylependent I€alibratiofor 1024QAlhdaninterference analyierreliable connection

1 In Papek82,the Tokyo Institute of Technalegyd a Bluetooth Ldswnergy (BLE) transceiver in 65nm AWVE©RX
consumes 2.3mW with a sensitivdBim and high blodélerancewing to the proposed stigggaanelemodulation
and dynamic range enhancemerntjtexiie singlpoint polar TX consumes 2.9mW with a 1.89% FSK error.

1 In Pape283,imeeHolst centamd Renesas Electronics desd@iB¥ 8.8m#Bluetooth/BLE digitaitensive transceiver
in 40nm CMQ&th a 2.3mW phasseking RX utilizindnydorid loop filter for interference resWiéitica ADPL-based
digital FM interfafoe precise deviation frequency ¢dmrdlX delivers 1.8dBm maximum outputwieness the RX
achieves-92/95dBm sensitivity at Z¥dibd1M lisrespectively

1 InPapek84, TSM(CDelit University of Technplagy University College Dpigisent a 0.459vbmWalkdigital PLL for
BLEmodulation andlOOnsinstantaneous channel hopping using a 32.768kHz inei&remEMET technologyt
performshannel hopping @&BESK modulation in@&t mannarnth &tensivé®CCcalibrationafter locking ttwe center
bandupon system povugr

1 In PapeR85, the Universitypf Macau and Instituto  Supegdmnidniversity of Liskiescribe thenplemeation o&
0.2Venergyharvesting BLE transmitt@8nm CM O®ith a micropower managhibihg 25% system efficiencpdi@m
outputAnultralowvoltageVCO with a 5.6:1 transfoandCassE/F2 PA witm&D3-notching transforniseipresnted
witha passiwntensive typePLL wita5%duty cycle improve the reference dpud3dBc.

1 In PapeR86, the University of Virginia remortultrdowpower wakeup receimnd). 13umCM O Senabihg eventlriven
sensor nodesith automatic offset compensatminghe majority of their ime a n-yefa & € i ¢Tégresdivert e
consures 7.4nWwith a measuredensitivity e76dBm and’1dBm at the 151.8MHz MURS and 433MHz ISM bar
respectively.

1 In Papek87, Stardrd University implesantultrasonic wakp receiven 65nm CM QfSinga precharged capaeit
micremachinedltrasonidransducerRealized in an area of 14%ihrachieve$9.7dBm sensitivityth 8nW power
consumption.

f In PapeR88, theUniversity of Califorat@erkeley presermt5.8GHpowetharvestng 1 6 ¢ m1 fDidldrearield
radio in 65nm CMWis orchip coil antennahybrid twimne IM-2M 3 technique is proposed to lockdhg ascillator,
simultaneousignproingthe uplink SNR to 42dB and uplink-tsigaakmitter ratio-&8.9dBat 20/ Hz.
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Session 28 Highlights: Wireless Connectivity

[28.1] An 802.11ax 4x4 Spectifficient WLAN AP Transceiver SoC Supporting
1024QAM with Frequeddgpendent 1Q Calibratiamd Integrated Interference
Analyzer

Paper 28.1 AuthorShusuke KawaHiromitsu AoyanRui 1§ Yutaka Shim#ziitsuyuki AshidAsuka MakiTomohiko
Takeuchji Hiroyuki Kobayé&s@io Urakawadiroaki Hosh#n&higehito Saiggsidazushi KoyaftpnMakoto Modt&yuichi Nifgi

Daisuke GaétoMotoki NagataKatsuyuki Ikeugctientaro YoshigkRyoichi Tachibgnilakoto AfaiCherKong Téh Atsushi

