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EX 112-1p113 [STE-101-305]

e Section 3.2 Definitions and Properties

* Regenerative Property

* A large noise margin is a desirable, but not sufficient requirement. Assume that a signal is disturbed by noise
and differs from the nominal voltage levels. As long as the signal is within the noise margins, the following gate
continues to function correctly, although its output voltage varies from the nominal one. This deviation is added
to the noise injected at the output node and passed to the next gate. The effect of different noise sources may
accumulate and eventually force a signal level into the undefined region. This, fortunately, does not happen if
the gate possesses the regenerative property, which ensures that a disturbed signal gradually converges back to
one of the nominal voltage levels after passing through a number of logical stages. This property can be
understood as follows:

* Aninput voltage Vin (Vin € "0") is applied to a chain of N inverters (Figure 3.5a). Assuming that the number
of inverters in the chain is even, the output voltage Vout ( N-> =) will equal VOL if and only if the inverter
possesses the regenerative property. Similarly, when an input voltage Vin (Vin € "1 ") is applied to the
inverter chain, the output voltage will approach the nominal value VOH.
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{a) A chain of inverters
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EX 112-2 P116-117 [STE-101-308~9]

3.2.3 Performance: The Dynamic Behavior

The propagation delay tp of a gate defines how quickly it responds to a change at its input and relates directly
to the speed and performance metrics. The propagation delay expresses the delay experienced by a signal
when passing through a gate. It is measured

Section 3.2 Definitions and Properties 117

between the 50% transition points of the input and output waveforms; as shown in Figure 3.10 for an inverting
gate. | Because a gate displays different response times for rising or falling input waveforms, two definitions of
the propagation delay are necessary. The tpLH defines the response time of the gate for a low to high (or
positive) output transition, while tpHL refers to a high to low (or negative) transition. The overall propagation
delay t is defined as the average of the two,

Knowledge of tp is, however, not sufficient to completely characterize circuit performance. The power
consumption, noise behavior, and, indirectly, the speed of a gate are also strong functions of the signal slopes
(as will become clear later in this chapter). This can be quantified with the rise and fall time measures tr and tf,
which are defined between the 10% and 90% points of the waveforms (Figure 3.10).
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