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[57} ABSTRACT 

A ?at hybrid-T structure comprises an array of trans 
mission lines formed on a ceramic substrate. One line 
exhibits a symmetrical ?eld structure and another line 
exhibits an asymmetrical ?eld structure, the propaga 
tion axes of both lines being aligned. A third line is di 
vided into two identical branches and is perpendicular 
to the other two. Depending on which line is excited 
by a potential difference, the junction produced at the 
intersection of the lines behave like a shunt or series 
T-junction depending on the type of the third line. 

5 Claims, 8 Drawing Figures 
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FLAT HYBRID-T STRUCTURE FOR 
TRANSMITTING WAVE ENERGY 

BACKGROUND OF THE INVENTION. 

The present invention relates to hybrid-T structures 
for the transmission of electromagnetic waves, more 
particularly to structures known as magic T's. 
A magic-T structure belongs to a larger class of struc 

tures known hybrid T's which take the form of an oc 
topole assembled from a series T and a parallel T, both 
made from rectangular waveguides. 

FIG. 1 shows such an assembly, which thus has four 
arms marked 1, 2, 3 and 4. The properties of such an 
assembly are well known and will be summarized in 
what follows. If arms 2, 3 and 4, for example, are closed 
off by non~reflecting terminations and an incident wave 
is fed into arm I, the symmetry of the system is such 
that no energy will be received from arm 4, while equal 
electrical fields will appear at arms 2 and 3. Similarly, 
if excitation takes place through arm 4, no energy will 
be received from arm 1 while opposing electrical fields 
will appear at arms 2 and 3. These properties result 
from the fact that there is no coupling between arms I 
and 4. If matching members are inserted into these 
arms so that their coefficients of reflection are zero, 
there is obtained what is termed a magic T, in which 
there is complete electromagnetic symmetry between 
the two groups of arms 2, 3 and l, 4. 
Standard magic T’s are easily assembled problems to 

which a simple solution has not been found in joining 
from series and shunt waveguide junctions. 
This is no longer true if it is desired to produce hy 

brid-T structures from transmission lines of coaxial 
type, or the three-plate type, or the micro-strip or rib 
bon-line type. In this case shunt junctions can be pro 
duced easily and without upsetting the propagation 
modes. When lines such as to be incorporated in a hy 
brid-T, it is not possible to produce a series junction di 
rectly without upsetting the propagation modes to a 
considerable extent; generally it is necessary to use, for 
example, quarter-wave sections for this purpose. These 
sections enable conversions to be made from shunt to 
series but they have, however, the effect of increasing 
the bulk of the devices and of reducing the width of 
their operating band, 

SUMMARY OF THE INVENTION 

An object of the present invention is to produce a 
magic T having a ?at structure which avoids the draw 
backs mentioned above. 

In accordance with the invention, a hybrid octopole 
structure is assembled ?at from a series T-structure and 
a shunt Tlstructure, structure on a ceramic substrate 
which has a high dielectric constant and one of whose 
faces is metallized, this face being provided with two 
throughgoing, intersecting gaps forming a ?rst, a sec 
ond, a third and. a fourth channel meeting at the point 
of intersection and constituting transmission lines for 
the propagation of wave energy, one of the lines having 
input means for connecting it to a source of such wave 
energy. The ?rst channel is a coplanar line and the 
fourth channel is a slot line, these two channels being 
thus mutually decoupled or conjugate for the transmit 
ted wave energy and being part of one of the gaps while 
the second and third channels. forming part of the 
other gap. are of the same structure as either the ?rst 
or the fourth channel. i.e. coplanar or slot lines. In ci 
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2 
ther case, they form a shunt junction with the first and 
a series junction with the fourth channel. 

