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Book Description

The emerging three-dimensional (3D) chip architectures, with their intrinsic capability of reducing the wire length, promise attractive solutions to reduce the delay of interconnects in future microprocessors. 3D memory stacking enables much higher memory bandwidth for future chip-multiprocessor design, mitigating the "memory wall" problem. In addition, heterogenous integration enabled by 3D technology can also result in innovative designs for future microprocessors. This book first provides a brief introduction to this emerging technology, and then presents a variety of approaches to designing future 3D microprocessor systems, by leveraging the benefits of low latency, high bandwidth, and heterogeneous integration capability which are offered by 3D technology.
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Book Description

The emerging three-dimensional (3D) chip architectures, with their intrinsic capability of reducing the wire length, promise attractive solutions to reduce the delay of interconnects in future microprocessors. 3D memory stacking enables much higher memory bandwidth for future chip-multiprocessor design, mitigating the "memory wall" problem. In addition, heterogenous integration enabled by 3D technology can also result in innovative designs for future microprocessors. This book first provides a brief introduction to this emerging technology, and then presents a variety of approaches to designing future 3D microprocessor systems, by leveraging the benefits of low latency, high bandwidth, and heterogeneous integration capability which are offered by 3D technology.
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Book Description

This book describes innovative techniques to address the testing needs of 3D stacked integrated circuits (ICs) that utilize through-silicon-vias (TSVs) as vertical interconnects. The authors identify the key challenges facing 3D IC testing and present results that have emerged from cutting-edge research in this domain. Coverage includes topics ranging from die-level wrappers, self-test circuits, and TSV probing to test-architecture design, test scheduling, and optimization. Readers will benefit from an in-depth look at test-technology solutions that are needed to make 3D ICs a reality and commercially viable.

	

							
				

						
						
        Interlayer Thermal Management of High-Performance Microprocessor Chip Stacks
 
    


