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[57] ABSTRACT 

Described is a longitudinally magnetized, latching ferrite 
reciprocal phase shifter for use in wave guides having a 
thickness which causes the wave energy to experience a nega 
tive phase shift in passing through the ferrite, and wherein the 
ferrite material itself ?lls only the center portion of the wave 
guide and is longitudinally magnetized by means of coil means 
surrounding one or more U-shaped magnetically permeable 
members external to the wave guide but forming with the fer 
rite within the wave guide a toroid-type magnetic circuit. 

9 Claims, 6 Drawing Figures 
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FERRITE WAVEGUIDE PHASE SHIFI‘ER EXHIBITING 
NEGATIVE PHASE SHIFT 

BACKGROUND OF THE INVENTION 

Longitudinally magnetized reciprocal ferrite phase shifters 
are now well known and comprise ferrite bodies of various 
shapes disposed within a wave guide and provided with a 
latching coil, usually a single turn of wire, which produces a 
saturating magnetic ?eld within the ferrite. Recently, it has 
been shown that such phase shifters show anomalous behavior 
in that some devices show increasing phase shift with increas 
ing applied ?eld, while others show decreasing phase shift with 
increasing applied ?eld. When the thickness of the wave guide 
(i.e., its dimension perpendicular to the broad walls) is below 
a certain critical value, the phase shift experienced is negative 
in that the phase decreases with applied magnetic ?eld. On the 
other hand, when the thickness of the wave guide is above the 
aforesaid critical thickness, the phase shift is positive and the 
phase increases with applied magnetic ?eld. 

It can be shown that there are two competing mechanisms 
which govern the type of phase shift. These can be termed “p. 
effective” and “Faraday rotation." The former mechanism is 
effective when the thickness of the wave guide is below the 
aforesaid critical value; while the latter sets in when the guide 
is thick enough to support a cross-polarized electric ?eld of 
the same order of magnitude as the incident electric ?eld. 
To date, most latching reciprocal wave guide phase shifters 

have been incorporated into “thick” wave guides in which the 
ferrite produces a positive di?'erential phase shift. In such 
devices, the entire ferrite toroid is placed within the wave 
guide since, among other reasons, optimum positive phase 
shift is acheived when the ferrite does not touch any of the 
guide walls. However, since the return path of such devices is 
in regions of the guide in which the alternating current mag 
netic ?eld is parallel to the direct current applied ?eld, this 
part of the ferrite acts as a dielectric ?lling in the guide and 
degrades the phase shift by dielectric loading. Thus, such prior 
art phase shifters as applied to electrically “thick” wave 
guides are inherently inef?cient in operation. 

SUMMARY OF THE INVENTION 

As an overall object, the present invention seeks to provide 
a new and improved latching reciprocal ferrite phase shifter 
for electrically thin wave guides in which wave energy ex 
periences a negative phase shift in passing through a longitu 
dinally magnetized ferrite body. 
More speci?cally, an object of the invention is to provide a 

latching ferrite phase shifter of the type described wherein the 
ferrite body occupies only the central portion of the wave 
guide and is longitudinally magnetized by means of one or 
more U-shaped members external to the wave guide and pro 
vided with encircling latching coils means. 

In accordance with the invention, a latching ferrite phase 
shifter is provided comprising a wave guide section having a 
ferrite body centrally disposed therein and having a thickness 
in the direction parallel to the electric vectors of incident 
wave energy which is small enough to cause wave energy to 
experience a negative phase shift in passing through the fer 
rite. Openings are provided in the long transverse dimensional 
walls of the wave guide section at opposite ends of the ferrite 
body. These openings receive the legs of a U-shaped member 
of magnetically permeable material provided with an encir-_ 
cling latching coil. _ 

In order to continue the wave guide wall in the area of the 
openings, the ferrite body, which is in engagement with the 
top and bottom walls of the wave guide section, is provided 
with a metallic coating, preferably formed by vacuum deposi 
tion or plating techniques. This coating, being interposed 
between the ends of the legs of the U-shaped member and the 
ferrite body, introduces points of magnetic reluctance into the 
closed magnetic circuit comprising the ferrite body itself and 
the external U-shaped member. However, by having highly 
polished ferrite surfaces and by keeping the thickness of the 
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2 
metal coatings small as possible, but greater than a microwave 
skin depth, the magnetic reluctance introduced by the 
coatings results in only a very small degradation in remanent 
magnetization. 
The ferrite body, for maximum negative phase shift, extends 

all the way from the top to the bottom wall of the wave guide 
section and must be thin compared to the plane wavelength in 
an extended, non-tensor, ferrite dielectric medium. In this 
respect, the ferrite thickness should be no greater than about 
0.13 times the aforesaid plane wavelength. 
The above and other objects and features of the invention 

will become apparent from the following detailed description 
taken in connection with the accompanying drawings which 
form a part of this speci?cation, and in which: 

FIG. 1 is an illustration of a prior art phase shifter for elec 
trically thick wave guide sections and incorporating a pair of 
ferrite bodies in the form of toroids; 

