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57 ABSTRACT 

A differential phase-shifter which provides a substan 
tially constant differential phase-shift to two orthogo 
nally polarized waves having the same frequency band 
by causing one of the waves to see two phase-constant 
characteristics having rates of change over the band 
which are greater than and less than, respectively, the 
rate of change of the phase-constant seen by the other 
Wave. 

6 Claims, 2 Drawing Figures 
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OFFERENTIAL PHASE-SHIFTER FOR 
PROVIDING A SUBSTANTIALLY CONSTANT 

OFFERENTIAL PHASE-SHIFT 

BACKGROUND OF THE INVENTION 

This invention relates to microwave waveguide 
phase-shifters and, more particularly, to waveguide 
phase-shifters having a constant differential phase-shift 
over a broad frequency band. 

In dual polarization waveguide systems, it is often re 
quired that one of the propagating orthogonal polariza 
tions be shifted in phase relative to the other polariza 
tion. Differential phase-shifters for providing such a 
difference in phase-shift to the two orthogonal polar 
izations are well known in the art. 
A typical prior art differential phase-shifter might 

comprise a circular waveguide which is loaded by sym 
metrically disposing therein in a plane parallel to one 
of the polarizations a pair of thin elongated fins. As a 
result of the presence of such fins, the cutoff frequency 
seen by the one polarization in traversing the guide will 
be less than the cutoff frequency seen by other polar 
ization. This, in turn, causes the phase constant (i.e., 
phase-shift per unit length) versus frequency character 
istic of the guide corresponding to the former polariza 
tion to have a greater magnitude and lesser rate of in 
crease over any given frequency band than the respec 
tive magnitude and rate of increase of the phase 
constant characteristic of the guide corresponding to 
the latter polarization. The two characteristics will thus 
have differing magnitudes at any given frequency 
within the frequency band of the two polarizations. As 
a result, the two polarizations will experience different 
amounts of phase-shift at such frequencies. 
While, however, the differing magnitude between 

aforesaid phase-constant characteristics does result in 
a difference in phase-shift between the two polariza 
tions, it is found that the differing rates of change of the 
characteristics causes such difference to change from 
frequency to frequency. As a result, the differential 
phase-shift provided by the phase-shifter does not re 
main constant over the frequency band of the polariza 
tions. The failure to maintain a constant differential 
phase-shift over the frequency band causes the phase 
shifter to generate unwanted cross-polarization compo 
nents, thereby introducing loss and signal degradation 
into the waveguide system. 

It is, therefore, a broad object of the present inven 
tion to provide a differential phase-shifter having a sub 
stantially constant differential phase-shift over a broad 
frequency band. 

SUMMARY OF THE INVENTION 

In accordance with the principles of the present in 
vention, the above and other objectives are accom 
plished by a differential phase-shifter comprising a 
waveguide which is loaded such that a first wave intro 
duced therein is caused to see a first cutoff frequency 
over a first length of the waveguide and a second intro 
duced wave polarized orthogonal to the first is caused 
to see second and third cutoff frequencies which are 
less than and greater than, respectively, the first cutoff 
frequency over second and third lengths of the guide 
which together equal the first length of guide. As a re 
sult of the aforesaid loading, the phase-constant char 
acteristic corresponding to the second wave over the 
second length of guide will have a greater magnitude 
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2 
but a lesser rate of change then the respective magni 
tude and rate of change of the phase-constant charac 
teristic corresponding to the first wave over the first 
guide length. Conversely, however, the phase-constant 
characteristic corresponding to the second wave over 
the third length of guide will have a lesser magnitude 
but a greater rate of change than the respective magni 
tude and rate of change of the characteristic corre 
sponding to the first wave. Owing to the aforesaid rela 
tionships between the magnitudes and rates of change 
of the phase-constant characteristics corresponding to 
the second wave relative to the magnitude and rate of 
change of the phase-constant characteristic corre 
sponding to the first wave, the second and third wave 
guide lengths can be so proportioned relative to each 
other as to cause the former characteristics to tend to 
produce the same phase-shift of the second wave as 
would be produced by a composite phase-constant 
characteristic which tracks or follows the phase 
constant characteristic corresponding to the first wave. 
The composite phase-shift induced by the guide to the 
second wave will thus also tend to track the phase-shift 
induced thereby to the first wave. 