BRIEF DESCRIPTION OF THE DRAWING 

Other objects, features and advantages of the inven 
tion will be pointed out in the following description 
given with reference to the accompanying drawings in 
which we have illustrated by way of example, several 
different embodiments. In the Drawing: 

FIG. I relates to the prior art as already described; 
FIG. 2 is a perspective view of a ribbon line; 
FIG. 3 is a perspective view of a coplanar line; 
FIG. 4 is a perspective view of a slot line; 
FIG. 5 is a perspective view of a magic T comprising 

a combination of slot lines and a ribbon line; 
FIG. 6 is a perspective view ofa magic T using a com 

bination of a coplanar line and slot lines; 
FIG. 7 is a perspective view of a magic T according 

to our invention incorporating a combination of ribbon 
lines and a slot line and 
FIG. 8 is a perspective view of a magic T incorporat 

ing a combination of coplanar lines and a slot line, and: 

DESCRIPTION OF PREFERRED EMBODIMENTS. 

As stated above although it has proved easy to pro 
duce shunt-T junctions using coaxial lines or known 
types of line having a ?at structure such as three-plate 
lines or ribbon lines (microstrip), this has not been so 
in the case of series junctions, where coupling has to be 
accomplished by certain indirect methods, such as, for 
example, the use of quarter-wave sections arranged in 
a ring. 

In accordance with the invention, the simultaneous 
use of lines of the coplanar and slot type enables hy 
brid-T junctions, and more particularly magic TS. to be 
produced as ?at structures. 

In general three main types of lines can be deposited 
onto a flat substrate by metallizing: 

a. The ribbon line or microstrip, shown in FIG. 2, 
consists of a thin, ?at, conductive ribbon 5 deposited 
on a layer of dielectric 6 which rests on a ?at conductor 
7 known as the ground plane. The distribution of the 
electrical ?eld ?in such a line is symmetrical with re 
spect to the plane of symmetry P of the line, this plane 
passing through the axis D of the ribbon. 

b. FIG. 3 shows a so-called coplanar line. The ce 
ramic substrate 6, which has a high dielectric constant, 
is made conductive by metallizing its upper face 9, for 
example, and a gap 10 is made in this conductive sur 
face in which a conductive ribbon II is so positioned 
as to be symmetrical with respect to the central axis D 
of the unit. The coplanar line thus takes the form of a 
ceramic substrate coated with two ground-plane layers 
12 and 13 which are separated by a gap 10 and bracket 
the central conductive ribbon II whose width is less 
than that of the gap. The electrical field of a wave prop 
agated in the structure is~symmetrically distributed with 
respect to the plane of symmetry P of the line, as dem 
onstrated by the arrows. 

c. FIG. 4 shows a slot line, which is formed by making 
a slot 14 in the metallized face 15 of a ceramic sub 
strate 6 of a high dielectric constant. This slot line thus 
comprises two conductor strips planes l7, l8 separated 
by a slot l4. 
With this type of line, the electrical ?eld of excitation 

of the slot is asymmetrical with respect to the plane of 
symmetry P of the line. We have found that, by com 
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bining the two last-mentioned types of lines as a four 
channel array on a substrate we can produce magic T‘s 
realizing the aforestated object of our invention. 
FIG. 5 shows a series-T structure formed by two slot 

lines at right angles to one another on a metallized face 
(of a substrate 6. The other face of this substrate carries 
a ribbon 5 to enable the excitation of two channels 2 
and 3 from a channel 1 in conjugate relationship with 
a channel 4, these channels being analogous to l, 2, 3 
and 4 of FIG. 1. 
The metallized upper surface of the substrate 6 con 

stituting a ground-plane layer, forms two slot lines 14 
and 140 which are perpendicular to one another and 
divide that layer into 3 parts, l6, l7 and 18. On the 
lower face 19 of the substrate is imprinted a ribbon 5 
(drawn in broken lines) which forms with the ground 
plane layer 16 - 18 a ribbon line or microstrip of the 
type shown in FIG. 2. It will be noted that the end of 
the ribbon extends beyond the axis of the slot 140 by 
t\/4. lt will now be assumed that the slot line is excited 
via channel 1 by applying a potential difference across 
the edges of the slot 14. An electrical ?eld ?is set up 
in the slot 14 acting as input means as shown by arrows 
fl, f2. This causes phase-opposed electrical ?elds el 
and (T2 to be set up in channels 2 and 3 of slot 140 form 
ing the series branches of a planar T structure, which 
may be a magic T assuming that there is continuity of 
the currents i1, i2 at the level of the junction with chan 
nel 1. 
Under the above conditions, there is no coupling be 