FIG. 2 is a cross-sectional view taken along line ll-ll of 
FIG. 1; 

FIG. 3 is an illustration of one embodiment of the latching 
ferrite phase shifter of the present invention; ' 

FIG. 4 is a cross-sectional view taken along line IV--IV of 
FIG. 3 showing the evaporated or plated ?lm in the magnetic 
flux path for the ferrite body of the present invention; 

FIG. 5 is a hysteresis curve illustrating the operation of the 
ferrite phase shifters of the invention; and 

FIG. 6 is an illustration of another embodiment of the inven 
tion employing two U-shaped magnetically permeable mem 
bers external to the wave guide. 
With reference now to the drawings, and particularly to \ 

FIGS. 1 and 2, a prior art latching ferrite phase shifter is ' 
shown comprising a wave guide section 10 containing a pair of 
ferrite toroids l2 and 14 in side-by-side relationshipaPassing 
through the openings in each toroid is a latching wire 16 or l8.' 
When direct current pulses are applied to the latching wires 
16 and 18, direct current magnetic ?elds HM are generated in 
the two toroids I2 and 14. Note that the direct current mag 
netic ?eld HDC in toroid l2 ?ows in a counterclockwise 
direction; while that in toroid l4 ?ows in a clockwise 
direction, the two direct current magnetic ?elds moving in the 
same direction along the abutting center legs of the toroids 
identi?ed in FIG. 1 as the “active region." 7 

The electric ?eld, E,, of the incident wave energy is perpen 
dicular to the long transverse dimension of the wave guide; 
while the magnetic ?eld associated with the wave energy 
rotates in a path at right angles to the electric vectors E,. The 
traveling magnetic ?eld de?nes a closed loop and is divided 
into two portions, B,» being that portion which moves trans~ 
verse to the direction of wave propagation and H2 being that 
portion which travels parallel to the direction of wave 
propagation. 

It can be seen that the return magnetic path in'such devices 
is in regions of the wave guide section in which the alternating 
current magnetic ?eld, HZ, is parallel to the direct current ap 
plied ?eld HDC. As a result, this part of the ferrite (i.e., the 
outer legs of the toroids) acts as a dielectric ?lling in the 
guide, and degrades guide, phase shift by dielectric loading. 
The coupling coef?cient is proportional to the relative cross 
sectional guide area occupied by the active part of the ferrite, 
this being identi?ed in FIG. 1 as the “active region" and com 
prising the abutting legs of the toroids l2 and 14. In general, ' 
phase shift in a device such as that shown in FIG. 1 isdue to 
coupling from the incident TE.)l mode to a cross-polarized 
TE“, mode, which is beyond cutoff, and therefore evanescent. 

It is well known that optimum positive phase shift in an elec~ 
trically thick wave guide such as that shown in FIGS. 1 and 2 is 
achieved when the ferrite does not touch any of the guide 
walls. It should not touch the sidewalls because of the dielec 
tric loading effects discussed above in the region where the ap 
plied direct current magnetic ?eld is parallel to the alternating 
current magnetic ?eld. The ferrite should not touch the top 
and bottom broad guide walls because the ?elds in the region 
of the walls are not free to rotate due to the condition 71 X E= 
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0 and I X F== 0 of the conducting walls, where H is a unit vec 
‘ tor normalto the wall. 

One embodiment of the present invention is shown in FIGS. 
3 and 4 and comprises a wave guide section 22 in which the 
dimension along the Y~axis is less than that in the prior art 
device shown in FIG. 1 such that wave energy passing through 
the guide will experience a negative, rather than positive, 
phase shift in passing through a ferrite body 24 centrally 
disposed within the wave guide section 22. Typical dimensions 
of the guide are 0.040 inch in the Y-direction and 0.5 inch in 
the X-direction. Ordinarily, the Y-dimension of the wave 
guide section 22 will be .less than one-quarter wavelength; 
however this is not necessarily controlling, the only require 
ment being that the thickness of the guide be such that the 
aforesaid negative phase shift will occur. In contrast to the 
prior art device shown in FIG. 1, the ferrite slab.24 in the em~ 
-bodiment of the invention shown in FIG. 3 can touch the 

_ upper and lower broad side walls with no degradation in per 
formance. Th‘: is true because here the phase shift is due only 
to changes in effective permeability of the ferrite medium. As 
a result, the toroid of the latching magnetic circuit can be 

' completedoutside the wave guide, thereby eliminating many 
of the disadvantages of the embodiment of FIG. I, making use 
of the fact that no degradation in performance is obtained 
when the ferrite is brought upto the guide wall as is the case in 
other reciprocal latching designs. 