    
Author: Thomas Brunschwiler

Publisher: Cuvillier Verlag

ISBN: 3736940343

Category : Technology & Engineering

Languages : en

Pages : 172


View

		
Book Description

Vertical integration of integrated circuit dies offers tremendous opportunities from an architectural as well as from an economical standpoint. Memory proximity supports performance scaling, and might enable significant energy savings. Partitioning of the corresponding functionalities and technologies into individual tiers can improve yield and modularity substantially. The paradigm change of stacking active components has a direct impact on heat-removal concepts and is therefore the motivation of this thesis. A stack comprised of a single logic layer in combination with multiple memory dies was identified as the limit for traditional back-side heat removal. To minimize junction temperatures, a stacking sequence with the high heat-flux component in close proximity to the cold plate is proposed. Interlayer cooling is the only volumetric heat-removal solution that scales with the number of dies in the stack. Hence, the focus of this thesis has been to identify the potential of interlayer cooling and to provide a modeling framework. Fundamental heat-transfer building blocks, such as unit-cell geometries, fluid structure modulation, fluid focusing, as well as four-port fluid delivery supporting power-map-aware heat removal, are discussed. Moreover, the theoretical foundation was experimentally validated on resistively heated convective test cavities. Therefore, specific bonding and insulation schemes were developed. Finally, the interlayer cooling performance was demonstrated on a pyramid chip stack. A multi-scale modeling approach for the efficient design of non-uniform heat-removal cavities was proposed. Periodic arrangements of heat-removal unit-cells in the cavities are described by the porousmedia approximation. Their characteristics are represented by the directional and velocity-dependent modified permeability and convective thermal resistance. An extended tensor description was developed to map the pressure gradient to the DARCY velocity. These parameters were derived from detailed numerical heat and mass transport modeling for arbitrary angle-of-attack of the fluid, using a set of novel routines that support periodic hydrodynamic and thermal boundary conditions. For pin-fin arrays, a biased fluid flow towards directions with maximal permeability could be observed. Fieldcoupling between the two-dimensional porous and adjacent three-dimensional solid domains was performed to derive the temperature field in the chip stack, including heat spreading in the silicon die. The modeling results are conservative and deviate less than 20% from the measured junction temperatures, when considering the temperature dependency of the coolant viscosity. This is a very good value considering the immense complexity reduction, resulting in a low computational time of less than 20 min on a desktop computer, to derive the mass transport and junction temperatures within a chip stack. Sputtered AuSn 80/20 was investigated as eutectic thin-film bond to form leak-tight interfaces with mechanical, electrical, and thermal functionality, as part of the technology development, to enable the use of water as coolant. The resulting bond quality was characterized for various underbump metallizations, atmospheres, and reflow/force profiles. The implementation of a differential pumped chamber allowed the use of formic acid in the flip chip bonder to reduce the tin oxide on the solder surface. The transient liquid-solid nature of the thin-film solder process explains the sensitivity on the underbump metallization and the heat ramp. Finally, processing guidelines supporting the design of leak-tight bond interfaces were summarized. Acceptable intermetallic compound formation was achieved at heat ramps of 100 K/min and with chromium as wetting layer. A bondline thickness of 4μm and a Teflon support provided sufficient compliance to form successful bonds considering the wedge errors of the flip chip bonder. Waterproof, two-level metallizations to mimic processor-like, non-uniform power maps with background and hot-spot heaters were developed for the implementation of single- and multi-cavity test sections. Pin-hole-free dielectric layers (1μm PECVD Si3N4 / 100nm ALD Al2O3) were achieved by conformal thin-film deposition. Numerous heat transfer assessments yielded the following insights: The limited heat capacity and flow rate of the coolant were identified as the major contributor to the thermal gradient in convective interlayer heat removal, even when water using as coolant. This is due to the small hydraulic diameter defined by the interconnect density (pitches 200 μm) and the length of the cross-flow heat exchange cavity ( 10 mm). The circular pin-fin in-line unit-cell was identified as the optimal heat transfer geometry for heat capacity limited cross-flow heat transfer. It results in the highest porosity, beneficial for efficient mass transport, compared with microchannels and other pin shapes at a given minimal radius constraint. Improved convective heat transfer towards the outlet of the cavities caused by transient vortex shedding was observed at increased REYNOLDS numbers ( 100) in the pin-fin in-line case. Fluid cavities with four-port fluid delivery and heat removal geometry modulation need to be considered for chip stacks larger than 2 cm2 and a interconnect pitch of  50 μm. Their effectiveness was demonstrated with cavities that were either partially fully or half populated with pin-fin arrays. These arrangements result in a significant increase in local fluid flow compared with uniform heat transfer cavities. Microchannels have proved to dissipate heat efficiently to multiple fluid cavities in the chip stack because of the improved die-to-die coupling, caused by the 50% fin fill factor. This is advantageous for disparate tier stacking. The high-power die can benefit from heat dissipation into cavities adjacent to low-power tiers. Additional recommendations, critical for electro-thermal co-design, are also discussed: i) Heat spreading in the silicon helps to mitigate hot-spots below a critical spatial dimension of 1mm. ii) High heat flux macros should be placed towards the fluid inlet and die corners if the two- or four-port configuration is implemented, respectively. iii) A manifold width of 1mm should be considered to achieve a fluid maldistribution below 1% between the fluid cavities. iv) A 1.6 ms thermal time constant was derived for an interlayer cooled chip stack. Hence, predictive cooling-loop control schemes need to be implemented to account for the comparable high pump time constant. Finally, for the first time, the superiority of interlayer cooling as a volumetric heat-removal method could be experimentally demonstrated on the pyramid chip stack test vehicle with four fluid cavities and three power dissipating tiers. Aligned hot-spots were included with 250 W/cm2 heat flux each. A total power of 390 W, corresponding to a 3.9 kW/cm3 volumetric heat flow, could be dissipated on the 1 cm2 device at a 54.7 K junction temperature increase. In comparison, back-side cooling would result in a junction temperature increase of 223 K with respect to the fluid inlet temperature of the microchannel cold plate. Using the results of the present work, it is now possible to design and predict mass and heat transport in an interlayer cooled chip stack, with the support of the proposed best-practice design rules in combination with the validated multi-scale modeling framework. The scalable nature of interlayer cooling will enable “Extreme-3D-Integration” with computation in sugar cube form factor chip stacks, extending integration density and efficiency scaling beyond the “End-of-2D-Scaling”.
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Book Description

This book explains for readers how 3D chip stacks promise to increase the level of on-chip integration, and to design new heterogeneous semiconductor devices that combine chips of different integration technologies (incl. sensors) in a single package of the smallest possible size. The authors focus on heterogeneous 3D integration, addressing some of the most important challenges in this emerging technology, including contactless, optics-based, and carbon-nanotube-based 3D integration, as well as signal-integrity and thermal management issues in copper-based 3D integration. Coverage also includes the 3D heterogeneous integration of power sources, photonic devices, and non-volatile memories based on new materials systems.
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Book Description

