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cavity stabilization of micro­

The stabilizing system which 

permits a substantial portion of the 

using lumped element circuit consid-

also 

of this tech-

optimum loading of the oscillator 

.~· 

l 
' 
~ 

presented along 

oscillator, 
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INTRODUCTION 

a re in genera 1 subject to frequency 

Frequency modulation or 

frequency vari­

modulation 

over extended peri~ 

microwave oscillators is a dependence 

reactive loading, or frequency 

effect is often eliminated by 

It has been shown [l], 

the frequency perturbations de-

degree of stabilization is 

frequency much 

large changes in suscep­

a~e fnhe~ent in a high Q cavity struc-. . 

must, be coupled to the stabi~ 

of transmission line measuring 

can it-
, 

extraneous modes of os-
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placed midway between the source 
to eliminate such modes 
performancee Specifically, 

a derivation of the minimum conduct­
mode suppressiono It is further 

optimum con­

introducing 

minimum allowable conductanceo 

\,-
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ACTION 

factor, S, is by definition the ratio 

~nduced in a free running oscillator by 

frequency shift induced by applying 

the oscillator loaded by a stabili-

functions of the oscillator and load, 

to compute So At the free 
. 

susceptance is zeroo 

also exhibits a zero crossing at w
0 

linear functions of frequency then, 

(la) 

(lb) 

perturbation which shifts the 

= w0 + 4ooFR' produces the modi~ 
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frequency shift, 6w5 , induced in the 

oscillator is obtained from the condition: 

(2) 

th~ conditions of Equations (la) 

free running oscil-

reactive loading by a factor of 

>> 1, the frequency shift liwFR is sub­

desired result in stabilizing systems. 

or' S<09 a condition of unstable 

which oscillations will not build 
' . . 

frequencies exhibiting S<O may be 
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stabilization systems must exhibit a 
of susceptance with frequency in the 
operating frequencya 

value of dBL/dw can be realized with 

1 e A 

a--section of transmis­

high Q transmission 
the useful load. The 

representations employed in de­
stabiliz~ng cavities are valid 

a particular mode of reso~ 
are sufficie·ntly removed 

M2 _are ideal transformers repre­
two cavities to the adjacent 

positions, planes 
reference -planes from which their 
as simple G~L-C circuitse In gen­
are physically located ·very close 

.coupling mechanisms (iris, loop, etc~) 
I 
! 

I 
Of oscillation a~e suppressed by the 
The required value of this element, 

-is determined in 

value·lying between 
respect to the characteristic 

; 

I/ 
/ 

/ 
• I 

i 
\ 



turns. ratios of the coupling transform­

C~) are unknown. However~ the normal-

cavity, Q0 , and the coupling coeffi­

. The coupling coefficient, s, is de­

rati.o of external to internal 

at that port and the coupling at 

to zero. The normalized imped­

at resonance, with zero coupling 

of 

equal to Se Sub­

coefficients of the in-

conductance (matched 

internal cavity elements 

the equivalent ele-

Normalized elements 

resonant Sta-
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{3a) 

(3b) 

(3c) 

the degree of stabilization provided 

YL, as a function of fre­

osc111ator at plane A-A must be known. 

small frequency range near reso­

transforming relationships yield, 

(4) 

it is reasonable to assume that 

transformation effected by the 

by Equation (4") is identical to 

in Figure 4. The transmission line 

therefore be replaced by a series 

---------- ... - ..... ____ _ 
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is numeri­

This equiva= 
the analysis near r~sonance in that 
circuit theory can be applied to the 

real and imaginary parts of YL = GL 

(Sa) 

(Sb) 

conductance, 

combination of R5 and 1/Gcc Away 
cavity admittance rapidly 

'· . 

