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WIDEBAND HYBRID SYSTEM 

BACKGROUND OF THE INVENTION 

This invention relates to hybrids and more particu 
larly to a polarizer using a system of hybrids for achiev 
ing 90° differential phase shift and power splitting over 
a wide band of frequencies with low amplitude and 
phase error. 

It is desirable for achieving circular polarization that 
the signals fed to the orthogonally polarized antenna 
radiating element be at phase quadrature or 90° 
difference in relative phase and that the power be ex 
actly divided. A practical way of achieving this with low 
loss is by means of a short slot hybrid. Although these 
short hybrid slot devices have had humps put at the 
center of the short slot region or the cross sectional 
width made smaller near the slotted region to achieve 
broadband operation, these hybrid structures remain 
relatively narrow band devices. When one of these de 
vices is operated over a wide frequency band such as 
for example from 3,700 to 4,200 MHz (as in satellite’ 
communication systems), phase error of over 5° is pro 
duced at some frequencies in the band. Consequently, 
relatively high axial ratios occur when the outputs of 
one ofthese are applied to the elements of an antenna. 
Wideband polarizers capable of achieving axial ratios 
in the order of 0.25 to 0.5 db are required over these 
above frequencies in satellite communication systems. 
This has heretofore not been achieved over such wide 
bands using hybrids. 

Brie?y, according to the present invention substan 
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equal in amplitude, 90° different in relative phase and 
no output power is coupled at 12 or reflected back to II. 
Further, the purpose of the circuit is that the terminal 
II of diplexer 11 and the [2 terminal of diplexer 11a be 
interchangable and simultaneously useful. All of the 
above functions are maintained in the fl through f5 
frequency band. Circular polarization is achieved by 
coupling the output at terminal 01 to one terminal 9a 
of an orthogonal coupler 9, for example, and the other 
output at terminal 02 is coupled to an orthogonally ori 
ented terminal 9b of coupler 9. If these outputs at O, 
and 02 are equal in power and at phase quadrature 
pure circular polarization is achieved. The coupling to 
the orthogonally oriented terminal 9b may require a ro 
tation of the polarization attitude 90°. This rotation 
may be accomplished by a twisted waveguide section 
(rotator) 8 located in the coupling lead between termi 
nal 02 and terminal 9b. 
The input signal II at frequencies f, to f5 is divided on 

the basis of frequency by diplexer 11 into four fre 
quency bands fl to f2; f2 to f3; f,, to f, and f', to f5. The 
diplexer 11 is made up of a power divider 13 followed 

, by a plurality of band-pass filters 15, 16,17 and 18. The 
power divider l3 splits the input signal power into, for 
example, four signals of equal power and couples these 

' separate signals to separate ?lters 15, l6, l7 and 18. 
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tially lower amplitude and phase error is ‘achieved for 1 
providing equal power division and 90° relative phase 
shift between the power divided outputs by the‘ use of 
a first diplexer for subdividing the signals by frequency 
into subfrequency bands and by coupling the narrow 
frequency band signals to separate hybrids. The sepa 
rate hybrids are each adapted to provide at their two 
separate outputs, power division and 90° relative phase 
shift between the power divided signals over the partic 
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ular narrow frequency band coupled thereto with mini- _ 
mum amplitude and phase error. That one of the two 
outputs from each of the separate hybrids having sub 
stantially identical phase is coupled to a second di 
plexer for combining the narrow band signals to a first 
Wideband output. The second output from each of the 
separate hybrids is coupled to a third diplexer for com 
bining the 90° relative phase shifted nar'row frequency 
band signals to a second wideband output. 
A more complete description of the subject invention 

follows in conjunction with the following drawings 
wherein: , 

FIG. 1 is a schematic diagram ofa Wideband hybrid 
system and a polarizer system using the same according 
to the present‘invention. 
FIG. 2 is a perspective view of a portion of a wide 

band hybrid system shown- in FIG. 1 with a portion of 
the top walls removed. ' . g > 

