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CONFERENCE THEME

SENSING THRJTURE

The ISSCC 2010 Conference theme is:

0Sensing the Futurebo

Magnetic, mechanical, chemical, light, temperature, bio and many other sensors are
becoming a natural part of the semiconductor business. Sensors already play a key role
in electronics for medical and life sciences. Now, sensors are becoming an integral part
of digital systems which measure operating conditions and cope with device variability. In
the near future, silicon sensors will be everywhere, not only within electronic products and
gadgets, but even inside the human body! Contributions are encouraged from
researchers and designers demonstrating novel sensing circuit applications and systems,
or circuit and system design in subject areas including, but not limited to the following:
digital and analog circuits, memory, imagers, wireless, and wireline communication
circuits.
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TUTORIALSUNDAY, FEBRUARY 7, 2010)

1 990minute Tutorials, each taught twice, by circuit experts from the International Technical Program Committee
meet attendees™ needs for introductory material jire Ciattigiss

FORUMSSUNDAY, FEBRUARY 7, 2010)
9 Circuit experts exchange information on their current reseadaly infamadll environment.
SPECIAITOPIC EVENING SESSIGBUBIDAY TUESDAY, FEBRUARSY 2010)

1 5Speciktopic presentations, in whipkrés provide insight and background on a subject of current importance.
1 Student Research Previewhort student presentations ofimmndgress at Universities around the world.

EVENING PANE(SONDAY TUESDAY, FEBRUARSY 3010)

1 2Panels in whiatdustrial and academic experts debate a selected topic and field audience quédstimas in a semi
atmosphere.

TECHNICAL SESSIGQN®NDAYWEDNESDAY, FEBRUAR®, 2010)

1 4 invited talkpresented in the Plenary Session.
9 210 technical papepsesentethR5Regular Sessions, highlighting the latest circuit developments.

SOCIAL HOWRMONDAY TUESDAY, FEBRUARY 3010)

1 Network with experts in a wide range of circuit specialties; meet colleagues in an informal exchange: browse th
book exhilsit

SHORT COURSEHURSDAY, FEBRUARY 11, 2010)

1 Intensive alay course on a single topic, taughtbyWwoalds s i nstructors, can serve
engineerdé6s circuit specialty.

FORUM$THURSDAY, FEBRUARY 11, 2010)

9 Circuit experts exchaimformation on their current research-otegrirdbbrmal environment.
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PAPER STATISTICS

OVERALL:

1 4papers invited
1 638papers submitted to ISSCC 2010
1 210papers accepted
1 85papers from North America, including
1 42Industry papers
1 43University papers
1 66papers from the Far East, including
1 38Industry papers
1 28University papers
1 59papers from Europe, including
1 28Industry papers
1 31University papers

i 27Sessions, over 3 days

INTERNATIONAL SCOPE: 2010 2009 2008 2007

Americas: 41 % 38 % 43 % 39 %
Far East: 31 % 35 % 28 % 31 %
Europe: 28 % 27 % 29 % 30%
WIDE COVERAGE 2010 2009 2008 2007
Analog: 9% 11% 9% 7%
Data Converters: 7% 7% 10% 7%
HighPerformance Digital:10% 4% 7% 1%
Imagers, MEMsediical, and Displays:12% 12% 11% 126
LowPower Digital: 6% 6% 5% 4%
Memory 11% 9% 12% 8%
PLL 6% - - --
RF: 8% 11 % 11 % 10%
Technology Directionsi2 % 13 % 12 % 12%
Wireless 11% 13% 11% 12%
Wireline 8% 14% 11% 13%
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PLENARY SESSION

Paper 1.1:
MEMS for Automotive and Consumer Applications
Jiri MarekSenior Vice President, Robert Bosch, Reutlingen, Germany

MEMS sensors are increasingly more important and even common place.

MEMSassisted electronic systems are making system reactions to human needs more intelligent, and
than unaided humans can provide.

MEMS success has been based on their reducing size, reducing power and reducing cost.

MEMS development, thusidarrelied on surface micromachining whose development was the breakthrc
required for this advance.

1 MEMS success relied as well on innovative ASIC design, simulation of electrical and mechanical behe
deep understanding of package and struetusmperature and lifetime.
Bosh has evolved these capabilities over 20 years and over 1 billion sensors.
Earliest MEMS successes were in airbag control and gyroscopelyfanviekiclentrol.
Now, consumer applications abound: switchinghtheecklbm portrait to landscape as the phone orientatis
changes, avoiding disk damage as the laptop falls, identifying vehicle vertical location iAgagking and r
highway structures through pressure sensing, detecting weather trendsrsnaastatiitigde, monitoring
activity in shoes and sportswear, and providing intuitive controls for games and other interfaces.

1 This presentation will consider other applications such as inkjet heads and micromirrors, as well as th
to be facey MEMS®reating technologies.

1 Bosh product evolution will be described up to current designs for inertial sensors thatadledcritical to sc
AESB®Pystemso.

1 Arising new applications, such as energy harvestersfaaiteficmill be discussed.

Paper 1.2:

Harnessing Technology to Advance the-Nexreration Mobile Udexperience
Greg DelagBenior Vice Presiddrgxas Instruments, DallAs,

T

The mobile handset market is driven by increased bandwidth, increased processing peefibsuae®e, img
technology and reducing power consumption.

Current 3G/4G handsets are multimedia Internet devices, with big screens, HD video, gaming, HD car
controlled by touch screens in a myriad of social, entertainment, and productivity applications

The mobile future portends new modes of social interaction.

Handsets of the future will be smart autonomous lifestyle devices with a multitude of incorporated sen
applications and display options, all designed to make life easier and nhore productive

Future displays including 3D imaging, virtual interaction and conferencing will make every call feel like
ther e, providing an experience far beyond tod
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3D touch screen with image proetiaresturing will supparew era of intuitive mdewéce applications,
interaction, and information sharing.

True mobile companions will require new compelling services @nflifieditumess well as the office or home
computer.

The massive amounts of data neettesirhgbile companion will require immense improvements in syster
performance, including specialized circuitpahadjelyarchitectures, and new packaging design.

A smarinobilecompanion device will seem to be-alwalygayaware in a way thatasnpletely seamless

and transparent, by automatically determining the best and most appropriate modem link, whether Wi
or mmWave, based on which will optimize performance, battery life, and costs tepdssige thecbest
experience.

Future systemsi | | require todayo6s mondaehme intexfacesrandiaaesy | e s
networks.

Additional energy supply needed by computational requirements necessitates improved energy efficie
particularly to delivedail peration or tvday alwaysn standby without a recharge.

Innovations ranging frorvldtage digital and analog circuitgpladite memory, and adaptive power
management, to energy harvesting, will be needed to extend battery life to a week or more.

Increased bandwidth, combined with decreased latency, lower power requirements combined with enc
scavenging and harvesting, massive multimedia processing power, and new interface technologies wi
together, will revolutionize how we intieracirwmacompanions of the future.

The implementation challenges will be met with strong collaboration in research and development b
government agencies, and corporations, with smadmpatrilen devices likely to be a reallityl Wighars!

Paper 1.3:
Challenges of Image Sensor Development
Tomoyuki Suzuk&enior Vice President, SAtsugi, Kanagawa, Japan

T

The semiconductor industry has been pushed by successes in digitalization and computerization.
further encowad by successes in networking.

Image digitalization has been an important part of these successes.
Currently, and in the future, image sensors have been, and will remain, key elements in these develoy

Digital cameras were initiated in 1969 wethiennat Bell Laboratories of CCD image sensors, (for whicl
Nobel Prize was granted in 2009), and extended by them and others through the mid 1970s, leadir
video cameras in the-b9i€0s.

Still camera use expanded into ftee@tUrywith high resolution capability increasingly demonstrated, lec
in 2005 to an HD digital video camera which was able to record-d@efifBi@inigtage using CMOS image
sensors!

As CMOS image sensors achieve higher performance and highensspeédM&Ssuipped SLR and
cellphone cameras is expanding.