Suzukj Hiroshi Yoshida osuke Hagiw&rdiakayuki Katdchiro SetoTomoya Horiguchioichiro BarkKyosuke Takah&shi
Hirotsugu Kajihgraioshiyuki Yamadishiuki Fujimdrakazuhisa Horidch{atsuya NohirKengo KurdseHideki Yamada
Kentaro Tanigughvlasahiro Seklydakeshi Tomizdwaaisuke TékiMasaaki Ikdtalomag SuzuRj Yuki AndpDaisuke
Yashimi@a Takahisa Kaihdi{sHiroki MériKensuke Nakanisfiiakeshi Kumaggydasuo Unekayvd suguhide A§KKohei

Onizukla Toshiya Mitoino

Paper 28.1 AffiliatiottoshibaToshiba Electronic Devices and St8iegf@ba Memoffoshiba Microelectronics, Kawasaki,
Japan

[28.2] An ADPECentric Bluetooth Leftnergy Transceiver with 2.3mW Interference
Tolerant Hybriloop Receiver and 2.9mW Sifgent Polar Transmitter in 65nm
CMOS

Paper 28.2 Authotdanli LiiZzheng Sun, Dexian Tang, Hongye Huang, Tohru Kaneko, Wei Deng, Rui Wu, Kenichi Ol
Matsuzawa

Paper 28.2 Affiliatiohokyo Institute of Technology, Tokyo, Japan

Subcommittee ChaBtefano Pellerano, Intel, Hillsboro, OR, Wireless

CONTEXT AND STAOETHE ART

1 Gigabipersecond wireless dates and improved network capacity are facilitated with the first fully integrated 802
transceiver SoC.

1 loT applications have pushed for increasing demand of dediyrgoofanlteand wakip transoeers with lower and
lower power consumption.

TECHNICAL HIGHLIGHTS
4x4 1020AM WLAN AcceBwint Transceiver SOC with integrated interference analyzer

1 In Papek81, Toshiba preseatsilly integrated 4x4 AP WLAN transceier28m@ CM Q@ 802.11abfac and ax
standards withnovel frequendgpendent (FD)d@libration to supddP4QAMoperation witi38.1dB TX EVM
and-57.7dBm RX sensitivity @ 5GHz. An integrated interference analyzer ensures a reliable connection in a de
environment.

Bluetooth LovEnergy (BLE) Transceiver with 2.3mW InterfeFeterant Hybriloop Receiver and 2.9mW SiRgiant

Polar Transmitter

1 In Papek82, the Tokyo Institute of Techritdegyibea Bluetooth Ldwnergy (BLE) transceiver in @vi@SThe RX
consumes 2.3mW with a high sensi®#gBrh and high blodéderancewing to the proposed sirigienel
demodulation and dynaamge enhancement technifjoe.TX consumes 2.9mW with a 1.89% modulatioringrror utiliz
a singlgointpolar TX through a widebeopiwidthADPLL.
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APPLICATIONS AND ECONOMIC IMPACT

9 The target is wireless applications witatedatef Gigabits per second with improved network capacity and reliable
operation in harsh environments.

1 Ultrdlowpower and wakip radios would enable emerging wireless applications, including loT, biomedical and im|
devices, with extended battery life or even withaenestyyg technologies.
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Session 29 Overview: Advanced Biomedical Systems

IMMD Subcommittee

SessionChair:Pedram Mohseni, Case Western Reserve University, Cleveland, OH, USA

Session C&ChairNick Van Helleputte, imec, Heverlee, Belgium

Subcommittee ChaWakoto Ikeda, University of Tokyo, Tokyo, Japan, IMMD Subcommittee

Advances in biomediiatuits and systems are essential technology drivers in addressing critical societal needs to i
effectiveness and lower the cost of heafh@asession highlights the latest advances in implantisisityhigind wearable
systems forearal recording, optogenetics, mulimodal cell interfacing;aenchbedoting.

1
1

In Paper 29.1, Medtroriioduces the system architecture for a brain coprocessor exploring novel methods for tre
neurological disorders.