In one specific embodiment of the present invention, 
the loading of the guide is accomplished by inserting 
first and second pairs of appropriately dimensioned 
thin, elongated plates or fins therein. More specifically, 
the first pair of fins are symmetrically disposed with 
their planes parallel to the plane of the first wave, while 
the second pair of fins are symmetrically disposed with 
their planes parallel to the plane of the second wave. By 
selecting the radial and axial dimensions of each of the 
second pair of fins to be greater than and less than, re 
spectively, the radial and axial extent of each of the 
first pair of fins, the two pairs of fins will produce the 
required type of loading of the guide described herein 
above. 

BRIEF DESCRIPTION OF THE DRAWING 
A clearer understanding of the above-mentioned ob 

jects and features of the present invention can be ob 
tained by reference to the following detailed descrip 
tion taken in conjunction with the accompanying draw 
ings in which: 
FIG. 1 shows a broadband differential phase-shifter 

in accordance with the principles of the present inven 
tion; 
FIG. 2 shows the phase-constant versus frequency 

characteristics of the phase-shifter of FIG. 1 which con 
tribute to the phase-shifts experienced by the two or 
thogonally polarized waves introduced therein. 

DETAILED DESCRIPTION 
Prior to beginning a discussion of the present inven 

tion, a brief review of some of the basic waveguide 
principles which have been referred to hereinabove 
and which will be referred to again hereinbelow will 
now be given. As is well known, the phase-shift versus 
frequency characteristic 6 of a waveguide correspond 
ing to a particular electromagnetic wave is given as 

6 = g L. 
(1) 

where 6 is the phase-shift versus frequency character 
istic of a unit length of the guide and is referred to as 
the phase constant characteristic and L is the length of 
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the guide. The phase-constant characteristic 6, in turn, 
is uniquely defined in terms of the cutoff frequency f. 
of the guide pertaining to the particular wave being 
phase-shifted. More specifically, 6 can be written as 

g = 2ar/cf V1 -(fff) 
(2) 

where f is the wave frequency and c is the speed of light 
in a vacuum. 
As is apparent from Eq. (2), the magnitude and rate 

of increase of the phase-constant characteristic of a 
guide over a given frequency band of a wave depends 
upon the degree to which the frequency band is above 
the cutoff frequency seen by the wave. Two waves hav 
ing the same frequency band but seeing different cutoff 
frequencies will thus have corresponding phase 
constant characteristics having different rates of in 
crease and different magnitudes over their frequency 
band, since the wave seeing the lower cutoff frequency 
will have the frequency band farther above its cutoff 
frequency than the wave seeing the higher cutoff fre 
quency. More particularly, the phase-constant charac 
teristic corresponding to the former wave will have a 
greater magnitude but a lesser rate of change over the 
frequency band than the respective magnitude and rate 
of change of the characteristic corresponding to the lat 
ter wave, since the farther the frequency band is above 
a cutoff frequency the lesser will be the rate of change 
of the corresponding characteristic over the band and 
the greater will be its magnitude. 
As is apparent from the above, in determining the 

magnitude and rate of change of the phase-constant 
characteristic of one wave relative to that of another 
wave having the same frequency band, it is necessary 
that the cutoff frequency f. of the guide pertaining to 
each of the waves be determined. In general, the latter 
frequency is a unique function of the inverse of the 
largest apparent guide dimension d which lies in the 
plane which is orthogonal to the plane of polarization 
of the wave. Thus, typically, f. can be written as 

(3) 
where k is a constant determined by the type of guide 
cross-section. 

In portions of a guide which are empty (i.e., un 
loaded), the apparent dimension d seen by a wave is the 
actual physical dimension of the guide. However, if the 
guide is appropriately loaded, the dimension d seen by 
the wave appears larger than the aforesaid physical di 
mension. Such loading can take the form of a symmet 
rically disposed pair of fins, each fine having a radial 
and axial extent which is substantially greater than its 
thickness. By disposing the fins within the guide with 
their planes (i.e., plane defined by their axial and radial 
dimensions) parallel to the plane of polarization of the 
wave, the fins cause a capacitive loading which results 
in making the dimension of the guide in the plane or 
thogonal to the fins and thus orthogonal to the plane of 
polarization of the wave appear larger. The degree of 
apparent increase in the guide dimension, moreover, is 
dependent upon the radial extent of the fins. In general, 
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4 
less than the cutoff frequency of the empty portions of 
the guide. Additionally, in portions of the guide in 
which different degrees of the latter type fin loading are 
present, those portions having fins with a larger radial 
extent have smaller cutoff frequencies than those por 
tions having fins with a smaller radial extent. 
A wave passing through the guide polarized parallel 

