
smooth tail, and a fast, monotonic rise 
in the middle. It looks more like a real 
digital signal, and for a good reason.

In the field of linear-system analy-
sis, the Central Limit Theorem states 
that the step response of any system 
whose performance is limited by a 
large number of similar bandlimiting 
effects tends to become Gaussian as 
the number of effects approaches in-
finity. That theorem applies to digital 
devices because a typical digital driv-
er comprises many performance-limit-
ing stages cascaded in series, all hav-
ing similar bandwidths.

An I/O driver uses multiple stages 
to quickly convert nanoamps of cur-

rent from within your silicon into mil-
liamps of current on the PCB (printed-
circuit board). A single-stage FET am-
plifier cannot do that job. If you make 
a single-stage FET gate big enough to 
switch PCB-level currents, there is in-
sufficient current available at the sili-
con level to quickly charge that gate. 
A better approach breaks down the 
circuit into a series of multiple stag-
es cascaded in series. Each stage is ex-
ponentially larger than the one before 
it. Gate-design experts spend a lot of 
time choosing the number of stages 
within each driver and carefully craft-
ing each stage to achieve maximum 
performance.

That’s where the Central Limit The-
orem comes into play. Imagine that 
you are designing an I/O driver with 10 
stages. At dc, the circuit works perfect-
ly. As you go up in frequency, various 
parasitic effects come into play, limit-
ing the bandwidth. Each stage suffers 
perhaps 20 parasitic effects, making 
200 total effects you must manage to 
complete the design. The system be-
haves like a cascade of 200 tiny low-
pass-filter elements connected in se-
ries. The poorest-performing elements 
limit the bandwidth of the whole sys-
tem regardless of how well the other 
elements work. If you wish to raise the 
overall performance, attack the worst 
parts first.

Successively identify the lowest-
hanging effects and improve them 
one at a time until you have pushed 
every part of the system up to a uni-
form performance ceiling beyond 
which it becomes increasingly diffi-
cult to post significant gains. At that 
point, stop fiddling and immediate-
ly put your product into production. 
This process creates a system compris-
ing many performance-limiting stages 
cascaded in series, all having similar 
bandwidths. For that reason, the step 
response looks Gaussian.

You can see that the maximum time-
domain deviation between a Gauss-
ian step and a piecewise-linear step 
amounts to only 5% (Figure 1). That 
amount doesn’t sound like much, but 
those sharp corners in the piecewise-
linear curve can induce frequency-do-
main deviations as large as 20 dB, a sig-
nificant source of error.EDN
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Real signals

,,
s i g n a l  i n t e g r i t y

 W
hich step in Figure 1 best approximates the digital 
signals you work with every day? The piecewise-lin-
ear step starts with a jerk, mindlessly follows a per-
fectly uniform ramp, and smacks hard into its upper 
limit. Real signals don’t do that. The smooth-look-
ing curve is a Gaussian step. It is the time integral of 

a Gaussian bell-shaped curve. The Gaussian step has a smooth precursor, a

Figure 1 The piecewise-linear step has sharp corners that do not occur in real signals.
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