
   



   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ISSCC PRESS KIT DISCLAIMER 

The material presented here is preliminary. 
As of November 1, 2009, there is not enough information to guarantee its correctness. 

Thus, it must be used with some caution. 
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CCOONNFFEERREENNCCEE  TTHHEEMMEE  

SENSING THE FUTURE 

The ISSCC 2010 Conference theme is: 

òSensing the Futureó 

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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EEVVEENNTTSS  

TUTORIALS (SUNDAY, FEBRUARY 7, 2010) 

¶ 9 90-minute Tutorials, each taught twice, by circuit experts from the International Technical Program Committee, serve to 

meet attendees` needs for introductory material in circuit specialties. 

FORUMS (SUNDAY, FEBRUARY 7, 2010) 

¶ Circuit experts exchange information on their current research in an all-day informal environment. 

SPECIAL-TOPIC EVENING SESSIONS (SUNDAY ï TUESDAY, FEBRUARY 7-9, 2010) 

¶ 5 Special-topic presentations, in which experts provide insight and background on a subject of current importance. 

¶ Student Research Preview ï short student presentations of work-in-progress at Universities around the world. 

EVENING PANELS (MONDAY ï TUESDAY, FEBRUARY 8-9, 2010) 

¶ 2 Panels in which industrial and academic experts debate a selected topic and field audience questions in a semi-formal 

atmosphere. 

TECHNICAL SESSIONS (MONDAY ï WEDNESDAY, FEBRUARY 8-10, 2010) 

¶ 4 invited talks presented in the Plenary Session. 

¶ 210 technical papers presented in 25 Regular Sessions, highlighting the latest circuit developments. 

SOCIAL HOURS (MONDAY ï TUESDAY, FEBRUARY 8-9, 2010) 

¶ Network with experts in a wide range of circuit specialties; meet colleagues in an informal exchange; browse the technical-

book exhibits! 

SHORT COURSE (THURSDAY, FEBRUARY 11, 2010) 

¶ Intensive all-day course on a single topic, taught by world-class instructors, can serve to ñjump startò a change in an 

engineerôs circuit specialty. 

FORUMS (THURSDAY, FEBRUARY 11, 2010) 

¶ Circuit experts exchange information on their current research in an all-day informal environment. 
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PPAAPPEERR  SSTTAATTIISSTTIICCSS  

OVERALL: 

¶ 4 papers invited 

¶ 638 papers submitted to ISSCC 2010 

¶ 210 papers accepted 

¶ 85 papers from North America, including 

¶ 42 Industry papers 

¶ 43 University papers 

¶ 66 papers from the Far East, including 

¶ 38 Industry papers 

¶ 28 University papers 

¶ 59 papers from Europe, including 

¶ 28 Industry papers 

¶ 31 University papers 

¶ 27 Sessions, 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 % 

 High-Performance Digital:  10%    4 %    7 %  13% 

 Imagers, MEMs, Medical, and Displays:  12 %  12 %  11 %  12% 

 Low-Power Digital:    6 %    6 %    5 %    4% 

 Memory:  11 %    9 %  12 %    8% 

 PLL:    6 %    --    --  -- 

 RF:    8 %  11 %  11 %  10% 

 Technology Directions:  12 %  13 %  12 %  12% 

 Wireless:  11 %  13 %  11 %  12% 

 Wireline:    8 %  14 %  11 %  13% 
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PPLLEENNAARRYY  SSEESSSSIIOONN  

Paper 1.1: 
MEMS for Automotive and Consumer Applications 

Jiri Marek, Senior Vice President, Robert Bosch, Reutlingen, Germany 

¶ MEMS sensors are increasingly more important and even common place. 

¶ MEMS-assisted electronic systems are making system reactions to human needs more intelligent, and much faster 

than unaided humans can provide. 

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

¶ MEMS development, thus far, has relied on surface micromachining whose development was the breakthrough 

required for this advance. 

¶ MEMS success relied as well on innovative ASIC design, simulation of electrical and mechanical behaviour, and 

deep understanding of package and structure over temperature and lifetime. 

¶ Bosh has evolved these capabilities over 20 years and over 1 billion sensors. 

¶ Earliest MEMS successes were in airbag control and gyroscopes for vehicle-dynamics control. 

¶ Now, consumer applications abound:  switching the cell-phone from portrait to landscape as the phone orientation 

changes, avoiding disk damage as the laptop falls, identifying vehicle vertical location in parking and multi-level 

highway structures through pressure sensing, detecting weather trends, measuring personal altitude, monitoring 

activity in shoes and sportswear, and providing intuitive controls for games and other interfaces. 

¶ This presentation will consider other applications such as inkjet heads and micromirrors, as well as the challenges 

to be faced by MEMS-creating technologies. 

¶ Bosh product evolution will be described up to current designs for inertial sensors that are critical to so-called 

ñESPÑ-systemsò.   

¶ Arising new applications, such as energy harvesters and micro-fuel-cells will be discussed.   

Paper 1.2: 
Harnessing Technology to Advance the Next-Generation Mobile User-Experience 

Greg Delagi, Senior Vice President, Texas Instruments, Dallas, TX  

¶ The mobile handset market is driven by increased bandwidth, increased processing performance, improved screen 

technology and reducing power consumption. 

¶ Current 3G/4G handsets are multimedia Internet devices, with big screens, HD video, gaming, HD camcorders, 

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 sensors, 

applications and display options, all designed to make life easier and more productive! 

¶ Future displays including 3D imaging, virtual interaction and conferencing will make every call feel like you are right 

there, providing an experience far beyond todayôs lesser technologies. 



 CONFERENCE OVERVIEW 

© Copyright 2009 ISSCC ï Do Not Reproduce Without Permission 

- 7 - 

¶ 3D touch screen with image projection and gesturing will support a new era of intuitive mobile-device applications, 

interaction, and information sharing.   

¶ True mobile companions will require new compelling services and features to function as well as the office or home 

computer.  

¶ The massive amounts of data needed by the mobile companion will require immense improvements in system 

performance, including specialized circuits, highly-parallel architectures, and new packaging design. 

¶ A smart-mobile-companion device will seem to be always-on always-aware in a way that is completely seamless 

and transparent, by automatically determining the best and most appropriate modem link, whether WiFi, LTE, 5G, 

or mmWave, based on which will optimize performance, battery life, and costs to deliver the best-possible user 

experience.   

¶ Future systems will require todayôs modem technologies, along with new man-machine interfaces and body-area-

networks.   

¶ Additional energy supply needed by computational requirements necessitates improved energy efficiency, 

particularly to deliver all-day operation or two-day always-on standby without a recharge.  

¶ Innovations ranging from low-voltage digital and analog circuits, non-volatile 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 energy 

scavenging and harvesting, massive multimedia processing power, and new interface technologies will all work 

together, will revolutionize how we interact with our smart-companions of the future.   

¶ The implementation challenges will be met with strong collaboration in research and development by universities, 

government agencies, and corporations, with smart mobile-companion devices likely to be a reality within 10 years! 

Paper 1.3: 
Challenges of Image Sensor Development 

Tomoyuki Suzuki, Senior Vice President, Sony, Atsugi, Kanagawa, Japan 

¶ The semiconductor industry has been pushed by successes in digitalization and computerization.  And now, is 

further encouraged 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 developments. 