Over the past 25 years, camera size has decreased by a factor of 500, as a result of pixel miniatu
imagesensor photosensitivity improvingfiojdiper decade.

©Copyright 2009 ISSICQo Not Reproduce Without Permission
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1 These advars were brought about by the use df@a substrate to reduce pixel size, and to implem
electronishutter function, as well as, a Tungsten light shield to reduce the sm&@0dig)hal topixel size
of 3.9um. Such developments led td {hige? digital still camera in 1999.

1 Beginning in 1998, kgked imaging development at Sony emphasizing increagedpesat] through
parallelism, led to the 10M pixel CMOS image sensor providing more than 70dB dynamiesgaaege with
readout of 576M pixels/s.

1 This imager which can also be operated with a 16:9 aspect ratio in a 6M pixel mode at 60 frames/s, u
ADCs, and a batikiminated structure. This design is currently impacting digital still and video camera
dominate the eplione market in the future.

T The presentation wil/| i nclude milestones in t
Agl obal shuttero, and describe new material s,
Pape 1.4:

Nanoelectronics in Retrospect, Prospect, and Principle
James MeindProfessor, Georgia Institute of Technology Gdlanta,

The information revolution has been the paramount economic development of the past five decades.

Principal driver of ihiormation revolution has been silicon microchip technology, which has advanced i
productivity by a factor of approximately one billion and in performance by a factor of nearly one millio
microprocessor chips, for example).

1 Productivity has adwhdopglown, through directed assembly with scaling to 25nm, am,tbadtayh
selfassembly nanotechnology to 300mmeeystdésilicon ingots.

1 While scaling maintains IGFET dynamidg@ay@roduct, gateneling current, subthresholdelhann
leakage, manufacturing tolerances, interconnect latency with copper size effects, become problematic

Solutions include: Increased chip 1/0O, improved heat removal, and 3D chip stacking.

For the perceived saturation of the advance of silicon esrhnwidbg 2020s, a new genre of
nanoelectronics is needed.

1 The leading candidate is graphene, with its ballistic carrier transport, adjustable energy band gap of n:
amenabiity to both-tlmevn and bottarp processes, and the potentid fmoBolithic integration. However,

~

graphene stil]l | acks the equivalent of the nt

©Copyright 2009 ISSICQo Not Reproduce Without Permission
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TECHNICAL HGHLIGHTS

Analog:

T

A completely new type of integrated frequency reference uses silicon thermal timeveastatiesto achie
accuracy over the full commercial temperature range. An°&c2tsasyaohieved without trinehithg!

New techniques and meticulous implementations are used to drive down offset and noise in CMOS instrur
amplifiers. Fully imgggd chopper amplifiers achmxefsets withWw power consumptjdr, 4.4

Audiadriver designs operate in class D and class G using nanometer geometries. With 79% efficiency and
achieved, using 45nm CMOS, even nanometer SoC applicatiots highality speakgriver functiord.6,
4.7]

Analog control is being replaced by digital signal processing in advanced DC/DC power supplies. Clever c
techniques enable several outputs to be generated with a single indegterneédocmmpnent count and cost.
[10.3, 10.5, 10.6

Nanometer technology makes charge pumps viable for delivering significant powerdapelsitéx saitcbedr
in 32nm CMOS can deliver over half a Watt [4€x.8hm

Data Converters:

T

T

Breakimg thel00dB linearity barrier at sample rate of more than 100MS/s-eaaige &BMtbas@ationd16.1,
16.2

The first 45nm CMOS-p@gformance audio ADC achieves 110dB® ignals e Rati o ( SNR)
0.04min[16.7

Unparallelespeed of a new ADC impacts medical devices. Its 12.5MS/s opéytiesokitio@Breduces power
and complexity for MRI and digagPX.]

A record breaking 40GS/s sampkdataonstrated in a mainstream 65nm CMO32drdcess.

HighPerformance Digital:

T

The next processor generation reaches unprecedented integration levels using devices comprised of just ¢
atoms. Both Intel and AMD present designs tkat useghlie 32hm manufacturing processes that yield 50%
greater integration in Hraesarea with the same power, as the previous dérieration.

The amount of computational parallelism integrated in the next generation of server processors has been t
extremes. SUN has integrated 128 threads per chip, enabiiatidi28t@pph simultaneously with a whopping 2
Tb/s of I/0 bandwidth. This leading edge processor is built in 40nm technology, has 16 cores with 8 thread
6MB L2 caché.q

New devices are being integrated to enable the continuext gdatimahprocessor designs. IBM presents a
highend processor that uses embebbed DRAM (eDRAM) memory technology which is over 3 times as der
conventional SRAM used in other commercial processors2#6ar@&Mmpnmcludes 32MB of iet&gnamory,

1.2B transistors, and has 8 cores with 4 threads each which will enable the moseddrsandingdpitations.

[5.4
As technology shrinks, small transistors having only a few atoms in critical parts, exhibit largatweyiations, ne
innovative techniques for reliable integration in the billions. This year, at ISSCC, three presentations addre

©Copyright 2009 ISSICQo Not Reproduce Without Permission
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regarding aetieaging and patlelay monitoring with extremely fine resolution sensing and adaptati@Gapabilit
9.8,9.1p

Imagers, MEMS, Medical and Displays (IMMD):

ll

Increased lifetime displays are closer to reality! A new stable RGBW AMOLED display with OLED degrad:
compensation substantially reduces image sticking and increases the useful lifEindisplagis.8]0

Asignal processaith the lowestported power consumptient r act s t he heart 6s r hy
circuitonsumesnly 36\, enabhgit to run off a small battery for months, constantly monitoring ¢heasiaite of th
forthediagnas ofchronic ilinegs. 6]

Integrated temperature sens@ding no calibrationt=ansed anywhere and everywaaditys not sacrificed
witht0.2C3 0 a ¢ ¢ u b58Caoy126P[I7.d]m

A nevwAuminunNtrideonsilicon resonatoarsimportastep twardsntegrating high lowphasenoise reference
oscillatorsnchip.The associated transimpedance amplifier has a ga@inrrZ8diss a barddivof 2.5GHz, with
afigur@tmer i t of 2190GHz[k7/®) mW, with a 500fF | oad

Timeotflight sensor with the smallest pixel enables the first generatiiodirag serggors for gaming applications.
Integrated optical sensors and interfaces pro@0x60 pixel rafigging image sensor with 10x210¢kn
pixels[22.7]

The first backsidleminated (BEIMOS image sensor with 10Mpixel regpérimmew avenu®8SI sensor
with 1/2-4ch 10.3 Mpixel image using 1.65x3pé&lsnperates up to 50 frames per second and achieves a
sensitivity of 9890ex-s[22.9]

LowPower Digital:

T

The first functional 4G silicon chips are described ersidied baghmunication for netbooks, smartgpitbnes
the next generatiomobile evices.ETH Zurich with Advanced Circuit Pursuit-afd Glith T. U. Kaiserslautern
describe chips that implement 39@Nbdo code decodargl a multimode softwigfered radio capable of 4G,
WIMAX, 802.1hAmd cognitive radlics.1, 15]3

Lonpower processors biteaugh the gigahbdrrierenabling a new generation of smart pitbes/dyefore
seen capabilitigsRM and Intel describeameldedded processors withl@Gidr operatiahpower levels uns@r
mW, while Qualcomm iess loypowedesign techniques used in their 1.4GHz Sngpocageofl5.5, 15.6,
15.7

The first supeiD and 3ideo decoderpigesentedhis 90nm chip supports vide sithal096x2160 resolution
or multiview vigeonsurnngonly 59mVj18.3

A massively parallel processor eadisdexenhtelligent image processing for surveillance cameras and multime
phones. With 2048 cores, this chip can be applied to object tracking, face/gestwindetertipniaiahally
intensive irga processing problda&5

Memory:

T

Highest density of 64MBISRAM with smallest perpendicular cellffd868nm CMOS. The 30ns access time
is used a clamped reference with a new adéeyemiebased sensing scherfie&2

Highest densdf/64Mb CMOx memory imh T3MOS in a féayer 0.1vr? crosgoirkcell array. Using the multi
layer capability, this memory is scalable to 64Gljlcapacity.

