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Short Papers

Microwave Oscillator Analysis

A. P. S. KHANNA AND J. OBREGON

A bstract— In this paper a generalized oscillation condition for an n-port

active device has been presented in terms of its S-parameter matrix and

that of the embedding network of the oscillator circoit. The corresponding

condition using Z or Y matices has afso been shown.

Verification of the proposed theory for a typicaf two-Iwrt and a three-port

oscillator network is presented.

In a recent publication [1] Basawapatna presented a unified

approach for oscillation conditions in a two-port which in fact is

nothing but a particular case of the generalized oscillation condi-

tion presented here.

The oscillator circuits have generally been analyzed treating

them as two-port networks represented by their 2X 2 impedance

or scattering matrix [2], [1]. Certain usuaf 3-port oscillator circuits

have also been analyzed using their 3 X 3 impedance or admit-

tance matrix [3], Here a general analysis of the oscillator circuit

having n-ports is presented which uses the directly measurable

scattering matrix. The results obtained can be converted in terms

of Z or Y matrices. This analysis is particular useful for the

oscillators using single gate (n= 3) or duaf gate (n= 4) FET’s.

Generalized Oscillation Condition

An oscillator can be considered as a combination of au active

muhiport and a passive multiport (the embedding network), as

showrt in Fig. 1. For the active device:

[bz]=[s][at] (1)

and for the embedding network:

[b~]=[S’][a~]. (2)

When the active device and the embedding network are con-

nected such that port i is connected to i’, we have

[b:]= [al] (3)

and

[br]=[aj]. (4)

From (1) to (4) we have

[a~]=[S][S’][ajJ (5)

or

{[s’] [s’] -[l]} [a;]=o (6)

where [1] is a unit matrix.

Now since [a~]#O

[M]=[s][s’]-[1]
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Fig, 1. S-parameter defined active and passwe multiports of an oscillator,

$!’+_,=:$!2+.
Fig. 2. Z-parameter defined active and passive rmdtiports of an oscillator.

is a singular matrix, or

/M/=0 (7)

represents the generalized oscillation condition.

It may be noted that in the case of a multiport defined by its

impedance or admittance matrix (Fig, 2), we have

For the active device:

[V]=[Z][I] (8)

and for the embedding network:

[V’]= [z’][r] (9)

and by connecting the port i to port i‘ we have

[1]= -[1’] (lo)

and

[v]=[v’]. (11)

From (8) to (1 l), we have

{[ ZJ+[Z’]}[1]=0.

Now since [1] #O, the matrix

[z]+[z’]

is singular, or

l[z]+[zy=o

and similarly

/[ Y]+[Yq/=o

represent the generalized oscillation condition.

(12)

(13)
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Fig. 3. Two-port FET oscillator circuit.

Verification for a Two-Port Loaded by Two Impedances

In Fig. 3, for the active device:

[1
[s]= ;“ ~

21

and for the embedding circuit:

The oscillation condition from (7) is

Ikq=fs][s’]-[1]1

S,,r’, -l s,2r2——
sz,r, szzrz– 1 =0’

which gives

(s,,r, – l)(s,,r, –l)–sl,sz,r,rz =0.

(14)

(15)

(16)

(17)

This equation results in the following two well-known condi-
tions [1]:

s + s12s21r2= +
11 l–s22r2 ,

s12s21rl_ 1
’22+ l–sllrl ‘~.

Three-Port Loaded by Three Impedances

In Fig. 4 for [M]= [S][ S’] – [1] to be singular, we have

s,lr, –l s,2r2 s,3r3
szlrl s22r2 – I s23r3 =0

s~lrl s~2r2 s~~r~ – 1

or

s,2s2,r,r2 s,3s3,r,r3
(1–s,,r,)(l–s22r2) + (1–s,,r,)(l–s,,r,)

(18)

(19)

(20)

S23s32r2r3 r,r2r3(s,2s23s3,+s2,s32s,3)
+ (1-s22r2)(l-s33r3)+ (1-s,, r,)(l-s22r2)(l-s33 r3)

=1.

(2 )
This is the same relation as is obtained by calculating in the

classical way at each of the three-ports the following relation:

s:,r, =sfirz=sfirq =1

where S: is the modified reflection coefficient at port 1 with
ports 2 and 3 loaded by impedances corresponding to refl. coeff.
r2 and r~.

It may be noted that though in both the above examples the
transfer scattering parameters of the embedding network have
been taken as zero, the approach presented is equally applicable

-Q=
I

EIjis]
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Fig. 4. Three-port FET oscillator circuit.

to analyse complex embedding networks with nonzero transfer

scattering parameters, for example a YIG sphere coupled to both

gate and source of an FET [4].
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A Simple Numerical Method for the Cutoff Frequency

of a Single-Mode Fiber with an Arbitrary

Index-Profile

ANURAG SHARMA AND A. K. GHATAK

A bstract— A simple numericaf method for calculating the cutoff

frequency of single-mode operation in optical fibers with an arbitrary

index-profile is presented. The method does not involve auy approximation

other than the scafar approximation and is applicable even to numericaf

data from index-profile measurements. The calculations are simple and can

be carried out even on a programmable calculator.

I. INTRODUCTION

The cutoff frequency of single-mode operation in optical fibers

is an important parameter since it defines the upper limit on the

diameter of a single-mode fiber. However, the cutoff condition

cannot be obtained analytically except in the case of step-index

[1], parabolic-index [2], and W type fibers [3], [4] and, as such,

various approximate [5]– [7] and numerical [8]– [13] methods have

been developed to calculate cutoff frequencies of various other

types of graded-index fibers. Of the approximate methods, the

variational method [5] gives only an accuracy of the order of 1

percent in the calculation of the cutoff frequency, The perturba-

tion method [6] gives good results only for profiles which are

nearly parabolic and involves the evaluation of higher transcen-

dental functions such as confluent hypergeometric function [15]
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