
Design of Low Phase Noise 7.7 GHz Dielectric Resonator Oscillator 
 

O�uzhan K�z�lbey1, Osman Palamutçuo�ullar�2 and Binbo�a S�dd�k Yarman3 
 

1Tubitak Bilgem, 41470 Gebze, Kocaeli 
oguzhan.kizilbey@tubitak.gov.tr 

2Istanbul Technical University, Istanbul 
opal@itu.edu.tr 

3Istanbul University, Istanbul 
sbyarman@gmail.com 

 
 
  

Abstract 
 

In this work, a dielectric resonator stabilized oscillator with 
output frequency at 7.7 GHz is designed, simulated and 
measured. The oscillator topology is based on the series 
feedback dielectric resonator oscillator (DRO) structure. 
The precise design procedure of the series feedback 
dielectric resonator oscillator is  presented. A �/4 open stub 
microstrip line is arranged at the output port in order to 
improve the suppressions of harmonic frequencies. The 
simulation results show that, the phase noise exhibits about 
-100 dBc/Hz@10KHz while the output power at 7.7 GHz is 
10 dBm and the suppression of harmonic frequencies are 
better than -50dBc. In the practical  measurements, the 
phase noise exhibits -95dBc/Hz@10KHz while the output 
power is 9.4 dbm and the suppression of harmonic 
frequencies are better than -40 dBc.   

 
1. Introduction 

 
In the whole  microwave systems oscillators represent the basic 
microwave enegry source. The oscillators with a single output 
frequency are widely used in many fields such as radar, 
communication and electromagnetic countermeasure [1]. 
Resonators are the main component of oscillator structures. It 

was first presented by R. D. Richtymer [2] that cylindrical 

dielectric structure would act like a resonator. Many years after 

that discovery very different type of dielectric resonator 

oscillators were realized. The dielectric resonator oscillators 

(DRO) are known as one of the most suitable devices for 

generating low-cost and highly stable microwave signals. Its 

properties of having low phase noise, small size, high quality 

factor, temperature and frequency stability permit  these devices  

having progressively extending area of usage in many 

applications [3] such as measuring the material properties [4], 

oscillators [5], antennas [6], filters [7] that require low noise 

profile. Since the sizes of dielectric resonators are small they are 

mostly preferred in high frequency applications. 

In this paper, a 7.7 GHz series feedback dielectric resonator 
oscillator is designed and realized. The output power at 7.7 GHz 
reaches 10 dBm in simulation and the suppression  at second 
harmonic frequency is better than -50dBc by employing quarter 
wavelength open stub. Also, a good correlation between 
simulation and measurement results are achieved. 

 
 
 

2. Design Procedure of DRO with Series feedback 
 

The design method of dielectric resonator oscillator with series 
feedback is based on the theory of negative resistance oscillator 
[8]. The schematic diagram is shown in Fig. 1.  The condition of 

stable oscillation is 

 

1in LΓ Γ =                                    (1)  

 
According to the theory of microwave network, �out can be 

expressed as following 
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where S11, S12, S21, S22 are the scattering parameter of transistor. 
Obviously, when (1) is satisfied, then 

 
1out LΓ Γ =                                  (3)  

 

 
  

Fig. 1. Schematic diagram of negative resistance oscillator 
 

The oscillator circuit using FHX13LG GaAs HEMT from 
Eudyna is shown in Fig. 2. GaAs HEMT has different 
configurations such as common gate, common drain and 
common source [9]. In this work, common source configuration 
is employed. The source was connected to a short microstrip line 
to add positive feedback in order to increase instability of the 
transistor. In Table 1. Stability factor (K) of the transistor  is 
given over 1 GHz – 20 GHz band. After adding a short 
microstrip line to the source of the transistor, new stability factor 
values were calculated. These results are also given in Table 1. 
At 8 GHz, stability factor of transistor and unstabilized 
transistor with short line is 1.02 and 0.35, respectively. 
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Table 1.  Simulation results for negative resistance condition 
 

 
 

Reflection coefficient �in can achieve suitable magnitude by 
adjusting length and width of the line. Dielectric resonator is 
coupled with the microstrip line connected to the gate. Phase 
condition of stable oscillation can be achieved by adjusting 
electrical length of this line. This microstrip line is terminated 
with a 50� resistor to avoid parasitic reflection. Open-stub 
microstrip line is used in the matching network at output port.       

The whole design procedures can be described  as follows: 
First, simulate the coupling between DR and microstrip in field 
simulation software, adjust the distance between them to obtain 
proper reflection coefficient �

L
 and quality factor Q. This 

coupling model can be considered as a component with 
determined scattering parameter. Secondly common-source 
configuration must be adopted. A short-end microstrip line is 
connected to the source to increase the instability. Thus, 
negative resistance is presented at the input port. This model 
should be optimized to satisfy that 
 

     
11 LS ≈ Γ                              (4) 

 
As third criterion, a microstrip line is inserted between the 
coupling model in step 1 and the gate of FET to satisfy that 
 

        *
11 LS∠ = ∠Γ                                (5) 

 
When (4) and (5) are satisfied, it’s obviously that the magnitude 
of �out will be large, since the denominator of (2) approaches 
zero. Thus, a large negative resistance will be presented at port 
2. At lastly design the matching network according to the 
condition of stable oscillation. We can easily get following 
impedance condition from (3): 
 

     0out TZ Z+ =                              (6) 
 
To ensure that oscillation will be motivated, the following 
criterion is required: 

/ 3T out

T out
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X X

= −
= −

                              (7) 

 

 
 

Fig. 2. General schematic of the series feedback dielectric 
resonator oscillator 

 
3. Simulations and Measurement Results 

 
Simulations are made with the aid of AWR Microwave 

Office. All microstrip line lengths and widths were optimized to 
get the best result. Realizations are made on the low loss 
dielectric substrate with dielectric constant of 3.38 and thickness 
of 20 mil. The unloaded quality factor of the resonator is 15000. 
The dielectric constant of the resonator is 30 from Murata 
Resomics series. The DRO simulation schematic is shown in Fig 
3. Dielectric resonator is modeled as parallel RLC circuit. DC 
supply voltage for transistor is 3V. 

 
 

Fig. 3. AWR schematic of designed series feedback dielectric 
resonator oscillator circuit 

 
After having several simulations and optimizations 

procedures, negative resistance oscillator conditions are  
satisfied. As shown in Table 2., the conditions (1), (2) and (3) 
are fully  satisfied at 7.7 GHz frequency. 
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Table 2.  Simulation results for negative 
 

 
The phase noise and the output powe

performed consecutively. The prototype w
practice is shown in Fig. 4. The measureme
board are made with Rohde&Schwarz FSP
and a DC power supply of Agilent E3630A. 

 

 
Fig. 4. The layout design of 7.7 GHz die

oscillator  
 

In Fig. 4, the layout of DRO is given. 
parameters in the layout are designed by usin
Office. The realized Prototype board of 
DRO is shown in Fig. 5. The dimension of
mm x 50 mm. Fig. 6 shows the output po
measurement results of the prototype b
measurement result of DRO is given in Fig. 

 
4. Conclusions 

 
The design and realization of a 7.7 G

dielectric resonator oscillator is presented
fundamental frequency output power is ab
phase noise is -100dBc/Hz@10KHz while
second and third harmonic frequencies are a
dBc, respectively.  
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