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ABSTRACT 

With the de,elopment of the airborne telemetry technigue, it will be 
demanded that the tran1mltting 1et1 on the mi11ile1 are more reliable 
and 1maller. A frequency modulation (FM) oscillator atabilhed with a 
dielectric resonator (DR), which can operatea in the 8-band directly, 
h preunted.The FM oulllator ii of simple circuit, reliable operation 
In the stabllhation, 1mall 1he, light weight and low coat. It will 
ha,e a certain prospect of application in the airborne telemetry 
tranamitting aet1. 

Key word: Airborne Telemetry, Dielectric re1onator,rrequency 
modulation 01cillator 

l. Introduction 

In 1939,R.D.Ricktemeyer flr1t affirmed in theory that the dielectric 
might be acted 11 the electrical resonator which i1 called the 
dielectric r11on1tar(DR). Since DR bu a ury kigh dielectric constant, 
its 1i1e i1 1e,er1l or e,en tena time, smaller than the metal ca,ity 
resonator. It ia this that it ia aeceaaary to realize the smallization . 
or microwa,e reaonatora and the intergratlon of microwaTe de,icea. In 
the recent decade, the DR technique haa been becoming mature in nation 
and lnternation. with emerging of it wklch laa high Q ,alue and a 
aeries or temperature coefficlenta,DR la widely uaed in the microwave 
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solid state oscillating sources and filters. 
At present some researchers are de,oting themaelf to expanding the 

application fields of the dielectric reaonator. The reference 3 
presented a microwa,e modulator (FM oscillator) stabilized with DR at 
4 GHz or 6 GHz, it had been applied 1ucces1fully in the microwa,e 
communication and satellite communication. In order to expand the 
application of DR technique to airbone telemetry transmitters, this 
paper will probe into the research project on the FM oscillator 
stabilized with DR in the S-band. 

2. Circuit structure and working principle of FM oscillator 
stabilized with DR 

Figure 1 shows the circuit principle diagram of FM oscillator 
which is stabilized with DR, its central frequency is in the S-band. 
This circuit is separated into two parts as follows: 
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Fig. 1 Circuit principle diagram of FM oscillator stabilized with DR 

First is the network!. It contains a low noise bipolar transistor 
2SC3368, an output match network, an isolating capacitor and a load. 

Second is the network I. It consists of a DR, a capacity-,aring 
diode 2B11E, an input microatrip line and a resistor Zo, DR is placed 
in the side of the microstrip line whici characteristic impedance is 
500, and la l 1 long away from one end A-A' of the network I. At the 
central operation frequency, DR reflect, the input signal coming from 



the transistor as if it is a reflective dielectric resonating cavity, 
10 constituting a reflective dielectric reaonator-oscillator. 

In the network I, when a ,ar ing modulating-& ignal ia app 1 ied to 
the capacity-,aring diode 2BUE, its capacity will be changed. This 
capacity reflects into the dielectric resonator so that the reeonat 
frequency of DR is ,aried, then reaulting the fresuency modulation. 

3. The design of DR in the S-band 
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Fig. 2 The structure of DR on the microstrip substrate 

The structure of the cylintric dielectric resonator on the microetrip 
substrate ie shown in Figure 2. DR operate in the lowest pattern TE 01 & • 

There are many methods analysing the frequency of DR in the TE 01 a, 

Such as are the magnetic wall, the open-waveguide, the. revu1ng open­
wa,eguide, the calculus of variation, and so on.Among, the revising open­
waveguide analyeie is more applicable and welcome in the engineering 
applications than others, because its calculating precision (1%) and 
complicated degree ls more moderate. 

With the revising open-wueguide analysis, We can obtain a set of 
feature equations of DR resonance frequency 11 follows 



iltere, 

J 1 (u) 

uJ a (u} 

,•+,•-

L 
-v 

I 

+ 

e .. -1 
r: 

e .. 

2 X rf o 
,

110 ------· J t V r 

Yo 

K1 (,) 

- 0 
,Ko(,) 

P o 1 : f ir I t r o o t , a l I e o f J o ( :1) , it i 1 2. 4 0 8; 

e .. : the relatl,e co11.1tant of DR; 

(1} 

e r1: the relatiu dielectric constant of the dielectric spacer; 
fo: the re1onance frequency of DR. 

Known the r ea onance frequency f O of DR, and after se lee ting e .. 1 , h, 
e .. , R and Li, we can calc1late the height L of DR from equation 
uh (1). When calculat hg, we uae the unfolding formulas gradually 
for the Beul functiona Jo(t), J 1 (u), and the re,iahg Be1el fumctiona 
Ko(,).K 1 (y} in first formula. 