to a pair of fins will thus have a corresponding phase 
constant characteristic in the aforesaid fin loaded por 
tion of the guide whose magnitude and rate of change 
over the frequency band of the wave are greater than 
and less than, respectively, the magnitude and rate of 
change of the phase-constant characteristic corre 
sponding to the wave in the unloaded portions of the 
guide. Moreover, the magnitude and rate of change of 
the phase-constant characteristics corresponding to fin 
loaded guide portions including fins having a larger ra 
dial extent will likewise be greater than and lesser than, 
respectively, the magnitude and rate of change of the 
phase-constant characteristics corresponding to fin 
loaded guide portions comprising fins of a smaller ra 
dial extent. 
Since a single waveguide can have some portions 

which are unloaded and other portions which are fin 
loaded, it is apparent that a wave traversing such a 
guide will see different cutoff frequencies and thus 
have phase-constant characteristics having different 
magnitudes and rates of change in the differently 
loaded guide portions. The effective phase-constant 
versus frequency characteristic of such a guide will thus 
be a composite sum of the different phase-constant 
characteristics multiplied by the proportionate lengths 
of the guide over which they govern. The net phase 
shift versus frequency characteristic of the guide, in 
turn, is merely the product of the latter effective phase 
constant characteristic and the total guide length. 
Having discussed some of the waveguide principles 

which will be referred to in the description hereinbe 
low, attention is now directed to FIG. 1 which shows a 
phase-shifter 11, in accordance with the principles of 
the present invention. Phase-shifter 11 provides a dif 
ferential phase-shift A6 to two elecgromagnetic waves 
E. and E, which are polarized in the orthogonal y, z and 
, y planes, respectively, of a mutually orthogonal ref. 

erence coordinate system x, y, z. Each of the waves E 
and E is assumed to propagate parallel to the y 
direction. Furthermore, each of the waves is assumed 
to have the same broad frequency band Af. It is over 
the latter band that the differential phase-shift A8 pro 
vided by phase-shifter 11 is to have a substantially 
constant value. 
As shown in FIG. 1, phase-shifter 11 comprises a 

waveguide 12 having a length L and a circular cross 
section of radius r. The latter waveguide is arranged 
with its axis along the propagation direction of the 
waves E. and E. Disposed within waveguide 12 are a 
first pair of symmetrically arranged, thin, elongated 
members or fins 13-1 and i3-2. 

60 

the larger such extent, the larger will be the apparent 65 
increase. 
A portion of guide loaded with fins in the above 

indicated fashion thus has a cutoff frequency which is 

Each of the latter fins has a length which is greater 
than its width and a width which is substantially greater 
than its thickness. The length of each fin extends paral 
lel to the guide axis over the entire axial extent L of the 
guide. The width of each fin 13, on the other hand, has 
an extent r and runs parallel to the radial direction of 
the guide which lies in the plane of polarization of the 
wave E. Each of the fins 13 is thus arranged so that its 
plane (i.e., the plane defined by its length and width) 
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Based on the above principles, it is thus apparent that 
the cutoff frequency f. seen by E, over the loaded 
length L will be greater than the cutoff frequency f. 
seen by E over the more heavily loaded length La, but 
less than the cutoff frequency f. seen by E over the un 
loaded length Ls. That is 

if (fi (fs 
(1). 

As a result, the phase constant characteristic G, 
corresponding to f will have a magnitude and rate of 
change over the band Af which are greater than and 
less than, respectively, magnitude and rate of change of 
the phase constant characteristic As corresponding to 
f. The phase-constant characteristic ga corresponding 
to f, in turn, will have a magnitude and rate of change 
over A which are, respectively, greater than and less 
than, respectively, the magnitude and rate of change of 
R1. 

It is noted, therefore, that the two phase-constants (3. 
and 6 have magnitudes over the band Afwhich are, re 
spectively, greater than and less than the magnitude of 
the phase-constant (3, but, more importantly have rates 
of change over Afwhich are, respectively, less than and 
greater than the rate of change of £31. The proportion 
ate addition of 6 and 63 to form 62 in Eq. (10) will 
thus tend to cause (32 to have a rate of change over Af 
which more closely approximates the rate of change of 
g, and, hence, 3 than either of the rates of change of 
the individual phase-constants g or 6. Proper selec 
tion of the proportionality factor (L/La) of Eq. (10) 
will result in the effective phase-constant gez closely 
tracking the effective phase-constant get over the band 
Af of waves E and E. The particular value of the 
aforesaid proportionality factor which will produce the 
best tracking in any given case will, of course, depend 
on the system parameters, i.e., the frequency band Af 
and the frequencies f, if and f to name a few. How 
ever, once the aforesaid parameters are known or se 
lected, empirical techniques can be used to arrive at 
the value of (L/Ls) which produces the closest track 
between the effective phase-constants get and ge. 