Fastest 12ns 4Mb embedded PCM in 90nm CMOS ever reported! Fast read is dowesleabeyMAS8gn the
hierarchical column decfitie]

©Copyright 2009 ISSICQo Not Reproduce Without Permission
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Highest density of 1Gb PCM on 45nm CMOS with 1.8V operation featakes teadastéstperformance with
266MB/s and 9MB/s read/write throughputs re$pédively.

First 45nm embed@IAM (eDRAM) as L3 cache inendigkrvaslass microprocessor, the POWER7
Previously, all microprocessors have used SRAM for L3 cache implementations while this design uses eDl
area and co§t9.1

First use of margmprovement teajures at 32nm for enhanceddiv&ge operation. A new approach called
wordline underdrive (WLUD) has been applied in-32etatigte technology to reducentgcl30mV19.3

Smallest 32nm SRAM bit cell f@A4Bemnassist techniguertgprove lowoltage operation. This new technique
improves write margins, reducHeglesd rate by two orders of magnitudesin HigBate 32nm CMQER.4

Fasteshidel/O-mobileSDRAMisingricrebumpsachieves a 12.8GB/s data rate at 2(RMMHz
Fastest 200MB/s DDR intetia@32nm 32Gb NAREZh memar4.6]
32nnB82Gb NANIash memorythadaptive code selection adihfjgatecoupling cancelati@d.§

PhaselLocked Loops (Pl

T

A new MEM#$sed oscillator provides an aecef@tence frequency with wide programmability. A MEMS reson
combined with a particularlyefirei@nt CMOS chip forms a programmablessyistdl15MHz clock reference.
[13.1]

For the first time, kiglality lowoise frequency synthesiaexsirelesafrastructure applications are demonstrated
in a fuljntegrated fashion. The chips achieve cellular basestation performanoeSiSia@BiCAMOS technology.
[13.4]

A newtimetodigital convertarhievethelowest spyrerformancearwideband-dibital PLIThe new design uses
dithering to trade off fractional spur power for a slight iHcaeaisedis¢A6.1

For the first time, digital PLLs combine TDC with oscillator functions. This issingi#vedigytatiyntrolled
ring oscillator (DCO) as an intridsicatlyphase quantizer, eliminating the calibration required with traditional T
[26.3, 26.6]

Radio Frequency (RF):

T

First 2x2 beamforming transmitter demonstrator in 65nm CMOS offers robustticalegreshtienizontal
scanning of a transmit signal in the 600G ®jand.

First demonstration of autonomous whittggs@cording of a live insect. A passiverpitraer RFID system in
0.13um CMOS consumes only 9.2uA, exhibits @rangedis so small that it can be mounted on a[Rv@] moth.

Sony and Cal Tech team up to develop thdiktagestintehip higepeed/low power communication link. Their
millimeterave interconnect chips demonstrate 11Gb/s data transraigsstemoeeof 14mm with an energy
consumption of 6.4 pJaatl]

UC Davis demonstrates@HCMOS power amplifier with the-leigbeet! RF output.. Use of thidepmn
way power combiners maximizes output, providing a record 20dBro(ifgmWeReévdR3.7]

Technology Directions (TD):

T

For the first time, analog circuits and data converters are manufactured using oAlikergatada@asiioch
circuits will allow the integration of sensors and digital circaitsemhdlexiiodying intelligent elecfrahicg]

©Copyright 2009 ISSICQo Not Reproduce Without Permission
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UseiCustomablel ogic Pap@UCLPgnables the developmeintegrated circuits with a standget piker
Thisnewtechnology will proyadegrammability integrated circuits used edegg electronics such as smart
flexiblelisplayspower transmission sheets, and electronic skin[fb8robots.

The first prototype of a commaeneiblly costffective 3Btacked IC is demonstrated by IMEC. It is based on a ne
analysis of metlodmbies for the use of Thr@ilgion Vias (TSVS)J

For the first tipngamplantablEMOS System on Chip (SoC) haddsgnetb provide lewoltage radio waves that
gently heatour bacto relieve paiithe SoC is fabricatedn.a3 5 ¢ m C MO Sor ipitraleexperiments i@ n
mounted on a PCB that is connected with a flexible aoibantednia tepiral regiorf12.1

Thesmallestverpressure monitoring dgwiomisesew developments in-gitrall medicatplants. Thisdevice
occupies less than oné,ronsume200,000 lessenergy than statitheart monitorgill enableromising new
techniques for monitoring blood pressure and intraoculfrh8ssure.

Researchers from Harvard University will pres@alietiyer completiclear magnetic resonance (NMR) syster
that makes possible human csareening mlowcosthaneheld platform. Theirk@Ipalm' NMR systedPi3d

lighter, 1280smaller, 148Ccheaper, yet E5@nore sensitive thad20kg stateftheart commercial beita

NMR systern272]

For the first time, a poultice applied to tlwmchektprevenheart failureElectronics in the poultice ensure that
ECG pattesrhearrhythm, thoracic impedance varidideand hedpumpingower, arevaluad andelayed
automatically to your cell pf@na]

Wireless:

T

Highly robust and reliable cellular transceivers for advanced 3G (HSEB=E)dCa@@irtitinications are core
enablers for the truly mobile internet. Taksedargh solutions demonstrate the feasibility of enhancing user de
rates in all market segments and geographi¢allaradss.

The first wireless receiver that connects the ADC directly to the RF provides a major step teyedirttrue soft
radio (SDR). The resulting linearity improvement of up to +4dBm exceeds previous limits over the receiver
900MHz,without major impact on sef&ifvity.

The first CMOS 77GHz Long Range Radar satisfying the 100m range standade neojustesbeht Tty
integratesbolutioincludes clock generatioraairmmpletehipantenna assemijiyi.2

The first6Element Phas@dray Transmitter for 60HDMIammunicatioissrealized h12um SiGe BICMOS
technology. The solution aiIsestennrarray approach to meet the QoS demanded to enal@VgHDMI.

A5 1 salWaysn wakep eceiveis demonstrated in 90nm CMOS. This solution paves théyaydnomous
sensor nodes employing eseaygnging satisfy their power ngéd<]

An IRUWB architectungabling robustness against narrowb&reigtas been realized in 90nm CM@S
interferene®bust asynchronous ergeggctor receiver can tolerate intesfeppte5dBm[11.7

The first reported SoC that combines WLAN,, Bhe:téigtinadios a single chighe 16.9n#nombo rad is
implemented in 65nm CMOS technology, and integictgsi#A with linear output power of 21dBm in the 2.4G
band[25.3

Highest level of integration irstaolliard mobile TV SoCs. Implemented in 65nm CMOS technology, the chips
muliple orchip LNAs to cover different frequency bands of operation while sharing the rest of[#eGeceive ch
25.7]

©Copyright 2009 ISSICQo Not Reproduce Without Permission
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Wireline:

1 Onehalf trillion bits commueittatone second! Intel presentsa x t r e tremdceiver Ghip widtdamnels
operating dt0 Gb/svhileconsuming omge tenth of tpewer/bandwidtlanjwork reportguleviouslys. 1

T The most effective CMOS wireline receiver equa

completelyvaporat ddata as demonstrated by its ability to compensat@8aBplass, which is equivalent to
receivingnly 1 %ofthedataenergy originally transmjgegi!

Another nail in the coffin of analog transceivers by AligZalisibtedeceier usingligital signal processing
operatesuecessfully at 6.875G@her challenging conditjiris

Lowcost optical recessare finally a realityighiesponsivityquuctioquality Ge photodiode {§iBegrated in
0.13m SOLMOSechnolog The PD exhildtsensitivity afpp ata BERof 1012 while consumingadtry
15mW when operatintf&b/q20.1

Thefastessinglechip CMOS Ogtectronic Integrated Circuit (OEIC) receiver everl hepOi#@! incorporates
an8.5Gh/s oeiver with arip silicon photodiode fordistahce optical communicaiing.

