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The feasibdity of exploiting the relatively slow velocity of propagation of acoustic waves in order to

delay an electromagnetic signal in the microwave frequent y range has been clearly established. Sev-

eral different approaches in the conversion of the electromagnetic energy to acoustic energy have been

shown to be practical. One of these involves the use of a rod of single crystal yttrium iron garnet

(YIG) which serves both as the delay medmm and also as the transducer to convert the electromagnetic

energy to acoustic energy, and vice-versa. A basic advantage of this type of delay line M the abihty

to vary delay time continuously over a large range by means of a magnetic biasing field. Though con-

siderable progress has been reported in the field of magnetoacoustlc d clay lines of this type (Refer-

ences 1, 2, and 3) further advances are required in the reductmn of insertion loss, increase in the delay

time, and a more precise understanding of the phenomena uvmlved. In pursuance of these obj ecti”es,

experiments have been performed on a magnetoacoustlc delay line intended for operatmn over the range

of 200 to 1000 mc. Comprehensive data on insertion loss and VSWR M presented and analyzed. Also,

results of bonding two single crystal YIG rods to achieve a longer delay are given,

A schematic of the delay line used is shown in Figure 1. Tbe dimensions of the single crystal rod

are 0,62 cm dmmeter by 1.20 cm, and the cross sectmn of the coupling wire i6 0.01 cm by 0.25 cm.

Detailed plots of insertion loss versus biasing field were obtained at nine frequencies over the range

of 200 to 1000 mc. Plots at two of the frequencies are shown in Figures 2 and 3. This data was ob-

tained with the mp”t and output of the delay line tuned. The delay time at various biasing fields is

also indmated cm the graphs. This ranged from 5.0 microseconds at low fields to 3.5 at high fields.

The ins ertlon 10Ss fluctuated very rapidly with small changes m biasing field, makmg it Impractical

.1,11 .,. “. ,,,. L.u L,ud L,”,,, al-eto show each fluctuation s epcirately. HWIC~, only the ~pp~~ ~~d Iow ~r I:- :.. -. .L. m........:.

shown on the graphs.
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Figure 1. Sectional View of YIG D clay Lme
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Figure 2. Insertion Loss versus Applied Magnetic Field for Tuned YIG Delay Line at 400 mc
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Figure 3. Insertion Loss versus Applied Magnetic Field for Tuned YIG Delay Line at 800 mc

A plot of the separation In biasing field between adjacent insertion loss peaks of the “fast” varia-

tion as a. function of biasing field is shown in Figure 4 for a frequency of 740 mc. Also included in the

figure is the theoretical separation predicted byschl~mann (References 4 and 5) tOa first Order

approximation. Thougb the experimental data is off hy a factor of approximately 2.5, the trend with

respect to biasing field follows that predicted by theory.
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Figure 4. Separation 6H of Adjacent Peaks in Insertion Loss at 740 mc versus

Applied Magnetic F~eld

In addltmn to the rapid fluctuation of the inseptmn loss with bias field discussed above, a slow “ari.

ation of insertion loss as a function of bias field is also noted in Figures 2 and 3. Consider the aver-

age of the two limit lines. The mimmum value of this average decreases as frequency is increased

from 200 mc to 600 mc. From 600 to 1000 mc, the minimum value m relatively constant. Also, the

average value is relatively flat over the range of bias field from 900 to 1100 oersteds for all frequen-

cies from 200 to 1000 mc. This is desirable for broadband operation.

Tbe VSWR of the untuned delay line was measured at a number of frequencies to determine what

fraction of the incident energy was actually absorbed by the ferrite, The results at two frequencies

are plotted in Figure 5. It is noted that V5WR varies very slowly with biasing field, and the rapid

fluctuation fmmd intheplc,tof ksert+onlo.. is ebaent~~~e. Cmr+,=r<mn of the data in Figure 5 with

that in Figures 2 and 3, shows that the loss in getting electromagnetic energy mand out of the YIG

rod in untuned lines is considerably lower than the loss in the conversion of the electromagnetic

energy that gets in the rod to acoustic energy.

A bamc limitation to the dela.y time possible from a single crystal YIG rod is the length of rod

available. At present, It M difficult and costly to produce suitable rods greater than one centnneter

in length. Hence, the successful bonding of two single crystal YIG rods w,th only a moderate mere.ase

m insertion 10M due to the bond m a sigmfzcant accomphshment. The bonded YIG rods were 1.2 cent~-

meter and 0.62 centimeter m length, respectively. The increase of the msertron loss of the delay lme

using the bonded rods over that using the 1.20 centimeter rod M less than 14 db over most of the fre-

quency range. A detailed plot of theinsert, on loss at 700 mc, as a function of blasmg field, M shown

in Fugure 6. Delay time as a functmn of fueld M also shown.
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Figure 5. VSWR and Transmission Loss versus Applied Magnetic Field of Untuned YIG Delay Line

at 400 and 800 mc

2
-1
w
n—

v v
%

(% fn f%

2 2 2
w

I
w Ui

30300

I I I I
600 700 800 900 1000

HOC (OERSTEDS)

Figure 6. Insertion Loss versus Applied Magnetic Field for Tuned Delay Line Consisting of Two

Bonded Single Crystal YIG Rods at 700 m.

184



REFERENCES

1. Olson, F. A. and Buchmiller, L. D., “A Two-Port Varmble Delay Line,” presented at the 1964

PTGMTTInternatlonal Symposium.

2. Sparks, R. A., Gouley, G. R, and Higgins, E. L., “A YIG Delay Line for Use at Microwave Frequen-

cies, ” presented at the 1964 PTGMTT International Symposmm.

3. Strauss, W., “Magnetoelastic Waves in Yttrium Iron Garnet, ” presented at the 9th Annual Confer-

ence on Magnetism and Magnetic Materials, 1963.

4. Quarterly Progress Report No. 6, “High Power Microwave Ferrites and Devices, ” Raytheon Re-

search Division, Contract DA-36 -039 -AMC-00064 (E).

6. Koham, T. and Sch15mann, E., “Microwave Magneto-Elastic Resonances ina Nonuniform Magnetic

Field, ” presented at the 10th AmmalConference on Magnetism and Magnetic Materials, ]g64.

SPERRY MICROWAVE ELECTRONICS CORPORATION

Clearwater, Florida

Solid State Devices and Materds - Radar Measurement

Equ~pment - System Instrumentaticm - Microwave Radmme -

try - Mzcr&ne@Test Instrument - M~crowave Components.

185



TRAK MICROWAVE CORPORATION

4726 Kennedy Road, Tampa, Florida 32G14

Spemallst mdeslgnmg andmanufacturmg microwave energy

sources up to 17 G.. This includes tube and solld state os -

c,llatom and ampl~f~ers, as well as compl@te RF Heads.

186