¶ Digital cameras were initiated in 1969 by the invention at Bell Laboratories of CCD image sensors, (for which the 

Nobel Prize was granted in 2009), and extended by them and others through the mid 1970s, leading to the first 

video cameras in the mid-1980s. 

¶ Still camera use expanded into the 21st century, with high resolution capability increasingly demonstrated, leading 

in 2005 to an HD digital video camera which was able to record a 1080i high-definition image using CMOS image 

sensors! 

¶ As CMOS image sensors achieve higher performance and higher speed, the use of CMOS-equipped D-SLR and 

cell-phone cameras is expanding. 

¶ Over the past 25 years, camera size has decreased by a factor of 500, as a result of pixel miniaturization, with 

image-sensor photosensitivity improving by ten-fold per decade.   
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¶ These advances were brought about by the use of an n-type substrate to reduce pixel size, and to implement 

electronic-shutter function, as well as, a Tungsten light shield to reduce the smear signal to -100dB for a pixel size 

of 3.9µm.  Such developments led to the 2M pixel digital still camera in 1999. 

¶ Beginning in 1998, high-speed imaging development at Sony emphasizing increased read-out speed through 

parallelism, led to the 10M pixel CMOS image sensor providing more than 70dB dynamic range with a high-speed 

read-out of 576M pixels/s.   

¶ This imager which can also be operated with a 16:9 aspect ratio in a 6M pixel mode at 60 frames/s, utilizes column 

ADCs, and a back-illuminated structure.  This design is currently impacting digital still and video cameras, and will 

dominate the cell-phone market in the future. 

¶ The presentation will include milestones in the development of the CMOS image sensor such as ñ3Dò, ñ4Kx2Kò, 

ñglobal shutterò, and describe new materials, new structures, and new processes to be employed.   

Paper 1.4: 
Nanoelectronics in Retrospect, Prospect, and Principle 

James Meindl, Professor, Georgia Institute of Technology, Atlanta, GA  

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

¶ Principal driver of the information revolution has been silicon microchip technology, which has advanced in 

productivity by a factor of approximately one billion and in performance by a factor of nearly one million (for 

microprocessor chips, for example). 

¶ Productivity has advanced, top-down, through directed assembly with scaling to 25nm, and, bottom-up, through 

self-assembly nanotechnology to 300mm single-crystal silicon ingots. 

¶ While scaling maintains IGFET dynamic power-delay product, gate-tunneling current, subthreshold channel 

leakage, manufacturing tolerances, interconnect latency with copper size effects, become problematic. 

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

¶ For the perceived saturation of the advance of silicon technology early in the 2020s, a new genre of 

nanoelectronics is needed.   

¶ The leading candidate is graphene, with its ballistic carrier transport, adjustable energy band gap of nanoribbons, 

amenabiity to both top-down and bottom-up processes, and the potential for 3D monolithic integration.  However, 

graphene still lacks the equivalent of the ñtransistorò and of the ñintegrated circuitò.  
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TTEECCHHNNIICCAALL  HHIIGGHHLLIIGGHHTTSS  

Analog: 

¶ A completely new type of integrated frequency reference uses silicon thermal time constants to achieve excellent 

accuracy over the full commercial temperature range. An accuracy of °0.2% is achieved without trimming! [4.1] 

¶ New techniques and meticulous implementations are used to drive down offset and noise in CMOS instrumentation 

amplifiers. Fully integrated chopper amplifiers achieve 2mV offsets with mW power consumption. [4.2, 4.4] 

¶ Audio-driver designs operate in class D and class G using nanometer geometries. With 79% efficiency and 100dB SNR 

achieved, using 45nm CMOS, even nanometer SoC applications can include high-quality speaker-driver functions. [4.6, 
4.7] 

¶ Analog control is being replaced by digital signal processing in advanced DC/DC power supplies. Clever control 

techniques enable several outputs to be generated with a single inductor, reducing external component count and cost. 
[10.3, 10.5, 10.6] 

¶ Nanometer technology makes charge pumps viable for delivering significant  power levels. A switched-capacitor converter 

in 32nm CMOS can deliver over half a Watt per mm2. [10.8] 

Data Converters: 

¶ Breaking the 100dB linearity barrier at sample rate of more than 100MS/s enables multi-carrier GSM base-stations. [16.1, 
16.2] 

¶ The first 45nm CMOS high-performance audio ADC achieves 110dB Signal-to-Noise Ratio (SNR) at only 500ɛW in 

0.04mm2. [16.7] 

¶ Unparalleled speed of a new ADC impacts medical devices.  Its 12.5MS/s operation with 18-bit resolution, reduces power 

and complexity for MRI and digital X-ray.[21.1]  

¶ A record breaking 40GS/s sample rate is demonstrated in a mainstream 65nm CMOS process. [21.7] 

High-Performance Digital: 

¶ The next processor generation reaches unprecedented integration levels using devices comprised of just a handful of 

atoms.  Both Intel and AMD present designs that use Hi-ə metal-gate 32nm manufacturing processes that yield 50% 

greater integration in the same area with the same power, as the previous generation. [5.1, 5.6] 

¶ The amount of computational parallelism integrated in the next generation of server processors has been taken to new 

extremes.  SUN has integrated 128 threads per chip, enabling 128 applications to run simultaneously with a whopping 2.4 

Tb/s of I/O bandwidth. This leading edge processor is built in 40nm technology, has 16 cores with 8 threads each, and a 

6MB L2 cache. [5.2] 

¶ New devices are being integrated to enable the continued performance growth of processor designs.  IBM presents a 

high-end processor that uses embebbed DRAM (eDRAM) memory technology which is over 3 times as dense as the 

conventional SRAM used in other commercial processors. The 567mm2 45nm chip includes 32MB of integrated memory, 

1.2B transistors, and has 8 cores with 4 threads each which will enable the most demanding high-end server applications. 
[5.4] 

¶ As technology shrinks, small transistors having only a few atoms in critical parts, exhibit large variations, necessitating 

innovative techniques for reliable integration in the billions.  This year, at ISSCC, three presentations address innovations 
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regarding on-die-aging and path-delay monitoring with extremely fine resolution sensing and adaptation capabilities. [9.7, 
9.8, 9.10] 

Imagers, MEMS, Medical and Displays (IMMD): 

¶ Increased lifetime displays are closer to reality!  A new stable RGBW AMOLED display with OLED degradation 

compensation substantially reduces image sticking and increases the useful lifetime of active OLED displays. [6.3] 

¶ A signal processor with the lowest-reported power consumption extracts the heartôs rhythm with elegant simplicity. This 

circuit consumes only 30mW, enabling it to run off a small battery for months, constantly monitoring the state of the patient 

for the diagnosis of chronic illness. [6.6] 

¶ Integrated temperature sensors needing no calibration can be used anywhere and everywhere!  Quality is not sacrificed 

with ±0.2ºC 3ů accuracy from -55ºC to 125ºC. [17.4] 

¶ A new Aluminum-Nitride-on-silicon resonator is an important step towards integrating high-Q, low-phase-noise reference 

oscillators on-chip. The associated transimpedance amplifier has a gain >76dB-Ohm across a bandwidth of 2.5GHz, with 

a figure-of-merit of 2190GHzĿɋ/mW, with a 500fF load. [17.6] 

¶ Time-of-flight sensor with the smallest pixel enables the first generation of range-finding sensors for gaming applications.   

