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TopicsTopics

–– ClockingClocking

Parts of this lecture were adapted from “Digital Integrated Circuits” Rabaey et al. Copyright 2003 Prentice Hall/Pearson
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Register DesignRegister Design

•• Inverted clock is not idealInverted clock is not ideal

•• Causes delays on the clockCauses delays on the clock

•• Overlapping clock pairOverlapping clock pair
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Register DesignRegister Design
•• Use non-overlapping clocksUse non-overlapping clocks
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Register DesignRegister Design
•• Generating non-overlapping clocksGenerating non-overlapping clocks
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Clock Clock NonidealitiesNonidealities

•• Clock SkewClock Skew

–– Spatial variations in equivalent clock edgesSpatial variations in equivalent clock edges

–– Mostly deterministicMostly deterministic

•• Clock JitterClock Jitter

–– Temporal variations in consecutive clock edgesTemporal variations in consecutive clock edges

–– Mostly randomMostly random

•• Pulse Width VariationPulse Width Variation
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Clock Skew and JitterClock Skew and Jitter
Clk

Clk

tSK

tJS

•• Skew and jitter can affect the cycle timesSkew and jitter can affect the cycle times

•• Clock skew can cause race conditionsClock skew can cause race conditions
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Clock UncertaintiesClock Uncertainties

•• Clock Signal GenerationClock Signal Generation
–– Analog circuit sensitive to noiseAnalog circuit sensitive to noise

–– Causes jitterCauses jitter

–– Difficult to modelDifficult to model

•• Device ManufacturingDevice Manufacturing
–– Process variationsProcess variations

–– Causes static skewCauses static skew

–– Can be partially modeledCan be partially modeled
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Clock UncertaintiesClock Uncertainties

•• Interconnect variationsInterconnect variations
–– Causes skew on different pathsCauses skew on different paths

–– Different inter-layer dielectric thicknessDifferent inter-layer dielectric thickness

–– Can be somewhat predictable based on processCan be somewhat predictable based on process

•• TemperatureTemperature
–– Dependent on switching activityDependent on switching activity

–– Parts of a chip may see different temperaturesParts of a chip may see different temperatures

–– Contributes to clock jitterContributes to clock jitter
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Clock UncertaintiesClock Uncertainties

•• Power supply variationsPower supply variations
–– Dependent on switching Dependent on switching activiityactiviity

–– Causes jitterCauses jitter

•• Capactive Capactive couplingcoupling
–– Between clock and adjacent linesBetween clock and adjacent lines

–– Transitions on adjacent lines can cause varyingTransitions on adjacent lines can cause varying
coupling effectscoupling effects

–– Net effect is jitter on the clockNet effect is jitter on the clock
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Positive and Negative SkewPositive and Negative Skew
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Clock JitterClock Jitter
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Clock Skew and JitterClock Skew and Jitter

•• Minimum clockMinimum clock cycle cycle

TT >  > ttcc-q-q + + t tlogiclogic  + + ttsusu  - - δδ + 2t + 2tjitterjitter

•• Minimum logic delayMinimum logic delay

ttlogiclogic  + + ttcc-q-q >  > tthold hold + + δδ + 2t + 2tjitterjitter
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Clock Skew in systems with feedbackClock Skew in systems with feedback
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Flip-Flop Flip-Flop –– Based Timing Based Timing
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M. Horowitz, VLSI Circuits 1996.
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Flip-Flops and Dynamic LogicFlip-Flops and Dynamic Logic
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Flip-flops are used only with static logic



ECE 249 VLSI Design and Simulation

Spring 2005

Lecture 17

© John A. Chandy

Dept. of Electrical and Computer Engineering

University of Connecticut

Latch timingLatch timing
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Single-Phase Clock with LatchesSingle-Phase Clock with Latches
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Latch-Based DesignLatch-Based Design
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Clock DistributionClock Distribution

•• Distribute clock in a tree fashionDistribute clock in a tree fashion

•• H-TreeH-Tree

CLK
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Clock DistributionClock Distribution
•• Alpha 21064Alpha 21064

–– 200 MHz clock, 5 levels of buffering200 MHz clock, 5 levels of buffering

–– Clock load - 3.25nFClock load - 3.25nF

–– Clock drivers account for 40% of the switchedClock drivers account for 40% of the switched
capacitancecapacitance

–– 200200 ps maximum  ps maximum skewskew

•• Alpha 21164Alpha 21164
–– 300 MHz clock300 MHz clock

–– Clock load - 3.75 Clock load - 3.75 nFnF

–– Clock distribution - 20W power dissipation - 40% ofClock distribution - 20W power dissipation - 40% of
total power of processortotal power of processor
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Clock DistributionClock Distribution
•• Alpha 21164Alpha 21164
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Clock DistributionClock Distribution

•• Pentium IIIPentium III

–– Clock Jitter - 10% of cycleClock Jitter - 10% of cycle

–– Clock Skew - 7% of cycleClock Skew - 7% of cycle

•• Pentium IVPentium IV

–– Clock Jitter - 5% of cycleClock Jitter - 5% of cycle

–– Clock Skew - 3% of cycleClock Skew - 3% of cycle

–– Used regional clock buffers with adjustable delayUsed regional clock buffers with adjustable delay



ECE 249 VLSI Design and Simulation

Spring 2005

Lecture 17

© John A. Chandy

Dept. of Electrical and Computer Engineering

University of Connecticut

Dealing with Clock Skew andDealing with Clock Skew and
JitterJitter

•• Balance clock paths (Tree distribution)Balance clock paths (Tree distribution)

•• DonDon’’t use gated clockst use gated clocks

•• Use negative skew to eliminate race conditionsUse negative skew to eliminate race conditions
(at the cost of performance)(at the cost of performance)

•• Shield clock signals to avoid couplingShield clock signals to avoid coupling
–– Route clock next to VDD and GNDRoute clock next to VDD and GND

•• Use dummy fills to have uniform interlayerUse dummy fills to have uniform interlayer
dielectric thicknessdielectric thickness
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Next classNext class

•• I/OI/O


