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Abstract-The most common time-domain measure of fre- 
quency stability, the Allan variance, is typically estimated using a 
frequency counter. Close examination of the operation of modern 
high-resolution frequency counters shows that they do not make 
measurements in the way commonly assumed. The consequence 
is that the results typically reported by many laboratories using 
these counters are not, in fact, the Allan variance, but a distorted 
representation. We elucidate the action of these counters by 
consideration of their operation in the Fourier domain, and 
demonstrate that the difference between the actual Allan variance 
and that delivered by these counters can be very significant 
for some types of oscillators. We also discuss ways to avoid, 
or account for, a distorted estimation of Allan variance. 

This paper considers the issue of characterizing the fre- 
quency fluctuations of an oscillator or clock. Let us take a 
clock with an output signal of the form 

V ( t )  = A s i n ( 2 ~  y ( t )  fo t ) ,  (1) 

where fo is the average frequency of the oscillator over 
the entire measurement period and y ( t )  is the instantaneous 
fractional frequency of the oscillator. The frequency stability 
of this oscillator can be characterized with the commonly 
used Allan variance (or its square root, the Allan frequency 
deviation), which is defined as [I]: 

where we define the kth sample of the normalized frequency, 
averaged over some measurement time (sometimes called the 
integration time), r ,  as 

In practice, the ensemble average in (2) is usually replaced 
by a summation of m consecutive measurements of the kernel 
shown inside the angular brackets: 

The integral in (3) corresponds to a single (normalized) 
rrieasurerrierit of a traditional frequency counter for a selected 

measurement time, r ,  usually referred to as the gate time in 
counter nomenclature. Following the approach of Rubiola [2], 
a single counter measurement over a gate time of r can be 
written as a weighted integral: 

00 

fm,,,i = S__ ~ ( t ) f o  w n ( t  - t k )  d t  = fo k ,  (5) 

where w n ( t )  = llr for 0  < t < r and 0 elsewhere, referred 
to in this paper as a II-estimator. Similarly, we can rewrite (2) 
as: 

= ( [ l " y ( t ) w A ( t - t k ) d t  I' ), (6) 

where we have combined the consecutive integrations and 
scaling factors into a single temporal windowing function 

O < t < r  
(7) 

elsewhere 
which we will refer to as the Allan variance weighting function 
(shown in Fig. la). In this paper, we do not consider dead- 
time, although it is easily implemented through the inclusion 
of a temporal gap in this formulation, as demonstrated in [3]. 

However, some frequency counters (including those that are 
commonly found in many laboratories) do not implement the 
frequency measurement as described above; in other words 
their operation cannot be modeled by (5). These counters 
implement an internal averaging algorithm, which changes the 
shape of the temporal windowing function. This results in 
a strong suppression of any frequency fluctuations that have 
a Fourier frequency significantly higher than the reciprocal 
of the gate time. The intention is to reject noise at these 
frequencies to enhance the resolution of the frequency mea- 
surement for a given gate time, but it also has very important 
consequences when the output of the counter is subsequently 
used in the calculation of the Allan variance. In this paper we 
consider the effect of this change in counter operation, as well 
as how to overcome this limitation. In addition, we consider a 
proper treatment for the response of the counter to frequency 
fluctuations at frequencies much greater than the reciprocal 
of the counter gate time. We note that this paper builds on 
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