In FIG. 2, the phase-constant characteristics S, 6. 
and 3 and the effective phase-constant characteristics 
ge and g are plotted for the case of (L2/Ls) = 0.7, filf 
= 0.75, falf = 0.5 and a Affrom 1.35f to 1.53f. As 
is readily apparent from the figure, the proportionate 
addition of 6, and 6s results in a 62 over Afhaving a 
magnitude greater than the magnitude of Ae and a rate 
of change substantially equal to that of £3e. 

It should be noted, moreover, that in one particular 
illustrative case, tracking of g, and get over a fre 
quency band from 3.7 GHz to 4.2 GHz (i.e., the 4 GHZ 
common carrier band) so as to result in a differential 
phase-shift of A6 = 90 over the band was realized by 
a differential phase-shifter having the parameter ratios 
as given above and, in addition, the following parame 
ter values: 
L = 1 1.41 '' 
L = 8.14' 
r = 1 '' 
r = 0.548' 
r = 0.881''' 
In all cases, it is understood that the above-described 

arrangement is merely illustrative of some of the possi 
ble embodiments which represent applications of the 
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8 
present invention. Numerous and varied other arrange 
ments can be readily devised in accordance with these 
principles without departing from the spirit and scope 
of the invention. For example, while the present inven 
tion has been described in terms of loading waveguide 
12 with pairs offins, other types of equivalent loading 
might also be used. In particular, the loading effect on 
guide 12 produced by anyone of the pair of fins (e.g., 
the pairs offins 13) disposed therein could be similarly 
produced by replacing the pair of fins with two sets of 
closing spaced tuning screws. In such a case, each set 
of tuning screws would replace one fin of the pair and 
would be so arranged as to be equivalent to that fin. 
More specifically, each set of the tuning screws would 
be distributed along the guide axis over a length equiva 
lent to the length of the fin they are replacing and 
would extend through the guide wall and into the guide 
in a radial direction parallel to the radial dimension 
(i.e., width) of the latter fin. 
What is claimed is: 
1. A differential phase-shifter for providing a sub 

stantially constant differential phase-shift to first and 
second orthogonally polarized waves each having the 
same frequency band comprising: 
a conductively bounded waveguide capable of sup 

porting said first and second waves; 
first means for loading a first portion of said wave 
guide having a first length to cause said first wave 
to see a first cutoff frequency in said first portion; 

and second means for loading a second portion of 
said waveguide to cause said second wave to see a 
second cutoff frequency which is less than said first 
cutoff frequency over a second length of said sec 
ond portion and to see a third cuttoff frequency 
which is greater than said first cutoff frequency 
over a third length of said second portion, said sec 
ond and third lengths having a sum which is equal 
to said first length and being so proportioned as to 
cause the phase-shift characteristic of said second 
portion corresponding to said second wave to track 
the phase-shift characteristic of said first portion 
corresponding to said first wave over said fre 
quency band. 

2. A differential phase-shifter in accordance with 
claim 1 in which 

said first means results in the phase-constant charac 
teristic of said first portion having a first magnitude 
and a first rate of change over said band; 

and in which said second means results in the phase 
constant characteristic of the second length of said 
second portion having a second magnitude which 
is greater than said first magnitude and a second 
rate of change which is less than said first rate of 
change and in the phase-constant characteristic of 
the third length of said second portion having a 
third magnitude which is less than said first magni 
tude and a third rate of change which is greater 
than said first rate of change. 

3. A differential phase-shifter in accordance with 
claim 1 in which said waveguide has a circular cross 
section. 

4. A differential phase-shifter in accordance with 
claim 1 in which said second portion is included within 
said first portion. 

S. A differential phase-shifter in accordance with 
claim 1 in which: 
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said first means includes a first pair of fins symmetri 
cally disposed within said first portion, each of said 
first pair of fins having a length which is equal to 
said first length and which is greater than its width 
and a width which is greater than its thickness and 
each being arranged with its length parallel to the 
axis of said waveguide and its width in plane which 
is parallel to the plane of polarization of said first 

10 
and which is greater than its width and a width 
which is greater than its thickness and each being 
arranged with its length parallel to the axis of said 
guide and its width in a plane which is parallel to 
the plane of polarization of said second wave, said 
width of each of said second pair of fins being 
greater than said width of each of said first pair of 
fins. 

wave; 6. A differential phase-shifter in accordance with 
and said second means includes a second pair of fins 10 claim 5 in which each of said first pair of fins has the 
symmetrically disposed within the second length of same width and in which each of said second pair of 
said second portion, each of said first pair of fins fins has the same width. 
having a length which is equal to said second length 
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