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Metastable & Stable Operating Points
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In case that signals D and D are making transitions almost concurrently with
the clock signal CLK, then the following scenario is possible: the clock signal
enters the memory state while the voltage level of both internal nodes Q
and Q is close to the transition threshold of the two inverters. As a result
the latch will arrive to its final state after a quite long time interval, while
the logic level of this state depends on random factors, like the noise!
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Latches
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Latch Timing
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Controllable Feedback Latch

A D-latch is sensitive to the level of the clock signal CLK. One level stands for
the transparent mode of operation where the input data pass to the circuit
output Q. The other level stands for the memory mode of operation where the
latch output Q holds the last value of the D input before the transition of the
clock from the transparency level to the memory level.

CLK _

D —l— Q Q
L

The feedback inverter can be

I::“_ CLK designed with the k,, factor of

the transistors to be small. In that

// case the following pass-gate can
be eliminated.
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Latch Timing Characteristics
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Feedback D Latch
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Flip Flops
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Master-Slave D Flip—Flop

W D-Latch A Flip-Flop is an edge-triggered memory
_l_ Q element. It is sensitive to a clock edge and
D {>C not to a clock level. Only at this specific
edge the input data pass to the output.
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Master-Slave D Flip-Flop Operation
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D Flip-Flop Timing Characteristics
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D Flip-Flop Timing
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Setup and Hold Times
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Two-Phase C2MOS D Flip-Flop

Dynamic Flip-Flop
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Non-Overlapping Phases Generation
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Initial Circuit
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Other Circuits
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Non-Stable Circuits
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Clock Generation

Phase Locked Loops (PLLs)
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Voltage Controlled Oscillator (VCO) Il
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Clock Distribution
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Central Clock Distribution
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H-Tree Clock Distribution (lI)
X X
X X =
<] B XY Buffer
X X
X X

LK, | | <]
X X
X X
X = X
X X
X X

g}é’ Memory Elements 37

The Schmitt Trigger Circuit
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Voltage Generators

The Charge Pump Concept
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MOS Positive Charge Pump
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MOS Negative Charge Pump
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