A huge step forward in green electronics is evident with the fothgfeeticeddGb/slasdransceiver ever
reported!. TH2.5Gb/65nm CMOS transcdiveaks the mythical 1mW per Gb/s efficiency benchrmpavkewith
consumptiafonlyl2.3m\W20.5
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EDUCATIONAL EVENTS

TUTORIALS

T1:

Battery Management for Portable Devices
Francisco RezgMarvell

Wh er ¢

T2 SoC Integration of RF Fremd Passives
Hooman Brabi (Broadcormc)

T3 Specifying and Testing ADCs:

Finished?

Aaron Buchwald (Mobius Semiconductor)

T4 RF CMOS Power Amplifiers and Linearization Techniques
Domine Leenaerts (NXP Semiconductors)

T5:  Design oEnergyefficient Orchip Networks
Vladimir Stojanovic @dsachusetts Institute of Technolpgy

T& Design of Smart Sensors
Kofi Makinwa (TU Delft)

T7. Highspeed Memory Interfaces
Yasuhiro Takai (Elpida Memory)

T8 Power Gating
Stephen Kosonocky (AMD)

T2 PLL Design in Nanometer CMOS
Kumar Lakshmikumg@CZonexant Systems)

FORUMS

F1. Silicon 3D Integration Technology and Systems
Pol Marchal (IMEG}eorg Kimmich (SHricsson) JeanLuc Jaffard (STMicroelectronjcs)
HoMing Tong (ASE Groupjiroki IshikurgKeio University)Flynn Carson (STATS ChipPACK)
Uksung Kang (Samsungjoshihisa lwata (Toshib&amuel Naffziger (AMD)

F2.  Reconfigurable RF and Data Converters

Kenichi Okada (Tokyo Institute of Techngloggmn Deval (University of Bordeaux)
Hooman Darabi (Broadcgngtephane Boudaud (CSRiprald Pretl (DIGENfineon)

Robert van Veldhoven (NS&miconducto)s Jan Craninckx (IMEC)
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F3:

F4.

F5:

CONFERENCE OVERVIEW

Transceiver Circuits for Optical Communications
Naim BerHamida (NorteINorman Swenson (ClariPhy @Gamications)
Hirotaka Tamura (Fujits@hris Cole (Finisarpfshin Momtaz (Broadcqm)
Michiel Steyaert (KU Leuven)

High Speed Image Sensor Technologies
Boyd Fowler (Fairchild Imaging), Jan Bosiers (DALSA), Guy Meynants (CMOSIS),
Shoji Kawahito (8uoka University), Makoto Ikeda (University of Tokyo),
Levy Gerzberg (ZoraWasatoshi Ishikawa (University of Tokyo),
Katsu Nakamura (Analog Devicésan Dassonville (Agilent Technologies)

Circuits for Portable Medical Electronic Systems
Tim Denisn (Medtroni¢)Bruno Murari (ST Microelectronics)
Akira Matsuzawa (Tokyo Institute of Technoltdpnish Goel (Texas Instruments)
Brian Otis (University of WashingtoRefefirat Yazicioglu (IMEGJotJun Yoo (KAIST)
Soon Kwan An (Nurobiosysdulien Penders (Holst Centre / IMEC)

Signal and Power Integrity for 8C
Ron HqSun MicrosystemsSam NaffziggAMD, Makoto Nagat@obe Universidy
Marcel PelgrofNXP Semiconductgrslohn BainbridgéSilistix),
Stefan Rus(inte)

SHORT CARSE
SC1 CMOS Phadecked Loops for Frequency Synthesis

John CowlegAnalog Devicgslan GaltofUCSI), Peter KingetColumbia University
Behzad RazafWCLA
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EVENING SESSIONS

SPECIAL TOPICS
ES1:Beyond CMOSEmerging Technologies

Thomas H. Lee (&fard University)Peter Fromherz (Max Planck Institute),
Xiaofeng Li (Harvard Universifyakayasu Sakurai (University of Tokyo)

ES: Student Research Preview
Organizers: Jan Van der Spiegel (University of PennsylgeoagHwan Cho (KAIST)

ES3. Erergy-efficient Higkspeed Interfaces
Subodh Bapat (8 Microsystems)Brian Leibowitz (Rambus),
lan Young (Intel)Tadahiro Kuroda (Keio University)

ESE Fusion of MEMS and Circuits
Kazuya Masu (Tokyo Institute of Technoldgy)Hall (Texas Instrumght
Kazusuke Maenaka (University of Hydgajton Kamon (Coventor),
Fabio Pasolini (STMicroelectronics)

ES: Can RF SoC&€lIfyTest TheirOwn RF?
R. Bogdan Staszewski (Delft University of TechnoMgn),Soma (University of Washington),
Donald Y.C. &i(Texas Tech Universitgernot Hueber (Infineon),
Srenik Mehta (Atheros Communications)

ES: Can We Rebuild Them? Bionics Beyond 2010

Gerald Loeb (University of Southern CaliforHiagh McDermott (University of Melbourne),
Albrecht Rothermel (Unisgy of Ulm) Daryl R. Kipke (University of Michigan)

PANELS

EPL Analog Circuits: Stump the Panel
Bob Blauschild (Consultant), Barrie Gilbert (Analog Devices),
Akira Matsuzawa (Tokyo Institute of Technol@pl,Pease (Consultant),
Willy Sansen (Katheke Universitat LeuvenyannisTsividis (Columbia University)

ER2: The Semiconductor Industry in 2025
William Holt (IntglTadahiro Kuroda (Keio Unsitsn),
PierreYves Lesaicherre (NXP Semiconductors), Sreedhar Natarajan (TSMC),
Gary Patton (IBM)aWlen Rhines (Mentor Graphics), Charles G. Sodini (MIT)
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EVENING EVENING SHORT PRESS COP

SUBCOMMITTE SESSIONS SESSIONS PANELS TUTORIAL! FORUMS COURSES PAGE

ANALOG 4,10 EP1 T1 SC1 120133

DATA 16, 21 T2 14Q145

CONVERTERS

HIGH 59 T3 F3 121122123

PERFORMANC 124132

DIGITAL

IMAGERS, 6,17, 22 ES4, ES6 T7 F4 125126141

MEMS, MEDICA 146

AND DISPLAY

LOWPOWER 15, 18 ES4 T8 F5 139142

DIGITAL

MEMORY 14,19, 24 T6 F2 13§143148

PLL 13, 26 T9 137

RF 2,23 ES5 T5 118147

TECHNOLOGY | 7, 12, 27 ES1ES4 | EP2 12712§129

DIRECTIONS 13513615Q
151

WIRELESS 3,11, 25 T4 F1 119134149

WIRELINE 8, 20 ES3 F6 130131144
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ISSCC 2010 8 ANALOG

Stbcommittee ChaiBill Redmawhite, NXP/Southampton Univ@ositiiamptodK

OVERVIEW

CONTEXT AND PRESENT STATE OF THE ART

Conventional device physics has limitations in implementing mainstreantrivegpelincatiofs]]
Sensing the physigalld demands ever improving analog interfavesfiséts and nV noise lgvels.4 .14
High performance analog interfaces are essential in nanofdeiedFoCs

Efficient DC/DC power conversion is difficult whetpatésgionse is needed irp8lEmodulatiofil0.1]
Analog controllarg typically used in feiffisiency multioletput power suppl#s.3, 10.5, 10.6]

= =4 =4 4 - -

Fullyintegrated supplies for SoClelalkpower managentrawlitionallysed lossy linear regulafb@s8]

MOSISIGNIFICANRESULTS

1 A completely new typetegjrated frequency reference uses silicon thermal time constants to achieve excelle

accuracy over the full commercial temperature range. An°&2tsasyaohieved without trinjrifg!

