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TABLE I

THEORETICAL CONSTANTS FOR THE E-PLANE SYMMETRICAL T JUNCTION
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with

%-jb” fM(z)f,v(z)~z (~,~=S>~>O) (16)
– h/2

It is easily proved with the aid of (11) that the hybrid matrix is

symmetric: Hw~ = H~~. The consideration of the parity of

~kf (z) and c~ (z) immediately produces H,. = H,O = O. So the

hybrid matrix has four independent elements, Note that the

diagonal elements are equal to the inverse stationary values:

H~~ = l/B~. On the basis of the circuit equations (15a) and

(15b) we can represent the E-plane tee by a two-port circuit and

a one-port circuit. Fig. 2 is an example.

The numerical analysis of (11) and (16) produces Table I. Here

Ag = 277/K. The last column represents the determinant of the

matrix in (15a) divided by H,,, which is equal to – tan K1,, in

Fig. 2. Each value of this table is accurate to within an error of

~ 1 in its last place over most of 0< b/Xg <0.5. Using this table,

we can calculate the parameters of Fig. 2, ACC’S parameters,

Sharp’s admittance parameters, and so on. We have ascertained

that our calculation of ACC’S characteristic points coincides with

ACC’S data [1, table 2] to within 0.4 percent over most of

0< b/Ag <0.5. This agreement is seen to be excellent, and it can

be concluded that our numerical analysis is verified by the

independent result. The table suggests

H,,/H,s * 1/2 H,,/H,, -+ – l/fi for b/Xg + O. (17)

Although the number of figures in the last column is not suffi-

cient for small values of b/Ag, eq. (17) leads to (H,, He, – H:,)

+ o, so tan Klee + 0. Noting this asymptotic behavior, we can

conclude from the last column that ]tan K1,, I <<1 over most of

0< b/~i,7 <0.5. Thus we can eliminate the element 1,, as a good

approximation, and write Lewin’s equivalent circuit. Leaving out

tan fclce, we obtain very simple expressions for the other elements

of Fig. 2:

b z I/H,, = B, tanKIOO= I/H<,,, = B<,

n~ E ( H,e/H,, )2 z H,, /Hs, = B,/ B,. (18)

It is easy to ascertain that these approximate expressions agree

with Lewin’s expressions ((7a) –(7c)).
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Effect of a Cochannel Signal on the Electrical Tuning

Characteristics of a Gurm Oscillator

B. N. BISWAS, S, SARKAR, AND S, CHATTERJEE,
STUDENT MEMBER. IEEE

,4mtract —New experimental observations on the pull-in as well as

hold-in characteristics of an in~ection-lock~cl microwave (Gunn) oscillator

in the presence of a cochannel signal have been reported. The analytical

treatment presented herein confirms the observations.

I. INTRODUCTION

The effect of a cochannel signal on the performance of a

microwave receiver has been studied in the past by a number of

workers [1]– [5]. All these works indicate that the interfering

signal reduces the tracking capability of an injection synchro-

nized oscillator (1S0). However, experimental results in some

cases show considerable departure from the existing concept. In

[2] the effect of a low-strength interfering tone on the tracking

behavior of an injection-locked oscillator has been considered,

and naturally the amplitude perturbation of the oscillator has

been neglected. This study found that the presence of interfer-

ence induces asymmetry in the one-sided locking range of the

oscillator. However, the two-sided locking range remains almost

constant. In [3]– [5], however, the effect of large interference has

been considered. [t has been shown that the locking range

decreases with an increase of the interference-to-carrier ratio. But

it appears that detailed experimental observations on the perfor-

mance characteristics of a microwave ISO, such as shift of the

center frequency of the oscillator in the unlocked condition and

the effect of amplitude perturbation on the locking behavior of

an 1S0 in the presence of a cochannel signal having different

detunings from the oscillator frequency, have not been reported.

The purpose of the present paper is therefore to critically exam-

ine both theoretically and experimentally these characteristics,

leading to some new findings.

II. EXPERIMEIqT

To study the effect of a cochannel signal on the performance

characteristics of an ISO, an experimental arrangement as shown

in Fig. l(a) is set up. Here, a signal generator and a Gunn

Matmscr,pt rece,ved October 31, 19$37, rew. sed September 12. 111X8 This

work was supported by the Department of Electronics of the Government of

Ind]a

The authors are with the Radionics Laboratory, Department of Physics,

Burdwan Umverslty, Burdwan 713 104. Indm

IEEE Log Number 8825386.