In Paper 29.2, the Unsiie of FreiburdM TEK present a reconfigurable fully immersiigirdespral probe with a
modular architecture for parallel readout of 144 recording sites in a 11.5mm needleniabGdAB& . ik &chl

el ectrode i s -ADGuwmhpgaefdd Ondiankd I &bt pE e smsalnodw #w30.thdseeV o f
frequency bands of the two types of neural signals, local field potentials (1 to 300Hz) and action potentials (0.3
respectively, and crosstalkdoddB at 1kHz with1388/V per recording site.

In Paper 29.3, imec presents an active microelectrode array (MEA) with 16,384 electrodes and 1,024 channels
cel |l monitoring in 0. liBterfacingCrivo@alfies, ifcliding intfslcBtidtaliig and éagt r a t
impedance monitoring in all of the channels, with a tataf ieputr e d mynodiadorl paver cGhsumEion of
95mW.

I n Paper 29. 4, Laval University presents a 0. 13¢n
electrophysiological brain recording with 10 multimodal recording channels (NEF of 2.30)cki#in#dDCE&Nd a 4
driver circuit. Digitization is done usiag raim n e | 8 . 6 8 bl-1 EDCOvEh aipf dedinatBrHinctliding
AFE,with powemce u mpti on of 11.2¢W per channel.

In Paper 29.5, Georgia Institute of Technology and Michigan State Universitgipedstataatimg), wirelessly
powered, implantable, optical stmulating-osystdnp (SoC) in 036 CMOS. &4 ¢ L E Dselactiveladyriven s
with up to 10mA current, and an optire@kthd@ictive link delivers more than 2mW at 60M Hz along with ASK data
50kb/s to the SoC.

In Paper 29.6, the University of California San Diego prebantseh 98B dynamic rangeolse, loywower
neuratecording acquisition system employing predictive -dangih@utg DA) in 0.8V 65nm CM GSdpeel ADC

with PDA offers a 22dB increase in SNDR impr8@ement in bandwidth and faster than 1ms recovery to 100mV ir
d fferenti al transimsaverD@b ® 0 Hactbandwi dhhnats8&82bkEE o
current.

In Paper 29.7, DGIST presents a multichannel neural recording amplifier system witmbtiedia d®edBnpower
supply rejeci on  in 0. 18em CMOS. The -caseinildCMRRoM30dBiatf lkHz and any
electrode impedance of 100kaq.

In Paper 29.8, KAIST presentspavesy, photoplethysmography {8R€], heardte monitoring sensor based on a
heat beat locked loop (HBLL) architecturemn GMBDS. The sensor realizes an effective duty cycle of 0.0175% wit
heart rate error of Il ess than 2. 1bpm, while consu
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Session 29 Highlights: Advanced Biomedical Systems

[29.2] A Fully ImmersilideepBrain Neural Probe with Modular Architecture and a
DeltaSigma ADC Integrated Under each Electrode for Parallel Readout of 14-
Recording Sites

Paper Authordaniel De Dorig&hristan Morardagen GiaMaximilian M gr@oyu SHyiM atthias Kl Yiannos M aridli
Paper AffiliatiotUniversity of Freibuligl TEK, Freiburg, GermdghASchickard, Viling@ohwenningen, Germany

Subcommittee ChaWakoto Ikeda, University of Tokyo, Tokyo, Japan, IMMD subcommittee

CONTEXT AND STATE OFARIE

9 Tissuegenetrating probes for-ti@isity dedprain recordingimfvivameural activity provide important tools for
neuroscience exploration and disease management.

1 Conventional devices need either a large number of interconnects at fhlbase alldwe only a reduced number of
electrodes to be read out simultaneously.

TECHNICAL HIGHLIGHTS

1 First reported reconfigurable miniaturized probe, with a sinbl® Il.§rwidetheedie shank without base.
1 Parallel readout of all 144 integestedding sites.

1 Incremental deligma analéggd i gi t a | -AD0O) integratdd ewith# 77( égnEa under each electrode avoid
global routing of neieasitive neural signals.