tween the slot line 14 and the ribbon line 5 and thus be 
tween channels 1 and 4. 
On the other hand, by exciting channel 4, that is to 

say the ribbon line, a current 14 is produced in the rib 
bon which excites identical potential differences in the 
slot 140 perpendicular to it and thus in the_t’wo chan 
nels 2 and 3, so that the electrical fields e4 in these 
arms have the same direction. The slotted line 140 is 
thus excited with an inphase wave by the ribbon line. 
The conditions set up are the same as those existing in 
the shunt junction of a T. Channels 1 and 4 are com 
pletely decoupled as in any magic T. 
The M4 section is provided simply to ensure that arm 

4 is fully coupled to arms 2 and 3. 
FIG. 5 thus truly represents a magic T, produced as 

a flat structure, which has two mutually perpendicular 
slot lines and one ribbon line. 
FIG. 6 shows a T structure according to our invention 

incorporating a coplanar line and slot lines. 
This structure comprises again a ceramic substrate 6, 

having a high dielectric constant, whose upper surface 
is metallized. in this surface is formed a coplanar line, 
of the same type as that of FIG. 3, which comprises a 
conductive ribbon ll. centered on the axis of a wider 
gap 10. and mutually perpendicular slot lines 20 and 
21. The four. channelsof this T structure are channels 
l, 2,3 and 4 terminating at. the point of intersection of 
two throughgoingigaps in the. metallized face of the 
substrate. . 

.Channel 1, i.e. the coplanar line, is. for example, ex 
’ cited by a wave haying a symmetrical mode of propaga 

ElDl'l_‘Wl1lClh sets upelectrical ?elds in‘ the two parts of 
the gap 41) directed .fromeither side of the ribbon ll 
towards the respective edges of the gap 10. lf the hy— 
hrid structureis matched. there is an equal distribution 
of energy in the two branchesof the slot line 2] perpen 
dicular to the coplanar line and the corresponding elec 
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trical fields e21 and 022 in the two arms 2 and 3 are in 
phase. This channel I has the same electrical charac 
teristics as the shunt channel of a T structure. The rib 
bon ll of the coplanar line may overlie a nonillustrated 
ribbon line on the lower non-metallized face of the ce 
ramic substrate 6 so that there is total coupling be 
tween channel 1 and channels 2 and 3. This is only an 
example of matching and other means may be envis 
aged such as, for example, using inductances and ca 
pacitances to produce a tuned circuit. The absence of 
such a matching circuit would cause a relatively high 
degree of reflection of the mode propagated in channel 
I and would reduce accordingly the coupling to chan 
nels 2 and 3, but such a structure would nevertheless 
embody the principles of our invention. 

lf channel 4 is excited by setting up a potential differ 
ence at its terminals, the electrical ?eld e2 sets up 
3 ual but phase-opposed electrical ?elds, i.e. WI and 
e20 , as a result of the electrical continuity of currents 
[20 and at the junction with channels 2 and 3. The 
conditions set up here are the same those in the se 
ries channel of a T structure. Channels 1 and 4 thus ap~ 
pear completely decoupled. 
The T structure in FIG. 6 truly represents a magic T 

wherein channel I is the shunt channel and channel 4 
the series channel. 
Another magic T, shown in FIG. 7, is a combination 

of a shunt T, produced from two mutually perpendicu 
lar ribbon lines with a slot. 
The three arms of the T are formed by two mutually 

perpendicular ribbon lines 24 and 240; whilst the slot 
line 23 is de?ned by the metallized other face of the ce 
ramic block 6. ' 

If the ribbon line 24 is excited by an electrical ?eld 
e—24), the continuity of the currents i240 and 124i, at the 
junction with line 240 causes the electrical fields e240 
and F274? in the two branches of line 240 to be in phase. 
The T thus produced from lines 24 and 240 behaves 
like a shunt junction. 