Referring to-the block diagram of- FIG. 1, there is 
shown a Wideband hybrid system 10 consisting of two 
diplexers 11 and 11a at the input and two output di~ 
plexers 41 and 43 with four short slot quadrature hy 
brids 21, 23, 25 ‘and 27 coupled therebetween. The 
purpose of the circuit is to divide the input power fed 
to the input terminall, of diplexer 11 into two parts oc 
curring at the output terminals 01 of diplexer 41 and 02 
of diplexer 43 in such a way that the output powers are 
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The band-pass ?lter‘ 15 is selected to pass those fre 
quencies within the f, to f2 frequency band. Similarly, 
‘band-pass ?lters l6, l7 and 18 are selected to pass the 
frequency bands f2 to f3; f; to f, and f, to f,‘ respectively. 
A plurality of hybrids 21, 23, 25 and 27 equal to the 

number of band-pass ?lters is provided. The hybrid 21 
is adapted topro'vide equal power division of the input 
signal with 90° differential phase shift between the 
power divided signals. The hybrid 21 is designed to ac 
complish this with minimum phase'and amplitude error 
between its two output ports over the frequencies of 
from f, to f,. The output of band-pass filter 15 is cou 
pled via lead 29 to input terminal 21a of hybrid 21. The 
hybrid 23 'is similarly I adapted to operate as a 90° 
differential phase shifting power dividing coupler but 
with minimum phase and amplitude error over the fre 
quencies from f2 to f,,. The output of band-pass ?lter 16 
is coupled via lead 30 to terminal 23a of hybrid 23. The 
hybrid 25 is similarly a 90° differential phase shifting 
power dividing coupler which is'adapted to operate 
'with'minimum phase and amplitude error over the fre 
quencies from f, to f,. The output of band-pass filter 17 
is coupled via lead 31 to terminal 25a of hybrid 25.1The 
hybrid 27 is a 90° differential phase shifting power di 
viding couplerwhich isadapted to operate with mini 
mum phase and amplitude error over the frequencies 
from f4 to f5. The output of band-pass ?lter 18 is cou 
pled via lead 32 to terminal 27a of hybrid v27. The hy 
brids 21, 23, 25 and 27 may each'be short slot hybrids 
as described, for example, by Riblett in US. Pat. Nos. 
‘2,739,287 and 2,739,288. Basically, each of these short 
slot hybrids consists, of two rectangular waveguide sec 
tions having a common wall with an‘ aperture in the 
common wall. Signals coupled to one of the waveguides 
are power divided at the aperture with one half of the 
power coupled through the aperture and phase shifted 
90° relative to the other one half of ,theysignal which is 
coupled to the other end of the input waveguide with 
out such additional phase shift. 
The output from the quadrature hybrids 21,23, 25 

and 27,are coupled to diplexers 41 and 43. The di 
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plexer 41 includes band-pass filters 45, 46, 47 and 4s; 
Bandpass ?lter 45 is adapted to couple only those sig 
nals with low attenuation between the frequencies off; 
to f2. Similarly, band-pass ?lter 46 is adapted to pass 
the frequencies off2 to f3. Band-pass filter 47 is adapted 
to pass the frequencies betweenfa to f4 with low attenu 
ation and band-pass filter 48 is adapted to pass frequen 
cies between f.1 to f5 with low attenuation. In the di 
plexer 41 the outputs of band-pass filters 45, 46, 47 and 
48 are each coupled to a power combiner 49 wherein 
the signals at frequencies from fl to f5 are combined to 
provide an output at terminal 0,. Diplexer 43 is simi 
larly arranged comprising band-pass filter 55 covering 
the frequency range from f1 to f2, band-pass filter 56 
covering the frequency range from f2 to f3, band-pass 
filter 57 covering the frequency range from f1 tof., and 
band-pass ?lter 58 covering the frequency range from 
f, to f5. All the output power at the band-pass ?lters 55 
through 58 are combined at power combiner 59 to pro 
vide a single output at output terminal 02 of diplexer 
43. ' 

