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Abstract—A new technique to reduce the phase noise in mi- —
crowave oscillators is developed using the resonant characteristic ]
of the defected ground structure (DGS). Two kinds of oscillators -
have been designed and measured for the examination of the reduc- i
tion of phase noise by the DGS. The first adopts the DGS section
under the microstrip line at the gate circuit, while the second has
only the conventional microstrip line. Measurement shows reduced

Li

phase noise by 10-15 dB in the oscillator with the DGS compared
to the conventional one.

Index Terms—DPefected ground structure (DGS), oscillator,
phase noise.
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. INTRODUCTION

INCE phase noise is one of the most important paramléjg. 1. Microstip line with DGS pattern on the ground plane.
ers in the design of microwave oscillators, several methods

have been proposed to reduce the phase noise. These meth~rs,
have focused on improving the quality factép) of resonators, "/
which resultin low phase noise oscillators. Dielectric resonatol 7‘,
(DR) have been widely used for low phase noise in microwav -1 £ %
oscillators due to their high quality factor. DRs however canncg h\ / X { ’\._‘\\
be used in the monolithic microwave integrated circuits (MMIC)§ \ /‘/ '8
oscillators because they have a three-dimensional (3-D) struz2 -20 X
ture [1]. To overcome this problem, a planar type microstrif 8 _,s
line resonator has been suggested, but the measured phase n
has not been significantly improved because of the low qualit
factor of the microstrip line [2]. -35

Recently, many papers have been reported to apply the n ° ,
crostrip line with the defected ground structure (DGS) in the 5 6 7 8 9 10 11 12 13 14 15
design of microwave circuits such as filters, power dividers, an Frequency [ Gzl
amplifiers and so on [3]-[6]. In particular, Liet al.reported a simulated S11 —+— measured $11 - simulated §21 --*-- measured 521 |
power amplifier with efficiency improved using the DGS at the
output. In their work, they employed the passband charact€Ei@- 2. Simulated and measured characteristics of the microstrip line with
istic of the DGS at the fundamental frequency and the stopba%(as'
characteristic of DGS at the harmonic frequencies to tune the
harmonic components [6]. resonant frequency to be the same as the oscillation frequency, a

In this letter, a new technique is proposed that reduces phéaggh input phase slope (in other words, a high quality factor) can
noise using the resonant characteristic of the DGS. By fixing the obtained. This technique guarantees two advantages: 1) No-

ticeable reduction of phase noise, which is difficult by using the

, , _ __conventional planar type resonators; 2) Simple fabrication, be-
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Wicrostrip fime ¢0 pper side) Fig. 4. Measured phase noise performances of two oscillators at 100 KHz
> ! offset (V,s = —0.3 V).

DS purrtern efched on the
- prowmd plane (forom side) DGS section. A higher quality factor can therefore be obtained
(@) [7]. This is the key point of this work.
The measured results shown in Fig. 2 are very close to the
predicted ones.

I1l. DESIGN OFOSCILLATORS

Two oscillators are designed and fabricated at 10 GHz using
NE32484 HEMTSs devices. One has DGS section, the other does
not. Fig. 3(a) and (b) shows the layouts of oscillators with and
without the DGS section, respectively. In order to demonstrate
the effect of the DGS section on phase noise, the source and
drain circuits of the two oscillators are to be identical, respec-
tively. Furthermore, the embedding impedance of the gate cir-
cuit of the oscillator with the DGS was made to equal that of the
oscillator without DGS by adjusting the length of the microstrip
line connected to the gate terminal [8]. The oscillator circuit and
DGS pattern can be realized simultaneously by a simple etching

(b) process.

Fig. 3. (a) Layout of the oscillator with DGS. (b) Layout of the oscillator
without DGS. IV. MEASUREMENTS ANDRESULTS

Figure 4 shows the measured phase noise performances of
II. DGS DESIGN AND ITS APPLICATION TO OSCILLATORS the two oscillators. It should be noted that the phase noise of
the oscillator with the DGS section is reduced by 10-15 dB at
Fig. 1 shows the DGS section etched on the ground plah@0 KHz offset compared to that of the oscillator without the
under the 502 microstrip line. It is fabricated using a TeflonDGS section. This is a remarkable reduction of phase noise even
substrate of 0.504 mm thickness and a dielectric constanttbé resonator is entirely planar type. It is understood tha€the
2.52. The length of the rectangle,is 1.95 mm and the etchedfactor of an oscillator is estimated as the slope of the reactance
gap,g, is 0.2 mm and the period, is 3.44 mm. By adjusting versus frequency, or pulling figure—the maximum oscillation
the period of these cells, the resonant frequency near the cufoéfjuency change for a load mismatch of all phases [9]. It has
frequency—in this work, 10 GHz—can be easily obtained dseen found from the circuit simulation that the slope of reac-
shown in Fig. 2. The simulated results indicate that input chaence of the oscillator with the DGS is 6 times that of the oscil-
acteristic impedance of the DGS section is nearlybat the lator without the DGS. This provides about 15 dB reduction of
resonant frequency. However, as the frequency deviates from piase noise, which shows good agreement with the measured re-
resonant frequency, the values of input resistance and reactaswdées. The pulling figures of these two oscillators were also mea-
of the DGS section vary rapidly from 30and 0f2, respectively. sured for the constant load VSWR of 1.55. The ratio of the mea-
This implies that the gate circuit with this DGS section has sured pulling figures of these two oscillators with and without
higher input phase slope than that of the gate circuit without thtee DGS is 4.35, which implies 12.78 dB improvement in phase
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Fig. 5. Output spectrum of the oscillator with DGBy{ = 0.5 V, V. =
—0.3 V).
(3]

noise. This result agrees well with the measured improvementin
phase noise performance, too. The measured pushing factor ¢4]
the oscillator with DGS is 6 MHz/V, while that of the oscillator
without DGS is 110 MHz/V. Also, the oscillation frequency of g
the oscillator with the DGS is 9.86 GHz, which is almost equal

to the resonant frequency of the DGS section. The output powers,
of the oscillators with and without the DGS are 7.4 dBm and 7.5
dBm respectively ay, = 2V andV,, = —0.3 V. Therefore, no
significant cost of output power can be observed. The measuredf!
output spectrum of the oscillator with the DGS is illustrated in
Fig. 5.

(8]

V. CONCLUSION

A new design technique to reduce the phase noise has bee[r%]
presented using the resonant characteristic of the DGS. The os-

41

cillator with the DGS shows reduction of phase noise by 10-15
dB compared to the other one without the DGS. Low phase noise
performance can be achieved while a planar type of resonator is
used (-98.2 dBc/Hz at 100 KHz offset). Due to its simple fabri-
cation process and planar type, it is expected that this technique
can be widely used for low phase noise oscillators for both MIC
and MMIC applications.
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