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the frequency domain, therefore having no harmonic content.  Taking the Fourier transform of a
pulse or series of pulses in the time domain yields a number of frequency components.  These
frequency components are called harmonics and are an inevitable trait of circuits using nonlinear
devices The peak current approaches  for extremely short pulses. It follows that if the drive� �	��

level  is increased, the harmonics will also increase as the current pulse width becomes shorter��
and the peak current amplitude becomes greater.  This harmonic trade-off is an important
consideration in reducing noise content by using shorter pulses.
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Figure 2.2. Exponential characteristic of BJT (Davis, 1996).

To derive the harmonic content mathematically, it is necessary to start with the nonlinear
equation of the device. The current in a forward biased pn junction of a diode or transistor is
typically approximated by (Clarke & Hess, 1971)
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where  is the device saturation current, is the voltage applied across the junction,  is	 �  �

Boltzman's constant,  is the charge of an electron, and  is the temperature of the device� !
junction.  The voltage  consists of a DC component as well as a sinusoidal,�
� 
 � " � � #�$% �cos � , Eq. (2) becomes
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For ° ,  is approximately mV.  The drive level, , is defined as the! 
 &�� '  !�� �( )
normalized drive level of  compared to mV or mV .  For example, if  were mV� �( � ��( � �(� �� � �� �
) � would be equal to 10.  Since,  is a periodic function it can be expanded into a Fourier) � #�cos �

series.  Once in a Fourier series the output current  will be a series of terms for each harmonic�
frequency.   For inclusion into Eq. (3), the sinusoidally driven exponential may be expanded in a
Fourier series of the form
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The Fourier integral for the DC coefficient,  is*� � 