9 Smallest externalvBe interface, including supplies, biasésjjtaind

APPLICATIONS AND ECONOMIC IMPACT

T SI'im shaft of 70em from top to bottom can potenti
monitoring.

1 Chronic recording of neural signals from the brain accelerates underst@ogdiogl diseases and improves health
outcomes.
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Session 30 Overview: Emerging Memories

Memory & TBubcommittees

Session ChaiShinichiro Shiratake, Toshiba Memory, Yokohama, Japan
Session C&ChairEdoardo Charbon, EPFL, Lausanne, Switzerland
Subcommittee Chalreland Chang, IBM, Yorktown Heights, NY

Subcommittee ChaMakoto Nagata, Kobe University, Kobe, Japan

Speed and power ar e maj s andtey are lrecomisg partculatlyoidporard with tme emergen
highperformance computing and deep |eguplingtions

In this session, multiple new developments in emerging memories will be presented. An 11Mb 40nm CMOS embedd
with fat accesandimproved reliability by means of circuit teakrpgopssedh 28nm CMOS 1IMb MRAM with 2.8ns access tin
is presented, where circuit techniques are used to save write energy. Anembedded 28nm CMOS 32kb 2T2M TJ MRAI
achievimal.3ns access time through a novel sensing scheme with a sophisticated offset canceling technique. Finally, &
based on crystalline oxide semiconductpopiiized for @mbedded de@garning enginechieves stidns read/write
capallity.

1 In papeBQl, TSMC presents an 11Mb embedded RRAMbmeated indnmCMOProcesst propose
a new sense amplifier ai8%faster access speaddanew write scheme to improve both endurance and
retention performance.

1 In papeB02,theUniversity of Michigan presents 8TMARAMvitha 2.8ns readccestimepffemgan
offsecancehgsense amplifier for fast acamdsselfwritetermination scheme to save write energy.

1 In papeBQ03, National Tsing Hua Universitynisrasé?kb embedded 2T2MTJ MRAM mazto3mghread
accesstime. It adopts a contimaoasdingndenhancementvoltage sense amplifier to realiaertie d 6 s
fastest read operation.

1 In paper 30 the Semiconductor Energy Laboratory proposes a memorpfooysfaismegoxide
semiconductor FET s (OSFETSs) compatible with CM@$ precmssnory, embedded in a deep learning
engine, haslkb density enabled by a 60nm OSFET ,prbimdsan be read in 45ns and written irums
97.9pJ and 123pJ.
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Session 30 Highlights: Emerging Memories

[30.1] A N40 25844 Embedded RRAM Macro witRi®charge SA and Lé&woltage
Current Limiter to Improve Read and Write Performance

Paper 30.1 AuthoShungCheng Chou, Chiigeng Chou, Zhehg Lin, P4iing Tseng, CHleng Li, Chilang Chang, Wei
Chi Chen, Y.D. Chih, Tsmgg, Jonathan Chang

Paper 30.1 AffiliatioRSMC, Hsinchu, Taiwan
Subcommittee Chalreland Chang, 1BYW,

Subcommittee ChaMakoto Nagata, Kobe University, Kobe, Japan

CONTEXT AND STATE OF THE ART

1 Emerging memory is one of the critical components of {pdegisniaigbe computing and edge devices.
1 Embedded RRAM is one of the promising candittais aduepatibility with CMOS processes.

TECHNICAL HIGHLIGHTS

1 TSMC introduces a higlensity 11Mb embedded RRAM macro in their 40nm process.
Paper 30.1 introduces a 256Kx44 embedded RRhen&8iM C 40nm proc&he macro adopts a sense amplifier

witha 58% faster access speed and a new write schemeto improve both endurance and retention performance.

