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[57] ABSTRACT

A broadband YIG-tuned oscillator is disclosed that has
both series and parallel feedback provided by a YIG
sphere. The oscillator includes a transistor capable of
driving a load coupled to a first port of the transistor, a
reactive feedback element coupled to a second port of
the transistor, a YIG resonator, and coupling means for
coupling the YIG resonator to both a third port of the
transistor and to the first port of the transistor.
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YIG TUNED OSCILLATOR USING COMPOSITE
FEEDBACK

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generaily to microwave-fre-
quency oscillators, and relates more particularly to a
YIG tuned oscillator having both series and parallel
feedback.

2. Description of the Relevant Art

Prior wideband, microwave-frequency oscillators
have used yttrium-iron-garnet (YIG) spheres as reso-
nant elements and transistors, either bipolar or field-
effect, as active elements. These oscillators are com-
monly known as YIG-tuned oscillators (YTO). One or
more reactive elements coupled to the transistor estab-
lish the conditions for oscillation. The YIG sphere is
placed in a magnetic field and resonates in accordance
with the strength of that magnetic field. Such an oscilla-
tor is tuned by varying the magnetic field applied to the
YIG, thus changing the resonant frequency of the YIG
and the frequency of the oscillator. The YIG sphere is
RF-coupled to the transistor, forming either a series or
parallel feedback element.

In oscillators using the YIG as a series feedback ele-
ment, the oscillator makes use of the reflection gain
(S11) of the transistor element to establish conditions for
oscillation. A typical series feedback YIG oscillator,
using a common-base bipolar transistor as the active
element, would couple an inductor to the base of the
transistor as a reactive element and would RF couple
the YIG sphere to the emitter of the transistor. A shunt
capacitor and the output load would be connected to
the collector of the tranmsistor. To maximize tuning

_range, the base inductance and collector shunt capaci-

tance would be selected for achieving negative resis-
tance in the widest band possible. This design is limited
by the difficult in achieving negative resistance at both
the low and high end of the frequency band.

On the other hand, oscillators using the YIG as a
parallel feedback element use the transmission gain (Sz2;)
of the transistor to power the oscillator. A typical paral-
lel feedback oscillator, again using a common emitter
bipolar transistor as the active element, would couple
the YIG between the collector and the base of the tran-
sistor and would feedback to the base part of the output
power supplied by the collector. Since the YIG in this
configuration would provide reactive feedback, no re-
active component apart from the YIG is needed. Oscil-
lators of this type typically operate at lower frequencies
than series feedback oscillators.

SUMMARY OF THE INVENTION

In accordance with the illustrated preferred embodi-
ment, the present invention provides a broadband YIG-
tuned oscillator having both series and parallel feed-
back, thereby expanding the frequency range of opera-
tion. The oscillator includes: (1) a transistor capable of
driving a load coupled to a first port thereof; (2) a reac-
tive feedback element coupled to a second port of the
transistor; (3) a YIG resonator including means for
tuning a YIG crystal for resonance throughout a range
of frequencies; and (4) coupling means for coupling the
YIG resonator to both a third port of the transistor and
to the first port of the transistor. The YIG is coupled to
the transistor as both a series and parallel feedback
element and makes use of both the reflection gain at the
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third port and transmission gain of the transistor be-
tween the first and third ports.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a wideband YIG-
tuned oscillator in accordance with the present inven-
tion, using a common-base bipolar transistor.

FIG. 2 is an alternative embodiment of the present
invention using a common-emitter bipolar transistor.

FIG. 3 is an alternative embodiment of the present
invention using a common-gate field-effect transistor.

FIG. 4 is an alternative embodiment of the present
invention using a common-source field-effect transistor.

FIG. 5 is an alternative embodiment of the present
invention using two YIG resonators.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIGS. 1 through 5 of the drawings depict various
preferred embodiments of the present invention for
purposes of illustration only. One skilled in the art will
readily recognize from the following discussion that
alternative embodiments of the structures and methods
illustrated herein may be employed without departing
from the principles of the invention described herein.