.. 
: -=.-• 
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near resonance is a more 

Unlike the susceptance 

Figures 5a and 5b are 

susceptance functions respective­

system having parameters Q
0 

0.25, G5 = 0.2 and line length 21 

include the effect of the changing 

transmission line, are in excellent 

(5a) and (5b) near wr. In Figure 

a typical 

' 

in load susceptance with frequen-

(6) 

a decrease in the influence of the sta-,i 
+t)- 2 . For this reason, 

be avoidede_ 

with frequency exhibited by an 

from a measure of the pulling 
-10-



definition is the total frequency shift, 
i'riduced in an oscillator by moving al .5 

Referring to a Smith chart, 
susceptance presented to an 

loading varies between +Oo42G Therefore, -

( 7) 

practice is easi~r to measure than the 

(6) and (7) the stabilization factor 

• 

quantities, 

(8) 

similar to that obtained by Ashley and 
the degradation of stabilization 

change in the free running frequency 
the frequency axis intercept of 

. --11-
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curve in Figure 5bo The resulting 
the stabilized system corresponds 

of the oscillator and load susceptance 
0) 0 

unperturbed free running frequency, 
either intenti·onally or.unintentionally from 
again to Figure 5b it is seen that there exists 

lw 0 =wr1S> if a single in­

susceptance 
be.maintained; that is, if a single mode of os­
to be guaranteede Specifically, the allowable 

\w 0 -wrl for 

satisfy the condition, 

1, the normalized frequency shift, 
is essentially in4ependent of G5 and 

( 9) 

is the electrical length of the in­
line in units of Ar/2o 

-12-
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calculations show this approximation to be 

dBL 0:5% for the example system. Since dw 

in lw-wrl for lw-wrl > l~wplthe 

" 1 S 

for the case 6wA = Aw 8 ; 

point of tangency of -~osc and BL falls on 

The value of ~S required to realize 

( 1 0) 

frequency error is then, 

( 11 ) 

shift in the stabilized oscillator, 

( l 2) 

vary with N- 112 , short line 

from those obtained by 

assumed a relatively low value 

·-13~ 
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measurable quantities in Equations (11) 

{ 1 3) 

Q ( 1 4) 

that these expressions are applicable 

of Equation (10) is satisfied. Other­

of ~wE will be exhibited, as in the 

of Figure 4 and reasonable 

changing electrical length of 

line (cf. Appendix 1), the 

factor, or the reduction in small 

which can· be realized, 

0 

frequency error, 

-14-
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cal/2 
ct 

or the Gt max1mum 

operated, 

-1/2 

.-15~ 

value of over 



I.Io· DESIGN 

CONDUCTANCE 

·--------· 

frequency in both 

and the admittance 

effect is 

the detuned 

many half-bandwidths of the 

wr, the load admittance re­

that exhibited by 

where the sta-

has been replaced by a short circuit at plane 

7, the exact susceptance function, BL, of the 

showing 

along with the 

of the simplified 

stabilization system is 

Figure 8, 

Figure 7., 

pf oscillation is guaranteed when the 

at only one 

a 11 w < 

positive) than BL; the opposite situ­
-16-
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for w > wr. Further, the absolute value of 

decreasing in lw-wrl over the frequency 

case w = 
0 wrj suppression of extraneous 

is guaranteed when the condition, 

( 1 5) 

only.the restriction that the 

be more nearly linear than that 

circuit over the frequency range 

2, the slope of the susceptance 

simplified circuit at wr, 

(16) 

shunt conductance required 

a PO$ 

condition 

. l /2 

(17) 
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quantities 

2 1/2 
· l·68fi" 

N1rl + l 
-~ •...• -- . 

' ~ l •. 

becomes 

N1r. 1/2 

: d8osc 
doo/ wr· . 

..... ..... 
1/2 

( 18} 

( l 9) 

0 (20) 

= ·1 sL and values dBOSC 
of > 50 {corresponding dw/wr 

in excess of 25) this approximation 
errore 

conductance can be 

inde-

stabilizing cavityQ 

often used criterion of having the de­

system pass through 

is neither a neces­

suppression. It 

oscillation can not occur in a limited 

lw-wrl ~ Aw8 where GL ~ l/G 5 • In addi­

can, depending upon oscillator param-

excessively large choice of ~s· 
,a 18- · 

. . --- ... ---



9, GS(min) is plotted as a function of line 
For most practical systems, 

such systems require values of GS(min) 

the allowable difference between 
frequency and the stabilizing 

of the oscillator and 

same absolute value 
As shown in Appendix III, 

4 1 CD 

(i2 
S, 

of BL with respect to 

( 21 ) 

of the ~tabilizing cavity param­
accurate for the example system to 



I . 
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' 

of Equation (10) to the sta-
yields,, 

..... .... -

normalized value of shunt conductance 
allowable frequency errorG Rearranging, 

4 1/2 
. 9 (22) 

quantities, 

1/2 
(23) 

stabilizing system having param­
requires GS(OPT) = 0.2. In Fig­
function of Figure Sb is repeated 

susceptance function associ-
These curves exhibit tangency, 

a.t w =· wr !l\w8 the maximum al-

{19), is 
exhlbited by the simplified circuit 

For such systems, the optimum con-
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d9osc be fdetermined by substituting 2 dw/wr 