1 New techniques and meticulous implementations arevasknhio dffset and noise in CMOS instrumentation

amplifiers. Fully integrated chopper amplifiersracloifset? wittW power consumptjidr, 4 4

1 Audidariver designs operate in class D and class G using hanometer geometries. Wiind Q@0elfiicihity
achieved, using 45nm CMOS, even nanometer SoC applications cajualtiusiecaigdriver functiors.6,
4.7]

1 Polar modulation requires that the PA power supply provide the modulation, a limiting factor for high bandv

hybrid power supplies raise the bar with high efficiency and fast trackifgyQup]to 4MHz.

1 Analog control is being replaced by digital signal processing in advanced DC/DC power supplies. Clever c
techniques enable several outputs to be genemtadglétinductor, reducing external component count and cc

[10.3, 10.5, 10.6

1 Nanometer technology makes charge pumps viable for delivering significant powerdapelsitdx saitchrdr
in 32nm CMOS can deliver over half a Wait [i&.8hm

APPLICATIONS AND ECONOMIC IMPACT

1 Hot news on frequency referémreship silicon thermal mestants make for accuratentellyated frequency
references with minimal or no trimming, further reducing sitdm costs.
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1 Amplifier offsetd tfee chopcombining the latest design innovations pushes the performance of micropower
instrumentation amplifiérg, 4.4]

1 Making a noise in Sd@yhefficiency aueBpeaker drivers achieve high efficiency in nanometer CMOS, eliming
the costfeexternal amplifiers in handheld appligaGoagr

1 Pushing the envelope in power sii@aliesced hybrid power supplies make polar modulation of RF PAs pos:
wide bandwidths, boosting efficiency, and extending battery lifetidieajiadiile ra

1 Power conversion goes digithlanced DSP techniques make complex embeddethpger@ent systems
feasible with low extetnalponent count, even in nanometer technologies, enabling higher system integratio
reduced system cogt@2, 10.3, 10.4, 10.6]

1 Embedded circuit blocks get vital suppitebegtapacitor power supplies deliver significant currents in nanome
CMOS, making fine control of supply voltages possible in S¢TOIB]blocks
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ISSCC 2010 0 DATA CONVERTERS

Subcommittee Chaenu Gopinathan, Ayusys, Bangadae, |

OVERVIEW

CONTEXT AND PRESENT STATE OF THE ART

T

In muktarrier GSM bastations, blocker channels can mix into the signal band of interest ruining@8idjBal fidel
SFDR is required to achieve the desired perfbfizi&a)

Consumer mokaledio applications demand higher performance, longer battery life, and lower cost. In next ¢
SoCs, 45nm CMOS will enable embedded audigt@nc}ions.

For medal imaging, converters-bftk8solution are needed for high image quality. Higher sample rates are th
reducing system compl¢Xityl]

100Gb/s optical networks require that four 40 telBG&BBsMe available in mainstreanttatat CMOS, to
allow integration with the digital parts of th¢ZlyJiem.

MOSTSIGNIFICANT RESULTS

T

Breaking th&00dB linearity barrier at sample rate of more than 100MS/s-eaati#e &SBMtbastationd16.1,
16.2

The first 45nm CMOS-pagformance audio Afofieves 110dB Sigadloi se Rati o ( SNR)
0.04miA[16.7

Unparalleled speed of a new ADC impacts medical devices. Its 12.5MS/s dperasiolutiatt) d&luces power
and complexity for MRI and digitgPX. ]

A record baking 40GS/s sampleisademonstrated in a mainstream 65nm CMO32drdcess.

APPLICATIONS AND ECONOMIC IMPACT

= =4 =4 4

Important advances in ADCs for cellular and mshakobdd®.1, 16]2

Unusually higpeed higiesolution converters will relacst and complexity of medagihg systenil.]
Pushing the speed of succemgpreximation converters hjghet, 21.2, 21.4, 21.7

40GS/s CMOS ADC will extend 100Gb/s optical comfairjcation.

©Copyright 2009 ISSICOo Not Reproduce Without Permission
-25-



Sessions: &, 21 DATA CONVERTERS

©Copyright 2009 ISSICOo Not Reproduce Without Permission
-26-



HIGH-PERFORMANCE

DIGITAL
SUBCOMMITTEE




©Copyright 2009 ISSICOo Not Reproduce Without Permission
-28-



Sessions5, 9 HIGHPERFORMANCE DIGITAL

ISSCC 2010 8 HIGH-PERFORMANCE DIGITAL

Subcommittee Chaam Naffziger, AMD, Fort Collins, CO

OVERVIEW

CONTEXT AND PRESENT STATE OF THE ART

T

Evefincreasingnt egr ati on | evels are enabl e dlawoyscaglae s e
evidenced this year by two 32nm processor designs from Infsl RBdbAMD.

Highperformance processors continue to push performance witol@ ggstassra-chip (SoCs) providing,
unprecedented bandwidth, eetfiggncy and comunts, all with the goal of deliveringawesefficient
performance to their respective m@aRets 4, 5.7, 7.4]

The miniscule devices that enable todayds extr
variation than thengparatively huge transistors of just a few years ago. Ensuring a high yield of reliably oper
plus transistor chips in advanced technologies is now an area ripe for innovation and research, as evidenc
number of publication®snding embedded sensors andipanagement approa¢f&s9.8,9.1Q.

MOSISIGNIFICANT RESULTS

T

The next processor generation reaches unprecedented integration levels using devices comprised of just ¢
atoms. Both Intel and AMD presgmisdésit use-8li  m@ate 832hm manufacturing processes that yield 50%
greater integration in the same area with the same power, as the previffus,geperation.

The amount of computational parallelism integrated in the next generaticessbsehas peen taken to new
extremes. SUN has integrated 128 threads per chip, enabling 128 applications to run simultaneously with
Tb/s of 1/0 bandwidth. This leading edge processor is built in 40nm technology, has 18<eshwdthdBahrea
6MB L2 caché.q

New devices are being integrated to enable the continued performance growth of processor designs. 1BM
highend processor that uses embebbed DRAM (eDRAM) memory technology which is over 3 times as der
conventional SRAM used in other commercial processors2 #aar@&Mmpnmcludes 32MB of integrated memor
1.2B transistors, and has 8 cores with 4 threads each which will enable the moseddrsandingdpitations.

[5.4
As technology isits, small transistors having only a few atoms in critical parts, exhibit large variations, nece:
innovative techniques for reliable integration in the billions. This year, at ISSCC, three presentations addre

regarding aetieagingand patdelay monitoring with extremely fine resolution sensing and adaptati@i/capabilit
9.8,9.19
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APPLICATIONS AND ECONOMIC IMPACT

1 Thegoabf integrating dozens of cores and billions of transistors on dcsfegle ttie issatiatdedfor
comput ati on -éxpaading IT ihfestrwctenesdiddl e evhaearmps presented i
will power the next generation qidrfgimance systalmsugincreaselvels of integration, sjgged 1/Ona
greatefoas on fingraied powananagement with multiple clock/power dorddgwoltage cachgS.1,5.2,
5.45.5]

1 The exploding core counts and heterogeneous integration enabled by billion plus transistor designs has re
paced architecturad aircuit innovations ketop networks, since integrated components need to move data arc
at a pace that matches their computational ability. These innovations are enabling significant advances in
efficiency and application throughputimssygh a large number of fa@5.J7

1 If all of this computation capability is to be delivered as cheaply and reliably, as it has been in t@past, all ¢
and manufacturing issues associated with the miniscule dimensionsabavedtaihe adapted to, using
sophisticated new methods. Hence, a great deal of research is being dcimp deiayenoraging sensors
used in adaptive pemanagement techniques that are becoming regular features in nd@& h@®dessors.
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TRENDS IN PROCESSORS PRESENTED AT ISSCC

The advances in new materials, device archisewdupescessing technighese enabled silicon manufacturing technolog
scaling into the 32 nanometer regime where the transistor channels are cothpjissdadhditelfal of atoms. The extreme
scaled dimensions have enabled massive tmategjsabion capacity on commercial silicon chips. The relentless purs
performance has driven the utilization of the available transistor capacity @esigmensgtechtegrate more functions in
hardware that push the performance beyond the jasstmedybarriers.

