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[57] ABSTRACT 

Apparatus is disclosed for coupling a wave transmitted 
between a waveguide and a strip line. In particular, 
the strip line is composed of a conductor, a dielectric 
substrate and an earth (or ground) conductor. In ac 
cordance with teachings of this invention the coupling 
is achieved by inserting a slot mode between the strip 
propagation mode and the waveguide mode in a strip 
line to waveguide transition. More specifically, a slot 
is formed in the earth conductor of the strip line and 
the slot is disposed to intersect or to traverse the strip 
line conductor to achieve the desired coupling. 

10 Claims, 13 Drawing Figures 
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STRIP LINE T0 WAVEGUIDE TRANSITION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to transducers or coupling ap 

paratus, and in particular to a strip line to waveguide 
transition, adapted for coupling the wave transmitted 
through a strip line to a waveguide. 

2. Description of the Prior Art 
Many types of strip line to waveguide transitions 

have been proposed for coupling wave energy between 
a strip line and a waveguide. With regard to the 
drawings, FIGS. 1, 2 and 3 show various strip line to 
waveguide transitions as suggested by the prior art. In 
FIG. 1, a transition is shown including a conductor 2 in 
serted into a waveguide 1 within its E plane; more 
speci?cally, the conductor 2 is mounted upon a dielec 
tric substrate 3 and is disposed a distance lfrom a short 
circuit wall of the waveguide I, wherein Z is substan 
tially equal to )tg/4, where A, is the wavelength in the 
waveguide transmitted within the waveguide l. The 
device described with regard to FIG. 1 may be simply 
assembled and constructed; however, its transmission 
characteristics are not wideband._ 

In FIG. 2, a further transition of the prior art is shown 
as including a waveguide 11 and a metallic plate or 
finger 14 extending‘ from a wall thereof. A strip line is 
disposed within the waveguide 11 and includes a con 
ductor having an end portion connected to the metallic 
plate 14. Further, the strip line is connected to an inner 
wall of the waveguide 11. A device, such as described 
with regard to FIG. 2, has the defect of loss due to elec 
trical and mechanical instability of connection. 

In FIG. 3, there is shown an impedance transforma 
tion to a strip line 23, which is carried out by a metallic 
plate 25 inserted within a waveguide 21. The strip line 
23 includes a conductor 22 which is connected to the 
metallic plate 25. Such a waveguide transducer may 
leak to the housing of the strip line, and spurious-mode 
resonance loss caused by radiation-mode is increased 
to the extent that the device shown in FIG. 3 is not ap 
plicable to multiplex radio communication apparatus. 

SUMMARY OF THE INVENTION 

It is an object of this invention to couple wave energy 
between a waveguide and a strip line with a minimum 
loss of wave energy while achieving a broad bandwidth 
capability. 

In accordance with this and other objects of this in 
vention, the teachings of this invention are accom 
plished by forming a transition between a strip line and 
a waveguide by interposing a slot mode therebetween. 
More speci?cally, the strip line includes a conductor, a 
dielectric substrate and an earth conductor having a 
slot formed therein so as to intersect the strip line con 
ductor. The strip line is disposed within the waveguide 
so that its electromagnetic ?eld distribution is substan 
tially aligned with that of the waveguide to effect the 
desired coupling. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

In the detailed description of the preferred embodi 
ment of the invention presented below, reference is 
made to the accompanying drawings in which: 
FIGS. 1, 2 and 3 show strip line~waveguide transi 

tions of the prior art; 
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2 
FIG. 4 is a perspective view of the slot mode in ac 

cordance with the teachings of this invention; 
FIG. 5 is a partial perspective view of the relationship 

between a strip line and a slot mode in accordance with 
teachings of this invention; 

FIG. 6 is a partially broken away, perspective view of 
a further embodiment of this invention; 

FIG. 7 is a partially broken away, perspective view of 
another embodiment of this invention; 

FIGS. 8 to 11 are partially broken away, perspective 
views of further embodiments of the strip line to 
rectangular waveguide transition in accordance with 
teachings of this invention; and 

FIGS. 12 and 13 are partially broken away, perspec~ 
tive views of strip line to circular waveguide transitions 
in accordance with teachings of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With regard to the drawings and in particular to FIG. 
6, there is shown a strip line to waveguide transition 
comprising a strip line including a conductor 32 
mounted upon a support member or plate 33, made of 
a suitable dielectric material such as ceramic or glass. 
As shown in FIG. 6, this strip line is inserted into a 
waveguide 31 having in one illustrative embodiment a 
rectangular con?guration. More speci?cally, the strip 
line is so disposed within the rectangular waveguide 31 
that the direction of the electric ?eld indicated by an 
arrow identi?ed by the letter E is disposed substantially 
parallel to the plane of the dielectric plate 33. Further, 
the strip line includes an earth (or ground) conductor 
36, which is suitably mounted upon a metallic block 38, 
disposed in the waveguide 31 for providing a suitable 
means for mounting the strip line in a ?xed relationship 
with the waveguide 31. As indicated in FIG. 6, the 
dielectric plate 33 is disposed between the earth con 
ductor 36 and the conductor 32. In accordance with 
the teachings, of this invention, an elongated slot 37 of 
appropriate width is formed within the earth conductor 
36 to traverse or intersect orthogonally an end portion 
or part 32' of the conductor 32. As indicated in FIG. 6, 
the conductor 32 resembles a question mark so that its 
curved or end portion 32’ is disposed orthogonally to 
the slot 37. 
The signi?cance of the slot disposed within the earth 

