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Preface
Silicontechnologyhasseenrelentlessadvancesinthepast50years,drivenbyconstantinnovation
andminiaturisation.Asaresult,moreandmorefunctionalityhasbeenplacedintoasinglechip.Today,
entiresystems,includingprocessors,memory,sensorsandanaloguecircuitry,areintegratedintoone
singlechip(hence,asystem-on-chiporSoC),deliveringincreasedperformancedespitetightarea,
powerandenergybudgets.TheaimofthistextbookistoexposeaspiringandpractisingSoC
designerstothefundamentalsandlatestdevelopmentsinSoCdesignandtechnologies.The
processorswithinaSoCrunahugebodyofsoftware.Muchofthiscodeisportableovermany
platforms,butlow-levelcomponents,suchasdevicedrivers,arehardware-dependentandmaybe
CPU-intensive.Powerusecanbereducedusingcustomacceleratorhardware.Althoughthisbook
emphasisesthehardwaredesignelements,italsoaddressesco-design,inwhichthehardwareand
softwarearedesignedhandinhand.Itisassumedthatthereaderalreadyunderstandsthebasicsof
processorarchitecture,computertechnology,andsoftwareandhardwaredesign.

IsThisBookSuitableForYou?
WeassumethatyouhavesomeexperiencewithhardwaredesignusinganRTLsuchasVerilogor
VHDL,andthatyouunderstandassemblylanguageprogrammingandbasicprinciplesofoperating
systems.Inotherwords,youhavecompletedthefirsttwoyearsofadegreeinComputerScienceor
ElectronicEngineering.
Manyoftheprinciplestaughtinthisbookarerelevantforallformsofsystemarchitect,including
thosewhoaredesigningcloud-scaleapplications,customacceleratorsorIoTdevicesingeneral,or
thosemakingFPGAdesigns.ButthedetailsofdesignverificationinChapter8arelikelytobejustof
interesttothosedesigningsemi-customsiliconusingstandardcells.
AGitrepositoryofonlineadditionalmaterialisavailableathttp://bitbucket.org/djg11/modern-
soc-design-djg
Thiscontainsdatausedforgeneratingtablesandgraphsinthebook,aswellasfurthersourcecode,
labmaterials,examplesandanswerstoselectedexercises.
TherepocontainsaSystemCmodeloftheZynqsuperFPGAdevicefamily,codedinblockingTLM
style.ItissufficienttorunanArmA9Linuxkernelusinganidenticalbootimageastherealsilicon.

BookStructure
Thisbookcontainsninechapters,eachdevotedtoadifferentaspectofSoCdesign.
Chapter1reviewsbasiccomputerarchitecture,definingtermsthatareusedinlaterchapters.
Readersareexpectedtobelargelyfamiliarwithmostofthismaterial,althoughthetransactional-level



Preface

modelling (TLM) view of the hardware is likely to be new. A SoC is an assembly of intellectual property 
(IP) blocks.
Chapter 2 describes many of the standard IP blocks that make up a typical SoC, including processors, 
memories, input/output devices and interrupts.
Chapter 3 considers the interconnect between the IP blocks, covering the evolution of processor 
busses and networks-on-chip (NoCs).
Chapter 4 teaches basic principles of system architecture, including dimensioning of busses and 
queuing theory and arbitration policies. It also discusses debug support.
Chapter 5 presents Electronic System Level (ESL) modelling, where a simulation model for a whole 
SoC, also known as a virtual platform, is put together. The ESL model is sufficient to test and develop 
software, as well as to perform architectural exploration, where the throughput, energy use and 
silicon area of a proposed system implementation can be examined at a high level.
Chapter 6 presents further architectural exploration considerations, including the designof custom 
accelerators for a specific application. The languages Bluespec and Chisel are described as 
alternatives to RTL for design entry and the basic principles of high-level synthesis (HLS) are covered.
Chapter 7 is a primer for formal verification of SoCs, comparing the usefulness of formal compared 
with simulation for bug hunting and right-first-time solutions. A number of useful formal tricks are 
covered.
Chapter 8 presents semi-custom fabrication flows for making the physical silicon and covers advanced 
verification and variability mitigation techniques for today’s deep sub-micron devices using FinFETs.
Chapter 9 covers what to do when the first SoC samples arrive back from the wafer processing plant, 
including booting an operating system and checking environmental compatibility (operating 
temperature and unwanted radio emissions).

xviii
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