The preferred embodiment of the present invention is
a broadband YIG-tuned oscillator having both series
and parallel feedback. As shown in FIG. 1, one imple-
mentation of the invention utilizes a common-base, bi-
polar transistor 12 as the active element of the oscillator
10. The base of transistor 12 is coupled to ground
through an inductor 14, which provides reactive feed-
back for the oscillator 10. The load is coupled to an
output terminal 16, which is connected to the collector
of transistor 12 and is shunted to ground by a shunt
capacitor 18. A YIG sphere 20 is RF coupled to both
the collector and emitter of transistor 12 by two cou-
pling loops 22 and 24. Coupling loop 22 couples the
YIG sphere 20 to the emitter, while coupling loop 24
couples the YIG sphere 20 through an inductor 26 to
the collector. The ends of coupling loops 22 and 24
opposite the transistor connection are grounded. The
loops 22 and 24, coupled through the YIG sphere 20,
thus form a parallel feedback circuit between the emit-
ter and collector of the transistor.

An alternative oscillator 30, using a common-emitter,
bipolar transistor 32, is shown in FIG. 2. The emitter of
transistor 32 is coupled to ground through a capacitor
34, which provides reactive feedback for the oscillator
30. Once again, the output load is coupled to the collec-
tor of the transistor. A YIG sphere 36 is RF coupled to
the base of the transistor through one coupling loop 38
and to the collector of the transistor through an induc-
tor 40 and another coupling ioop 42.

Two alternative oscillators 50 and 70, using field-
effect transistors (FET), are shown in FIGS. 3 and 4.
The FET 52 of oscillator 50 is configured as a common
gate, with its gate coupled to ground through an induc-
tor 54, which provides reactive feedback to the oscilla-
tor. The output load is coupled to the drain of the tran-
sistor 52. A YIG sphere 56 is RF coupled to the source
of the transistor by a coupling loop 58 and to the drain
by an inductor 60 and another coupling loop 62.

Oscillator 70 has its FET 72 in a common-source
configuration, with the source coupled to ground
through a capacitor 74, which provides reactive feed-
back. The output load is coupled to the drain of the
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transistor 72. A YIG sphere 76 is RF coupled to the gate
of the transistor by a coupling loop 78 and to the drain
by an inductor 80 and another coupling loop 82.
In all four of the above-described oscillators, the YIG

sphere is used for both series and parallel feedback. The .

positive Sy transmission gain predominates at frequen-
cies in the lower end of the microwave frequency
range, while the S1 reflection gain (negative resistance)
predominates at frequencies in the upper end of the
microwave frequency range. The positive Sz; transmis-
sion gain is supplied through the YIG in its parallel
feedback path, while the Sy; reflection gain is supplied
through the YIG in its series feedback path.

The frequency range of a single YIG approach can be
extended by adding a second YIG sphere optimized for
low-frequency resonance. As shown in FIG. 5, oscilla-
tor 90 has a common-base, bipolar transistor 92, al-
though a common-emitter bipolar transistor or com-
mon-gate or common-source FET could be substituted.
The base of transistor 92 is coupled to ground by an
inductor 94 that provides sufficient reactive feedback.
The collector of transistor 92 is connected to the output
load at terminal 95 and is shunted to ground through
capacitor 96. One YIG sphere 98 is coupled to the emit-
ter of the transistor through a coupling loop 100 to
provide series feedback. A second YIG sphere 102 pro-
vides parallel feedback, and is coupled through a cou-
pling loop 104 and an inductor 106 to the collector and
through another coupling loop 108 to the emitter.

The two YIG spheres 98 and 102 of oscillator 90 are
each optimized for operation in their respective realms
of operation. YIG 98, which provides series feedback at
high frequencies, is selected for resonance at high fre-
quencies. YIG 102, which provides parallel feedback at
low frequencies, is selected for resonance at low fre-
quencies. Since the lower frequency limit of operation
of a YIG is proportional to the value of its saturation
magnetization, this value is chosen to be lower in YIG
102 than YIG 98. This extends the lower limit of the
frequency range over the single YIG oscillators of FIG.
14.

