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ABSTRACT

Enhancing the performance of a wide-band YIG
oscillator requires a comprehensive model of the circuit so that
simulation accurately reflects its behavior in the laboratory. We

describe how an 8 to 18 GHz FET oscillator is modeled and

improved using both circuit simulation and field solving tools,
rdong with fixtures for measuring YIG spheres and other passive

networks.

suMMARY

TO gain a more complete understanding of a YIG

oscillator circuit already in production (Figure 1), we

constructed a comprehensive model of the circuit, drawing on

both computer-aided design and network measurements and

resulting in both an accurate simulation of the circuit as it exists

and a point from which improvements can be made rapidly and

with confidence. For simulating the circuit itself, both finear and

harrnonic-brdance analyses were carried out with Libra[l], while

a critical microstrip impedance matching network was accurately

modeled with Em[2], an electromagnetic field solver. For even

greater accuracy, we used measured data for the YIG sphere

resonator” and coupfing loop combination, obtained with a

Wikron 360 network analyzer and specially-modified 3680K

microstrip test fixture. We also used this fixture to measure and

evaluate passive networks such as spiral inductors for bias and

feedback elements in a new oscillator topology. The overriding

theme of this work was to use the leverage of existing and

readily-available tools to their fullest extent to improve a

broadband microwave osciffator in a production environment.

HARMONIC-BALANCE CIRCUIT SIMULATION

$irmdation of the circuit in Libra went along the lines of

an established procedure[3]: First, the circuit, a common-gate
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Figure 1. Photograph of Current 8 to 18 YIG Oscillator

topology with an inductive feedback element, was evaluated for

negative impedance over the desired tuning range as a one-port

reflection oscillator[4] using a linear simulation. We then made

severaf one-port measurements of the YIG sphere resonator

rdone using the fixture described below. These measurements

verified a simple equivrdent-circuit model of the resonator based

on the work of Carter[5]. Then a harmonic-balance power

sweep was conducted with the resonator model in the circuit to

determine start-up conditions for the oscillator at various

frequencies throughout the observed tuning range of the

oscillator. Finally, the simulation would converge on an actual

operating frequency with a harmonic output spectrum which

matched measured data within *2 dB (Figure 2). Although the

circuit itself used an NEC 70000, we employed the nonlinear

FET model for the NEC 71000 supplied with Libra with

acceptable fidelity to the observed performance of the circuit

over its tuning range.
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The circuit includes an irregularly-shaped microstrip

matchingnetworkwith bonding points to 50 pF capacitors, used

as tuningstubs. While thisnetworkis criticaf to the operation of

the osciIfator,it cannot be accuratelymodeled using the built-in

microstrip elements offered by Libra or any other commercial

simulator because of its irregular geometry. To promote

accuracy in the simulation, we used an electromagnetic field

analysis tool, Em, to solve for the current distribution in the

metallization and then give S-parameters of the network at

several frequencies of interest throughout the tuning range of

the circuit[2]. The matching network was rendered accurately

with Xgeom, a geometric layout tool compatible with Em,

includingports for the tuning bonds (Figure 3), then simulated

over the range of 7 to 20 GHz, resultingin a 5-port S-parameter

file compatible withLibra 3.0.

A particular advantage of using an arbitraty-geometry

electromagnetic simulator in this application came about by

observinghow technicianswould increase tuningcoverage at the

low end of the band: A corner of the microstrip would be

scratched away (compare Figures 3 and 4) to increase the

impedance of the network. When this action was simulatedwith

Em, we observed good correlation between the increased low-

end coverage of the scratchedcircuit in simulationsand on the

bench. Additionalfy, the simulation showed that there was a

potential “hole” (where oscillationswould cease) at 12 GHz that

could show up with the scratched circui~ this is reflected in

reality,aswelf.

Fimrre3. OsciUatorOutmrt Matching Network, Rendered in
Xgeom for Sitriulation -
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Figure2. Simulated and Measured Output Spectrum of
OsciUatorat 12 GHz

ELECTROMAGNETICCIRCUIT SIMULATION

Figure 4. Simplified Output Matching NetworkSimulatingan
Empiricaf Modification Made to Improve Low-end
Tuning of the Oscillator

With this complete simulationin hand, it was possible to

adjust the oscillator circuit in much the same way as it is done

on the bench: By removing or adding bond wires in the circuit

simulation, different negative-resistance characteristics were

produced, withthe possibilityof rapid optimization.

USE OF YIG SPHEREAND LOOP TEST FIXTURE

Particulardifficultieslimiting the tuningrange in a wide-

band YIG sphere oscillator often arise due to excess phase in

the sphere/eoupling loop resonant structure. To completely

characterize the effects of changing the loop and sphere

dimensions, we built a YIG sphere test fixturewith a modified

tuningmagnet and mierostriptransitionsfor use with a Wiftron

3680K Universal Test Fixture (Figure 5). By using identical

reference and test fixtures, we could include an aeeurately-

placed short-circuit termination (Figure 6) to set an electrical

reference plane, then insert the same ribbon coupling loop

circuit used in the production oscillator (Figure 7) and perform

accurate measurementsof the sphere/loop resonator at various

frequencies. Data from these measurements were used to
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enhance a circuit model of the YIG sphere resonator for USE OF TEST FIXTURE FOR OTHER PASSIVENETWORKS

This fixture also proved useful in measuring other

passive networks used in these circuits. One example is the

measurement of printed spirrdinductors on quartz substrates,

whichwe evaIuatedfor use as feedback elementsin a new circuit

design to replace the current one. The measured data from

these spiral inductors showed the presence of a > 1 pF inter-

loop shunt capacitancewhich, when placed in the source of an

NEC 71000 FET, would result in a very broadband negative

resistancecharacteristicat the gate terminal. However, when a

coupling loop of sufficient length is bonded to this terminal, a

fixed oscillation usuallyoccurs due to the resonant tank circuit

formed by the feedback capacitance and the self-inductanceof

the loop. Simulationsin Libra predicted a fixed oscillation at 9

GHz; when the circuit was built and tested, a fixed oscillation

was observed at 9.2 GHz. However,with the resultingincreased

confidence in the simulation’saccuracy,we were able to develop

a phase compensation scheme to drive this oscillation out of the

tuningband and hence develop an improved circuit design free

of fixed oscillations.

CONCLUSION

In conclusion, we have developed a comprehensive

model of a production YIG sphere oscillator using both

commonly-available CAD tools and specialized measurement

fixtures to enhance the accuracy of the circuit simulation.

Because of this accuracy,we have achievedvery close agreement

between simulated and actual results over the broad tuning

bandwidth of the circuit. With such correspondence as a

baseline, we can then optimize the circuit model to achieve

better performanm in the actual circuit as well as develop new

designs having close connections between simulations and

rerdity.
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