conductor 32 of the strip line will be explained with re 
gard to FIGS. 4 and 5. The distribution of the elec 
tromagnetic ?eld formed by the slot 47 ‘disposed within 
the earth conductor 46 is shown by the E and H planes 
in FIG. 4. It is signi?cant that the electromagnetic ?eld 
formed by the slot 47 is similar to the distribution of an 
electromagnetic ?eld in a waveguide; as a result, the 
transformation from the waveguide mode to the slot 
mode is easily carried out over a wide bandwidth in ac 
cordance with the teachings of this invention. In FIG. 5, 
the strip line includes a conductor 42 with an end por 
tion 42', a dielectric plate 43 and earth conductor 46 
with a slot 47 formed therein so as to intersect 
orthogonally the end portion 42'. By so disposing the 
slot 47 orthogonally with respect to conductor 42, the 
transformation from the slot mode to the strip line 
mode can be accomplished over a wide bandwidth. 
As shown in FIG. 6, the metallic block 38 used for 

mounting the strip line interrupts the propagation of 
the basic mode of the waveguide, because the length of 
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the waveguide 31 is substantially decreased by the in 
sertion of the block 38 at the side of the strip line. In a 
transition shown in FIG. 6, the open end of the slot 37 
is disposed adjacent to the end portion 32’ and un 
necessary magnetic coupling may occur in that part 32’ 
and the characteristics of the resultant transition may 
suffer. Though the effect of this unnecessary magnetic 
coupling can be decreased by con?guring the part 32’ 
of the conductor 32 to displace the conductor 32 from 
the open end of the slot 37, such displacement makes 
the conductor 32 longer and hence the loss of the con 
ductor 32 is increased. 
With regard to FIG. 7, another embodiment of this 

invention is shown as including a strip line formed by a 
dielectric plate 53, disposed between a conductor 52 
and an earth conductor 56. A slot 57 is formed within 
the earth conductor 56, to have a continuous, proper 
curve bent toward a wall of a waveguide 51. Further, 
the conductor 52 has an end portion 52’ disposed at an 
angle to the remaining portion of the conductor 52, to 
intersect orthogonally with the slot 57. As shown in 
FIG. 7, the dielectric plate 53 is cut at an angle with 
respect to a wall of a waveguide 51, to present an end 
surface 53’, that is adjacent to and disposed along the 
bent portion or part 52’ of the conductor 52. In such an 
embodiment, the magnetic coupling between the end 
of the slot 57 and the conductor 52 can be substantially 
neglected. More speci?cally, the end surface 53’ is 
disposed substantially parallel to the end portion 52' 
and adjacent thereto; as a result, the disturbance within 
the electromagnetic ?eld is decreased to a minimum. 
As the connection between the slot 57 and the end por 
tion 52’ is strengthened, the frequency characteristics 
of the transducer are improved, and wideband transfor 
mation can be obtained thereby. As shown in FIG. 7, 
the slot 57 is bent or curved toward a wall of the 
waveguide 51 in a manner similar to that described 
above. Hence, the conductor 52 may be shorter than 
that conductor shown in the embodiment of FIG. 6. 
Thus, the conductor loss is decreased and a small size, 
low loss strip line to waveguide transition is provided. 
With regard to FIG. 8, there is shown a further em 

bodiment of this invention in which a strip line is 
disposed within a waveguide 61 and includes a dielec 
tric plate 63 disposed between a conductor 62 and an 
earth conductor 66. The earth conductor 66 is made of 
a suitable metallic material and has an appropriate 
thickness; a slot 67 is formed within the earth conduc 
tor 66 to separate the earth conductor 66 into two 
parts, one of which (the lower part as shown in FIG. 8) 
is extended with respect to the other. 

In FIG. 9, a further improvement may be obtained 
from the transducer shown in FIG. 8, by disposing a 
tapered slot 77 within the ground conductor '76. More 
speci?cally, the slot 77 increases in width toward its 
open end to provide two tapered surfaces as shown in 
FIG. 9. . 

