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Execisel

Answer following questions simply (long if you like ©).
e 1-1 What stands for Vbs and Ip?

e 1-2 What is the (electric) relation between Vbs and Ip?
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The propagation delay 1, of a gate defines how quickly it responds to a change ﬂl.l its input
[STE_]'O 1'308] 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

@

wtion 3.2  Definitions and Properties (GHREIEIE| ISTE-101-309 | 497
::::g:ﬁ;: dz:ﬁ ° between the 50% transition points of the input and output waveforms, as shown in Figure
and rise and fall times. 3.10 for an inverting gate.' Because a gate displays differgiy response times for rising or

falling input waveforms, two definitions of the propagation'delay are necessary. The 7,;4
defines the response time of the gate for a low to high (or positive) output transition, while
{5y, Tefers to a high to low (or negative) transition. The overall propagation delay ¢, is

:| , defined as the average of the two, = toon + Lont (3.5)
i n » P £- 7]

(h I i = .

ﬂﬂm » Knowledge of 1, is, however, not sufficient to completely characterize circuit perfor-

mance. 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 ¢, and t;, which are defined between

: o t and 90% points of the waveforms (Figure 3.10). == 1P =3
10 [EEDFe e ke s (Figure 3,10, [57) /7 g
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aRRE 3L 1-2
Knowledge of ¢, is, however, not sufficient to completely characterize circuit perfor-
p117 mance. The power cunsumptmn, noise behavior, and, indirectly, the speed of a gate are
[STE- 101 309] 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 ¢, and 1;, which are defined between
) 27 e 10% and 90% points of the waveforms (Figure 3.10). =7 /7 =]
=25 [The propagation delay of a gate is a function of its fan-in and fan-out. Fan-out g
present an increased load (mostly capacitive) to the driving gate and slow its perfo
¢ increased mmplmt:.r of a gate due to a large fan-in also has a negative infl

that technologies can Be~judged on an equal footing. The de-facto 2 gl
delay measurement is the rimg*oscillator, which consists of an odd number of inverters
connected in a circular chain (Figure 3.11). Due to the odd number of inversions, this cir-
cuit does not have a stable operating point and oscillates. The period T of the oscillation is
determined by the propagation time of a signal trahdi

! The 50% definition is inspired the assumption that the switchind)threshold Vi is typically located in the
middle of the logic swing. T 7
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FREE 1-3  [STE-101-310 The period T of the oscillation is

pl118 determined by the propagation time of a signal transition through the complete chain, or

[STE-101-310] T=2x1,x N with N the number of inverters in the chain. Th.ﬂ factor 2 n':sull.s.fmm the
observation that a full cycle requires both a low-to-high and a high-to-low transition. Nﬂi:‘:
that this equation is only valid for 2Nt, >> t + £, If this condition is not met, the circ}:lt
might not oscillate—one “wave" of signals propagating through the ring will overlap with
a successor and eventually dampen the oscillation. Typically, a ring oscillator needs a least
five stages to be operational{fH |F 9 5

f (B =
1./ T (JAHA)

Fiaure 3.11 Ring oscillator circuit for propagation-delay measurement.
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we must be extremely careful with results obtained from ring oscillator measure-
merts, A £, of 100 psec by no means implies that a circuit built with those gates will oper-
ate at GH? The oscillator results are primarily useful for quantifying the differences
between variqus manufacturing technologies and gate topologies. The oscillator is an ide-
alized circuit w each gate has a fan-in and fan-out of exactly one and parasitic loads
are minimal. In mo istic digital circuits, fan-ins and fan-outs are higher, and inter-
connect delays are non-negligible. The gate functionality is also substantialy more com-
plex than a simple invert operation. As a result, the achievable clock frequency on average
is 50 to a 100 times slower than the frequency predicted from ring oscillator measure-
ments. This is an average observation; carefully optimized designs might approach the
ideal frequency more closely.

Example 3.3 Propagation Delay of First-Order RC Network

Digital circuits are often modeled as first-order RC networks of the type shown in Fi gurc 3 12.
The propagation delay of such a network is thus of considerable interest.
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MOS Structure Cnpnc tances |9 d 5 ii!’lﬂatvimb f& 5 oA

The gate of the MOS transistor is isolated frgm the Ir:unducﬁng channel by the gate oxide
that has a capacitance per unit area equal 16 C,, = €,, / 1,,. From the I-V equations, we
learned that it is useful to have C,, as pmsihic: or to keep the oxide thickness
thin. The total value of this capaci is called the gate capacitance C, and
CoWL. This gate capacitance can be decomposed into a number of :!:m-:ntn. each
d:ffr.mnl; behavior. Obviously, one part of C, contributes to the channel charge,
cussed in a subsequent section. Another plrt is solely due to the topological ure
the transistor. This component is the subject of the remainder of this section/ [ {\ || 5 fu[
Consider the transistor structure of Figure 2.23, Ideally, the sourc E
sion should end right at the edge of the gate oxide. In reality, both s and drain tend to
extend somewhat below the oxide by an amount x,, called the lareral diffusion. Hence, the
effective channel of the transistor L 4 becomes shorter than the drawn length (or the length
the transistor was originally dcmg,nnd for) by a factor of 2x,. It also gives rise to a parasitic | 4} /}:
capacitance between gate and source (drain) that is called the overlap capacitance. This
capnmmnc:lsstricﬂytmnarnndhunﬁmduluu iS4

Figure 2. 23
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