Written by the holder of several Guinness World Records for cardstacking, this is the first complete, fully illustrated guide to the art of building mind-boggling, multilevel structures with ordinary playing cards. In Stacking the Deck, Bryan Berg reveals the secret to successful cardstacking with his simple four-card-cell structure and expanded grid techniques. Using illustrations and step-by-step instructions, he guides readers on to more elaborate -- and incredibly strong -- creations. He covers a wide range of architectural styles, from classic to whimsical, and various types of structures, including pyramids, shrines, stadiums, churches, an oil derrick, and even the Empire State Building. Since first setting the height record in 1992, Bryan's built awe-inspiring card models of a Japanese shrine, the Iowa State Capitol building, Ebbets Field, and his latest tower, which is more than twenty-five feet tall! This book includes photographs of some of these amazing pieces, illustrating just how appealing and enduring a "house of cards" can be. Stacking the Deck will inspire everyone from youngsters experimenting with their first deck of cards to adults, who can create their own private skyscrapers. Once you've read Stacking the Deck, you'll never look at a deck of cards the same way again.
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Book Description

The book presents the state of the art in high performance computing and simulation on modern supercomputer architectures. It covers trends in hardware and software development in general and specifically the future of high performance systems and heterogeneous architectures. The application contributions cover computational fluid dynamics, material science, medical applications and climate research. Innovative fields like coupled multi-physics or multi-scale simulations are presented. All papers were chosen from presentations given at the 14th Teraflop Workshop held in December 2011 at HLRS, University of Stuttgart, Germany and the Workshop on Sustained Simulation Performance at Tohoku University in March 2012. 
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Book Description

This book covers broad aspects of the chemistry of π-stacked polymers and low-molecular-weight molecules, from synthesis through theory. It is intended for graduate students and researchers in academia and industry and consists of chapters written by renowned scientists who have made significant contributions to this field in the past decade. π-Stacked polymers and low-molecular-weight molecules are expected to replace main-chain conjugated polymers such as polyacetylenes and polythiophenes as organic conducting and energy-transferring substances that are important as materials for photo-electronic applications. π-Stacked polymers and molecules have significant advantages over main-chain conjugated polymers, i.e., high solubility in solvents, large freedom in molecular design, and colorless nature.
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Book Description

Learn practical and applied OpenStack cloud design solutions to gain maximum control over your infrastructure. You will achieve a complete controlled and customizable platform. Applied OpenStack Design Patterns teaches you how to map your application flow once you set up components and architectural design patterns. Also covered is storage management and computing to map user requests and allocations. Best practices of High Availability and Native Cluster Management are included. Solutions are presented to network components of OpenStack and to reduce latency and enable faster communication gateways between components of OpenStack and native applications. What You Will Learn: Design a modern cloud infrastructure Solve complex infrastructure application problems Understand OpenStack cloud infrastructure components Adopt a business impact analysis to support existing/new cloud infrastructure Use specific components to integrate an existing tool-chain set to gain agility and a quick, continuous delivery model Who This Book Is For: Seasoned solution architects, DevOps, and system engineers and analysts
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Book Description

Although the existing layering infrastructure--used globally for designing computers, data networks, and intelligent distributed systems and which connects various local and global communication services--is conceptually correct and pedagogically elegant, it is now well over 30 years old has started create a serious bottleneck. Using Cross-Layer Techniques for Communication Systems: Techniques and Applications explores how cross-layer methods provide ways to escape from the current communications model and overcome the challenges imposed by restrictive boundaries between layers. Written exclusively by well-established researchers, experts, and professional engineers, the book will present basic concepts, address different approaches for solving the cross-layer problem, investigate recent developments in cross-layer problems and solutions, and present the latest applications of the cross-layer in a variety of systems and networks.
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Book Description

This book provides a broad overview of current research in optical interconnect technologies and architectures. Introductory chapters on high-performance computing and the associated issues in conventional interconnect architectures, and on the fundamental building blocks for integrated optical interconnect, provide the foundations for the bulk of the book which brings together leading experts in the field of optical interconnect architectures for data communication. Particular emphasis is given to the ways in which the photonic components are assembled into architectures to address the needs of data-intensive on-chip communication, and to the performance evaluation of such architectures for specific applications.
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