Thechip-complexitychartshows the trefiak the numbertadnsistsrintegrated in a single silicon chip over tivedastdes.
Recetly, nany products have been deployed successfully with more than a billion logic transistdogin@rdeasgdring
magnitude increase over the earliest microprocesshe80s) ¢ ISSCC 20100th Intel and AMWIIpresent their latest
micoprocessors implemented in the leading 32 nanometer edhioGigiileSUNandIBM wikhow their new generation of
largeservexclass processdis?2 5.4] It should be noted that the massive integration capacity has also enabledtivery lar
megabyte afie cachegxemplifiethost notablyyl BM6é s whopping 32 megabwPOMER™f ¢
processazhip[5.4]

The pursuit mfcreasetardwarémplemertifunctionalitgna singledie has hit the well known powea baaitieset by power
delivery and thermal limits. This event can easily be sgmmeinttbad chanyhere if anything, maximum power consumptio
is now exhibitingdawnwarttenddriven byhe cost burden of the cooling infrastructure. Aldkigawegreduction requires
innovative heamoval solutions and sophisticatdié power management. -pligler processors exceeding 200 Watts of
power consumption were presantealst ISSCConferencedut these are largely setit the pasts aergy efficiency
dominates the compirtdustry.

The trend toweringhepower consumptiompliexonstraining tigeowth adperating frequerio zero or beloas shown in the
frequency chartAs the usual frequency knoirrefaseg@erformance i®longemavailable to architects and designers, the nev
trend is towargaralledimin theimplementatiomhe best hardwaggproacto parallemis to provide parallel execution paths in
terms of multiple processor cores on a singkenuhijiplthreads running on a single core. At ISSCC 2010, Sun Microsysten
present a i€ore 128hread sernwefass processfr.2] while Intel will present-act8 research procegsor] both of which
represent benchmarks in parallelism. Thisitrere@sihg performance through parallelization is well illustcateddoptite
chartwhich shows a steady upward trend, and a comiiieteydaok single or even dual core processor implementations.

The combination of highsistor countsddow power (resulting in low operating voltages), along with scaled threshold volt:
incited variability and uncertainty i pvifmsmance and power consumption. Various dynamic variations, such as
temperature, and aging, must be sanddtie processataptedo the continuously changing environment. At ISSG&h2010
interesting papenstheDigital Circuits & Sensors sesswitl show how device degradatiahelay variations at giecond
resolutionan be monitored
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ISSCC 2010 0 IMAGERS, MEMS, MEDICAL AND DISPLAY

Subcommittee ChaR: Daniel McGrath, Eastman Kaglé&ochester, NY

OVERVIEW

CONTEXT AND PRESENT STATE OF THE ART

ll

Currendisplay technology degrades over time resulting in short device lifetimes and an abundance of elect
[6.3]

The potential for extensive integration of sensors for medical diagtersisranditorigg is not being utilized.
[6.6]

Current taperature sensors are implemented in older CMOS technologies and require very costly trimming
establish their accurficy.4]

Typical wireless systems requstepéirystal oscillators that are expensive and consume preciouscaiéa on sm
phone circuit boaifds..6]

The explosion aine gaming hlasen propelled byititegration of sensors into controllers. Gaminggsatforms
alwaysearcimgfor better technologies to enallenterface paradigmswoe interactive p[ag.7]

Currently, the resolution of Apbloifee cameras suffers from the tradeoffs necessary to satisfy the form factor :
realities of commadlgctronics desidgrurther,sapixel size is redudemhiside illuminated image sensors suffer
fronreduced sensitiVig2.9]

MOSTSIGNIFICANT RESULTS

|l

Increased lifetime displays are closer to reality! A new stable RGBW AMOLED display with OLED degrad:
compensation substantially reduces image sticking and increases the useful lif&idisplag.8]O

Asignal processaith the lowestported power consumptignt r act s t he heart és r hy
circuitonsumesnly 36W, enabihgit to run off a small battery for months, constantly monitoring ¢heasiaite of th
forthediagnas ofchronic ilinegs.6]

Integrated temperature sens@agno calibration da@ used anywhere and everywRaaditys not sacrificed
witht0.2C3 0 a ¢ ¢ u B58Caoy126P[I7.d]m

A nevAuminurNtrideonsilicon resonatoaisimportastep twardsntegrating high lowphasenoise reference
oscillatorsnchip.The associated transimpedanpéfier hasgain ¥6dBOhm across a bardtivof 2.5GHz, with
afigur@tmer it of 2190GHz[k7/®) mW, with a 500fF | oad

Timeotflight sensor with the smallest pixel enables the first generafilodirag serggors for gaming applications.
Integrated optical sensors and interfaces pro@0dx60 pixel rafigging image sensor with 10x210¢kn
pixels[22.7]
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il

The first backsidleminated (BEIMOS image sensor with 10Mpixel regparimmew avenu®8SI sensor
with 1/2-4ch 10.3 Mpixel image using 1.65x3pd&lsnperates up to 50 frames per second and achieves a
sensitivity of 9890-s[22.9]

APPLICATIONS AND ECONOMIC IMPACT

il

As highiesolutiodisplays becorabiquitous, those thatdaggerwithn hanced f eat ure set
appeal, being radlexibile and dura@ie]

Integrated sensors will allow for vastly impgnasdics and paiftare health monitgrergabling new
opportunities in $i®B-UPD markel6.6, 6.9]

Pervasiveetnperature sengwill enable advangexiver managent fahe next generation of datacenters,
and allowmart buildirgpntrob y st ems t hat provide fgreen[@g7tdp st |

Integrating the frequaeégrence oscillatoichip will simplify the next generatiompaicttoywower mobitkevice
designs. Eliminating the external crystal oscillator will reduce both the system costs and the form factor of t
enabling smaller, lighter, and lower cost cel[lah6hes.

Rangefinding CMOS image sensorgsatlee whole new leeéinteraction ire thultbillion doll@tectronic
entertainment and video gaanket.[22.7]

The next generatiopatable multimedia desaceeras will require backside illuminated CMOS image sensors
compete in the rriltion dollar moliiEndsemarkef22.9]
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TRENBIN SENSORS AND MEMS

1 Cost Reduction and Growthhe recent advances in design, technology, system integration, packa
sensors togethemndincreasd producvolumeshave dramatically reduitecost of sensors. Cell phones,
game consolesnd other consumer products now integrate several ssehs@sa (Combination of
accelerometers and gyops in a single packa@eld have spurredsignificant innovatiothagpplication
level Tke use of multiple sensors, their downscaling in size and the ever higihegtatieks/aflable will
lead to further growth in the sensor market.

1 Temperature Sensoremperature sensors havelved tdower power, lower cost, and elonipét
expensivealibratigrwithout sacrificing sensor accuracy. Recent highlights dosvpowdiraensor with a
power consumption of less tt\ahak well as a device without trimming and an accuracy of lg&fé€than A
over a wide temperature range.

1 MEMS:Hgher frequencies extend the reach of MEMS to new application areas befguuth sesnsors
frequency geneastand radituning)

1 3D Inegration:3-D integration of heterogeneous LED and CMOS technologies enables anatddressabl
highspeed optical sources fdodpicand medical applications.
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TRENDS IN DISPLAYS

1 OLED Display$rganid_EB (OLEDSs) represgatrevolutionary display technology that promises to displ:
LCD. Today it suffers from-temhinology teething issues that have consequencethsdelgrasiation of
the image quality with uSeditionallystraightforward sslidte circuiteeen usedo driveconventional
displaysbut, nownew electronic methofimonitoring and adjusting the signal applied to the OLED can e
the uniformity and lifetime of the display.