Integrated optical sensors and interfaces provides an 80×60 pixel range-finding image sensor with 10×10 µm2 lock-in 

pixels. [22.7] 

¶ The first backside-illuminated (BSI) CMOS image sensor with 10Mpixel resolution opens  new avenues. A BSI sensor 

with 1/2.3-inch 10.3 Mpixel image using 1.65×1.65µm2 pixels, operates up to 50 frames per second and achieves a 

sensitivity of 9890e-/lux·s. [22.9] 

Low-Power Digital: 

¶ The first functional 4G silicon chips are described enabling high-speed communication for netbooks, smart phones, and 

the next generation of mobile devices.   ETH Zurich with Advanced Circuit Pursuit and CEA-LETI with T. U. Kaiserslautern 

describe chips that implement 390 Mb/s turbo code decoding, and a multimode software-defined radio capable of 4G, 

WIMAX, 802.11n, and cognitive radio. [15.1, 15.3] 

¶ Low-power processors break through the gigahertz barrier, enabling a new generation of smart phones with never-before- 

seen capabilities. ARM and Intel describe new embedded processors with over 1GHz operation at power levels under 50 

mW, while Qualcomm describes low-power-design techniques used in their 1.4GHz Snapdragon processor. [15.5, 15.6, 
15.7] 

¶ The first super-HD and 3D-video decoder is presented. This 90nm chip supports video signals with 4096x2160 resolution 

or multiview video, consuming only 59mW. [18.3] 

¶ A massively parallel processor enables advanced intelligent image processing for surveillance cameras and multimedia 

phones. With 2048 cores, this chip can be applied to object tracking, face/gesture detection, and other computationally 

intensive image processing problems. [18.5] 

Memory: 

¶ Highest density of 64Mb STT-MRAM with smallest perpendicular cell of 0.358mm2 in 65nm CMOS. The 30ns access time 

is used a clamped reference with a new adequate-reference-based sensing schemes. [14.2] 

¶ Highest density of 64Mb CMOx memory in 0.13mm CMOS in a  four-layer 0.17mm2 cross-point-cell array. Using the multi-

layer capability, this memory is scalable to 64Gb capacity. [14.3] 

¶ Fastest 12ns 4Mb embedded PCM in 90nm CMOS ever reported! Fast read is achieved by using low-voltage MOS in the 

hierarchical column decoder. [14.7] 
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¶ Highest density of 1Gb PCM on 45nm CMOS with 1.8V operation features the fastest-ever read/write performance with 

266MB/s and 9MB/s read/write throughputs respectively. [14.8]  

¶ First 45nm embedded DRAM (eDRAM) as L3 cache in a high-end server-class microprocessor, the POWER7TM. 

Previously, all microprocessors have used SRAM for L3 cache implementations while this design uses eDRAM to reduce 

area and cost. [19.1] 

¶ First use of margin-improvement techniques at 32nm for enhanced low-voltage operation.  A new approach called 

wordline underdrive (WLUD) has been applied in 32nm High-ə Metal-Gate technology to reduce Vccmin by 130mV. [19.3] 

¶ Smallest 32nm SRAM bit cell (0.149mm2) uses an assist technique to improve low-voltage operation.  This new technique 

improves write margins, reducing cell-failure rate by two orders of magnitude in High-ə Metal-Gate 32nm CMOS. [19.4] 

¶ Fastest wide-I/O-mobile SDRAM using micro-bumps achieves a 12.8GB/s data rate at 200MHz. [24.2] 

¶ Fastest 200MB/s DDR interface on a 32nm 32Gb NAND flash memory. [24.6] 

¶ 32nm 32Gb NAND flash memory with adaptive code selection and floating-gate-coupling cancelation. [24.8] 

Phase-Locked Loops (PLLs): 

¶ A new MEMS-based oscillator provides an accurate reference frequency with wide programmability. A MEMS resonator, 

combined with a particularly area-efficient CMOS chip forms a programmable crystal-less 1-to-115MHz clock reference. 
[13.1] 

¶ For the first time, high-quality low-noise frequency synthesizers for wireless-infrastructure applications are demonstrated 

in a fully-integrated fashion. The chips achieve cellular basestation performance using 0.18mm SiGe BiCMOS technology. 
[13.4] 

¶ A new time-to-digital converter achieves the lowest spur-performance in a wideband all-digital PLL. The new design uses 

dithering to trade off fractional spur power for a slight increase in in-band noise. [26.1] 

¶ For the first time, digital PLLs combine TDC with oscillator functions. This is achieved by re-using the digitally-controlled 

ring oscillator (DCO) as an intrinsically-tuned phase quantizer, eliminating the calibration required with traditional TDCs. 
[26.3, 26.6] 

Radio Frequency (RF): 

¶ First 2x2 beamforming transmitter demonstrator in 65nm CMOS offers robust independent vertical and horizontal 

scanning of a transmit signal in the 60GHz band. [2.3] 

¶ First demonstration of autonomous wireless in-flight recording of a live insect. A passive ultra-low- power RFID system in 

0.13µm CMOS consumes only 9.2µA, exhibits a range of 3m, and is so small that it can be mounted on a live moth. [2.8] 

¶ Sony and Cal Tech team up to develop the longest-distance inter-chip high-speed/low power communication link. Their 

millimeter-wave interconnect chips demonstrate 11Gb/s data transmission over a distance of 14mm with an energy 

consumption of 6.4 pJ/bit. [23.1] 

¶ UC Davis demonstrates a 60GHz CMOS power amplifier with the highest-reported RF output.. Use of three on-chip 2-

way power combiners maximizes output, providing a record 20dBm (100mW) RF output-power level. [23.7] 

Technology Directions (TD): 

¶ For the first time, analog circuits and data converters are manufactured using only organic, plastic-like materials.  Such 

circuits will allow the integration of sensors and digital circuits on flexible media embodying intelligent electronics. [7.1, 7.2] 
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¶ User-Customizable Logic Paper (UCLP) enables the development of integrated circuits with a standard ink-jet printer. 

This new technology will provide programmability for integrated circuits used in large-area electronics such as smart 

flexible displays, power transmission sheets, and electronic skin for robots. [7.3] 

¶ The first prototype of a commercially-viable cost-effective 3D-stacked IC is demonstrated by IMEC.  It is based on a new 

analysis of methodologies for the use of Through-Silicon Vias (TSVs).  [7.8] 

¶ For the first time, a implantable CMOS System on Chip (SoC) has been designed to provide low-voltage radio waves that 

gently heat your back to relieve pain. The SoC is fabricated in a 0.35ɛm CMOS process and for initial experiments is 

mounted on a PCB that is connected with a flexible coil antenna mounted in the spinal region. [12.1] 

¶ The smallest-ever pressure monitoring device promises new developments in ultra-small medical implants. . This device 

occupies less than one mm3, consumes 200,000³ less energy than state-of-the-art monitors, will enable promising new 

techniques for monitoring blood pressure and intraocular pressure. [12.2] 

¶ Researchers from Harvard University will present the smallest-ever complete nuclear magnetic resonance (NMR) system 

that makes possible human cancer screening in a low-cost hand-held platform. Their 0.1-kg 'palm' NMR system is 1200³ 

lighter, 1200³ smaller, 1400³ cheaper, yet 150³ more sensitive than a 120-kg state-of-the-art commercial bench-top 

NMR system. [27.2] 

¶ For the first time, a poultice applied to the chest can help prevent heart failure.  Electronics in the poultice ensure that  