APPLICATIONS AND ECONOMIC IMPACT

1 Embedded nonvolatle memories in advanced technology nodes can provide critical functionality dcsolss a wide
state circuit applicatiérisom edge devices to cloud servers
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[30.4] A 20n%V/rite, 45nRead and 1043ycle Endurance Memory Module Composec
Only of 60nm Crystalline Oxide Semiconductor Transistors

Paper 30.4 AuthoShuhei Maetl&atorhshita Kazuma Furutaffiakahiko Ishizliomoaki Atsdinfoshinori Arigbaisuke
MatsubayashKiyoshi Katdrakashi Okud#asahiro Fuji&hunpei Yamazaki

Paper 30.4 Affiliatiot¥8emiconductor Energy Laboratory, Atsugil iepersity dokyo, Tokyo, Japan
Subcommittee Chalreland Chang, IBM, NY, USA

Subcommittee ChaMakoto Nagata, Kobe University, Kobe, Japan

CONTEXT AND STATE OF THE ART

1 Accessing memory units quickly using low powefoisernitcging deep learning engines.
1 The OSFET technology offers fast aereeigy access of memories, while ensuring full CMOS compatibility.

TECHNICAL HIGHLIGHTS

1 The Semiconductor Energy Laboratory introduces a fast, low power, CMOS compatible OSFET memory.
Paper 30.4 presents a 60gsialline oxide semiconductor FET (OSFET) technology for-fasteansitdoage. The

memory, embedded in a deep learning engirigbhdensity and can be read in 45ns and written in 20ns, requiring
97.9pJ and 123pflenergy

APPLICATIONS AND ECONC IMPACT

1 Integrated deep learning has a major impact in everyday life. However, in order to maximiearefiigjeangindsep
must work in close proximity with memory. The OSFET technologysjpdfets leymgher solution to implemartt su
functionality.
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Sessior310verview: Computation in Memory for Machi
Learning

Technology Directions and Memory Subcommittees

Session Chaillaveen Verma, Princeton University, Princeton, NJ
Session C&hairFatih Hamzaoglu, Intel, Hillsboro, OR
Subcommittee Chaiakoto Nagata, Kobe University, Kobe, Japan, Technology Directions

Subcommittee Chalreland Chang, IBM, Yorktown Heights, NY, Memory

Many stateftheart systems for machine learning arelintiiedmemory in terms of the eheygyequire and the performance
they can achievEhis session explores how the bottleneck can be overcome by emerging architectures that perform com
the memory array. This necessitates unconventional, typisigihalirokedits fantputation, which exploit the statistical natur
of machinearning applicatons to achieve high algorithmic performance with substantial energy and throughput gain
architectures serve as a driver for emerging memory technologjethe exigldéimsity and nonvolatility these offer towards
increased scale and efficiency of computation. The innovative papers in this session provide concrete geomoissrations
extending well beyond conventional architectures

1 InPapeBll, MIT describes a comiputeemory structure by performing multiplication between an acttvatieighand 1
on a bit line, and accumulation traoalgido-digitalconversion of charge across bit lines. Mapping two convolutional |
to the acamlator, an accuracy of 99% is achieved on a subset of the MNIST dataset, at an energy efficiency of z

1 In PapeBl2, UIUC describes a compuoiemory structure that simultaneously accesses multiple weights in mer
perform 8b multiplicationthe bit lines, and introducesipitraining, via stochastic gradient decent, to mitigaiiie®n
in mixegignal compute. An accuracy of 96% is achieved ¢0Bi@ MdBset, at an energy efficiency of 3.125TOPS/

1 In PapeBl3, Stanford@B/MIT demonstrate a {mapired hyperdimensional (HD) computing nanosystem to reco
languages and sentences from minimal training data. The paper uses 3D integration of CNTFETs and RR
measurements show that 21 European languagesassifidoe with 98% accuracy from >20,000 sentences.

1 In PapeBl4, National Tsihga U. implements mutipiaccumulate operations using a 1IMb RRAM array for a Bi
DNN in edge processors. The paper proposescanredsagbpressing sense angd inptaware dynarvieference
current generation to overcome-sengé challenges. Silicon measurements show successful operaiénswith s
access time.

