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PlanPlan
SynchronousSynchronous CircuitCircuit

• Combinational Circuit
• Sequential Circuit
• Digital Watch

Binary AlgebraBinary Algebra
• Boolean Algebra
• Binary z- Transform
• 2-adic Numbers

ElectronicElectronic Circuit Circuit 
• Transistor
• Silicon Process
• MOS Structures

Silicon ArithmeticSilicon Arithmetic
• Counters
• Adders
• Multipliers

UniversalUniversal MachinesMachines
• Microprocessor
• Programmable Logic
• Computable Functions

Digital Digital PhysicsPhysics
• CCD Camera
• Radiation Detector
• Heat Equation

Information Information TheoryTheory
• Shannon’s Theory
• Entropy Coding
• Error Coding

Audio & Audio & VideoVideo
• Digital Audio 
• JPEG Compression
• Half Toning
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SwitchSwitch
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TransistorTransistor
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Planar FETPlanar FET
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Digital TransistorDigital Transistor
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cMOScMOS TransistorTransistor
Blocked: Blocked: VVgdgd< < VVthth IIsdsd=0=0
Resistive: Resistive: VVgdgd-- VVthth > > VVsd sd IIsdsd==ccnn ((VVgdgd -- VVthth ))22

Saturated: Saturated: VVgdgd-- VVthth < < VVsd sd IIsdsd==ccnn ((VVgdgd -- VVthth ))22 /2/2
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InvertInvert
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MultiplexMultiplex
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cMOS cMOS 
MUXMUX
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cMOS cMOS 
XORXOR

cMOS cMOS 
LUT2LUT2
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Custom Custom 
Full AdderFull Adder
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Digital Time & RegisterDigital Time & Register
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MasksMasks
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MOS ProcessMOS Process
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Silicon FoundrySilicon Foundry
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Floor PlanFloor Plan
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EBMEBM
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Delays: Delays: 
RC ModelRC Model
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PowerPower
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ClockClock
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Fast Fast 
CounterCounter
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Shrink LawsShrink Laws

GainsGains
• Size
• Speed
• Power
• Reliability
• Cost
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ShrinkShrink
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Chip HistoryChip History
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Moore’s Moore’s LawsLaws
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MemoriesMemories
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ProcessorsProcessors
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20072007
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InternetInternet
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cMOS cMOS End PointEnd Point

LimitsLimits
• Physics
• Technology
• Economics

2015?2015?
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MemoryMemory
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{ }(2 ) max (2 1) , 2N N Nmux mux N wire= −

(2 ) 2N Nmux N=
22NN ways MUXways MUX
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BusBus
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22NN ways ways deMUXdeMUX (2 ) 2N Ndemux N=
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( )22

2 1 2

(2 ) 2

2 2

N N

N N

ROM N

N N+

= +

= + +

ROMROM
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ROM: Full AdderROM: Full Adder
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Dual Port Dual Port 
MemoryMemory
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Single Port Single Port 
MemoryMemory
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sRAMsRAM

6 transistors/bit

5 transistors/bit
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dRAMdRAM

1 transistor/bit

1/2 transistor/bit
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