If slot line 23 is excited by a potential difference at 
its terminals which_s_§:ts up an electrical field (723., the 
currents m’and 1230 which travel along the edge of the 
slot line generatelp line 240 hase-opposed fields at 
the junction, i.e. e250) and (T3? Channels 2. 3 and 4 
thus form a series junction. It will be noted that the rib 
bon line extends beyond the axis of line 240 for a length 
M4 so as to ensure good matching and full coupling. 
A further embodiment of a magic T according to the 

invention is shown in FlG. 8, this embodiment combin 
ing on the ceramic substrate 6 a shunt T formed from 
two coplanar lines and a slot line. 
The two coplanar lines 25 and 250 as well as the slot 

line 26 are formed on the same metallized face of the 
ceramic substrate 6 by integral conductive ribbons. 
Again the arms of the complete structure are repre 
sented by channels 1, 2, 3 and 4 terminating at the 
point of intersection of two throughgoing gaps. 

lf channel 1 is excited by applying a potential differ 
ence to its terminals. the distribution of the electrical 
?eld produced in line 25 is that shown by arrows j3.f4 
in HO. 8. The ?elds j30 and f4‘) generated in the two 
branches of the coplanar line 250 are thus in phase with 
one another. The current :25 passing through the con 
ductive ribbon of the coplanar line 25 divides into the 
two branches of line 250 and the direction of the ?eld 
in these branches is shown by arrows f30 and I40 on 
one side and f3], and f4] on the other. Since these 
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fields are in phase in the two line branches. the junction 
formed by the two coplanar lines is a shunt '11 
The slot line 26 is formed in the same plane as the co 

planar lines, which in this case is the metallized upper 
surface of the ceramic substrate 6. This slot line is, for 
example, excited by ?eld At the junction with line 
250, this ?eld generates ?eldsfS and f6 which are in 
phase opposition to the two branches of line 250. The 
current 1'26 passing through the conductive ribbon of 
line 250 excites ?elds which are oriented in the direc 
tions shown by arrowsfSO and f60 in the part of the gap 
of in line 250 remote from slot 26. The junction formed 
by lines 250 and 26 thus behaves like a series T. 

It will be noted that the width of the slot line 26 must 
be relatively small in relation to that of the coplanar 
line, in order to avoid disturbances at the opening made 
in line 250 where line 26 joins it. 
A number of ?at structures forming magic T’s have 

thus been described which are obtained by joining to 
gether coplanar lines, slot lines and ribbon lines‘ 
Through the disclosed embodiments may be modi 

fied without departing from the scope of the present ir1~ 
vention‘ it should be noted that it is not possible to ob~ 
tain a T-structure by joining together a coplanar line 
and a ribbon line, since the modes which are propa 
gated in this structure are symmetrical. without using 
complicated coupling means which our invention aims 
to eliminate. 
What is claimed is: 
l. A ?at hybrid-T structure comprising a dielectric 

substrate having a metallized face provided with two 
throughgoing, intersecting gaps forming a ?rst, a sec 
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6 
0nd, at third and a fourth channel meeting at the point 
of intersection and constituting transmission lines for 
the propagation of wave energy, said ?rst and fourth 
channels being mutually decoupled for said wave en 
ergy and forming part of one of said gaps, said ?rst 
channel being a coplanar line, said fourth channel 
being a slot line decoupled from said coplanar line for 
said wave energy, said second and third channels being 
part of the other of said gaps and being of the same 
structure as one of the channels of said one of said gaps 
to form with said ?rst and fourth channels a shunt junc 
tion and a series junction. respectively‘ and input 
means for connecting a source of wave energy to one 
of said lines. 

2. A hybrid-T structure as de?ned in claim 1 wherein 
said channels form a symmetrical orthogonal array‘ 

3. A hybrid-T structure as de?ned in claim 1 wherein 
said one of said gaps is wider in the region of said first 
channel than in the region of said fourth channel and 
is provided in said ?rst channel with a narrower con 
ductive ribbon terminating at said point of intersection. 

4. A hybrid-T structure as defined in claim 3 wherein 
said other of said gaps has a width greater than that of 
said one of said gaps in the region of said fourth chan 
nel and is provided with a throughgoing narrower con 
ductive ribbon integral with the ribbon of said first 
channel. 

5. A hybrid-T structure as de?ned in claim 3 wherein 
said other of said gaps has a width less than that of said 
one of said gaps in the region of said fourth channel. 

* * * * * 