0018-9480/89/0300-0627$01 .00 @1989 IEEE



628 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES. VOL. 37, NO. 3, MARCH 1989

~—— ———. —.——— 1

CO-CHANNFL + SYNCHRONIZING
I I

SIGNAL
I
I

o Xxxx , Q—--@
I

I I
I I

F
GUNN OSC. I

I

COUPLER
L—. — — — — Hzyp- - -1

~ ,. v

Y

n

.’m

c(v)

G (V

X-TAL ‘f i L GC

DETECT(3R —
(b)

o 1

X-TAL

o
+

- OUTPUT

A ‘L

?$

DETECTOR (a)

Flg 1, (a) Experimental arrangement of injection synchromzed Gunn oscillator exposed to a cochannel signal and (b) Its equivalent

circuit

oscillator (diode MA 49158) are used as, respectively, the input

synchronizing signal source and the cochannel signal source. The

input signall accompanied by the cochannel signal is fed to the

local oscillator (diode MA 49106) through a circulator. The

output of the circulator feeds the E arm of a magic tee. An

appreciable fraction of the combined incoming signal is fed to

the H arm of the magic tee. The outputs of the collinear arms

feed two tunable detectors having square-law characteristics.

Finally, the outputs from the detectors are difference to realize

the net output, which can be observed in an oscilloscope. In this

experimental setup, the following observations are made.

i) The shift of the center frequency of the oscillator with the

strength of the synchronizing signal is measured (Fig. 2(a))

when the frequencies of both the synchronizing signal and

the cochannel signaf are kept outside the lock band of the

oscillator.

ii) The variation of the lock band of the oscillator with the

strength of the cochannel signal is measured (Fig. 2(b)).

The experimental characteristics thus observed are explained in

the following sections.

III. DERIVATION OF THE SYSTEM EQUATIONS

In order to derive the system equations, we consider the

analytical equivalent circuit of the oscillator [6], which is shown

in Fig. l(b). Here, LO, CO, and GO are the inductance, capaci-

tance, and conductance of the cavity and C(U) and G(u) are the

voltage-dependent capacitance and conductance of the device,

respectively: and i, and if are, respectively, the synchronizing

signal current and the cochannel signal current. Thus, the totaf

instantaneous circuit current is given by

where v is the output voltage of the oscillator and i = i, + Zf.

Now, putting C( v)/Co = a. + alv + a1v2, G( U)/Go = – PO –

&U+ B,v2, ti~ = l/LoCo, Q = ooCo/GO, v,, = I/G. and using (l),

the system equation can be rewritten as

duo Q d’
–=l=[(l+ao)u+a,v’+ a2v’]
dt

+:[(1–~o)v–/3p2 +&v3] + tioQv. (2)

Here, the a‘s and /3’s are the constants for the nonlinear de-

vice impedance. Assuming the synchronizing signal to be

E, cos(qt + 6’) and the cochannel signal to be xE, cos qt. 9

being the input angle modulation, the effective input signal is

written as

vo=E, [cos(tilt +6)+ xcosqt]. (3)

Taking the solution of (2) as

v=.4(t) cos(CJot+ T(t)) (4)

where ,4(t) and V(t) are slowly varying functions of time, and

applying the method of quasi-static and quasi-linearization tech-

nique [7] it is not difficult to arrive at the instantaneous ampli-

tude and phase equation of the oscillator:

da

dt
–=~(~o-l)(l- a2)a+K[coscp +xcos(Aut+ q)] (5)

and

@o~o 3
il=al-LJo+— + ~uoa~A~

2

E5cq E,(JO
K=— —

2QA0 = 2QA0

a= A/Ao

A2=:(P0–1)

‘3 P,”
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F,g, 2. (a) The pull-in characteristics of a Gunn oscdlator in the unlocked

condltlon with the strength of the synchronizing signal (Q = 3 MHz, K = 2.5

MHz). (b) Variation of the locking bandwidth with the strength of the

interfering signal (Q. /K= interference-free lock range).

Note that co. indicates the free-running frequency of the oscilla-

tor, fl is the open-loop frequency error between the oscillator and

the synchronizing signal, AW denotes the interference detuning

from the synchronizing signal, and K denotes the one-sided

locking range.

IV. UNLOCKEDBEHAVIOR

It is important to study the behavior of an unlocked oscillator,

because it indicates certain important aspects of frequency en-

trainment. In the following we consider both the frequency of the

synchronizing signaf and the cochannel signaf to be j~st outside

the lock band of the oscillator.

The shift of the center frequency of an oscillator due to pull-in

by a synchronizing signal, which is situated just outside the lock

band of the oscilla(.or, is well known. But the combined effect of

the synchronizing signal and the cochannel signal on the shift of

the center frequency of an oscillator when both of them are

located outside the lock band of the 1!$0 has not been discussed

in the literature.

As the oscillator is operating in the unlocked condition (i.e.,

Q > K), the instantaneous phase of the oscillator will be modu-

lated both by the synchronizing signal and by the cochannel

signal. As such, the output may be approximated as

u(t) =ACOS[( tiO+A)t -Ml COSOlt–M2cos~2t] (7)

= modulation frequency due to t!he synchronizing signaf

= modulation frequency due to the cochannel signaf.

