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1, General Considerations

The nonlinearity and characteristics deviation af ferrite caused by rising

temperature should be considered in a CW high power circulator. The non-

linearity of ferrite aperated at abave resonance occurs ot a comparatively law

power level in a polycrystal. Such a phenomeno is not observed in a single

crystal, os shown in Fig. 1 (a), which shows the experimental results of low

power simulation by a lumped element circulator. And the nanlinearity takes place

only under CW power and not under pulsed power, as illustrated in Fig. 1 (b).

The above phenamena are supposedly caused by the Iocol heating by the spin

wave generation around pore regions of polycrystals where the internal DC field is

below resonance by the demagnetizing and anisotropic field in their vicinities.

First the threshold power Pcrit, the bandwidth ratiati the insertion loss ~ and

the frequency shift ratiokft caused by the temperature fluctuation are obtained os

Eq. (1) ~ (4) and are related to the volumez, filling factor Kf and the per-

meability of ferrite by variational technique, considering that the internal reactive

energy under the same phase excitation is not necessary in an ideal case.
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(47rMs) and 8Hex are the deviation of saturation magnetization and external

field caused by change in temperature.

It is understood that Z shauld be increased in order ta increase the threshold

pawer, and the minimum insertion loss depends only an the strength of the applied

DC field and daes nat on c and Kf. The material should take the high hcrit and
the insensivity for temperature fluctuation.

2, Example of UHF High Power Circulator

To increase 7 and surface of ferrite, the construction shown in Fig, 2 is

discussed.

2.1 Analysis

Eige; frequencies and stored energies in the states satisfying the zero

impedonce and apen impedance respectively for the same phase and the rotational

phase excitation, are obtained.
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Same n base excitatio~ The ap~oximate value of eigen frequency is obtained as

Eq. (6) by the variational technique using the tria~nction of Eq. (5) correspond-

ing to TM mode existing under the assumption # =Aeff.
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Positive and negative rotational excitation After obtaining the values of ~+and

w_assuming ~ to be scalar quantities~+ and A_ , the error between tensor and

scalar quantities is corrected by the perturbation technique. So we

From calculated values of the time average of total reactive energy

(7), eigen values af admittances Y+ and Y- at o becomes
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Therefare the transform ratio n takes the value af Eq. (9)
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Fram the above results, Pcri+,7J and L are obtained as the values substituted into

Eq. (1)- (4) by K=l,73, Kf =
< t’

2(p.t’+ /-t’)-

Z takes the maxium value at t’ =
I

under h is constant.
ft fir

2.2 Wideband and Temperature Compensation

V becomes a little narrower by making Kf smaller ta increase Z . However, it

is clear from +Le caleulatic.n e.[ reactive energies that the eigen value for the same

phase excitation is insensitive far the variation af frequency and permeabi Iity,

whereas it is very sensitive for the rotational phase excitation. So the added

cavity containing ferrite coupled only to same phase excitation contributes ta in-

crease the reactive energy and results in adding the equivalent series resonance as

in Fig. 3. The proper design make it possible to make wideband 3.55 times in

chebycheff andw times in Wagner Char. at 20 dB isolation band. In this case,

equal values af the filling factor Kf’ in compensating cavity contributes ta make
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insensitive for the temperature fluctuation with the some characteristics for

frequency wideband.

2.3 Practical Performance

The characteristics of circulator with the ferrite of 150 mm in diameter, 5mm in

width and 0.4 in t’, is 0.2dB in insertian loss and25Mc in bandwidth far20dB

isoiatian and is available to 10 kW CW.

3. Another example

Considering heat problem, another constructions shawn in Fig. 4 are alsa

developed.
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FIG. 1- Measured Values of Linearity of Circulator with Single and Polycrystal
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FIG. 2- Example of UHF High Power Circulator
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FIG. 4. Examples of High
Power Circulator
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FIG. 3- Equivalent Netwcxk of the Circulation
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