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ABSTRACT 

Ultra low noise voltage sources are 

often required in measurement systems and 
other applications. Common voltage regulators 
have performed inadequately in some 

applications. As an alternative, battery cells 

have been used. Of the various types, Hg cells 
have been credited with the best performance. 

However, actual values for the voltage noise in 

batteries have not, to our knowledge, been 
reported. In this paper a measurement system 
capable of measuring voltage noise below -20 
dBnV/rtHz is discussed and it s ability to 
characterize experimentally high performance 
voltage references is explored. The results of 
such measurements on common batteries are 

presented, and potential applications are 

considered. 

I. Introduction 

Chemical batteries have often been 
used when power supply noise is a significant 
problem. It is widely known that chemical 
batteries provide noise performance that is 
superior to common regulators and regulated 

power supplies. It is not, however, widely 

known exactly what performance can be realized 
with batteries, and what performance differences 
exist between battery types. Such knowledge is 

significant in some applications and yields 

insight into the fundamental noise processes 
present in batteries. In this paper, chemical 
battery noise performance is explored and 
measurements are presented. The voltage noise 
and current noise measurement techniques 

developed in these experiments have very high 

resolution and may be applied in other similar 
measurement systems. 
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11. Fundamental Noise 

Johnson Noise 

The fundamental source of voltage noise 
across any resistor is 10hnson noise, given by [1,2]

" 

Vnoisc = J4hfR�v/[ exp(hfjkT) -1], (1) 

where k = Boltzmann's constant, T = 

temperature in kelvin, R = resistance in ohms, h 
is Planck's constant, f is frequency in Hertz, and 
flv is the measurement bandwidth. 

At low frequencies 10hnson noise can 
be approximated by 

V noise == .J 4 kTM v (2) 

This fundamental noise process is dependent 

only upon temperature and resistance. 

Shot Noise 

Broadband current noise is found when 
two conditions are satisfied: (1) the charge 
carriers are quanti zed; and (2) the arrival times 
are random. These conditions cause current 
fluctuations of magnitude 

ishot = �2qIfl. V , (3) 

where q is the charge quantization ( in this case 
the charge of an electron) in coulombs, I is the 

bias current in amperes, and !l v is the 
measurement bandwidth in Hertz. Current 
noise of this type is commonly called shot noise. 

Ill. Voltage Noise 

Voltage Noise Measurement System 

To see voltage fluctuations in batteries, 
a measurement system with a resolution of 
approximately -20dBn V IrtHz is required. This 

was accomplished by the use of two low noise 
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