1 In PapeBl5, National TsiHgia U. demonstrates mdiiggccumulate operations usihe&5RAM for fdlynnected
neural networks in edge processors. The paper overcomes the challenges of excessim plifieertffsensand
sensing & optimization, arising due to simultaneous activation of multiple w@rmkliaeseSukpeed is achieved with
simulated 97.5% MNIST accuracy.
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Session 31 Highlights: Computation in Memory |
Machine Learning

[31.3] Braihnspired Computing Explod Carbon Nanotube FETs and Resistive
RAM: Hyperdimensional Computing Case Study

Paper Authorst. Wu, H. Li,-B. Huang, A. Rahimi, J. M. Rabaey, P. Wong. M. M. Shulaker, S. Mitra
Paper AffiliatiorStanford Univ., CA, UCB, CAMAT,
Subcommittee Chaakoto Nagata, Kobe University, Kobe, Japan, Technology Directions

Subcommittee Chalreland Chang, IBM, Yorktown Heights, NY, Memory

CONTEXT AND STATE OF THE ART

9 Demonstration of microsystem for compute in memory, based on monolithiCNfte@asanbRRAM
1 Realization of hyperdimensional computing, a framework looking beyond DNNSs, for language classification

TECHNICAL HIGHLIGHTS
Braininspired Computing Exploiting Carbon Nanotube FETs and Resistive RAM:

1 For the first ime, anterehd briavinspired system is demonstrated in emerging technologies, CNTFETs and RRA
monolithically integrated.

1 Stanford/UCB/MIT demonstrate -mnbpitied hyperdimensional (HD) computing nanosystem to recognize language
sentences from minimal traimiag The paper uses 3D integration of CNTFETs and RRAM cells, and measuremel
that 21 European languages can be classified with 98% accuracy from >20,000 sentences.

APPLICATIONS AND ECONOMIC IMPACT

1 Cognitve computing, computer meiaralanguage processing
1 Nanotechnology scaling beyond theGNtanS / M-law roadidap
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TheTrenddo follow serve to capture the context, highlights, and potential impact, of the papers to be presented in ¢

atISSCQR018n Februaryn San Francisco
OBTAINING COPYRIGHT to ISSCC press material is EASY!
You may quote the Subcommitiee Chair as the author of the text if authorship is required.

You are welcome to use this material, e@mdigbyaliyee, withhé following understanding:

0 That you will maintain at least one reference 201BB8AI: body of your text, ideally retaining the date a

location. For detail, see the FOOTNOTE below.

o0 That you will provide a courtesy PDF of your excerpted press piece and particulars of its placement t

press_relations@isscc.net

FOOTNOTE

T From I SSCCb6s point of view, the phraseol ogy
to know about this, @iaithappearance of ISSCCrebruary Tho February thiéth 2018 in San Francisco.

This and other teth topics will be discussed at length aBEB@E@ foremost global forum for
developments in the integcatedit industry. ISSCC, the Internation&te»lidircuits Conferenc
will be held drebruary 1-February 12018

at the Sanr&ncisco Marriott M arquis Hotel.

ISSCC Press Kit Disclaimer
The material presented here is preliminary.
As ofNovember, 2017 there is not enough information to guarantee its correctness

Thus, it must be used with some caution.

©COPYRIGH2018SSCG DONOTREPRODUCWITHOUPERMISSION

i ncl u


mailto:press_relations@isscc.net

HISTORICALTRENDSIN TECHNICAL THEMES
ANALOGSYSTEMS

ANALOGSUBCOMMITTEE
POWERMANAGEMENTSUBCOMMITTEE
DATA CONVERTERSUBCOMMITTEE




Analogd 2018Trends

Subcommittee Chakofi A. A. Makinwa, Delft University of Technology, Delft, The Netherlands

