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Answer following questions simply (long if you like ©).

«1-1 TBD
«1-2TBD




E%%j{ 1 3.1 Introduction £ TRER s

D 109 The inverter is truly the nucléls of all digital designs. Once ils
clearly understood, designing more intricate structures such as NAND gates, adders, mul-
[STE-]_O 1-30 1] . lipliers, and microprocessors is greatly simplified. The electfical behavior of these com-

plex circuits can be almost completely derived by sxtrapolating the results obtained for
inverters. The analysis of inverters can be extended to explain the behavior of more com-
plex gates such as NAND, NOR, or XOR, which in turn form the building blocks for mod-

ules such as multpliers and prosessors. |G/ (FAE, | 2 )

The choice of a technology or a design style dramatically affects the densily, perlor-
mance, and the power consumption of a design. To llustrate this, we discuss in detail the
behavior of static complementary CMOS and bipolar ECL inverters, which are representa-
tive gates for both MOS and bipolar tecknologies. Although these are not the only gate
topologies in use (see Chapters 4 and 5), they are ceriainly the most popular at present. For
each gate, we analyze the following fundamental properties:

nE sl |* robustness, expressed by the static (or steady-state) behavior |S80Y 0 (=Y )

* performance, determined by the dynamic (or transient) response |7 %) £3 (1532 14))

S0HUEY |= heat disvipation and supply capacity requirements, set by the power consumption

The first section provides precise definitions for each of the above properties. While
each of these parameters can be easily quangified for a given tachnology, we also discuss
how they are affected by scaling of the technology-Finally, the properties of the presented
gates are summarized, and son'ué}’.kuggastiﬂns are provided on selecting a technology.
Rl DRE( L E=1{b
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e 1350V : MOSFET DFan In Fan Out #1829 5
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Exercise
Answer following questions simply (long if you like ©).
* 2-1 TBD
« 2-2TBD
« 2-3TBD
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115

Fan-In and Fan-Out STE-101-307 e th =5

The fan-out denotes the number of load gates N that are cornected to the output of the
driving gate (Figure 3.7). Increasing the fan-out of a gate can affect its logic output level
From the world of analog amplifiers, we know that this effect is minimized by making
input resistance of the load gates as large as possible (minimizing the input currentsy and
by keeping the output resistance of the driving gate small (reducing the effects of lpad cur-
rents on the output voltage). When the fan-out is large, the added load can deteriorate the
dynamic performance of the driving gate, For these reasons, many generic and library
components define a maximum ﬁ:mmc.lm o guarantee that the static and dynamic perfor-
mance of the element meet specification.  |{5 =1 o =
The fan-in of a gate is ce as the number of inpurs to the gate (Figore 3.7b).
(Gates with large fan-in tend to be more pomplex, which often results in inferior static and

dynamic properties. 4% PED

Figure 3.7 Definition of fan-out and fan-in

ot & digital gete.
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* Example 3.1 LIfg £ TE=bitATHS
o A—4 w3 I Regenerative Property EAfE 14542

Exercise
Answer following questions simply (long if you like ©).
* 2-1 TBD
« 2-2TBD
« 2-3TBD
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(b} Simulated response of
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A large noise margin is a desirable, but not sufficient
disturbed by noise and differs from the nominal v
within the noise margins, the following zate
output veltage varies from the jominal one.
the output node and passed to the next
accumulate and eventually force a sig

wirement. Assume that
e levels, As long

signal 15+
e signa.l is

level into the undefined Fegion. This, fortunately,

the regeneraiive property, which ansures that a dis-
ack to one of the nominal voltage levels after passing
through a number oflogical stages. This property can be understood as follows:

An input voltage s (v, £ "07) iz applied to a chain of N inverters (Figure 3.5a).
Assuming that the number 6f.inverters in the chain is even, the output voltage v, (N — ea)
will equal Vj, if and only if tfe_inverter possesses the regenerative property. Similarly,
when an input voltage v, {v;, € “1"Tis applied to th: inverter chain, the output voltage will
approach the nominal value Vg, ZiE9 5

chain of MOS inverters I: [; F: l: ': ‘;
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Answer following questions simply (long if you like ©).
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