(19). Equivalently, 

12 'G's {mi n ) • ( 2 4 ) 

the value of shunt conductance chosen 

on the oscillator characteristics and intended 

For example, an oscillator subject to 1arge 

frequency drift with temperature would require 

to minimize the likelihood of multiple reso-

conductance values in excess of GS(OPT) should 

Sand AwE are decreasing functions of 
. 

GS> GS(OPT)· 

that the effects of amplitude modula­

when an oscillator is loaded 

Since both A.M. and F.M. .. noise 

quality, minimization of A.M. noise 

objective in stabilization systems. 

oscillator 

exhibited by the stabili­

to the inter~ediate transmission 



I . 

normalized load conductance is from 

coupling coefficients of the stabilizing 

..... l .... 
. al 
Gs+l+e2 

0 

(25) 

(25)~ the relationship between s1 and s
2 

matched loading, 

(26) 

can be eliminated 
Equation 

stabilization factor caused by 

Tl' is defined as the ratio of the 

useful load of the stabilization sys-

delivered by the oscillator to a matched 
-22~ 



e q u i v a 1 en t c i r·c u i ts of Fi g u res 3 , 4 , a n d 5 , 
of the stabilizing system, 

output of the oscillator loaded by the 

the condition of Equation (26), this result 
insertion loss and reduces to, 

,;: 

(27) 

is assumed that Equation_ (26) is satis­
as· a function of a2 with shunt conductance 

power output is realized at the expense of 

S varies as 1/Sle In prac­
insertion loss can be specified as a design 

the required coupling coefficients can 

-23-



steps can be used in specifying _system 

measurements of the oscillator's pulling 

length of the intermediate transmis­

s.io.n line, Ci 5 is computed using Equations (18) 

The tolerable insertion loss can be specified, 

. from which the output coupling coefficient e
2 

ts determined using Equation (27). 

Using Equation (26} the input coupling coeffi­

cient a1 required for matched loading is com­

putedo 

stabilization factor and, where app1icable, 

maximum a.llowable frequency error and tuning 

rarlge are available from the major results of 

I.(Cfe Po 14)0 

.• 

-24-
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Ille EXPERIMENTATION 

CONSTRUCTION 

was performed using an 

GHza The oscilla-

coupled through a 3Ar/2 section of x-band waveguide to 

Q c1~cu1ar-cy11ndrical cavity operating in the TE
013 

One endplate of the stabilizing cavity is electrically 

the same boundary conditions. The inter­

composed of shims of varying thickness 

the exact line length required. 

realize the stabilization network of Fig-

determination of the electrical line length, 

conductance, and the locations of the detuned 

c a v i t i e s a re 

An H.P. 8410A network analysis was used in these 

following procedure was found to be efficient in 

oscillator is matched to the intermediate 

(maximum power into a matched 

pulling factor determined using 

microwave network shown schematically in 

-~- --------·~-----·,-c---- "-~---=---- - --



The moveable short is then adjusted· 
zero frequency pullingo The refer-

p 1 ane, f ram 
which this admittance is purely real, ·;s then 
located and.corresponds to the detuned short 

the oscillator cavity. 

input port of the stabilizing cavity 
the output coupling coefficient, s2 , 

The detuned short position of 
port 2 is unimportant since the useful load is 

lineG 

input coupling coefficient, a1 , is set to 
required valu~ and 1ts corresponding detuned 

to the stabilizing 
and the suppression conduct­

Section III-2., is introduced an odd 
quarter wavelengths from the detuned 

The admittance of the stabilizing 
cavity and suppression conductance, referred to 

. . ' . . 