The power divided signal at terminal 21b of hybrid 21 
is coupled via lead 33 to band-pass filter 45 in diplexer 
41. The equal power 90° phase shifted signal at termi 
nal 210 of hybrid 21 is coupled via lead 35 to band-pass 
filter 55 of diplexer 43. The one half power output sig 
nal at terminal 23b of hybrid 23 is coupled via lead 37 
to band-pass filter 46 of diplexer 41. The equal power 
90° relative phase shifted signal from hybrid 23 at ter 
minal 23c is coupled via lead 38 to band-pass filter 56 
of diplexer 43. The half power output signal from hy 
brid 25 at terminal 25b is coupled via lead 39 to band 
pass filter 47 of diplexer 41. The equal power and 90° 
relative phase shifted signal at terminal 250 of hybrid 
25 is coupled via lead 40 to band-pass ?lter 57 of di 
plexer 43. The half power output signal at terminal 27b 
of hybrid 27.is coupled to band-pass filter 48 of di— 
plexer 41 via lead 36. The equal power 90‘7 differential 
phase shifted signal at terminal 27c is coupled via lead 
34 to band-pass filter 58 of diplexer 43. 

In the operation of the device described in FIG. 1, the 
input signals 11 of frequencies from f] tof5 which cover 
the operating frequency band of the system are coupled 
to the input power divider 13 wherein these signals are 
divided into four equal power sections and coupled to 
the respective filters 15, 16, 17 and 18. The filter 15 
passes frequencies from fI to f2 to short slot hybrid 21. 
At the hybrid 21 the fl to f2 frequency signals are 
equally power divided and with one portion undergoing 
zero or reference phase shift to terminal 21b and the 
other portion undergoing 90° ‘differential phase 
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through the short slot 22 in hybrid 21 to terminal 210. - 
The output at terminal 21b is coupled to band-pass ?l 
ter 45 in diplexer 41 via lead 33. The 90° differential 
phase shifted signal at terminal 21c is coupled via lead 
35 to band-pass filter 55 of diplexer 43. Similarly, those 
signals at frequencies from f2 to f;, are coupled to short 
slot hybrid 23 and power divided such that those signals 
at the reference phase at hybrid terminal 23b are cou 
pled to band-pass filter 46 of diplexer 41 and the 90° 
differential phase shifted signals at terminal 23c are 
coupled to band-pass filter 56 of diplexer 43. Those sig 
nals between frequencies f3 to f1 are coupled to short 
slot hybrid 25 with the one half power output at termi 
nal 25b at reference phase coupled to band-pass filter 
47 of diplexer 41 and those half power signals undergo 
ing 90° differential phase shift being coupled out of ter 
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4 
minal 25c to band-pass ?lter 57 of diplexer 43. The sig 
nals at frequencies between f4 and J2, are coupled out of 
band-pass ?lter 18 to short slot hybrid 27. The output 
signals at reference phase at terminal 27b of hybrid 27 
are coupled to band-pass filter 48 of diplexer 41 and 
the 90° differential phase shifted signals at terminal 27c 
are coupled to band-pass filter 58 of diplexer 43. As 
can be seen by reviewing the above, those signals which 
undergo the 90° additional phase shift are coupled to 
the diplexer 43 and the other signals of equal power but 
of reference phase are coupled to diplexer 41. The sig 
nals at the band-pass filters 45 through 48 are com 
bined at power combiner 49 to provide one half the 
total output power at the reference phase at terminal 
0,. The band-pass ?lters 55 through 58 are coupled to 
power combiner 59 wherein the other half of the total 
power at the frequencies from fl tof5 are combined and 
applied to the output terminal 02. The power at termi 
nal 02 should approximately equal the power at termi 
nal O1 and be at 90° relative phase to the phase of the 
signal at terminal 0,. 
A nearly circular polarized wave with a relatively low 

