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— voltage transfer characteristics
— voltage transfer curve
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Cross coupled inverter (Chapterg)
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Metastable
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EX 207-1(1) : 6.2.1 Bistability P333 Line 26~ STE-102-601

* Two inverters connected in cascade are shown in Figure 6. la, along with a
voltage-transfer characteristic typical of such a circuit. Shown plotted are the
VTCs of the first inverter, that is, Vol versus Vil, and the second inverter
(Vo2 versus Vo1l). The latter plot is rotated to accentuate that Vi2 = Vol1.
Assume now that the output of the second inverter Vo2 is connected to the
input of the first Vil, as shown by the dotted lines in Figure 6.1a. The
resulting circuit has only three possible operation points (A, B, and C), as
demonstrated on the combined VTC. The following important conjecture is
easily proven to be valid:

e Under the condition that the gain of the inverter in the transient region is

larger than 1, only A and B are stable operation points, and C is a metastable
operation point.
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Figure 6.1 (a), (b), Figure 6.2 (a), (b)
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EX 207-1(2) : P333 STE-102-601 Line 37~ P334 STE-102-602

* This condition holds for every inverter we have discussed in previous
chapters. Suppose that the cross-coupled inverter pair is biased at point C. A
small deviation from this biaspoint, possibly caused by noise, is amplified and
regenerated around the circuit loop. This is a consequence of the gain around
the loop being larger than 1. The effect is demonstrated in Figure 6.2a. A small
deviation is applied to Vil (biased in C). This deviation is amplified by the gain
of the inverter. The enlarged divergence is applied to the second inverter and
amplified once more. The bias point moves away from C until one of the
operation points A or B is reached. In conclusion, C is an unstable operation
point. Every deviation (even the smallest one) causes the operation point to
run away from its original bias. The chance is indeed very small that the cross-
coupled inverter pair is biased at C and stays there. Operation points with this
property are termed metastable.
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EX 207-1(3) : P335 STE-102-603 ~Line 6

* On the other hand, A and B are stable operation points, as demonstrated in
Figure 6.2b. In these points, the loop gain is much smaller than unity. Even a
rather large deviation from the operation point is reduced in size and
disappears.

* Hence the cross-coupling of two inverters results in a bistable circuit, that is, a
circuit with two stable states, each corresponding to a logic state. The circuit
serves as a memory, storing either a 1 or a 0 (corresponding to positions A
and B).
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EX 207-1(4) : P335 STE-102-603 Line 7~ 20

* In order to change the stored value, we must be able to bring the circuit from state A
to B and vice-versa. Since the precondition for stability is that the loop gain G is
smaller than unity, we can achieve this by making A (or B) temporarily unstable by
increasing G to a value larger than |. This is generally done by applying a trigger pulse
at Vil or Vi2. For instance, assume that the system is in position A (Vi1 =0, Vi2 = 1).
Forcing Vil to 1 causes both inverters to be on simultaneously for a short time and
the loop gain G to be larger than 1. The positive feedback regenerates the effect of
the trigger pulse, and the circuit moves to the other state (B in this case). The width
of the trigger pulse need be only a little larger than the total propagation delay
around the circuit loop, which is twice the average propagation delay of the inverters,

* In summary, a bistable circuit has two stable states. In absence of any triggering, the
circuit remains in a single state (assuming that the power supply remains applied to
the circuit), and hence remembers a value. A trigger pulse must be applied to change
the state of the circuit. Another common name for a bistable circuit is flip-flop.
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