Theenergyconsumption of anaggtems including sensors, amplifiers, and voltage and frequencis tedargressled down

to meet the demands of d Bwpéner systentsor example, in the case of integrated temperature sensors, this trend is ¢
by the movement towards the figitdrim the ploshown in Figure Hast powarp andooweidownof such systems is also
necessary to facilitate the use @iydlityg to achieve even higher energy efficieygteer, thetends portend a future in which
portabledevicexan bgpowered indefinitely from sustainable sources, opening tie ideoreto dEverything (Igklpiquitous
sensing, environmental monitoring, and medical applications.
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Figireli Trends in the Energy Efficiency of Integrated Temperature Sensors: Resolution FOM versus Time

The stringent clocking requirements &y peanyf batteppwered mobile and emerging I0E systems pose various challenging
requirements to systewel frequency references, including increased frequency stability, low noise, and strict control of t
coefficient with a limited enedgebtiio meet this challenge, the stability of integrated frequency references has been incre
steadily, as shown in Figure 2. This year, a 7TMHz CMOS frequency reference was able to achieve a tempeafture coeff
3.85pprAC, the lowest rejedr so far.
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Figure21 Trends in the Stability of Integrated Oscillators: Temperature Coefficient versus Frequency.

We also see an increase in the linearity and resafugifiers, for audio and precision amplifications, while at the sam
mantaining, or even improving, their power efficiency.
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Power Managemeh?018Trends

Subcommittee Chakxel Thomsen, Cirrus Logic, Austin, TX

The efficient control, storage, and distribution of energy are worldwide challenges, and amainteraseghnatogocircuit
research. While the manipulation and storage of information is efficienty performed digitally, the conversogyaisd stor
fundamentally performed with analog systems. Therefore, the key technologies for power etoragemintaacdogy. For
example, there is much interest in wireless power transmissichdogibgttapplications, ranging from mobile handsets to me:
implants: increased performance in wireless power transmission is -effaiding powmelivery over longer distances. There
is also an explosion of technologies that allow energy to be collected from theneveiraaysenspiwtovoltaic, piezoelectric,
or thermoelectric transducers, with a trend toward the use of cesliggléhes@ame time. A significant focus here is on ana
circuits that are able to harveshgubwatt power levels from multiple energy sources at tens of millivolts, to provide autonc
devices, or to supplement conventional batteryinsppphdée devices. To achieve this, the attendant analogstioosiisne
extremely low power, so tr@iisenergy iavailabldo charge a battery or suppacitoiAs can be noted in Figurtaslirend is
captured by movement towardspled. t

Peak efficiency vs quiescent power
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Figureli Comparison of Integrated Ehtagpesting Systems shoRemlEndtoEnd Efficiency vs Quiescent Power

Analog circuits also sémn®idge between the digital and the analog real wasldittacttial bridges, analog rewét often
botlenecksand their design is critical to overall performance, efficiency, andrrapietnesdshigligital circuits, such as
microprocessdravedrienthe markegndsemiconductor technology has been relentiesizlyd dptiigital circuitsver the past

40 years to reduce their size, cost, and power corGansgiprentynadog circuitry has proven increasingly difficult to implerr
using these modern IC technologies. For example, as the size of transistbes rdegeasedalog voltages they can handle &
well as their analog performance have decreased, while the variation iolzsetegdpmriraeters has increased.

These aspects of semiconductor technology explain two key divergent tremdstsi®araiegctis to forgo the latest digital 1C
manufacturing technglagstead fabricating analog circuits in older technologies, which may be augmented to accommo
voltages demanded by increasing markets in medical, automdtivandncigkficiency lighting applicatiblisvever, some

other applications dictate full integration of analog and digital circuits together in the most modern digiaksserfimonduc
example, microprocessors with multiple cores caeireneifhpower consumption by dynamically scaling operating voltag
frequency in response toviengng computational demands. For this purXSe/olgie converters can be embedded alongsic
the digital circuitry, driving research intiivémy delocaliggulated power supplies with increasing efficiency, decreasing die
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and increasing power denSityrespondinghhese latest advances are implementdte ifatesiowcost standard CMOS
technologieAs can be noted in FigutteeRe trends are captured by movement towardglite top
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Figire2i7 Comparison of Integrated Swittdggatitor Power Converters showing Peak Efficiency vs Pawv&daknsity
Efficiency (Conversion ratio refers to the relationship between output & input voltage)

