1P3-18

Insertion Position Effect

Proceedings of Symposium on Ultrasonic Electronics, Vol. 35 (2014) pp. 113-114

3-5 December, 2014

of Additional Quartz

Resonator on Improvement of Phase Noise in Crystal

Oscillator

K b FEIR RIS DIREY BN E T & DAL FRMES DU
Ryou Suzuki'?, Takayuki Sato”, and Yasuaki Watanabe’

("*’Grad. School of Sci. and Eng., Tokyo metropolitan Univ.)

SR L VR e 2. b 28911 (02 MR ARE BT

1. Introduction

Quartz oscillators are widely used as stable
frequency sources in communication systems.
Advancements in  mobile = communication
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 have developed a method for reducing
phase noise of Colpitts crystal oscillator and
proposed a technique using the oscillation circuit
with duplicated quartz crystal units for declining
near-carrier phase noise. In our previous study,
network analysis using the non-linear diode model
and the phase noise analysis using the Leeson’s
model in Colpitts oscillation circuit with duplicated
quartz crystal units were conducted[1]-[3]. As the
results, it was clear that the phase noise could be
improved when a capacitance (or an inductance)
inserted to an oscillation circuit in series to an
additional resonator was tuned. Possibility that the
phase noise can be improved with a less volume of
the total circuit by using two quartz resonators with
small volume instead of one quartz resonator with
large volume is presented. On the other hand, a
possibility that the phase noise in the noise-floor
region could be improved by using the Butler
crystal oscillator and the Modified-Butler crystal
oscillator as the VHF band oscillators.

Furthermore, we suggested that Butler
oscillator with duplicated quartz crystal units has
great phase noise whole of near carrier and floor
and analyzed the phase noise of the suggested
Butler oscillator. As a result, improvement of phase
noise could be realized, then, insertion position
effect of additional quartz resonator in Butler
oscillator was considered to be the next subject.

We will reveal the difference of phase noise
improvement between three insertion positions. In
this paper, at first, an estimation method of the
phase noise improvement is metioned in chapter 2.
In chapter 3, Colpitts crystal oscillator with a
duplicated crystal unit is denoted as a sample of our
research. Then, in chapter4, details of three

insertion positions are shown, and the results of the
phase noise analyses obtained in cases of different
two positions in the Butler oscillator are described.

2. Estimate Method of Phase Noise Improvement

To estimate improvement of phase noise,
Butler oscillation circuit impedance was fit to
oscillation condition, and differential value with
frequency of circuit output impedance at oscillation
frequency was applied to the Leeson’s model.

To calculate the phase noise improvement,
the circuit impedance must be adapted to the
oscillation condition, i.e., formula (1).

{Re(Zall) <0 )
Im(Zyy) =0

Where, Z,; is the oscillation circuit impedance.
Next, the circuit output impedance, satisfying
the oscillation condition, is applied to Z of formula
(2), and the quality factor Q can be calculated.
0 do dim(Z)

o«
dwly=e, dw

(2)

Where, 6 is the phase at oscillation circuit output,
and w, is the oscillation angular frequency.
Finally, the Q value is applied to the Leeson’s

model, formula (3), and the phase noise
improvement is calculated as follows,
v 2 v 2
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(and, B = 2FKT/Ps).

Where, S, is the phase PSD (Power Spectral
Density), f is the offset frequency, v, is the
oscillation frequency, Q is the quality factor, a is
the constant of 1/f noise level, § is the floor
noise level, F is the noise figure, K is Boltzmann
constant, T is the absolute temperature, and Pg is
the power of the oscillator output.

3. Improvement of Phase Noise in Colpitts
Crystal Oscillator with Duplicated Quartz
Resonators

Fig. 1 is the Colpitts crystal oscillator circuit with
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the duplicated quartz crystal units. X2 is the
additional quartz resonator. The phase noise could
be tuned by C,4; which is located series to X2, and

other elements.

VCC
é R1 RC

c out

R2 X2 cadj E
| I
1]
§ o | i

10
X

Fig. 1 Colpitts Oscillation Circuit with Additional
Quartz Resonator

The additional quartz resonator produced the
phase noise improvement of 12.4dB (fyffset =
1 Hz) in the analysis. Common parameters of all
quartz crystal resonator used in this analysis are
shown in Table 1.

Table 1.  Common parameters of all quartz
crystal resonator used in this study

Rglal | LglmH] | Cqi[fF] | CyolpF] Q

8.8360 0.368 6.875 2.028 26 x 103

4. Three Insertion Positions and Analysis Output
in Butler Crystal Oscillator

A plain Butler oscillator circuit drawn in
Fig. 2 contains three insertion position of additional
quartz resonator. In this analysis, the best circuit
condition of the phase noise was explored by tuning
the capacitance (C,qj, or inductance) and other
circuit elements. Cg is replaced to the additional
crystal unit X2, in the first insertion position, and,
an inductor was added to be parallel to the X2 and
Caqj to apply the bias voltage Ve to the collector
of a BJT (Bipolar Junction Transistor), in the
second insertion position.

Qualitative explanations of the phase noise
improvement for each of three insertion positions
are given as follows. In the case of the first
insertion position, selectivity of the base current is
enhanced by the additional crystal resonator, and
the phase noise can be reduced. On the other hand,
in the case of the second and third insertion position,
the additional quartz resonator is inserted in the
oscillation loop, and the phase noise can be reduced.
The cases of the second and third insertion position
would have a better phase noise improvement than

the case of the first one. However, the optimization
of the phase noise is so difficult, because, two
quartz crystal units are connected virtual series to
each other.
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Fig. 2 Three Insertion Position of Additional Quartz

Crystal Unit in a Plain Butler Oscillation Circuit

The improvements of the phase noise in the
case of the first and second insertion positions were
obtained as 7.1dB and 13.6dB respectively
(foftset = 1 Hz). The parameters shown in tablel
were also used in this analysis.

5. Summary

In this research, three patterns of insertion
position effect of the additional quartz resonator in
the Butler oscillator were discussed. Two of three,
namely the first and second positions were analyzed,
and, obvious difference could be observed between
the two patterns.

Fabrication of the Butler crystal oscillator
with the additional quartz resonator at all of the
three positions and measurement of improvement of
the phase noise would be the future works.
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