ECG patterns, heart rhythms, thoracic impedance variance (TIV), and heart pumping-power, are evaluated and relayed 

automatically to your cell phone. [27.3] 

Wireless: 

¶ Highly robust and reliable cellular transceivers for advanced 3G (HSPA) and 2G (E-EDGE) communications are core 

enablers for the truly mobile internet. These breakthrough solutions demonstrate the feasibility of enhancing user data 

rates in all market segments and geographical areas. [3.1, 3.3] 

¶ The first wireless receiver that connects the ADC directly to the RF provides a major step towards true software-defined 

radio (SDR). The resulting linearity improvement of up to +4dBm exceeds previous limits over the receiver  spectrum at 

900MHz,without major impact on sensitivity. [3.5] 

¶ The first CMOS 77GHz Long Range Radar satisfying the 100m range standard requirement is demonstrated. The fully-

integrated solution includes clock generation and a complete chip-antenna assembly. [11.2] 

¶ The first 16-Element Phased-Array Transmitter for 60GHz WHDMI communications is realized in 0.12µm SiGe BiCMOS 

technology. The solution uses an antenna-array approach to meet the QoS demanded to enable WHDMI. [11.3] 

¶ A 51ɛW always-on wake-up receiver is demonstrated in 90nm CMOS. This solution paves the way for truly autonomous 

sensor nodes employing energy scavenging to satisfy their power needs. [11.5] 

¶ An IR-UWB architecture enabling robustness against narrowband interferers has been realized in 90nm CMOS. The 

interference-robust asynchronous energy-detector receiver can tolerate interferers of up to -5dBm. [11.7] 

¶ The first reported SoC that combines WLAN, Bluetooth, and FM radios on a single chip. The 16.9mm2 combo radio is 

implemented in 65nm CMOS technology, and integrates an on-chip PA with linear output power of 21dBm in the 2.4GHz 

band. [25.3] 

¶ Highest level of integration in multi-standard mobile TV SoCs. Implemented in 65nm CMOS technology, the chips utilizes 

multiple on-chip LNAs to cover different frequency bands of operation while sharing the rest of the receive chain. [25.6, 
25.7] 
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Wireline: 

¶ One half trillion bits communicated in one second! Intel presents an extremely ñgreenò transceiver chip with 47 channels 

operating at 10 Gb/s while consuming only one tenth of the power/bandwidth of any work reported previously. [8.1] 

¶ The most effective CMOS wireline receiver equalizer ever published, is presented. This solution is able to recover ñalmost- 

completely-evaporatedò data, as demonstrated by its ability to compensate for up to 39dB of loss, which is equivalent to 

receiving only 1.4% of the data energy originally transmitted! [8.5] 

¶ Another nail in the coffin of analog transceivers by digital!  An ADC-assisted receiver using digital signal processing 

operates successfully at 6.875Gb/s under challenging conditions. [8.6] 

¶ Low-cost optical receivers are finally a reality. A high responsivity production-quality Ge photodiode (PD) is integrated in 

0.13mm SOI-CMOS technology. The PD exhibits a sensitivity of 6mA p-p at a BER of 10-12, while consuming a paltry 

15mW when operating at 10Gb/s. [20.1] 

¶ The fastest single-chip CMOS Opto-Electronic Integrated Circuit (OEIC) receiver ever reported! The OEIC incorporates 

an 8.5Gb/s receiver with on-chip silicon photodiode for short-distance optical communications. [20.2] 

¶ A huge step forward in green electronics is evident with the most efficient fully-featured 10Gb/s-class transceiver ever 

reported!. The 12.5Gb/s 65nm CMOS transceiver breaks the mythical 1mW per Gb/s efficiency benchmark with a power 

consumption of only 12.3mW. [20.5] 
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Subcommittee Chair: Bill Redman-White, NXP/Southampton University, Southampton, UK 

OOVVEERRVVIIEEWW  

CONTEXT AND PRESENT STATE OF THE ART 

¶ Conventional device physics has limitations in implementing mainstream frequency-control applications. [4.1] 

¶ Sensing the physical world demands ever improving analog interfaces with mV offsets and nV noise levels. [4.2, 4.4] 

¶ High performance analog interfaces are essential in nanometer SoCs. [4.6, 4,7] 

¶ Efficient DC/DC power conversion is difficult when a fast output response is needed in RF polar modulation. [10.1]  

¶ Analog controllers are typically used in high-efficiency multiple-output power supplies. [10.3, 10.5, 10.6] 

¶ Fully-integrated supplies for SoC block-level power management traditionally used lossy linear regulators. [10.8] 

MOST-SIGNIFICANT RESULTS  

¶ A completely new type of integrated frequency reference uses silicon thermal time constants to achieve excellent 

accuracy over the full commercial temperature range. An accuracy of °0.2% is achieved without trimming! [4.1] 

¶ New techniques and meticulous implementations are used to drive down offset and noise in CMOS instrumentation 

amplifiers. Fully integrated chopper amplifiers achieve 2mV offsets with mW power consumption. [4.2, 4.4] 

¶ Audio-driver designs operate in class D and class G using nanometer geometries. With 79% efficiency and 100dB SNR 

achieved, using 45nm CMOS, even nanometer SoC applications can include high-quality speaker-driver functions. [4.6, 
4.7] 

¶ Polar modulation requires that the PA power supply provide the modulation, a limiting factor for high bandwidths. New 

hybrid power supplies raise the bar with high efficiency and fast tracking up to 4MHz. [10.1] 

¶ Analog control is being replaced by digital signal processing in advanced DC/DC power supplies. Clever control 

techniques enable several outputs to be generated with a single inductor, reducing external component count and cost. 
[10.3, 10.5, 10.6] 

¶ Nanometer technology makes charge pumps viable for delivering significant  power levels. A switched-capacitor converter 

in 32nm CMOS can deliver over half a Watt per mm2. [10.8] 

APPLICATIONS AND ECONOMIC IMPACT 

¶ Hot news on frequency references ï on-chip silicon thermal time-constants make for accurate fully-integrated frequency 

references with minimal or no trimming, further reducing system costs. [4.1]  
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¶ Amplifier offsets get the chop ï combining the latest design innovations pushes the performance of micropower 

instrumentation amplifiers. [4.2, 4.4] 

¶ Making a noise in SoC ï high-efficiency audio-speaker drivers achieve high efficiency in nanometer CMOS, eliminating 

the cost of external amplifiers in handheld applications. [4.6, 4.7] 

¶ Pushing the envelope in power supplies ï advanced hybrid power supplies make polar modulation of RF PAs possible at 

wide bandwidths, boosting efficiency, and extending battery lifetime in mobile radios. [10.1] 

¶ Power conversion goes digital ï advanced DSP techniques make complex embedded power-management systems 

feasible with low external-component count, even in nanometer technologies, enabling higher system integration and 

reduced system costs. [10.2, 10.3, 10.4, 10.6] 

¶ Embedded circuit blocks get vital supplies ï switched-capacitor power supplies deliver significant currents in nanometer 

CMOS, making fine control of supply voltages possible in SoC IP blocks. [10.8] 
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Subcommittee Chair: Venu Gopinathan, Ayusys, Bangalore, India 

OOVVEERRVVIIEEWW  

CONTEXT AND PRESENT STATE OF THE ART 

¶ In multi-carrier GSM base-stations, blocker channels can mix into the signal band of interest ruining signal fidelity. 100dB 

SFDR is required to achieve the desired performance.[16.1, 16.2] 