This yeame see the performance of switapeditor power converters with a high number of conversion ratios making a si
step to increase theiwer densitfifure 2). A high number of conversion ratios are required in applications with high outpt
input voltage ranges, such as needed in IoE.
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Data Converte®s2018Trends

Subcommittee CharKu Moon, Oregon State Univésitsgllis OR

Data converters form the key link between the analog physical world and the world of digital computing dordisfitad) proc
modern electronickhe need to faithfully preserve the signal across domains continues to presstess datalaeliver more
bandwidth and linearity while continuing to increase power lafigieatySCQ018continues the trend of GHz-tdigitedl 0g
convertersiith excellent linearity and noise performance. Hio-digigddg convertersD@s) a combination of successive
approximation (SAR) and-sbigging ¢niques is used to further imgpeedresolution, and power efficiency

The three figures below represent traditional metrics which capture innovative pFoguesspioio@er dissipated relative

to the Nyquisamplingate (P/fy9, as a function of sigmabise and distortion ratio (SNDR)ve a measure of ADC power
efficiencyNote that a lowekdpdMmetric represents a miicéamt circuit on thiartFor loviomediurmresolution converters, energy
is primarily expended to quantize thetisigstiad overall efficiency of this operation is typically measured by the energy co
per conversion and quantizationTh&egashed trelmte reprets a benchmark of 2fJ/convetsmnCircuit noise becomes more
significant with highesolution convertenecessitating a differbabhchmark proportional to the square dbs@sal ratio,
represented by the solidlimell figures, desigoublished from 2009 to 2017 are shown in green and older designs are show
indicating a clear trend towards higher resolution at lopercensaggion. ISSCC 2018 designs are shown in blue, with sup
performance moviogards the lovweght oFigurel

Figure 2 plotsignal fidelitys. the Nyquist samplingrmatmalized to power consumption. At low sampling rates, converters f
be limited by thermal naislependerdf the sampling rate. Higher speeds of operationddites®it ehallenges in maintaining

accuracy in an eneeffigcient manner, indicated by ## rdl frequency in the dashed fiegrast 10 years have resulted in an
over 10dB improvement in puweralized signal fidelity, ok enpdovement in speed for the same normalized signal fidelity
note in this yeards | SSCC i snoisdimited eficeacy,eusirala conbirmatory of SARiar
noiseshaping

Figure3 showsachieved bandwidth as didnof SNDR. Sampling jitter or apertureoceipied with an increased noise bandwidtt
makeachieving boliigh resolution and high bandwidth a particularly diffi¢blte th8kyears ago a siftteeart data converter
showed an aperture errapproximately &gsin recent years designs with aperture errors belewal6dieen published at a
wide range of resolutid8SCC 2018 further advances the art with the first data converter with an input frequency above 2
a 64 timeinterleaved SAR ADC.

©COPYRIGH2018SSCG DONOTREPRODUCWITHOUPERMISSION



I:>/fsnyq [pJ]

1.E+07 0

m  ISSCC 1997-2008 ° - .
1.E+06 { e VLSI1997-2008 =t
u [ ]
= = = - FOMW=2f]/conv-step .. a ¥ ] u N
1.E+05 - FOMS=180dB . = A i =, A
m  ISSCC 2009-2017 /
1.E+04 - ® VLS| 2009-2017
1 E+03 ] 4 rsscczas -
'agl
1.E+02 §
1.E+01 -
1.E+00 - _
1.E-01

10 20 30 40 50 60 70 80 90 100 110 120
SNDR @ fi, ¢ [dB]

Figure 1ADC power efficiencys{#s a function of SNDR.
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