_the plar1e of G5 , is mea~ured and line length 
adjt4Sted if necessarye 

shims are added to locate the oscil­
lator detuned short plane an odd number of quar-

,,. ·· ... ter· wavelengths from the suppression conductance~ 
~26~ 



stabilizing system admittance referred to 
this plane is measured and line length again .j ___ . 

adjusted if requiredo 

is coupled to the completed sta­
. bili·zation system and tuned to yield maximum 

factor& This can be accomplished 
modulating signal at a frequency, 

i oee' modulation frequency within 'the pass band 
of the stabilizing cavityG Side band intensities 
are observed on a spectrum analyzer, maximum 

corresponding to minimum side band 

CONDUCTANCE 

an obstacle into a wave­

susceptive componentso 

width of the resistive element 
be small compared to a wavelength; 

a simple conductance rather than an net-

i 
I 
i·: 

i 
11 
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I 
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i 
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·conditions were found to be effectively 

A small piece of 

resistive card measuring ap­

introduced from one of the 

shim$ In order to provide 

penetration is made adjust~ 

susceptance 

by in ... 

screws from the narrow walls of the 

with· this cancel la-

RESULTS 

of the experimental stabilization 
' 

Q0 = 21, 600, e1 = .91, a2 == .143, 

= 002 and R, = 3o 

. " 

of shunt conductance used was somewhat 

due to difficulty in selecting a suitable 

sys-

. y1 ·. " {8) and (27) the above parameters 

values of stabilization factor and insertion 



insertion los~ was -10.5 dB, in good agree-

was determined by applying a ., 

For small fre­
the magnitude of first order side bands 
the modulation index, ~f/fM where ~f is 
shift induced in the oscillator and fM is 

6f is reduced by a factor of 1/S in the stabi= 
stabilization factor is simply the 
to stabilized side band magnitudes, 

signalo In terms of side band power, \ 
'·· 

• 

data from an HoP~ 8551B spectrum analyzer 

p 
SB~FR). (dB) 

PSB S) 

41 

40 

38 



stabilization factor of 87Q4 corre­

suppression of 38.8 dB. 

accuracy of the spectrum analyz-
• 

(14), the maximum tuning range associ-
system, 

159 KHz e 

conductance~ G5 > GS(OPT)' some lesser tuning 
Experimentally, oscillations were found 

outside a 200 KHz bandwidth centered at ap-
0 wr, 1 Geo , 

KHze 

however, oscillation was maintained over a 

are consistent with the predicted 

-30-

fre­

can prevent 
explained by Rieke [1]~ · 



.P 

and stabilized noise performance [8] of the 

presented in Figures 14 and 15. 

of F.M. noise power varies between 

while A.M. data shows good agreement of 

running (m~tched load) and stabilized 

·-31-
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NORMALIZED FREQUENCY SHIFT 

the normalized admittance of the 
,load and suppression conductance referred 

At the zero crossings of the load sus­
to plane A-A, 

numbero Therefore. at w = wr + liw 8 (cf. 

(A-1 ) 

the normal.ized conductance and susceptance 
stabilizing cavity and load referred to 



Also, in the neighborhood of wr + tw
8 

6f opposite signo 

"""" - -B -tana.e, 
C . 

(A-2) 

0 (A-3) 

wr + Aw8 , substituting Equations 
yi el-_ds, 

-33-. 



<< 1; :therefore, 

(A-4) 

Taylor series expansion for tan- 1 about 

integer, 

(A-5) 

-34~ 
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APPENDIX 2 

SLOPE OF SUSCEPTANCE FUNCTION 

EQUIVALENT CIRCUIT 

admittance of the simplified circuit of 

to pl·ane A-A, 

• .[G5+j (tan 13 .e.-1 /tan 13 R.)] [2-j (Gs tan a 1)] 

4+G 2 tan 2 r3a, s 

.C-G~+2) tan SR.-2/ tan 13 R. 

.•.. 4+G~tan 2 ai 

-~35~ 
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' 

·suppression 

• 0 m1n1mum 

1/2 

+ 1 

-36;..., 

(A-6) 

is guaranteed when 

suppression conductance 

(A-7) 



APPENDIX 3 

SLOPE OF LOAD SUSCEPTANCE CURVE 

presented to the oscillator, 

(A-8) 

is.defined in Appendix lo From Equation 

(A-2), 

dB I 

[~~tana&][(~l-G§)tan 2 e1-~~~f~n 2 ]+2G~tan 2 s1 

G$tan 4 a1 

(A-9) 

C 

-37-. . . 
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(A-10) 

(A-10). into Equation (A-9) yields. 

(A-11) 

maximized under the condition of Equation 

conductance required to achieve this 

-38-
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4 1/2 
(A-12) 

+ l 
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