From the above description, it will be apparent that
the invention disclosed herein provides a novel and
advantageous broadband YIG-tuned oscillator having
both series and paraliel feedback. The foregoing discus-
sion discloses and describes merely exemplary methods
and embodiments of the present invention. As will be
understood by those familiar with the art, the invention
may be embodied in other specific forms without de-
parting from the spirit or essential characteristics
thereof. For example, a YIG resonator in a form other
than a sphere could be substituted for the YIG spheres
as described. Accordingly, the disclosure of the present
invention is intended to be illustrative, but not limiting,
of the scope of the invention, which is set forth in the
following claims. '

What is claimed is:

1. A YIG-tuned oscillator comprising:

a transistor capable of oscillating in the microwave-
frequency range and capable of driving a load cou-
pled to a first port thereof;

a reactive feedback element coupled to a second port
of the transistor;

one or more YIG resonators including means for
tuning the YIG resonators for resonance through-
out a range of frequencies; and

coupling means for coupling the one or more YIG
resonators to a third port of the transistor and to
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the first port of the transistor for providing both
series and parallel resonant feedback to the transis-
tor.

2. A YIG-tuned oscillator comprising:

a transistor capable of oscillating in the microwave-
frequency range and capable of driving a load cou-
pled to a first port thereof;

a reactive feedback element coupled to a second port
of the transistor;

a YIG resonator including means for tuning a YIG
crystal for resonance throughout a range of fre-
quencies; and

coupling means for coupling the YIG resonator to a
third port of the transistor and to the first port of
the transistor.

3. An oscillator as recited in claim 2 wherein the
transistor is a bipolar transistor having its collector
coupled to the load, wherein the reactive feedback
element is an inductor coupled to the base of the transis-
tor, wherein the coupling means couples the YIG reso-
nator to the emitter of the transistor and couples the
YIG resonator and an inductor in series to the collector
of the transistor.

4. An oscillator as recited in claim 2 wherein the
transistor is a bipolar transistor having its collector
coupled to the load, wherein the reactive feedback
element is a capacitor coupled to the emitter of the
transistor, wherein the coupling means couples the YIG
resonator to the base of the transistor and couples the
YIG resonator and an inductor in series to the collector
of the transistor.

5. An oscillator as recited in claim 2 wherein the
transistor is a field-effect transistor having its drain
coupled to the load, wherein the reactive feedback
element is an inductor coupled to the gate of the transis-
tor, wherein the coupling means couples the YIG reso-
nator to the source of the transistor and couples the
YIG resonator and an inductor in series to the drain of
the transistor.

6. An oscillator as recited in claim 2 wherein the
transistor is a field-effect transistor having its drain
coupled to the load, wherein the reactive feedback
element is a capacitor coupled to the source of the tran-
sistor, wherein the coupling means couples the YIG
resonator to the gate of the transistor and couples the
YIG resonator and an inductor in series to the drain of
the transistor.

7. A YIG-tuned oscillator comprising:

a transistor capable of oscillating in the microwave-
frequency range and capable of driving a load cou-
pled to a first port thereof;

a reactive feedback element coupled to a second port
of the transistor;

a first YIG resonator including means for tuning a
first YIG crystal for resonance throughout a first
range of frequencies;

first coupling means for coupling the first YIG reso-
nator to a third port of the transistor;

a second YIG resonator including means for tuning a
second YIG crystal for resonance throughout a
second range of frequencies that is lower than the
first range of frequencies; and

second coupling means for coupling the second YIG
resonator between the first and third ports of the
transistor.

8. An oscillator as recited in claim 7 wherein the

transistor is a bipolar transistor having its collector
coupled to the load, wherein the reactive feedback
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element is an inductor coupled to the base of the transis- YIG resonator to the emitter of the transistor and cou-
tor, wherein the first coupling means couples the first ples the second YIG resonator and an inductor in series
YIG resonator to the emitter of the tramsistor, and to the collector of the transistor.
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