¶ Consumer mobile-audio applications demand higher performance, longer battery life, and lower cost. In next generation 

SoCs, 45nm CMOS will enable embedded audio functions. [16.7] 

¶ For medical imaging, converters of 18-bit resolution are needed for high image quality. Higher sample rates are the key to 

reducing system complexity. [21.1] 

¶ 100Gb/s optical networks require that four 40 to 56GS/s 6-bit ADCs be available in mainstream state-of-the-art CMOS, to 

allow integration with the digital parts of the system. [21.7] 

MOST-SIGNIFICANT RESULTS  

¶ Breaking the 100dB linearity barrier at sample rate of more than 100MS/s enables multi-carrier GSM base-stations. [16.1, 
16.2] 

¶ The first 45nm CMOS high-performance audio ADC achieves 110dB Signal-to-Noise Ratio (SNR) at only 500ɛW in 

0.04mm2. [16.7] 

¶ Unparalleled speed of a new ADC impacts medical devices.  Its 12.5MS/s operation with 18-bit resolution, reduces power 

and complexity for MRI and digital X-ray.[21.1]  

¶ A record breaking 40GS/s sample rate is demonstrated in a mainstream 65nm CMOS process. [21.7] 

APPLICATIONS AND ECONOMIC IMPACT 

¶ Important advances in ADCs for cellular and mobile base-stations. [16.1, 16.2] 

¶ Unusually high-speed high-resolution converters will reduce the cost and complexity of medical-imaging systems. [21.1] 

¶ Pushing the speed of successive-approximation converters higher. [21.1, 21.2, 21.4, 21.7] 

¶ 40GS/s CMOS ADC will extend 100Gb/s optical communication. [21.7] 
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Subcommittee Chair: Sam Naffziger, AMD, Fort Collins, CO  

OOVVEERRVVIIEEWW  

CONTEXT AND PRESENT STATE OF THE ART 

¶ Ever-increasing-integration levels are enabled by the seemingly unstoppable continuation of Mooreôs-law of scaling, as 

evidenced this year by two 32nm processor designs from Intel and AMD. [5.1, 5.6] 

¶ High-performance processors continue to push performance with large multi-core systems-on-a-chip (SoCs) providing, 

unprecedented bandwidth, energy-efficiency and core counts, all with the goal of delivering more-power-efficient 

performance to their respective markets. [5.2, 5.4, 5.7, 7.4] 

¶ The miniscule devices that enable todayôs extreme densities are subject to greater manufacturing and operational 

variation than the comparatively huge transistors of just a few years ago. Ensuring a high yield of reliably operating billion 

plus transistor chips in advanced technologies is now an area ripe for innovation and research, as evidenced by the large 

number of publications surrounding embedded sensors and power-management approaches [9.7, 9.8, 9.10]. 

MOST-SIGNIFICANT RESULTS  

¶ The next processor generation reaches unprecedented integration levels using devices comprised of just a handful of 

atoms.  Both Intel and AMD present designs that use Hi-ə metal-gate 32nm manufacturing processes that yield 50% 

greater integration in the same area with the same power, as the previous generation. [5.1, 5.6] 

¶ The amount of computational parallelism integrated in the next generation of server processors has been taken to new 

extremes.  SUN has integrated 128 threads per chip, enabling 128 applications to run simultaneously with a whopping 2.4 

Tb/s of I/O bandwidth. This leading edge processor is built in 40nm technology, has 16 cores with 8 threads each, and a 

6MB L2 cache. [5.2] 

¶ New devices are being integrated to enable the continued performance growth of processor designs.  IBM presents a 

high-end processor that uses embebbed DRAM (eDRAM) memory technology which is over 3 times as dense as the 

conventional SRAM used in other commercial processors. The 567mm2 45nm chip includes 32MB of integrated memory, 

1.2B transistors, and has 8 cores with 4 threads each which will enable the most demanding high-end server applications. 
[5.4] 

¶ As technology shrinks, small transistors having only a few atoms in critical parts, exhibit large variations, necessitating 

innovative techniques for reliable integration in the billions.  This year, at ISSCC, three presentations address innovations 

regarding on-die-aging and path-delay monitoring with extremely fine resolution sensing and adaptation capabilities. [9.7, 
9.8, 9.10] 
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APPLICATIONS AND ECONOMIC IMPACT 

¶ The goal of integrating dozens of cores and billions of transistors on a single die is to feed the insatiable need for 

computation that the worldôs ever-expanding IT infrastructure demands. The chips presented in the ñProcessorò session 

will power the next generation of high-performance systems through increased levels of integration, high-speed I/O, and 

greater focus on fine-grained power management with multiple clock/power domains, and low-voltage caches. [5.1, 5.2, 
5.4, 5.5] 

¶ The exploding core counts and heterogeneous integration enabled by billion plus transistor designs has required fast- 

paced architectural and circuit innovations in on-chip networks, since integrated components need to move data around 

at a pace that matches their computational ability.  These innovations are enabling significant advances in energy 

efficiency and application throughput for systems with a large number of cores. [5.2, 5.7] 

¶ If all of this computation capability is to be delivered as cheaply and reliably, as it has been in the past, all of the variation 

and manufacturing issues associated with the miniscule dimensions have to be measured and adapted to, using 

sophisticated new methods.  Hence, a great deal of research is being done with the on-chip delay and aging sensors 

used in adaptive power-management techniques that are becoming regular features in new processors. [9.1, 9.7] 
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The advances in new materials, device architectures, and processing techniques, have enabled silicon manufacturing technology 

scaling into the 32 nanometer regime where the transistor channels are comprised of literally just a handful of atoms. The extreme 

scaled dimensions have enabled massive transistor-integration capacity on commercial silicon chips. The relentless pursuit of 

performance has driven the utilization of the available transistor capacity and prompted designers to integrate more functions in 

hardware that push the performance beyond the previously-assumed barriers. 

The chip-complexity chart shows the trend for the number of transistors integrated in a single silicon chip over the last two decades. 

Recently, many products have been deployed successfully with more than a billion logic transistors (a staggering four orders of 

magnitude increase over the earliest microprocessors of the 1980s).  At ISSCC 2010, both Intel and AMD will present their latest 

microprocessors implemented in the leading 32 nanometer technology [5.1, 5.6], while SUN and IBM will show their new generation of 

large-server-class processors [5.2, 5.4]. It should be noted that the massive integration capacity has also enabled very large multi-

megabyte on-die caches, exemplified most notably by IBMôs whopping 32 megabytes of embedded DRAM cache on a POWER7TM 

processor chip [5.4]. 

The pursuit of increased hardware-implemented functionality on a single die has hit the well known power wall, a barrier set by power-

delivery and thermal limits. This event can easily be seen in the power trend chart, where if anything, maximum power consumption 

is now exhibiting a downward trend driven by the cost burden of the cooling infrastructure.  Achieving this power reduction requires 

innovative heat-removal solutions and sophisticated on-die power management. High-power processors exceeding 200 Watts of 

power consumption were presented at past ISSCC Conferences; but these are largely relics of the past, as energy efficiency 

dominates the computer industry. 