axial ratio of powers at the two terminals is achieved 
for example by coupling the output at terminal 01 to 
one terminal 9a of orthogonal coupler 9 and by cou 
pling the other output at terminal 02 to terminal 9b of 
the orthogonal coupler 9 via attitude rotator 8. The or 
thogonal coupler 9 may be coupled at terminal 9c to a 
radiating horn antenna, not shown, whereby the circu 
lar polarized waves are radiated or received. The or 
thogonal coupler 9 may be a square section of wave 
guide (not shown) with the terminals 90 and 9b 
oriented to excite the output signal at terminal 01 in for 
example a TE10 mode and to excite the output signal at 
terminal 02 in the orthogonal TE‘,1 mode. Metal irises 
(not shown) can be placed across the input of terminal 
90 orthogonal to the electric ?eld in the TE.‘o to provide 
isolation of the two terminals 9a and 9b. A typical 
waveguide orthogonal coupler may be like that shown 
in FIG. 8 and described in connection therewith in U. 
S. Pat. No. 3,569,870 issued to Peter Foldes. 

Input signals applied to terminal 12 in FIG. 1 undergo 
similar operation to that described above for input sig 
nals applied to diplexer 11. Input signals applied to ter 
minal 12 of diplexer 11a are power divided at divider 
13a with those signals from frequency fl tof2 being cou 
pled through ?lter 15a and lead 290 to terminal 21d of 
hybrid 21. Similarly, those signals at frequencies f2 to 
f3 at divider 13a are coupled through filter 16a and lead 
30a to terminal 23d of hybrid 23. Signals at frequencies 
fa tof, at divider 130 are passed through ?lter 17a and 
lead 31a to terminal 25d of hybrid 25. Signals‘at fre 
quenciesf, tofs at divider 13a are passed through ?lter 
18a and lead 32 to terminal 27d of hybrid 27. The oper 
ation of the hybrids 21, 23, 25 and 27 and diplexers 41 
and 43 is similar to that described above with the out 
put at terminals 02 and 01 being of equal power at 90° 
relative phase but in this case the output at terminal 01 
undergoes the additional 90° phase shift and the output 
at terminal 02 is at reference phase. This is due to the 
fact that the signals which are ultimately coupled to di 
plexer 41 are coupled through the slots in each of the 
hybrids 21, 23, 25 and 27. 
As mentioned previously, it is desirable that the de 

vice be reciprocal. It can be seen that by making the 
power dividers and power combiners identical by hav 
ing them both with the ?lters at the input and output 
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terminals of the hybrids, reciprocal operation is pro 
vided. For example, signals applied at output terminal 
0, of diplexer 41 can also undergo the frequency divi 
sion of the signals corresponding to fl to f2,f2 to f3,f3 
tof, andf, to f, and be applied to the corresponding hy 
brids 21, 23, 25 and 27. Since the hybrids are symmet 
rical, the two output signals from each of the hybrids 
are of equal power with 90° relative phase shift be 
tween the two output signals. Diplexer 11 in the exam 
ple combines the signals of reference phase and the di 
plexer 11a combines the signals having the additional 
90” phase shift. Also, it is necessary that these hybrids 
21, 23, 25 and 27 at either end see a similar match. This 
is provided by having similar band-pass filter sections 
coupled at each terminal of a given hybrid. 
Turning to FIG. 2, there is illustrated the construc 

tion of a portion of such a wideband hybrid system. 
Only two diplexer sections and the multiple hybrid sec 
tion is illustrated in the assembly 61 shown since the re 
maining two diplexer sections (not shown) of the as 
sembly 61 are identical in construction to the first two ’ 
diplexers. Waveguide assembly 61 as shown in FIG. 2 
is made up of two waveguide sections 63 and 64 each 
sharing a common narrow wall 65. The waveguide sec 
tion 63further includes-broad walls 67 and 69 and nar 
row wall 70 opposite common wall 65. The‘waveguide 
section 64 includes opposite broad walls 71 and 73 and 
narrow wall 75 opposite common wall 65. The top 
walls 67 and 71 are formed by one continuous conduc 
tive plate and the bottom walls 69 and 73' are formed 