FIG. 10 shows a further embodiment of this inven 
tion wherein impedance matching between the 
waveguide mode and the slot mode are obtained and 
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wideband characteristics are improved. In particular, . . 

the embodiment shown in FIG. 10 is similar to that 
shown in F IG. 6 with the exception that a block 89 is in 
serted within the waveguide 81 and has a dimension 
along a direction across the width of the waveguide, 
smaller than that of the metallic block 88. 
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In FIG. 11, there is shown a still further embodiment 

of this invention, in which the separate metallic blocks 
88 and 89 of the embodiment of FIG. 10 are replaced 
by a single block 100. More speci?cally, the end sur 
face of the block 100 shown in FIG. 11 is tapered to 
provide a curved surface: As a result, the spacing 
between the tapered surface of the block 100 and the 
earth conductor 97 will be gradually increased. 
The embodiments of this invention previously shown 

and discussed have each related to a waveguide of 
rectangular con?guration. However, it is apparent as 
shown in FIGS. 12 and 13 that this invention is also ap 
plicable to waveguides of a circuit con?guration. In 
FIG. 12, a strip line is disposed into a circular 
waveguide 121,, to be substantially paralleled with the 
E ?eld as indicated by the arrow of the TE“ mode of 
the circular waveguide 121“. The strip line includes an 
earth conductor 126 securely fixed to a metallic block 
128,,. Further, the earth conductor 126 has a slot 127 
disposed therein, dividing the earth conductor 126 into 
two parts. The‘ upper part as shown in FIG. 12 is ex 
tended with respect to the lower part. 
The transition shown in FIG. 13 is similar to the em 

bodiment of FIG. 12, but has improved characteristics 
in that the earth conductor 136 has formed therein a 
slot 137 with surfaces that taper toward its open end. 
The transitions described above are adapted for an 

unbalanced strip line, but it should be understood that 
these embodiments may also be used for a balanced 
strip line. The output and input outlets of the 
microwave circuits, and in particular millimeter wave 
circuits, are usually formed by waveguides. The circuit 
elements of such circuits are typically integrated on a 
strip line so that the transducer of this invention may be 
used for connecting the strip line to the output and 
input elements thereof. As a result of the use of this in 
vention, a wideband and low loss radio equipment may 
be obtained. 
As described above, in the strip line to waveguide 

transition of this invention, the waveguide mode is 
transduced to the slot mode whose distribution is 
similar to that of the waveguide mode. In turn, the slot 
mode is transformed to the strip propagation mode and 
as a result, impedance matching can be easily accom 
plished over a wideband. Further, because the slot is 
formed in the earth conductor of the strip line (or in 
the metallic carrier plate on which the strip line circuits 
are mounted), the structure of this transition is in 
herently simple. In the transforming from the slot mode 
to the strip propagation mode, the coupling between 
both modes can be controlled by the angle of intersec 
tion between the slot and the conductor, and wideband 
characteristics are obtained. 
The invention has been described in detail with par 

ticular reference to a preferred embodiment thereof, 
but it will be understood that variations and modi?ca 
tions can be e?'ected within the scope of the invention. 
We claim: 

l. A strip line to waveguide transition comprising: 
a. a hollow waveguide for propagating electromag 

netic waves in a waveguide mode along the axis of 
said waveguide; 

b. a strip line for propagating electromagnetic waves 
in a strip line mode therealong and comprising a 
?rst conductive element, a second earth, conduc 
tive plate and a dielectric substrate disposed 
therebetween; and 
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c. a slot line for coupling the electromagnetic waves 
between said waveguide and said strip line, said 
slot line being formed within said conductive plate 
of said strip line substantially parallel to said axis 
of said waveguide, said conductive plate being 
disposed substantially parallel to the direction of 
the electric ?eld of said electromagnetic waves 
propagated by said waveguide whereby the elec 
tric and magnetic ?elds of the electromagnetic 
wave propagated by said waveguide are aligned 
with the electric and magnetic ?elds of the elec 
tromagnetic wave propagated by said slot line, said 
?rst conductive element of said strip line disposed 
substantially orthogonal to said slot line whereby 
the electric and magnetic ?elds of the electromag 
netic waves propagated by said strip line are 
smoothly coupled with said slot line. 

2. Apparatus as claimed in claim 1, wherein said slot 
comprises at least one edge surface, said edge surface 
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being con?gured in a curve directed toward a wall of 20 
said waveguide. 

3. Apparatus as claimed in claim 1, wherein said slot 
forms ?rst and second portions of said earth conductor, 
said ?rst portion extending a greater distance along 
said waveguide than said second portion. 

4. Apparatus as claimed in claim 1, wherein said 
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6 
dielectric member has an end surface disposed at an 
acute angle with respect to a wall of said waveguide, 
said ?rst conductor having an end portion aligned in a 
substantially parallel relationship with said end surface. 

5. Apparatus as claimed in claim 1, wherein said strip 
line has an end portion shaped as a question mark to 
orthogonally traverse said slot line. 

6. Apparatus as claimed in claim 1, wherein said con 
ductive plate has an edge portion and said slot line is 
formed within said conductive plate of said strip line, 
having opposed surfaces curved away from each other 
as said surfaces approach said edge portion. 

7. Apparatus as claimed in claim 1, wherein said 
waveguide has a cross-section of a circular con?gura 
tion. 

8. Apparatus as claimed in claim 1, wherein said 
waveguide has a cross-section of a rectangular con?gu 
ration. 

9. Apparatus as claimed in claim 1, wherein a con 
ductive member is disposed between the periphery of 
said waveguide and said conductive plate for support 
ing said strip line within said waveguide. 

10. Apparatus as claimed in claim 9, wherein said 
support member includes a portion of reduced width 
disposed upon the periphery of said waveguide. 

* * * ill * 