The trend to lowering the power consumption implies constraining the growth of operating frequency to zero or below, as shown in the 

frequency chart. As the usual frequency knob of increased performance is no longer available to architects and designers, the new 

trend is towards parallelism in the implementation. The best hardware approach to parallelism is to provide parallel execution paths in 

terms of multiple processor cores on a single chip, or multiple threads running on a single core. At ISSCC 2010, Sun Microsystems will 

present a 16-core 128-thread server-class processor [5.2], while Intel will present a 48-core research processor [5.7], both of which 

represent benchmarks in parallelism. This trend of increasing performance through parallelization is well illustrated by the core count 

chart which shows a steady upward trend, and a complete lack this year of single or even dual core processor implementations. 

The combination of high transistor counts and low power (resulting in low operating voltages), along with scaled threshold voltages has 

incited variability and uncertainty in chipsô performance and power consumption. Various dynamic variations, such as voltage, 

temperature, and aging, must be sensed, and the processor adapted to the continuously changing environment. At ISSCC 2010, many 

interesting papers in the Digital Circuits & Sensors session will show how device degradation and delay variations at pico-second 

resolution can be monitored. 
TREND ESSAY 
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IISSSSCCCC  22001100  ðð  IIMMAAGGEERRSS,,  MMEEMMSS,,  MMEEDDIICCAALL  AANNDD  DDIISSPPLLAAYY  

Subcommittee Chair: R. Daniel McGrath, Eastman Kodak Co., Rochester, NY 

OOVVEERRVVIIEEWW  

CONTEXT AND PRESENT STATE OF THE ART 

¶ Current display technology degrades over time resulting in short device lifetimes and an abundance of electronic waste. 
[6.3] 

¶ The potential for extensive integration of sensors for medical diagnosis and long-term monitoring is not being utilized.  
[6.6] 

¶ Current temperature sensors are implemented in older CMOS technologies and require very costly trimming operations to 

establish their accuracy. [17.4] 

¶ Typical wireless systems require off-chip crystal oscillators that are expensive and consume precious area on small cell 

phone circuit boards. [17.6] 

¶ The explosion of home gaming has been propelled by the integration of sensors into controllers. Gaming platforms are 

always searching for better technologies to enable new interface paradigms and more interactive play. [22.7] 

¶ Currently, the resolution of mobile-phone cameras suffers from the tradeoffs necessary to satisfy the form factor and cost 

realities of commodity-electronics design.  Further, as pixel size is reduced, front-side illuminated image sensors suffer 

from reduced sensitivity. [22.9] 

MOST-SIGNIFICANT RESULTS  

¶ Increased lifetime displays are closer to reality!  A new stable RGBW AMOLED display with OLED degradation 

compensation substantially reduces image sticking and increases the useful lifetime of active OLED displays. [6.3] 

¶ A signal processor with the lowest-reported power consumption extracts the heartôs rhythm with elegant simplicity. This 

circuit consumes only 30mW, enabling it to run off a small battery for months, constantly monitoring the state of the patient 

for the diagnosis of chronic illness. [6.6] 

¶ Integrated temperature sensors needing no calibration can be used anywhere and everywhere!  Quality is not sacrificed 

with ±0.2ºC 3ů accuracy from -55ºC to 125ºC. [17.4] 

¶ A new Aluminum-Nitride-on-silicon resonator is an important step towards integrating high-Q, low-phase-noise reference 

oscillators on-chip. The associated transimpedance amplifier has a gain >76dB-Ohm across a bandwidth of 2.5GHz, with 

a figure-of-merit of 2190GHzĿɋ/mW, with a 500fF load. [17.6] 

¶ Time-of-flight sensor with the smallest pixel enables the first generation of range-finding sensors for gaming applications.   

Integrated optical sensors and interfaces provides an 80×60 pixel range-finding image sensor with 10×10 µm2 lock-in 

pixels. [22.7] 
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¶ The first backside-illuminated (BSI) CMOS image sensor with 10Mpixel resolution opens  new avenues. A BSI sensor 

with 1/2.3-inch 10.3 Mpixel image using 1.65×1.65µm2 pixels, operates up to 50 frames per second and achieves a 

sensitivity of 9890e-/lux·s. [22.9] 

APPLICATIONS AND ECONOMIC IMPACT 

¶ As high-resolution displays become ubiquitous, those that last longer with enhanced feature sets will have a ñgreenerò 

appeal, being more flexibile and durable. [6.3] 

¶ Integrated sensors will allow for vastly improved diagnostics and point-of-care health monitoring, enabling new 

opportunities in the $10B+ USD market. [6.6, 6.9] 

¶ Pervasive temperature sensing will enable advanced power management for the next generation of datacenters, 

and allow smart building-control systems that provide ñgreenerò structures with higher energy efficiencies. [17.4]  

¶ Integrating the frequency-reference oscillator on-chip will simplify the next generation of compact low-power mobile-device 

designs. Eliminating the external crystal oscillator will reduce both the system costs and the form factor of these devices, 

enabling smaller, lighter, and lower cost cell phones. [17.6] 

¶ Range-finding CMOS image sensors will enable a whole new level of interaction in the multi-billion dollar electronic 

entertainment and video game markets. [22.7] 

¶ The next generation of portable multimedia device cameras will require backside illuminated CMOS image sensors to 

compete in the multi-billion dollar mobile-handset market. [22.9] 
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TRENDS IN SENSORS AND MEMS  

  

¶ Cost Reduction and Growth: The recent advances in design, technology, system integration, packaging of 

sensors together, and increased product volumes, have dramatically reduced the cost of sensors. Cell phones, 

game consoles, and other consumer products now integrate several sensors (such as a combination of 

accelerometers and gyroscopes in a single package), and have spurred-on significant innovation at the application 

level. The use of multiple sensors, their downscaling in size and the ever higher levels of integration available will 

lead to further growth in the sensor market.  

¶ Temperature Sensors: Temperature sensors have evolved to lower power, lower cost, and elimination of 

expensive calibration, without sacrificing sensor accuracy. Recent highlights are an ultra-low power sensor with a 

power consumption of less than 1ɛW, as well as a device without trimming and an accuracy of better than ±0.2°C 

over a wide temperature range. 

¶ MEMS: Higher frequencies extend the reach of MEMS to new application areas beyond sensors (such as 

frequency generation and radio tuning). 

¶¶  3-D Integration: 3-D integration of heterogeneous LED and CMOS technologies enables an addressable matrix of 

high-speed optical sources for biological and medical applications.  

TREND ESSAYS 
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¶ OLED Displays: Organic LEDs (OLEDs) represents a revolutionary display technology that promises to displace 

LCDs. Today it suffers from new-technology teething issues that have consequences such as the degradation of 

the image quality with use. Traditionally, straightforward solid-state circuits been used to drive conventional 

displays, but, now, new electronic methods of monitoring and adjusting the signal applied to the OLED can extend 

the uniformity and lifetime of the display.  

¶ LCD Backlights: Ongoing trends for LCDs include the march toward larger, thinner, lower-power, and better 

quality displays.  Structured LED backlights have provided benefits in all of these dimensions. In this technique, 

solid-state circuits are enabling LED backlight drivers to significantly increase the rate at which LED backlights can 

operate, and allow extended dynamic range by locally varying brightness. In particular, fast-moving sequences look 

better on screens that operate at higher frame rates. 

¶¶  Mobile Touch Screens: More and more mobile devices have touch screens. These remove the need for a 

physical keyboard and allow the display to fill almost the whole size of the device. This allows new simpler user 

interfaces, and enabling more-natural game play. A new IC combines the display driver and touch-screen controller 

onto a single chip.  
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¶ Evidence-based Medicine: We are facing enormous pressure to demonstrate the effectiveness of medical 

treatments for outcome and cost-effectiveness. This will require new sensors and diagnostics for establishing 

quantitative metrics of success. 

