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Recently it has been reportedl that a significant increase in peak power

performance could be achieved in Iotching type ferrite phase shifters through the

use Of material S Of 10w (OM/@, OM = y4n-Ms. Because of the obvious importance of

such a possibility, we decided to examine the dependence of peak power threshold

Upon @M/ti.

The theoretical work of Suh12 and Schlomann 3 has shown that for a saturated

material the critical rf field is given by

hcrit = CAHk/ (~) ,

where AHk is a spin wave linewidth which is proportional to the spin wave

relaxation rate. The factor C is a function of the dc biasing field, 4nMs, and also

depends upon whether the rf field and 4mMs are perpendicular (Lpumping) or parallel

( Ilpumping). For each type of pumping, C is the order of unity.

In a latching phase shifter the ferrite is akremanence which is a partially

magnetized state. For a partially magnetized material, the local effective internal

field depends upan dc and rf demagnetization due to the Iacal domain

configuration. Hence each point within the material can be thought of as having a

threshold characteristic of a soturated material with a biasing field equal to the

local effective internal field will be such that the wave number k af the excited

spin wave is increased. Taftl et al found that the threshold field increases much

more rapidly than (roM/~)-l and attribute this to an abrupt increase in AHk as

increasing k causes the spin wave frequency ok = co/2 ta move through the top af

the Iang wavelength partion of the spin wave manifold.

Because AHk is very sensitive to the microstructure of a poly-crystal line

material and because we wished to study the dependence of AHk only upon k and

6JM\@, we selected twa compositions and chose ta vary o on each. YIG

(47rMs = 1740 gauss) was measured at 5.53, 9,21, and 16,8 Gc, and Trans Tech

G-61O (an aluminum substituted YIG, 4rrMs = 675 gauss) was measured at 2.98,

5.53, and 9.21 Gc. The same spherical sample of each campasition was placed in
a linearly polarized rf field in a resonant cavity for each frequency. Parallel and

perpendicular pump measurements were made at roam temperature as a function of

dc magnetic field.

The type of result abtained is illustrated in Fig. 1. The theoretical curves,

which come fram Suh12 for perpendicular pumping and Schiomann3 for parallel

pumping, have been fitted to the experimental curves at the point af lowest thres-

hald and assume that AHk is independent af dc field. The fact that the experi.

mental curves lie above the theoretical curves is due to a dependence af AHk upan

k. At dc fields below 4iTMs/3, a sphere is partially magnetized. Because the

coercive force of YIG and G-61O is less than 1 oe, 4rrMs > 3Hdc far Hdc < 4r7Ms/3.

Since the remanent magnetization is 4rrMr ~

““W!#h:s:s::~::::~ :eFi9. 1.
thresholds for the remanent state occur at Hdc =

At remanence the parallel pump threshold is considerably lower than far

perpendicular pumping. At Hdc = O, the material is campletly demagnetized and the

two thresholds have coalesced.
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From the theories of Suh12 and Sch16mann3, the dependence of AHk upon Hdc

can be translated to a dependence af AHk upon k as shown in Fig. 2, Work by

Kas.ya and LeCrew4 on single crystal YIG showed that

AHk = A + Bk.

Althaugh aur data da not fit this relationship as well as daes the single crystal

data, we have analyzed our data with best fit straight lines in Fig. 2, and the

results are summarized in the following tables.

YIG

4rMs=1750 gauss

f

(Gc)

5.53

9.21

16.8

‘M—
a

.890

.535

.295

G-61 o
4nM~=675gauss

‘M(:=) -?7

2.98 .611

5.53 .329

9.21 ,198

Perpendicular Pump

ktop=2.53 x 105cm-1

k max

(105cm-1)

3.54

4.93

6.85

I

A

(se)

1.48

1,73

2.84

B

10-5ae. cm)

.18

.16

.28

Perpendicular Pump

ktap=l ,47 x 105cm-1

k max

(105cm-1)

3.12

4.36

5.85

~
A

(oe)

1.63

1.87

2.14

B

(10-50 e.cm)

.03

,15

.34

Parallel Pump

ktop = O

k max

(105cm-1)

2.42

4,21

6.40

A

(oe)

1.92

1.60

1.73

B

(10-50 e.cm)

.18

.25

.35

Parallel Pump

ktap=O

k m ax

(105cm-1)

2,68

4.05

5.61

A

(oe)

1,42

1.64

1.8E

B

‘10-50 e.cm)

.25

.29

,33

ktop = wavenumber at which Ok of excited spin wave is equal to frequnecy of top

of long wave length partian of spin wave manifold.

The remanent state thresholds are given in Figs. 3 and 4. Theoretical curves,

which have been normalized ta the threshold measured at the highest frequency for

each compasitian and which are proportional ta (tiM/o)-l and (rJJM/0)-2 respective-

ly, are included far both the perpendicular and parallel pumping. The experimental

threshold would be prapartianal ta (OM/a)–l if AHk were independent af @M/@.

Since A, B, and k (remanence) appear to be weak functions of @M/0, AHk

(remanence) daes not vary as strongly as (@M/@)-l. Consequently the experi-

mental thresholds fall between the (~M/~)—l and (II) M/@)-2 curves.
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Conclusions

1.

2,

3.

4.

From our results we wish to emphasize the following conclusions:

1. AHk increases steadily with increasing k and can be approximated by the

equatian AHk = A + Bk. There is no abrupt increase of AHk as the frequency

of the excited spin wave passes above the top af the long wavelength portian

of the spin wave manifold.

2. The parallel pump threshald is lower than the perpendicular pump threshald.

Parallel pumping may well be the cause of the nonlinear loss observed in

remanent devices since most such devices have portions of the ferrite with the

rf fields and dc magnetization parallel.

3. The threshold of the remanent state is proportional ta (@M/@)-n where

1 <n s2. Althaugh a reductian in COM/OJ does imprave peak power performance,

it does mean a longer, heavier, castlier device and a large volume of material

ta contribute ta insertion loss. The value then in reducing fiJM/r2J will depend

upan the trade-off between these advantages and disadvantages.
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FIG. 2- Dependence of A Hk Upon WWe Number
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FIG. 4- Remanent Threshold of G.61O
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