Thus, a U-shaped magneticmember 26 formed from ferrite 
or other suitable so? magnetic material is provided outside the 

. wave guide section 22 and has downwardly depending legs 28 
which extend through openings 30 (FIG. 4) formed in the 
upper wall of the wave guide. Plated or evaporated onto the 
upper surface of the ferrite block 24 in‘ the area of the 
openings 30 are metal coatings 32. Such coatings will, in ef 
fect, form a continuation of the waveguide wall; but, at the 
same time, will ‘present very little magnetic reluctance in the 

' magnetic circuit comprising the ferrite block 24 and the U 
shap’ed member 26. In orderto reduce the effective magnetic 
reluctance in the magnetic circuit, the ferrite surfaces are 
preferably highly polished; and the metal ?lm thickness is 
maintained as small as possible. At X-band, for example, the 
metal thickness can be about 0.1 mil thick. The magnetic 
reluctance is then of the order of about 4 X 10" oersteds per 
gauss. For typical ferrites, this results in only a small degrada 
tion in remanant magnetization. Surrounding the U-shaped 
member 26 is a latching coil 27 having terminals 29 adapted 
for connection to a pulse generator 1 not shown. The mag 
netic reluctance of the metal film can be further reduced by 
making it of a so? ferromagnetic metal whose remanant flux 
density B, is greater than that of the ferrite. The metal ?lm 
thickness should be greater than a skin depth to avoid 
microwave energy from leaking through to the U-shaped 
member. This will also reduce microwave insertion loss. 
Assume, for example, that the hysteresis loop for the ferrite 

' material‘ 24 is as shown'in FIG. 5 wherein the coercive force, 
Hx, may be in the order of about 2 to 5 oersteds and the 

' remanent flux density, BX,‘ without considering the metal ?lms 
32 in the magnetic circuit, is 2,000 gauss. Assuming that the 
reluctance of the gap is 4 X 10" oersted per gauss, the rema 
nant flux density is then reduced to a lower value B’ X, but this 
is only about 0.8 oersted which is much less than the coercive 
force of the material. 7 

The ferrite block 24, for maximum negative phase shift, in 
which case it-can extend all the way to the top and bottom 
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walls of the wave guide, should be no thicker than about 0.13. 
A0 where AD is the plane wavelength in an extended, non-ten 
sor, ferrite dielectric medium. ~ ‘ 

In FIG. 6 another embodiment of the invention is shown in 
which elements corresponding to those of FIG. 3 are identi?ed 
by like reference numerals and wherein a second U-shaped 
magnetically permeable member 34 is provided on the under‘ 
side of the wave guide section 22 ‘and extends through 
openings in the bottom guide wall‘ to engage thin metal ?lms 
provided on the underside of the ferrite, similar to that shown 
m FIG. 4. A second latching co|l~35 surrounds the member 34 
and is connected, along with coil 27, to a common pulse 
generator 36. Thus, two return pathsare provided for the 
magnetic flux passing through the ferrite body 24. 
Although the invention has been shown in connection with 

certain speci?c embodiments, it will be readily apparent to 
those skilled in the art that various changes inform and ar-, 
rangement of parts may be made to suit requirements without 
departing from the spirit and scope of the invention. 

I claim as my invention: ’ ' ' 

l. in a latching ferrite phase shifter, the combination of a 
rectangular wave guide section having broad side walls and 
narrow side walls and having disposed therein a rectangular 
ferrite dielectric body whose cross section has‘a major dimen 
sion and a minor dimension with its major dimension being 
parallel to and centered along said broad side walls and having 
its minor dimension orthogonal to said broad side walls, said 
minor dimension of said body and the dimension of said nar 
row side walls of said wave guide section being no greater than 
substantially 0.13 times the wavelength in said dielectric body, 
said minor dimension causing incident wave energy to ex 
perience a negative phase shift in passing through said ferrite 
dielectric body, said ferrite body extending between, and'in ' I 
contact with said broad walls, openings in at least one of said 
broad walls opposite the ends of said ferrite body, a generally 
U-shaped member of magnetically permeable material having ' 
legs extending'through said openings and forming with said 
ferrite body a closed magnetic circuit, a latching coil encir 
cling said U-shaped member to induce latched magnetic flux 
in said magnetic circuit. ' c ' ' 

2. The phase shifter of claim 1 wherein the electric vectors 
of incident wave energy are perpendicular to said broad side 
walls. ' ' ‘ ' 

3. The phase shifter of claim 1 wherein said U-shaped mem-_ 
bers are formed from ferrite material also. ' 

4. The phase shifter of claim I wherein said U-shaped mem~~ 
bets are formed from a soft magnetic material other than fer- ' 
rite. .. 

5. The phase shifter of claim 1 including a second U-shaped 
member of magnetically permeable material having legs ex 
tending through openings in abroad side wall opposite said» 
?rst-mentioned openings and also forming with said ferrite 
body a second closed magnetic circuit. ' ' 

6. The phase shifter of claim 1 wherein opposite ends of the 
ferrite body beneath said openings are coated with metal ?lms 
which form a continuation of the wave guide wall in the areas 
of the openings. 

7. The phase shifter of claim 6 wherein the thickness of said 
metal ?lms is about 0.000l inch. ' 

s. The phase shifter of claim 6 wherein the metal ?hh is ‘ 
greater than a skin depth in thickness. - 

9. The phase shifter of claim 6 wherein the ?lm is of a soft 
ferromagnetic metal. ' . . 
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