Background: It is said that comparators are the second most widely used electronic
components after amplifiers. after “xxx” (Yang: what are the first most widely used?) A
comparator is used to detect whether a signal (the signal could be differential, which means
that the input is the difference between two signals and thus can be negative values) Yang:
please, clarify this is greater or smaller than zero. The output of the comparator only has two
states: ‘high’ and ‘low’. For an ideal comparator, when the input signal is larger than zero,
the output is ‘high’ and when the input signal is smaller than zero, the output is ‘low’.
However, in real life, a comparator has input offset and is subject to the effects of thermal
noise, assumed to have a normal distribution. The input offset of a comparator is the input
at which the output is equally likely to be high or low.

Problem: The output of a comparator is observed while slowly sweeping the input (a
differential signal) over the range -10 mV to +10mV (Yang: how can the mV be negative?
Please clarify). The fraction of time that the comparator is high is plotted as a function of the
input voltage in following figure. (a) Estimate the comparator’s input offset and noise. (b)

For this comparator, what is the smallest input that can be resolved with an error rate of 10
12?

Probability of high output

Yang: it would be interesting (from the statistical point of view) to give more background
about the way the above curve is obtained. For example, how many measurements are
made to obtain each fraction of “high” status for the converter?

Solutions: (a) (the above figure is the CDF of a normal distribution) At an input of 3 mV, the
comparator output is equally likely to be high or low; hence, the comparator’s input offset is
3 mV. The 90% confidence interval for a normal distribution is at 1.28 times its SD (the
rms (root mean square) ).

SD (rms) of noise = (4.28-3)/1.28 mV =1 mV

(b) For an error of 10?, the input must be away from the input offset 7 times SD of the
noise. Hence, for a high output logic level the required input voltage is 3 mV+7(1 mV) =10
mV. For a low output logic level, the input must be below -4mV.
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