6 
81 at these apertures. At the hybrids 92, 93, 94 and 95 
the signals are power divided with the outputs from the 
two output terminals of each hybrid being substantially 
90° out of phaseand of substantially equal power. The 
outputs from the hybrids 92, 93, 94 and 95 are coupled 
to a structure (partly shown) which is a continuation of 

_ waveguide sections 63 and»64. The remaining structure 
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by one continuous conductive ‘plate. The waveguide ’ 
section 63 is power divided into four equal rectangular ' 
waveguide sections by three plates 77, 78 and 79, 
which are placed parallel to each other. ‘and parallel to 
walls 69 and 67. Similarly, plates 81,’ 82 and 83 are 
placed within waveguide sectionvv64.,The input signal 
applied to waveguide 63 is then power divided by a fac 
tor of four into separate waveguide sub-sections 
formed between the plates 77, 78 and 79 and between 
plate 77 and wall 67 and between plate 79 and wall 69. 
The input signals coupled to the input of waveguide 

section 64 are power divided between the plates 81, 82 
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and 83 and between the plate 81 and wall 73 and be- 
tween broad wall .71 and plate 83. By placing tuning 
stubs or irises 91 in the sub-sections between, the plates 
and the broad walls, the waveguide sub-sections 
formed between the plates and between'the plates and 
the broad walls of thewaveguide can be 'made to pass 
different frequencies and'thus'ly pro'vide frequency sep 
aration. In the arrangement shown in FIG‘. 2, the irises 
91 are placediwithin these‘sections to form band-pass 
filters for‘passing, for example, at ‘the top waveguide ‘ 
sub-section 63a formed between ‘wall 67 and plate 77, 

' a band-pass filter ‘at f, to f2 frequencies. Similarly, the 
sub-section 63b formed between the plates 77 and 78 
passes frequencies from f, to f;,, the sub-section 63c ' 
between plates 78 and 79 passes frequencies from f3 to 
f4 and the sub-section 63d formed between plate 79 and 
wall 69 passes frequencies from f4 to f5. Similarly, the 
band-pass ?lters at frequencies f, to f2, f2 to f3, f3 to f, 
and f, to f5 are provided by thewaveguide sub-sections 
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64a, 64b, 64c and 64d having appropriately placed . 
irises 91 therein. Hybrids 492, 93, 94 and 95 are pro 
vided by apertures 92a, 93a, 94a, and 95a in the com 
mon wall 65 between waveguide sub-sections 63a and 
64a, 63b and 64b, 63c and 640 and 63d and 64d and by 
joining plate 77 to 83, plate 78 to 82, and plate 79 to 

is similar to that‘shown at the input but is symmetrically 
arranged so that the outputs of the hybrids are coupled 
to the band-pass filter sections includingthe plates and 
irises and the output of'the filter sections is coupled to 
the undivided waveguide‘ section to form a combiner. 
The ?lter section coupled to each terminal of each hy 
brid is made substantially the same. 
Numerous and varied other arrangements within the 

sphere and scope of the principle of the invention will 
have occurred to those skilled in the art. The general 
principles of the invention are, for example, readily ap 
plicable to systems employing two or more hybrids and 
corresponding band-pass filters and power dividers. 
Power division can be up to any n number of sections 
with nband-pass filters and n hybrids to achieve the de 
sired minimum phase and amplitude error through such 
'hybrids. In the configuration‘ using only _two such hy 
‘brids,-"four diplexers' and an orthogonal c0uple'r,‘an 
axial ratio on the order of 0.35 db is achieved in‘ the 
3,700 to’ 4,200‘ MHZ 'frelquencyjband. ' 
What _,is claimed isi ' _ v 
1. A system for providing substantially equal power 