¶ Cost Control:  Currently, medicine is under enormous cost pressure. At the same time, technical trends in the 

semiconductor industry are being applied to the health-care field, helping to establish evidence for effective care, 

and to support the shift from reactive medicine to proactive care. 

¶ Bench to Bedside is Practical: The trends in bioelectrical-circuit engineering portend the likelihood that these 

technologies will transfer soon from ñbenchò to ñbedsideò -- moving analysis from the laboratory to the patient. The 

key enabling features that we are seeing include lower implant power, higher-complexity-algorithm implementation 

for feature extraction, and faster telemetry for data dissemination and for concurrent implant control. The 

applications of this technology are also expanding to include heart-rate monitoring, implantable neural tags for 

research and chronic monitoring, and acute detection of electroencephelograms (EEG) for seizure monitoring and 

brain-state detection.   

¶ Power Management: Another key trend in biomedical devices is enhanced power management. This is critical 

since the battery or other energy storage unit can dominate the size of the medical device. Inductive links are being 

prototyped that yield higher efficiency to provide greater flexibility for the supply of energy from external sources. 

¶¶  Complex Measurement Circuits for System Simplicity: Improvements in circuit instrumentation are also 

transferring into the point-of-care arena. Novel measurement techniques, with a particular focus on complex 

impedance, are providing label-free methods that lower cost. Other emerging techniques include the combination 

of magnetic beads for sensing forces and molecular tagging. While these approaches currently do not match state-

of-the-art approaches using optical techniques, improvements in sensitivity continue that might provide a disruptive 

point-of-care approach.  
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¶ Markets and Growth: The CMOS image sensor business is still one of the fastest growing segments of the 

semiconductor industry, due to cell phone cameras and other digital-imaging applications. The cell phone camera 

adoption rate is expected to be approximately 90% for 2009, and the 3G mobile technology is accelerating its 

utilization of multiple cameras per cell phone. Other digital imaging markets include traditional ones such as DSC 

and camcorders, and emerging markets including web cameras, security cameras, automotive cameras, digital-

cinema cameras, and gaming.  

¶ Issues to Address: In order to maintain market growth in this industry, many barriers must be overcome. This 

includes better image quality, higher sensitivity, higher-sensor resolution, lower cost, higher data-transfer rate, 

higher system-level integration, lower power consumption, and 3D imaging. The number of technology barriers in 

each market depends on the target application.  

¶ Technical Advances: The resolution and miniaturization races have still not ended, and while the performance 

requirements stay constant, the pixel size is still scaling down. Moreover, in 2009, CMOS image sensors with 

1.4µm2 pixels became available, and sensors with 1.1µm2 pixels are expected to be available in 2011. In order to 

compete in this race, new innovative technologies are being continuously developed. These include advanced sub-

100 nanometer CMOS image-sensor fabrication processes, backside illumination, digital optics, and wafer-level 

cameras. The importance of digital-signal-processing technology in cameras continues to grow. This processing is 

used to mitigate sensor imperfections and noise, and to compensate for optical limitations. The level of sensor 

computation is increasing to thousands of operations per pixel, and requires high-performance and low-power 

digital-signal-processing solutions. There is a parallel trend pushing the industry toward higher levels of integration 

to reduce system costs.  

¶¶  Emerging Markets: The trends in emerging markets include lower-bandwidth communication for surveillance 

cameras, wider dynamic range, and optical-communication function for automotive cameras, faster read-out for 

digital-cinema cameras, and three dimensional imaging for gaming. As the required functionality and performance 

increase, the technological challenges continue to grow rapidly. The complexity and performance of CMOS image 

sensors are growing at an exponential rate. This will enable digital cameras to be used in more aspects of our lives 

within the next few years.  
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Subcommittee Chair: Tzi-Dar Chiueh, National Taiwan University, Taipei, Taiwan 

OOVVEERRVVIIEEWW  

CONTEXT AND PRESENT STATE OF THE ART 

¶ Current 3G mobile devices can deliver bit rates up to only 10Mb/s and support only a single wireless standard. [15.1, 
15.3] 

¶ Current embedded processors run at speeds of several hundred MHz and consume hundreds of mW of power. [15.5, 
15.6, 15.7] 

¶ Most video decoders today are limited to single-view 1920x1080 video signals. [18.3] 

¶ Simple intelligent vision processing, such as smile detection and face tracking, is experiencing widespread adoption in 

commercial applications such as digital cameras. [18.5] 

MOST-SIGNIFICANT RESULTS  

¶ The first functional 4G silicon chips are described enabling high-speed communication for netbooks, smart phones, and 

the next generation of mobile devices.   ETH Zurich with Advanced Circuit Pursuit and CEA-LETI with T. U. Kaiserslautern 

describe chips that implement 390 Mb/s turbo code decoding, and a multimode software-defined radio capable of 4G, 

WIMAX, 802.11n, and cognitive radio. [15.1, 15.3] 

¶ Low-power processors break through the gigahertz barrier, enabling a new generation of smart phones with never-before- 

seen capabilities. ARM and Intel describe new embedded processors with over 1GHz operation at power levels under 50 

mW, while Qualcomm describes low-power-design techniques used in their 1.4GHz Snapdragon processor. [15.5, 15.6, 
15.7] 

¶ The first super-HD and 3D-video decoder is presented. This 90nm chip supports video signals with 4096x2160 resolution 

or multiview video, consuming only 59mW. [18.3] 

¶ A massively parallel processor enables advanced intelligent image processing for surveillance cameras and multimedia 

phones. With 2048 cores, this chip can be applied to object tracking, face/gesture detection, and other computationally 

intensive image processing problems. [18.5] 

APPLICATIONS AND ECONOMIC IMPACT 

¶ 4G mobile high-speed networking can bring HD video and other internet content to smartphones, netbooks, and mobile 

devices, enabling the next-generation user experience. [15.1, 15.3] 
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¶ With higher computational power and lower power consumption, high-performance cores make next-generation smart 

phones even more powerful, with longer battery lifetime. [15.5, 15.6, 15.7] 

¶ Advanced video decoders enable the next generation of super high-definition displays and the emerging market of 3D 

TV. [18.3]   

¶ Smart cameras that can recognize your smile/face/gesture and track interesting objects are possible thanks to this 

massively-parallel image-processor chip. This will result in new and innovative applications that were previously thought to 

be impossible due to computational limitations in the current generation of image processors. [18.5] 
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OOVVEERRVVIIEEWW  

CONTEXT AND PRESENT STATE OF THE ART 

¶ 16Mb Spin-Torque Transfer Magnetic RAM (STT-MRAM) has been demonstrated. [14.2] 

¶ Conductive-Metal-Oxide (CMOx) memory has been prototyped in kilo-bit chips. [14.3] 

¶ Phase-Change Memory (PCM) has achieved a limited capacity of 512Mb in 90nm CMOS. [14.8] 

¶ Microprocessors currently use SRAM for on-chip L3 caches. [19.1] 

¶ 32nm SRAMs are limited by low-voltage operation. [19.3] 

¶ DRAMs for mobile applications have used a low power LDDR2  (LPDDR2) interface for higher bandwidth. [24.2] 

¶ Higher interface speed is a cricital requirement for memory systems, as NAND capacity increases. [24.6] 

MOST-SIGNIFICANT RESULTS  

¶ Highest density of 64Mb STT-MRAM with smallest perpendicular cell of 0.358mm2 in 65nm CMOS. The 30ns access time 

is used a clamped reference with a new adequate-reference-based sensing schemes. [14.2] 

¶ Highest density of 64Mb CMOx memory in 0.13mm CMOS in a  four-layer 0.17mm2 cross-point-cell array. Using the multi-

layer capability, this memory is scalable to 64Gb capacity. [14.3] 

¶ Fastest 12ns 4Mb embedded PCM in 90nm CMOS ever reported! Fast read is achieved by using low-voltage MOS in the 

hierarchical column decoder. [14.7] 

¶ Highest density of 1Gb PCM on 45nm CMOS with 1.8V operation features the fastest-ever read/write performance with 

266MB/s and 9MB/s read/write throughputs respectively. [14.8]  

¶ First 45nm embedded DRAM (eDRAM) as L3 cache in a high-end server-class microprocessor, the POWER7TM. 

