
 
Fig. 1 Equivalent circuit of Colpitts oscillator 
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1. Introduction 

Quartz oscillators are widely used as stable 
frequency sources in communication systems. 
Advancements in mobile communications 
technology require quartz oscillators to perform 
low-phase noise characteristics. Much effort has 
been made to reduce oscillator phase-noise by 
contriving various circuit designs.  

We developed a method for analyzing phase 
noise of the Colpitts crystal oscillator. We have 
conducted network analysis using the non-linear 
diode model and the phase noise analysis using the 
Leeson model in Colpitts oscillation circuit with 
duplicated quartz crystal units [1]-[3]. 

In this paper, we formulate the circuit 
impedance to apply to various oscillation circuits. 
From this analysis, good balance and interaction of 
the two crystal resonators and other circuits 
improve the circuit quality factor Q. 

To evaluate circuit Q, the slope of circuit 
reactance is used. Moreover, the formularization of 
circuit reactance must be comparable amang many 
circuits, which have many loops and high quality 
factor elements. Accordingly, we calculate the 
impedance expected from the output loop, because 
phase noise is observed at output in every oscillator. 

 
2. Method for evaluating circuit Q 

When we analize phase noise, the Leeson 
model is generally used. However, this Leeson 
model applies to a circuit that has one circuit loop 
conteining an amplifier and feedback of one 

resonator. Furthermore, the definition of Q in the 
Leeson model is loaded Q of only one resonator. In 
an ordinaly Colpitts ocsillation circuit, a part of the 
circuit, except the crystal resonator, can 
approximate the amp of the Leeson model, and 
loaded Q of the crystal resonator can be utilized as 
Q value of Leeson s formula. However, our circuit 
has two duplicated crystals as the resonator, which 
are separately set. Hence, since the approximation 
cannot be applied to our circuit and various other 
circuits, we devised a method for evaluating the 
quality factor that can be compared between any 
oscillation circuit. 

Therefore, we define Q of Leeson s formula 
as that of the entire oscillation circuit (namely, 
circuit Q). Circuit Q is estimated using  

 
                                  (1) 
                           .  

Where    is the oscillator frequency, and     is 
circuit impedance. 
 
3. Formularization of circuit impedance 

In the previous chapter, Evaluating method 
for evaluating circuit Q is discussed. We discuss the 
method for calculating circuit impedance is 
considered. Circuit impedance is calculated by 
deviding the circuit at an appropriate point and 
summing impedances on both sides of that deviding 
point. It is important where the devidng point is that 
varies value of circuit impedance. 

Figure 1 shows the equivalent circuit of the 
Colpitts oscillator. In previous studies, the devidng 
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Table 1. Parameters of quartz crystal. 

 
 

 
Fig. 2 Impedance characteristics of Colpitts oscillator 

with one quartz resonator 
 

 
Fig. 3  Impedance characteristics of Colpitts oscillator 

with duplicated quartz resonators 
 

 
Fig. 4  Improvement in deviation of circuit reactance 

point was determined as a  in Fig. 1. Since the 
Colpitts oscillation circuit approached one circuit 
loop with the Leeson model from this determination 
and the crystal resonator seems to be connected to 
that amplifier in series, we can easily obtain the 
behavior of circuit impedance by varying frequency. 
However, this determination cannot be fit to every 
oscillation circuits. In other words, the 
ditermination is not comparable with other 
circuits.The oscillator output where phase noise is 

observed is the point that can be defined in every 
oscillator. The circuit impedance and circuit Q can 
be compared among various oscillators by difining 
the devidng point as the oscillator output. 

Based on this approach, we difine the 
devidng point as b  in Fig. 2 and formularized 
circuit impedance.  

 
4. Analysis of circuit impedance characteristics 
in Colpitts oscillation circuit 

Frequency characteristic of circuit impedance 
in steady state is solved by the new formulation of 
circuit impedance. The electrical paramaters of 
quartz crystal used in the analysis are listed in 
Table 1. The quarz crystal is AT-cut and resonates 
at 100 MHz. Figure 2 shows the of impedance 
characteristics in the Colpitts oscillation circuit with 
one crystal resonator, and Fig. 3 shows the 
characteristic of impedance with two duplicated 
crystal resonators. Adding a resonator causes a 
transformation of characteristics and steeper 
deviation of reactance. Figure 4 shows that addition 
of a nesonator incleased the deviation of reactance 
by a factor of 4.2, therefore, circuit Q was incleased 
by a factor of 4.2. 

 
5. Conclusions 

The characteristic of circuit impedance in the 
Colpitts ocsillation circuit is formularized by 
defining the devidng point as the output loop to 
compare various oscillation circuits. The 
formularization enables the caluculation of the 
improvement in circuit Q by adding a crystal 
resonator.  

We use duplicated AT-cut crystal resonators 
for every resonator in the Colpitts oscillation circuit. 
For future work, we will use SC-cut crystal 
resonators, which have higher Q than AT-cut 
resonators and compare the Colpitts and other 
oscillation circuits. 
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