splitting and 909._relativevphaseshiftof power divided 
signals over a given relatively wide band of frequencies 
with reduced amplitude and phase error comprising: 

afirst diplexer responsive to signals of said given 
wide band .of frequencies at its input for separating 
said signals by frequency to provide at a plurality 
of ?rst diplexer output terminals signals within dif 
ferent narrow frequency bands where the sum of 
said narrow frequency-bands covers the frequency 
spectrum of said given wide band of frequencies, 
plurality of quadrature hybrids, each hybrid cou 
pled to a different one of said plurality of ?rst di 
plexer output terminals and adapted to provide 

‘ equal power splitting to ?rst and second hybrid 
output terminals with signals at the first hybrid out 

' put terminal undergoing 90° less phase shift than 
vthe signalsat the second hybrid output‘ terminal 
‘with minimum error over the coupled relatively 

_ narrow rfrequencyvband, > . 

-a second diplexer coupled to said ?rst hybrid output 
‘terminal 'of each of said plurality of ‘hybrids and 
being'responsive to said signals within each of said 7 
narrow frequency bands for providing at the sec 
ond diplexer output‘ terminal wide frequency band 
signals of a given power level and phase, ' 

a third diplexer coupled to the second‘ hybrid output 
terminal of, each of said plurality of hybrids and 
being responsive to said signals within each of said 
narrow frequency‘ bands for providing at the third 
diplexer output terminal said wide frequency band 
signals of a power level substantially equal to said 
given power level and at 90° relative phase to said 

_ given phase. , ‘ 

. 2; A wideband polarizer for providing circularly po 
larized‘ waves from linearly polarized waves over a 
given wide band of frequencies with low axial ratio 

. comprising: 
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a first diplexer responsive to the linearly polarized 
signals over the given wide band of frequencies at 
its input for separating said linearly polarized sig 
nals by frequency to provide at a plurality of first 
diplexer output terminals linearly polarized signals 
within different narrow frequency bands where the 
sum of said narrow frequency bands covers the fre 
quency spectrum of said given wide band of fre 
quencies, 

a plurality of quadrature hybrids, each hybrid cou 
pled to a different one of said plurality of ?rst di 
plexer output terminals and adapted to provide 
equal power splitting to first and second output hy 
brid terminals with linearly polarized signals at the 
first hybrid output terminal undergoing 90° less 
phase shift than the linearly polarized signals at the 
second hybrid output terminal with minimum error 
over the coupled relatively narrow frequency band, 

a second diplexer coupled to said first hybrid output 
terminal of each of said plurality of hybrids and 
being responsive to said linearly polarized signals 
within each of said narrow frequency bands for 
providing at the second diplexer output terminal 
wide frequency band linearly polarized signals of a 
given power level and phase, - .7 _ ' ' 

10 

20 

as 

30 

35 

40 

45: 

50 

55 

60 

65 

8 
a third diplexer coupled to the second hybrid output 

terminal of each of said plurality of hybrids and 
being responsive to said linearly polarized signals 
within each of said narrow frequency bands cou 
pled thereto for providing at the third diplexer out 
put terminal said wide frequency band linearly po 
larized signals of a power level substantially equal 
to said given power level and at 90° relative phase 
to said given phase, 

an orthogonal coupler having a first terminal coupled 
to the second diplexer output terminal and an or 
thogonally oriented second terminal coupled to the 
third diplexer output terminal and responsive to 
linearly polarized signals for providing circularly 
polarized waves over said wide band of frequencies 
with substantially low axial ratio. 

3. The combination claimed in claim 2, wherein said 
first, second and third diplexers include band-pass fil 
ters coupled to the terminals of said hybrids. 

4. The combination claimed in claim 3 wherein all of 
the band-pass ?lters coupled to a given one of said hy 
brids are substantially identical. 

5. The combinationv claimed in claim 2, wherein said 
hybrids are short slot hybrids. ' - - Y 

* * * * * 


