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Abstract

The performance of microwave and millimeter-wave
solid-state devices has been improving every year. For
practical use of these devices. the unified theory of
oscillators under injection-locked and wmutually-locked
conditions becomes more important. In this paper. ‘the
new analytical method of the oscillator is presented.

The output-power P and frequency w of the oscilla-
tor change with the load impedance. The Rieke diagram
is a plot of constant P and constant w contours on the

reflection-coefficient plane of the 1load. When we

define the incident wave and reflected wave of the
load as the output-wave a and input-wave b of the
oscillator respectively. we can consider the Rieke

diagram as the inverse-reflection constant SG (=b/a) of

the oscillator. Then from the relation P=|al|%-|b] 2,

constant-power contours can be transformed into con-



stant | al| and constant |b| contours.
In this paper, we propose the new Rieke diagram
which shows a plot of constant |b| and constant

contours. Thus when the input wave is given, the opera-

ting point is easily found to be located at the inter-
section of the constant |b| contour and the constant

w contour. On the new Rieke diagram. we have graphi-
cally analyzed the stability of the operating point
and noise characteristics in the injection-locked o0s-
cillator. Further expanding this analytical method. we
have obtained the stability condition of the oscilla-
tion mode in the multiple-oscillator system and then
clarified the «circuit condition for the single-mode
operation. Experimental obserbations are found to be in
good agreement with the conclusions of the analytical

approach.
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Fig. 1.3.1 Oscillator circuit used in Adler's analysis.
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Fig. 1.3.2 Schematic diagram of a microwave oscillator.
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locus, and device line.
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Fig. 1.3.5 Stability circle for Possible operating points.
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Fig. 1.3.6 Schematic diagram of a microwave oscillator.
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diagram shown in Fig.2.3).
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System using 3-dB directional couplers.
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Fig. 4.5 Rieke diagram measured at the port of FL in Fig, 4,2,
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in Fig, 2.2,
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Fig. 4.7 Rieke diagrams of oscillators used in the experiment

of Fig. 4.6. (a).for a tunnel diode oscillator, (b) for the

oscillator which cannot oscillate under free-running

conditions.
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Fig. 4.9 Rieke diagram of the oscillator which has slightly

different characteristics from the oscillator of Fig. 4.8.
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Fig. 4.11 Rieke diagram measured at the port of I“L in

Fig. 4.2, where two oscillators have Rieke diagrams of (a)

Fig. 4.8, or (b) Fig. 4.8 and 4.9 respectively.
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Fig. 4.13 Power combining system I.
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Fig. 4.14 Rieke diagram at the port of ré in Fig. 4.13 when

oscillators are in the H-mode (calculated from the Rieke

diagram shown in Fig.2.3).
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Fig. 4.15 Rieke diagram measured at the port of Fé in

Fig. 4.13, where oscillators have almost equal Rieke diagrams as

shown in Fig. 4.16.
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Fig. 4.16 Rieke diagram of the Gunn oscillators used in the
experiment of Fig. 4.15 (a)in terms of output power and

frequency and (b)in terms of travelling waves and frequency.
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Fig. 5.1 Vector relation between ag, and Aa+.
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Fig. 5.3 Magnitude of output fluctuation Aaj. APM and AAM

versus ISOI of the oscillator shown in Fig. 3 when the input

Parasitic wave Ab,r is presented. (Injection signal has free

running frequency.)
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Fig. 5.6 Magnitude of output fluctuation versus injection

level Soexp(—Je) of the oscillator as shown in Fig. 5.5 when

' the input parasitic wave Ab, is presented.
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n (5.13)F k. (5.15) &0

Aa, = QU+ Ab,/(QM, + QM- | @0 | 2)

Aa¥*= -Q0" + Ab,/(QM, - QM - | QD | %)

APM = -( QU> + Q07) - Ab,/v2+ (QM, - QW - @0 2) 24

AAM = -( QM. - Q07) + Ab,/v2+ (QM, - QM - | G5 | 2)
213 %,
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ANBEHALAD K E->TETIHNFER Aay, DR (5.24) tAKRR
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line: injection locked Ooscillator with small injection level SO.
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Fig. 5.10 Circuit configuration of self injection locked

oscillator with a high Q cavity resonator.
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Fig. 5.9 Circuit configuration of self injection locked

oscillator with a delay line.
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a0=ao/(l+2JQL°wn) (5.28)

ERBZDT. W RIIFEFHNBHEBRBFLRAIIRIZIEBDHM S,

NEDCEPHCHEARMER L L3 U SUEDROBHERS ( 6.28
2H8) .
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(6.1) &

[SO+SAO° AA"Swo’ (w-wo)] (ao+Aa . exp(on‘F))

=b,+Ab (6.2)

( 110 )



laj

Carrier
re ~
qa, a

AU-—aI r—

6.1 RIEZRO—-BOLEHRE AN FIA(AEZFOEHMEEHE.

Fig. 6.1 Frequency spectrum(a) of the oscillator

€ 111 )



EBF 3. R6.DDASMH . R(6.2) XBVT Spo* AA+S  * (w-w,)

CEBEMMAOhTW A,

K(6.2) R5FEDORB.AERMUTHY., 2. RFTORRAHBA AT+
AN THEFHIERTXS0T. ¥SUSEOBLEHREABRICMBRITT
X532 &b B, VWE. [day | cexplily) BLUY

|Abi| *+exp(+j7,) PEhZhiN. BIUANBSHOEBHBEMKK
BHB3w tw ORAEBHAETSL. 5EDAa, & Aby BRADEI W
Bximaihly. TOFTINTMEMITELRS,

Aa,= | Aa, | o exp(+jZ,) * exp(rjwpt)
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| APM| 2= | Ab, + Ab_|2/2| Pl 2 (6.4)
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