While er, Rand fo hue been selected, ( e .. -l)F~/ t .. ia a conatant 
,alue. Thu1 we may simplify fir1t and 1econd formulaa of equation 1et1 
(1) into a surpassing eq1ation 

F (1) -= 0 (2) 
The reference 2 had gi,en an appro:iimate formula drawing out from 

equation aeta (1) 

£ .. -1 
u = o. 9H P 01 +o. 222v----F~-o. 96 P ~1 (3) 

£ I' 



In order to increaae further the calculation preciaion, the formula 
(3) is needed to make aome rn h Ion.. In. the cour ae of the re, hi on, we 
firat draw out the curve graph. of the function F(u), and find out Uo 
andu 1 near the cron-point of F(u) with u a:ih in thil graph. Then, 
with the duality method, we carry on the repeated algebraic operations 
and acquire the precise ,alue of u. Finally, comparing this precise 
value with the calculating result of formula (3), it i1 1een that the 
former is O. 015 greater than the latter. For thil reaaon, a re,iaing 
approximate formula can be get 

u - o. 951 P 01 +o. 222v----r~-o. 95 P ~1 + o. 01& (4) 
E r 

After calculating u ,alue, with knowa parametera, the height L of DR 
can be gained from the third formula of equation 1et1 (1). Therefore 
entire calculation1 la simplified, Figure 3 gi,ea a calcuating curve 
graph off ocorreaponding L. A DR can be deaingned by u1ing thiB graph. 
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Fig. 3 The deaign cune of DR in the S-band 

4. The deaign of FM oacillator 

Figure 4 ahowa the circuit pattern of FM oscillaor and its 
equi,alent circuit with Z parameters. Where, z·. ia conTerted from DR, 
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Fig. 4 (1) The pattern of a. common-hue circuit 
(b) lte equhalent circuit with Z parameters 

the diode and Za through the microetrip line which length is I 1. The 
de t e rm i n a t i on o f [ Z] b i e u f o 11 owe 

(1 +Sub) (1- S:ub) +SubSu b 
Z11 b-= Za 

(l-S11b) (1 - Sub) - SubS:u b 
2Sub 

Z12b= Za (5) 
(1- S11 b) (1- S:ub} - SubS:u b 

2Sub 
Z21 b = Za 

H - s 11 b) ( - 1 s :u b) - s 1 2 bs ai b 
(1- S11b) (1 +S22b} +S121,Sub 

Z:nb= Zo 
(1- S11 b) (1- Sub) - SubSu b 

In the formulae mentioned aa above, IS]b is transformed from the 
known [SJ. through the indefinite acattering matrix [SJ ax a, 

We can get from Figure • (b) - u. z u bz u b 
z.- -z11b-. 

Z22b+Za 1 1 

z. - Zo 
r.= - r.e 1

4>• (6) 
Z. +Zo 
Uaut ZubZub 

Zaut = =Z:.12b-
illl Zub+ Z~ -

Where, Za and Zou~ muat satisfy following equation 



R. (Z3) -- R. (Zout;) /3 
Im (Z9) - - Im (Zou 1;) 

To make FM oscillator working at the optimum state, 
selected rationally.The determination of Z9 depends 

11 i zes l 9 and l 8 of the output match network. 

,. The design example, experiment reeult and analysis 

(7) 

Z~ and Z9 must be 
on the designing 

We now design a FM oscillator stabilized with DR, whi·ch operate at 

211 OMHZ , F i r s t , t h e d i e l e c t i c r e s on a t o r A 8 _ 5 i e s e 1 e c t e d, i t e d i e l e c t r i c 

constant c ~=38, the temperature coefficient ,. r= Oppm/ ·c . With the 
calculating results in the chapter three, the sizes of this dielectric 

resonator are 4>26mm/L16. 7mm. In accordance with known S parameters of 
the transistor and the design principle in the chapter four, the 
circuit sizes of FM oecillator are calculated out 

l 1 = 3 7. 2mm I 3 = 7. 8mm 1 a = 4. 2mm 

The entire FM oacillator is made on a ceramic substrate (the dielecric 

constant cri=9.6), which sizee are 60X50Xlmm3
• After adjusting it 

properly, targets can be obtained as follows 
(1) The c en tr a l op e r a t in g f r e q u enc y f o = 211 OMH z, 

(2) The output power is greater than UmW, 

(3) The frequency a table-degree A f /fo<:.. 3X 10-" (-10- +.t5"C). 
(-4) The modulating characterietic 

The modulating frequency deviatons of the FM oscillator varing with 

the ranges of the modulatimg signal are shown in Figure 5. 
Through experiment results mentioned abou, we can· eee that thie FM 

oscillator has the positive temperature feature. As we have known, its 

temperature feature not only depends on DR, but aleo the transistor and 

DR coupling with microstrip line. For this reuon, to increase futher the 

frequeency stable-degree, the steps may be taken 

a, The positive temperature feature of the 
and the transistor can be compensated with DR 

temperature feature, 

as f o 11 owe 

circuit structure 
having the negative 

b. Selecting medium- power transistor, the output power can be 

increased so that DR coupling with the microstrip line ie decreased, 



then the atable-degree of FM 01clll1tor will be 1110 increased further. 
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Fig. 5 Modulating freqency de,iationa ,aring 
with the range& of the modulating aignal 

6. Concluaion 

Appling the dielectric resonator technique and the FM oscillator 
theory, this paper has reaearched into FM oacillator atabilized with 
DR in the 8-band. Because it ia of aimple circuit, small aize, light 
weight and low coat, there will be a certain superiority if it is 
used in the airbone telemetry transmitter. So, thia job has 
practical signifieance. In the practice, how to select DR with proper 
temperature coefficient and the medium-power tranaistor, 10 that the 
frequency stable-degree can be ia raised to 10-• grade, further research 
jobs will be done. 
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