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SYNCHRONOUS TIMING
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LATCH PARAMETERS
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Delays can be different for rising and falling data transitions
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REGISTER PARAMETERS
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Delays can be different for rising and falling data transitions
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CLOCK UNCERTAINTIES

LTI ITIONS
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CLOCK NONIDEALITIES

LLTTITITIOS

e Clock skew

—Spatial variation in temporally equivalent clock
edges; deterministic + random, ¢

* Clock jitter

—Temporal variations in consecutive edges of the
clock signal; modulation + random noise

—Cycle-to-cycle (short-term) t;
—Long term ¢,

* Variation of the pulse width
—Important for level sensitive clocking
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CLOCK SKEW AND JITTER

C l O C k .:'; -'::. X “"‘ :'::Z.:':.
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* Both skew and jitter affect the effective cycle time
* Only skew affects the race margin
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CLOCK SKEW
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POSITIVE AND NEGATIVE SKEW
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LLTTITITIOS

(a) Positive skew
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(b) Negative skew
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POSITIVE SKEW & NEGATIVE SKEW

LLTTITITIOS

Launching edge arrives before the receiving edge Ty >
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TIMING CONSTRAINTS

n R1 I R2
Combinationa
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CLK toLke toLk?
tc - tlogic
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Minimum cycle time:
T-0= tc-q + 4, t tlogic

Worst case is when receiving edge arrives early (positive 0)
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CLASS ROOM ACTIVITY

LLTTITITION S

STUDY THE PYRAMID CAREFULLY.

a
0]

WHAT ARE THE VALUES OF E AND D?
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IMPACT OF JITTER

LTI ITIONS
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SHORTEST PATH

LLTTITITIONS

Worst case is when receiving edge arrives late
Race between data and clock

Earliest point

of launching
Clk 4.
TClk-Q TLm
< — e
Clk A
Ty
«— —>
v.
\. Data must not arrive

Nominal
clock edge

before this time
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HOW TO COUNTER CLOCK SKEW?

LTI ITIONS

Negative Skew

— Out

------- Positive Skew

Clock Distribution

Data and Clock Routing
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LATCH TIMING

LLTTITITIONS

to.o
*When data arrives /\
D Q

*to closed latch

Clk

eData has to be ‘re-launched’

tClk-Q

*When data arrives
Latch is a ‘soft’ barrier to transparent latch
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ASSESSMENT

LLTTITITIONS

Compare latch & Register parameters
Define Clock Skew & Jitter

Differentiate positive skew & negative skew

1.
2.
3.
4.

How to counter clock skew?
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SUMMARY & THANK YOU
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