1 LCD BacklightsOngoing trends for LAdBdude the march towarder thnner lowespowerand better
gualitydisplays.Structured LED backlights have provided benefits in alliroEtisésedn this technique,
solidstate circuits are enabling LED backlight drivers to significantly increase the rate at \WwksatebhED b:
operatgand allow extended dynamic range by locally varying brighttieskfastmoving sequences look
better on screens that operate at higher frame rates.

1 Mobile Touch Screenslore and more mobile devices have touch screengmblieti®e need for a
physical keyboard and allow the display to fill almost the whole size dhibteldem=y simpler user
interfacesndenablingnorenatural game play. A new IC contih@aksplay driver and teacteen controller
onto a mgle chip.
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TRENDS IN MEDICAL

1 Evidencébased MedicineWWe are facing enormous pressure to demonstrate the effectiveness of 1
treatments for outcome andeffesitiveness. This will require new sensors and diagnostics ifay estak
guantitativeetrics of success.

1 Cost Control: Currently, mediciseunder enormous cost presétrde same tintechnical trends in the
semiconductor industrybaneg applied to the headile fielchelpng toestablish evidence for effective care
andto support thehiftfrom reactive medidm@roactive care.

1 Bench to Bedside is Practicihe trends in bioelectagalit engineeripgrtendhe likelihood that these
technol ogies will t r a amovirgranalysis drow lebaratom to fihb eati€héh 0
key enabling features that we are seeing include lower implant powes|dxggigorithmmplementation
for featureextractin and faster telemetoy data disseminatiand forconcurrent implant contfdle
applications of this technology are also expanding to inetatie rheaitoring, implantable neural tags fo
research and chronic monitoring, and acute detection of electroencephelograms (EEG) for seizure r
brairstate detection.

1 Power MasgementAnother key trend in biomedical devices is enhanced power management. This
since the battery or other energy stmitiga dominate the size ofritbdicadlevice. Inductive links are being
prototyped that yield higher efficigmoyiae greater flexilditythe supply of energy from external sources.

1 Complex Measurement Circuits for System Simplicifyrovements in circuit instrumentation are al
transferring into the pofcarearena Novel measurement techniquesa iinticular focus on complex
impedance, are providing-fedimethods that lower cost. Other emerging techniques include the com
of magnetic beads for sensing forces and molecular tagging. While these approaches currently do no
oftheart approaches using optical technigues, improvements in sensitivity continue that might provide
poirtofcare approach.
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TRENDS IN IMAGE SENSORS

1 Markets and Growtfithe CMOS image sensor business is still one of the fastest e ofsihg
semiconductor indusie to cell phone cameras and otheiirdagialy applications. Thepbelhe camera
adoption rate is expected to be approximately 90% for 2009, and the 3G mobile technology is ac
utilization of mukiglameras per cell ph@ier digital imaging markets include traxh#®sach as DSC
and camcorders, and emerging markets including web cameras, security cameras, automotive can
cinema cameras, and gaming.

1 Issues to Addresdn ordeto maintain market growth in this industry, many barriers must b&hisercon
includes better image quality, higher sensitivitgemsgiheesolution, lower cost, highdradater rate,
higher systelavel integration, lower power consyamdi@D imaging. The number of technology barriers
each market depends on the target application.

1 Technical Advancehe resolution and miniaturization races have still remicemdel@ the performance
requirements stay constiduat pixel size islisscaling down. Moreover, in, BMOS image sensors with
1.4un pixels became availaatel sensors with 1.2ymxels are expected to be available in 2011. In ordel
compete in this rasew innovative technologies are being continuously.dBvesep@eclude advanced sub
100 nanometer CMOS insagsor fabrication processes, backside illumination, digital optickvahd wai
camerasThe importance of digigthaprocessing technology in cameras continuesThigq@wcessing is
usa to mitigate sensor imperfections and noise, and to compensate for opticaklilenealttiohsensor
computation is increasinthooisarsl of operations per pixel, and requirggetiggmance and Hoower
digitakignaprocessing solutionseréhs a parallel trend pushing the industry toward higher levels of inte
to reduce system costs.

1 Emerging Marketshe trends in emerging markets includédodweidth communication for surveillance
cameras, wider dynamic raauge opticalommnication function for automotive cameras, fastetr fiarad
digitatinema cameras, and three dimensional imaging for gaming. As the required functionality and |
increase, the technological challenges continue to grow rapidly. Thed periterignae of CMOS image
sensors are growing at an exponential rate. This will enable digital cameras to be usedfioundikeaspec
within the next few years.
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1ISSCC 2010 LOW-POWER DIGITAL

Subcommittee ChairziDar Chiueh, National Taiwan University, diaipei, T

OVERVIEW

CONTEXT AND PRESENT STATE OF THE ART

T

Current 3G mobile devices can deliver bit rates up to only 10Mb/s and support only a singlf &iteless stand
15.3

Current embedded processnrat speeds of several hundred MHz and consume hundreds of [ABAbpf power.
15.6, 15]7

Most video decoders today are limited 40esingj@#20x1080 video sidaalS.

Simple intelligent vision processing, such as smile detection any] leexpe@éncing widespread adoption in
commercial applications such as digital a8 8ras.

MOSTSIGNIFICANT RESULTS

T

The first functional 4G silicon chips are described ersidied baghmunication for netbooks, smartgpitbnes
the next geration ahobile device&TH Zurich with Advanced Circuit Pursuit-Afd Glith T. U. Kaiserslautern
describe chips that implement 39@Nbo code decodargl a multimode softwiafered radio capable of 4G,
WIMAX, 802.1Amd cognitive dii5.1, 15]3

Lowpower processors biteaugh the gigahbdrrierenabling a new generation of smart phtbes/dyefore
seen capabilitigsRM and Intel describeameldedded processors withl@Gidr operatiahpower levels uns@r
mW, Wile Qualcomm describeptavedesign techniques used in their 1.4GHz Sngpocageofl5.5, 15.6,
15.7

The first supeiD and 3ideo decoderpigesentedrhis 90nm chip supports vide ithal096x2160 resolution
or multiview vigeonsimngonly 59mVj18.3

A massively parallel processor eadisdexenhtelligent image processing for surveillance cameras and multime
phones. With 2048 cores, this chip can be applied to object tracking, face/gestwihdetertipo; i
intensive image processing prof&rs

APPLICATIONS AND ECONOMIC IMPACT

T

4G mobile higpeed networking can bring HD video and other internet content to smartpleoreesolgteooks,
devices, enabling the-gereration user experigéd., 15.8
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1 With higher computational power and lower power consupgsfamaigie cores makegesdration smart
phones even more powerful, with longer battefy%ifgtite6, 15.7

1 Advanced video decoders enable the next generatibigbfisfipition displays and the emerging market of 3D
TV[18.3]

1 Smart cameras that can recognize your smile/face/gesture and track interesting objects are possible thank
massivelgarallel imageocessor chip. This will result in new aathv@@applications that were previously thought
be impossible due to computational limitations in the current generation of inja8&processors.
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ISSCC 2010 6 MEMORY

Subcommittee Chaklideto Hidaka, Renesas Technologyafian

OVERVIEW

CONTEXT AND PRESENT STATE OF THE ART

= =4 =4 A4 A4 - -

18Vib SpiTorque Transfer Magnetic RAMMBANNpas been demonsitaies.2]

ConductivletalOxid CMOxinemorhas beeprototyged in #kobitchips[14.3]

PhaseChange Memory (PG&sachievea limitedapacit of512/b in 90nm CM(131.8]

Micrprocessors currently use SRAMdoipdr8 cachg$9.1]

32nnSRAMsirelimied byowwoltageperatiafl9.3]

DRAMSs for mobile applications $edva low powddDR2LPDDR2)iterface forghier bandwidf4.2]
Higher interface speed is a cricital requirement for memory systems, as NAND c§aély increases.