Here A is the shift of the center frequency of the oscillator in the

unlocked condition, and Ml and Ma are the phase modulation

indices. The phase difference (q) beiween the output and the

input of the oscillator becomes

q= G?lt+ Mlcos~lt + M1cos~2t. (8)

Using (6) and (8), it can be shown that

A= K[Jo(M,)J1(J4,) +.q(J4,)Jl(142)l (9)

QIM1=KI JO(M,)JO(MZ)] (lo)

and

Q, M2=xK[Jo(Ml) Jo(M,)] (11)

where J.(M) is a Bessel function of order n and argument M.

Since Ml and Mz are small, one can obtain from (9), (10), and

(11) an expression for the shift of the center frequency of the

oscillator due to the combined effect of the synchronizing signaf

and the cochannel signal. It can be shown to be given by

A= &[ Q2+Q,x’].
12

(12)

Theoretical results based on (12) are superimposed on the experi-

mental results depicted in Fig. 2(a).

V. LOCKED BEHAVIOR

In this section, the frequency entrainment property of the

oscillator in the presence of a cochannel signaf is studied in

detail. We start with the locked condition when the cochannel

signal lies outside the lock band and the synchronizing signal is

free from angle modulation (0= O).

In the free-running mode, the normalized amplitude ‘a’ of the

oscillator can be taken to be unity, but in the forced condition

‘ a‘ changes to (1 + A a ), where A a <.1. This affects the phase

equation. Thus both the phase and the amplitude equations have

to be considered to evaluate the locking band of the oscillator,

and an analytical solution in this regard is not possible. To

simplify the situation, we derive in the following an equivalent

phase equation that tikes into account the effect of amplitude

perturbation.

Replacing ‘ a‘ by (1+ A a ), (5) becomes

~Aa=-~(~o –l)Aa+K[cosy +xcos(Atit+ q)]. (13)
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In the periodic mode of operation, it may be assumed that

~Aa<<~(&l)Aa.

Therefore, one can write from (13)

Aa=Z[cosrp +xcos(Aoi+CP)] (14)

where

E,
z=

2Ao(~o –1) “

Using (14) and substituting (1+ A a ) for ‘a’ one can approximate

(6) as

dq
~= Ll+~(l+ x2)- Krnl[sinT +xsin(Atit+ q)] (15)

where

?

~l=l+; (l+ x*).

It is assumed that the steady-state solution of (15) is

cp=qO+msin(Acot+a) (16)

where rpo is the static (i.e., dc) phase error, m is the phase

modulation index, and a is a constant. Considering x <1, one

can arrive at the following relations:

L? rZ2
—+ —(l+x2)=ml
K 2K

m Au

~J1(m)

.JO(m)sinqO+
mlJO(m)

and

(–)mAu 2

K
+(2 Jl(m)mlcoscpO)2 = (xmlJO(m))’.

(17)

(18)

The value of q. for the synchronization boundary can be taken

as ~ ( 7r/2 – m). Therefore, re]atiot2s (17) and (18) are trans-

formed to

Q rZ2

[1

m2 Au
~tfi(l+x2)=+m1+~ ~+ml (19)

and

‘4m+-a+m2[(a2+*l-m’x2=0’20)
Putting

at–o
Aw=fl–fl zo=—

K

and using the value of m2 from (20), one can write (19) as

+((Z~+~)+4m~x2)’’2]. (21)

This relation is used to calculate the locking bandwidth of the

ISO in the presence of the cochannel signal. Fig. 2(b) depicts the

variation of the locfring bandwidth of a Gunn oscillator with the

strength of the cochannel signaf for a given synchronizing power

and for two different types of interference detuning. It is ob-

served that when L?,/K >>1, one obtains an increase in the

locking range with the strength of the interference, whereas when

Q, /K is just greater than unity, one obtains a reduction in the

locking range of the oscillator with the strength of the cochannel

signal; i.e., simply by changing the detuning of the cochannel

signal, one can change the performance characteristics relating to

the tracking capability of the 1S0.

VI. CONCLUSION

(i) There is an additional shift in the oscillator frequency when

the incoming signal is contaminated with the cochannel signal.

This effect will be greater when both the synchronizing signal

and the cochaunel signaf are on the same side of the oscillator

frequency.

(ii) Simply by varying the frequency of the cochannel signal,

one can increase or decrease the tracking capability of the ISO

with the strength of the cochaunel signal.
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Accurate Characterization of Microstrip Resonator

Open End with New Current Expression

in Spectral-Domain Approach

TOMOKI UWANO, MEMBER, IEEE

Abstract —This paper describes a resonant frequency characterization of

microstrip resonators which is suitable for very accurate computer-aided

design. First, the convergence behavior of the nnmerical computation

based on the spectral-domain approach is discussed to secure the conver-

gence accuracy. To reduce computation time considerably, which at pres-

ent may amount to several bouts, a new current expression in the spectval-

domain approach is proposed. In the process described, the computational

results under a good convergence have excellent agreement with those

measured after estimation of a suitable dielectric constant.
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