Previously, all microprocessors have used SRAM for L3 cache implementations while this design uses eDRAM to reduce 

area and cost. [19.1] 

¶ First use of margin-improvement techniques at 32nm for enhanced low-voltage operation.  A new approach called 

wordline underdrive (WLUD) has been applied in 32nm High-ə Metal-Gate technology to reduce Vccmin by 130mV. [19.3] 

¶ Smallest 32nm SRAM bit cell (0.149mm2) uses an assist technique to improve low-voltage operation.  This new technique 

improves write margins, reducing cell-failure rate by two orders of magnitude in High-ə Metal-Gate 32nm CMOS. [19.4] 

¶ Fastest wide-I/O-mobile SDRAM using micro-bumps achieves a 12.8GB/s data rate at 200MHz. [24.2] 

¶ Fastest 200MB/s DDR interface on a 32nm 32Gb NAND flash memory. [24.6] 
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¶ 32nm 32Gb NAND flash memory with adaptive code selection and floating-gate-coupling cancelation. [24.8] 

APPLICATIONS AND ECONOMIC IMPACT 

¶ The 64Mb MRAM can potentially replace current flash technology with almost unlimited read and write cycles. [14.2] 

¶ The 64Mb Conductive-Metal-Oxide (CMOx) memory with multi-layer capability can potentially reach 64Gb single-chip 

capacity to drive down the cost of current NAND flash technologies, enabling, extremely low-power and low-cost 

applications. [14.3] 

¶ New PCM technologies may unseat traditional SRAM and flash technologies as the embedded memory of choice for 

SoCs, providing very-high capacity non-volatile memory at low costs making PCM ideally suited for cost-sensitive 

embedded applications. [14.7, 14.8] 

¶ New eDRAM technology enables never-before-seen levels of memory integration for server processors, improving 

performance while lowering both power and cost. [19.1] 

¶ Improved SRAM designs with reduced power consumption, and improved reliability and robustness at low supply 

voltages, enable dependable operation in the migration to deep submicron 32nm CMOS. [19.3] 

¶ Novel System-in-Package (SiP) technology, enabling the integration of sophisticated memory controllers and DRAMs, will 

increase performance while reducing costs by allowing for smaller form-factors in future designs. [24.2] 

¶ NAND-flash costs are further reduced by foregoing more complicated 3b/cell multi-level cell technologies in favor of 

further extending the limits of lithography to improve the cost per bit. This will result in increased capacities, faster 

read/write times, and faster adoption of NAND technologies in new markets such as solid-state drives (SSDs). [24.6, 
24.8] 
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TREND ESSAY  

Memory design has seen a number of trends over the years: process technology has steadily reduced  its minimum feature 

size, a wide variety of techniques have been developed to improve packing-density, and a myriad of 

technology/circuit/system optimizations have been created to improve performance and reduce power dissipation.  In 

addition, emerging technologies such as 3D chip stacking and new physical memory mechanisms are pushing the memory 

R&D frontier even-further forward. At ISSCC2010, a plethora of descriptors is needed to capture t memory developments: 

¶ 32nm 32Gb MLC NAND flash memory 

¶ 8Gb/s-GDDR5 DRAM with 1Gb capacity 

¶ 32nm SRAM using 7/8/10/12T cells for excellent margins at low-voltage low-power designs 

¶ 3D integration includes revolutionary interface techniques (such as, 8Tb/s/1pJ/b inductive interfaces) 

¶ Emerging memory technologies to realize non-volatile RAM, abounds: 45nm 1Gb PCRAM (Phase-Change 

Memory), FeRAM (Ferrolectric RAM), ReRAM (Resistive RAM), MRAM (Magnetic RAM),  and so on. 

In particular, NAND flash memory has seen significant developments in the past few years, with the advent of high-density 

technology to meet the low-power and low-cost storage demands for replacing hard-disk storage in the form of solid-state 

disks (SSDs). The figure below shows the observed trend in NAND flash capacities presented at ISSCC in the past 12 

years. Note that in 2010, the reduction in process feature sizes, coupled with advanced multi-level cell (MLC) techniques 

have yielded a 32Gb/chip capacity in a 32nm technology with 2b/cell operation. 

. 
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SOLID-STATE DISKS (SSDS) 

The aforementioned SSD technology has recently begun to take off as integration density and bit-cost reduction have 

made SSDs feasible replacements for conventional hard disk drives (HDDs) in niche applications where the higher costs 

are tolerable (such as, high-end ultra-portable laptops). Continued optimization of both density and cost will enable SSDs to 

become more price-competitive, increasing their adoption rate in more mainstream applications, and introducing new 

requirements for the SSD environment, such as: 

¶ High-bandwidth NAND flash operations 

¶ Optimized organization for SSD systems with 3D chip-stack structures 

¶ Wireless interface schemes for 3D chip-stacks 

¶ Defect control 

¶ High-voltage power supplies for NAND flash memory cell operations 

INTERFACES 

Unfortunately, the gap between memory-core frequency and external-data rate continues to increase as conventional high-

speed wired interface schemes such as DDRx and GDDRx for DRAM and NAND flash memory continue to evolve (see 

figure below). This leads to the need for a larger prefetch size, which is emerging as a major problem in modern memory 

systems. However, alternatives which accommodate high data rates through the use of wider or differential interfaces will 

face the problem of increased pin-counts, and enlarged silicon areas. Combined with 3D integration of memory and 

memory/logic in near-future commercial products, new interface technologies will yield more memory stacking, along with 

lower-power and higher-bandwidth interfaces. A recent experimental inductive coupling interface demonstration has 

achieved a 128 NAND chip stack for SSD use, with an 8Tb/s interface for a DRAM/GPU stack. 
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NON-VOLATILE MEMORY 

New breeds of non-volatile memory technologies aiming at persistent, non-volatile-RAM (NV-RAM) has evolved over time, 

with ISSCC faithfully tracking these developments over the years. ISSCC 2010 will feature a new level of ReRAM 

(Resistance RAM) integration and circuit design, presenting a new opportunity for extending the memory technology 

spectrum, together with existing FeRAM/MRAM/PCRAM technologies, as shown in the figure below. Commercial uses of 

these new breeds of NV-RAM have been very slow to appear because of the rapid reduction of per-bit costs of 

conventional flash memory technologies already in the market. However, these new technologies are sure to capture some 

specific markets for lower-power or zero stand-by system implementation in the coming age of green technology! 
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