MOSISIGNIFICANT RESULTS

T

Highest density of 64MBISRAM with smallest perpendicular cellof@r86Bnm CMOS. The 30ossactime
is used a clamped reference with a new adéepemisbased sensing scherfie&2

Highest density of 64Mb CMOx memomyrm@MQAS in a féayer 0.1 crosgoirkcell array. Using the multi
layer capability, this memory is staléd@b capac[i4.3

Fastest 12ns 4Mb embedded PCM in 90nm CMOS ever reported! Fast read is achenleabyMGiBdridhe
hierarchical column decfitier]

Highest density of 1Gb PCM on 45nm CMOS with 1.8V operation featakes thedagitsiperformance with
266MB/s and 9MB/s read/write throughputs re$pédively.

First 45nm embedded DRAM (eDRAM) as L3 cachkenith seivglilass microprocessor, the POWER7
Previously, all microprocessors have used SRAM famipBecaehtations while this design uses eDRAM to redt
area and co§i9.]

First use of margmprovement technigues at 32nm for enhanckagewperation. A new approach called
wordline underdrive (WLUD) has been applied in 3etatigketechnology to reducenwbg 130mV19.3

Smallest 32nm SRAM bit cellf@@4@esanassist technique to improveditage operation. This new technique
improves write margins, reducHugleed! rate by two orders of magnitudesin HBate 82nm CMQR.4

Fasteshidel/OnobileSDRAMisingmicrebumpsachieves a 12.8GB/s data rate at 2(PMHz
Fastest 200MB/s DDR intedia@32nm 32Gb NAREZh memar4.6]
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T

32nnB82Gb NANIAsh memorythadaptive code selection asatthfjgatecoupling cancelati@d.§

APPLICATIONS AND ECONOMIC IMPACT

T
T

The 64Mb MRAEN potentially replace current flash technology with almost unlimited read fiati3vrite cycles.

The 64Mb ConducMetaOxide (CMOXx) memory witHawgalticapdlty can potentially reach 64Gbchigle
capacity to drive down the cost of current NAND flash technologies, enablingoexireme laiost
applicationgl4.3

New PCM technologies may unseat traditional SRAM and flash techeatbgedexs itemory of choice for
SoCs, providing vieigh capacity neolatile memory at low costs making PCM ideally suiseth$aiveost
embedded applicatiphs.7, 14]8

New eDRAM technology enablederéweseen levels of memory integ@tiserver processors, improving
performance while lowering both power i@ §ost.

Improved SRAM designs with reduced power consumption, and improved reliability and robustness at low
voltages, enable dependable operation in the migratsubimidesn 32nm CMO$53

Novel SystemPackage (SiP) technology, enabling the integration of sophisticated memoripBéidslidrs and
increasperformanaehile reducing cdsysillowing femaller forfactorsn future desigifi4.2

NANDflash costs are further reduced by foregoing more complicatedeSblaslinadtinologies in favor of
further extending the limits of lithography to improve the cost per bit. This will result in increased capacities
read/write timesdafaster adoption of NAND technologies in new markets stiate asigobd SSJ2).6

24.83
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TRENDS IN MEMORY

Memorygesign has seen a number of trends over the years: proceshscteattygseducedts minimum feature
siz, a wide variety of techniques have been developed topaokragensity and a myriad of
technology/circuit/system optimizations have been created perforpranee amdduce power dissipation. In
additionremerging technologiash ag8Dchp stackgand new physical mgmuoechanisnase pushing the memory
R&D fronerevenrfurther forwatISSCC201@ plethora of descriptors is needagttoge t memalgvelopmesnt

32nm 32Gb MLC NAND flash memory

8Glis-GDDR5 DRAM with 1Gb capacity

32nm SRAMNKIng7/8/10/12T cells for excellent matdowvoltage lopower designs

3D integrationcludesevolutionary interface techn{gueb as3This/1pJ/b inductiveerfaces)

Emerging mematgchnologieto realize nerolatile RAMabounds45nm 1Gb PCRAMhaseChange
Memory), FeRARKerrolectric RANMeRANResistive RAM), MRAM (Magneti¢c &#\Mjo an

= =4 4 A4 -

In particular, NAND flash memory has seen significant developments in the pastHeadseans oivitflgansity
technology tmeet the lgvower and levost storage demands for replacindistaglorage the form of sedichte
disks (SSDsJ)he figure below shows the observed trend in NAND flash capacities presented at ISSCC in
years. Note that in 2010, tthecten in process feature sizes, coupled with advateed caliltfMLC) techniques
have yielded3Glxzhipcapacitin a32nm technology with 2b/cell operation

NAND Flash Trend

ISSCC papers
® MLC (Multi-Level Cell) : 2bits/cell

® SLC (Single-Level Cell) : 1bit/cell

3,4bits/cell
100 /
55% growth / year )
o~
10 ® ® '
. 1
P R '
MLC SLC '
1 ®

100

0.1

Memory Density [MB/mn¥]
Program Rate [MB/sec]

‘.: 10

MLC 3,4bits/cell
0.01 \ \ . f

1998 2000 2002 2004 2006 2008 2010 Year
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SOLIBSTATEDISKS(SSD)

The aforementioned SSD technology has recently bkgurfftaghtegration density anetdst reduction have
made SSDs feasible replacements for conventidisddnave (HDDs)n niche applications where the higher cost
are tolettae(such ashigkend ultrgportable laptops). Continued optimizatith density and cost will enable SSDs tc
become more pro@EMpetitive, increasing their adoption rate in more mainstream, applicatbdosing new
requirements for the @BAronmergyuch as:

1 Highbandwidth NAND flash operations

1 Optimizedrganizatidior SSD systems with 3Dsthigk structures
1 Wireless interface schemes for 3Btathp

1 Defect control

1 Highvoltage power supplies for NAND flash memory cell operations

INTERFACES

Unfortunately, the gap between memnerfyequency andeemadata rate continues to incress®m@ventional high
speed wired interface schemes such as DDRx and GDDRx for DRAM and NANGbfiasberteneeplive (see
figure below). This leads to the need for a larger prefetch size, which is pragngprgldsem in modern memory
systems. However, alternatives which accommodate high data rates through the use of wider or differentia
face the problem of increasedopints, and enlarged silicon areas. Combined with 3D integratmy ahd
memory/logic in néaure commercial products, new interface technologies will yield more memory stacking,
lowespower and higHsandwidth interfaces. A recent experimental inductive coupling interface demonstr
achieved 428 NAND chip stack for SSD use, with an 8Tb/s interface for a DRAM/GPU stack.

DDRx I/F - DRAM Core Freq Gap

2400
5 2133
2000}--22Y . fd 25
3 S
1600 ;L |_Data Rate 20 0
% 1.8V Eg

Data Rate
1200} n =
(Core Freq

g ?__ "\ 1.5V 15
1066
=> (Prefetch size) /
800 éoo

n=2 400 / E:ore Freq.
400 66 |
200 | 266 | 266
20 " / "'0

100 100 100
DDR1 DDR2 DDR3

Data Rate [Mbps], Core Freq [MHZ]
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NONVOLATILEVEMORY

New breeslof norvolatile memory technologies ainpegsatentonvolatileRAM (NNRAM) hasvolved over time,
with ISSCC faithfully trackinge tdevelopments over the yéa8CC2010 will feature a niewel ofReRAM
(Resistance RAM) integratimh circuit desjgoresenting new opportunity fxtendinghe memory technology
spectrum, together with existing FeERAM/MRAM&RGRAM)iess ahown in the figure be@mmercial use$
these new breeds of-RAMMhave been very sltov appeabecause of the rapid reductiqresiit cost of
conventiondhshmemory technologireadyn the markddowevethesenewtechnologies aresio capture some
specific markets for legmvenrzero stantdy system implementatidimeicoming agef green technology!

Mapping physical memory species

Mask-ROM
Fuse, OTP

Non-volatile p £ MRAM |}
1 Flash
EEPROM FERAM I'
ROM (NV) PCRAM /7
ReRAM y
Write=1-106 \ 7
\ S — - ’
DRAM
_ RAM
Volatile SRAM
Write > 1016

Write Endurance < >
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