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Abstract

In the present paper a Ka-band second

harmonic mi-crostrip Gunn oscillator stabi-

lized by a dielectric resonator at its fun-

damental frequency has been lnveatiga~ed.

The stabilized second harmonic output power

of more than 10mw at Ka-band is observed.

Pushing figure is lower than 300KHz/V. Me-

chanical tuning range is greater than 500

MHz. This oscillator can be used as a local

oscillator in mm-wave integrated system.

Introduction

The advantages of the dielectric reson-

ator used as frequency stabilized element

in mm-wave integrated oscillator have been

described in (l),(2). The low loss and high

stability of the dielectric resonator in-

crease the circuit Q of *he integrated os-

cillator and reduce its phase noise. How-

ever, the product of the unloaded Q of the

dielectric resonator and its resonant fre-

quency is approximately equal to a cons-

tant.(3)

fQ.conSt~t

This means that the unloaded Q of a dielec+

tric resonator is inversely proportional to

the resonant frequency. It degrades the

frequency stabilization of oscillator, esp-

ecially in mm-wave band. Consequently, the

application of the dielectric resonator in

mm-wave band is limited.

In the present paper, a novel mm-wave

integrated oscillator is studied that is

dielectric resonator stabilized at its fund-

amental frequency and output at its second

harmonic frequency. Since the resonant fre-

quency of the dielectric resonator is only

half of the output frequency, the unloadeci

Q of the dielectric resonator becomes high-

er and the frequency stability better.

The harmonic Gunn oscillator stabi-

lized by a metal resonant cavity at itS

fundamental frequency and the integrated

FET harmonic oscillator have been reported.

(4),(5) Their work is of great imPortanc~:

in obtaining stabilized high frequency sig-

nal. In the present paper, a Ka-bsmd micro-

strip harmonic oscillator circuit configu-

ration, its principle of operation and ex-

perimental results are given.

Configuration and Principle

I?ig.1 shows the circuit configuration

of the above mentioned oscillator. Its
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Fig.2 Equivalent Circuit of the Oscillator

equivalent circuit is shown in figure 2.

‘The fundamental circuit is a band-

reflection type frequency stabilized cir-

cuit. Because of the existence of the~g/4

open-circuited stub and the fundamental

frequency is below the cut-off frequency of

the output waveguide WR28, the fundamental

frequency power can not arrive at output

port. By arranging appropriately the loca-

tion of the dielectric resonator with res-

pect to the Gunn diode and microstrip, a

best improvement of stabilization csa be

achieved. When the bias voltage is chosen

at the asymmetric operational point on the

large signal characteristic curve of the

Gunn diode (The bias voltage is slightly

higher than the normal value for the ordin-

a~ fundamental mode of Gunn diode oscj_l-

lator), the diode will produce intense se-

cond harmonic power while the fundamental

circuit is oscillating. ‘The harmonic fre-

quency csn be tuned by setting some small

metal chips near the microstrip at the

right side of the Gunn diode and/or

adjusting the metal cap over the dielectric

resonator to change the fundamental fre-

quency so that the resonant condition of

the second harmonic circuit is satisfied.

Additionally, the stub between the stabili-

zing load and the diode has no effect on

fundamental circuit but cam completely re-

flex the harmonic frequency. As a result,

the second harmonic power will increase by

about 3dB. Since the harmonic frequency and

the fundamental frequency have the relation

of integer time, the output signal of this

oscillator has high stability and low phase

noise.

Experimental Results

The photograph of the designed micro-

strip second harmonic Gunn OscillatOr sta-

bilized by a dielectric resonator at its

fundamental frequency is shown in figure 3.

The whole circuit (including the transition

from microstrip to waveguide) is fabricated

on a Duroid substrate (50x25x0.254mm3 ;~~=2.22

). ‘l?he Gunn diode is WT-55 from Na.njing

Solid-State Devices Research Institu%e,

China. The parameters of the dielectric re-

sonators are listed in Table I.

Figure 4 shows bias characteristics of

the output power end frequency of the osci-

llator. Linearity of the output power with

respect to bias cam be achieved and varf-

ation Of frequency is not sensitive to bias

when the bias is between 6.5volt end 7.5

Volt. Figure 5 shows the characteristic

curve of mech~ical tuning which csm be im-

plemented with the tunable metal cap over

the dielectric resonator. The

the frequency spectrum of the

oscillator is shown in figure

summarizes the performance of

llator.

Conclusion

photograph of

designed

6. Table II

the osci-

The dielectric resonator is used to

stabilize the fundamental frequency of the
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oscillator. Its resonant frequency is only

one half of the output frequency of the

oscillator, so the unloaded Q i~ high. lt

overcomes the weak point caused by the de-

creasing of the Q value with the increasing

of the oscillating frequency in ordinary

dielectric resonator oscillator. From this

point of view, the present method extends

the dielectric resonator application in mm-

wave. It is expected that the third har-

monic frequency output can be obtained by

the same method. Consequently it provides

a new way to obtain high stability short

mm-wave integrated oscillator.
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Table I

Parameters of Cylindrical Dielectric Resonators

(a)

Diameter (mm) 3.55

Height (mm) 1.32

Relative Dielectric Constant 36

Resonant Frequency (GHz) 17.6

Temperature Coefficient (ppm/c) 1.2

Unloaded Q 4000
Materia (ArSn)Ti04

(b)

4.5

1.5

29

15.6

2

6000

Table II

Performance of the Oscillator

(a) (b)

Frequency 35.17GHZ 31.31GHZ

Output Power 14mw 1Omw

Pushing Figure 3ooKHz/v 2ooKHz/v

Mechanical Tuning 500MHZ 500MHZ
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