
499 976 2 F. J. SFERRAZZA March 21, 1961 
WAWEGUIDE TO STRIP TRANSMISSION LINE DIRECTIONAL COUPLER 

Filed May 14, 1958 2. Sheets-Sheet l 

? 

N 

N << 
+--~~~~ ~~~~ 

R N N 
NVENOR 

2.2. 
ATTORNEY 

PETER U 

24 

  

  

  

  

  

  

  

  

  

  

  



March 21, 1961 P. J. SFERRAZZA 2,976,499 
WAWEGUIDE TO STRIP TRANSMISSION LINE DIRECTIONAL COUPLER 

Filed May 14, 1958 2 Sheets-Sheet 2 

23 2 24 

s S N 
a. 

APERTURE ARRAY FOR NARROW WAL COUPLNG 

CENTRAL 
LONGTUDNAL 

AXIS fits 
A PERTURE ARRAY FOR BROADWALL COUPNG 

CENTRAL 
LONGITUDNA - NVENTOR AXIS 

PETER U.SFERRAZZA 

AORNEY 

  

  

  



United States Patent Office 2,976,499 
Patented Mar. 21, 1961 

1. 

2,976,499 
WAVEGUIDE TO STRP TRANSMISSION LINE 

DIRECTIONAL COUPLER 

Peter J. Sferrazza, Wantagh, N.Y., assignor to Sperry 
Raad Corporation, Great Neck, N.Y., a corporation 
of Delaware 

Filed May 14, 1958, Ser. No. 735,269 
3 Claims. (C. 333-10) 

This invention relates to electrical wave transmission 
systems and more particularly to improved electromag 
netic wave energy couplers providing a directional cou 
pling characteristic between hollow waveguides and strip 
transmission lines. 

Strip transmission lines consist generally of a thin con 
ductive tape or a strip supported on a strip of dielectric 
material on the surface of a somewhat wider conductor 
which acts as a ground plane. In some cases, the line 
is provided with two ground planes, each facing one sur 
face of a centrally located conductive strip sandwiched 
between two dielectric strips. Although strip transmis 
sion lines have the advantages of small size and light 
weight as compared to conventional hollow pipe wave 
guides, their power handling capabilities are limited. 
Thus, strip transmission lines may be used in the parts 
of a microwave system where the power level is low, 
and hollow pipe wave guides may be used in other parts 
of the same system where the power level is high. 

It is the general object of this invention to provide an 
improved directional coupler for use between hollow 
waveguides and strip transmission lines. 

Another object of this invention is to provide a hollow 
waveguide to strip transmission line directional coupler 
having a coupling coefficient and good directivity which 
is not detrimentally affected by changes in frequency over 
a broad frequency band of energy transmitted in the 
hollow waveguide. 
A still further object of this invention is to provide a 

waveguide to strip transmission line coupler having the 
ability to handle high main line power. 
Another object of the invention is to provide a hollow 

waveguide to symmetrical or unsymmetrical strip trans 
mission line coupler that is simple and inexpensive to 
manufacture. 
These and other objects of the invention will become 

apparent as the description proceeds. In one embodi 
ment of the invention, these objects are achieved by the 
provision of a waveguide transition for coupling from a 
rectangular waveguide operating in the TE mode to 
a strip transmission line operating in the TEM mode. 
Suitable directional coupling means such as a plurality 
of rectangular slots are disposed in one wall of the 
rectangular waveguide at a proper angle to interrupt the 
magnetic field. 

Flat coupling and high power handling capacity may 
be obtained by arranging the coupling slots in a side wall 
rather than a broad wall of the rectangular waveguide. 
High directivities over a wide bandwidth are achieved 
with multiple coupling apertures having different mag 
nitudes of coupling coefficients in accordance with a suit 
able array, e.g., the coefficients obtained from the bi 
nomial theorem or the Tschebychev expansion. 

Directional couplers embodying this invention have 
been tested at 7 megawatts peak power in an L band 
waveguide and showed no evidence of breakdown. These 
couplers lend themselves to printed circuit techniques in 
the strip transmission line portion. Since they can be 
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built to use a portion of the outer surface of the wave 
guide as the ground plane for the strip transmission line, 
these couplers add little to the size and weight of the 
main waveguide itself. 

For a better understanding of the invention, reference 
should be had to the accompanying drawings, wherein: 

Fig. 1 is a perspective view, partially cut away, of a 
waveguide to strip transmission line directional coupler 
embodying the invention; 

Fig. 2 is a transverse sectional view of the waveguide 
to strip line coupler taken along the line 2-2 of Fig. 1; 

Fig. 3 is a perspective view of a section of a type of 
strip transmission line adapted for use in the present in 
vention; 

Fig. 4 is a perspective view of a section of another type 
of strip transmission line adapted for use in the present 
invention. 

Fig. 5 illustrates a strip transmission line termination; 
Fig. 6 is an expanded view partially cut away of an 

other embodiment of the invention and is explanatory of 
the operation of the invention; 

Fig. 7 is a perspective view of a third type of strip 
transmission line adapted for use in the embodiment of 
the invention shown in Fig. 6; 

Fig. 8 is a diagrammatic view showing four apertures 
whose respective coupling magnitudes vary according to 
the coefficients of the binomial theorem, e.g., 1:3:3:1; 
and 

Fig. 9 is a diagrammatic view showing an example of 
apertures placed side by side in pairs. 

Referring now particularly to Fig. 1, a hollow rectangu 
lar waveguide 2 is provided with an elongated narrow 
opening 18, disposed in one of the waveguide narrow 
walls 5. Window 18 extends along a portion of the cen 
tral longitudinal axis of wall 5. Strip transmission line 
it is mounted on the side of waveguide 2 covering 
said window 18. The strip transmission line 1, as shown 
in Figures 2 and 3, comprises two dielectric layers 10 
and 12 with a thin strip of copper 1, or other suitable 
conductor sandwiched in between. The dielectric layers 
10 and 12 are covered on their outer surfaces 9 and 13 
with a thin layer of copper or other suitable electrical 
conductor. The conductor 9 which is contiguous to wall 
5, Fig. 1, of hollow waveguide 2 contains apertures 
6, 7, and 8. The strip transmission line has a termina 
tion 22 connected to one end of conductor 11 at the 
end closest to the input energy. Brass plates 14 and 
15 serve to complete the circuit at the terminating end 
of strip transmission line 1. A connecting device 17 
for providing a transition from the strip transmission. 
line to a coaxial line is connected to the other end. Elon 
gated narrow apertures 6, 7, and 8 are provided in the 
conductor 9 of strip transmission line 1 along that por. 
tion of the central longitudinal axis which communicates 
with hollow waveguide 2 through said window 18. The 
longitudinal axes of narrow elongated apertures 6, 7 
and 8 are obliquely inclined to the longitudinal axis of 
rectangular waveguide 2. 

Fig. 2 illustrates the juxtaposition of the two micro 
wave guides. 

Although Fig. 1 depicts as one embodiment of the 
invention a rectangular waveguide 2 coupled to strip 
transmission line 1, it is understood that all types of 
hollow waveguides may be similarly coupled to strip 
transmission line. In such cases, however, adjustments 
must be made with respect to dimensions, geometry, 
number and location of the coupling slots. 
The strip transmission line shown in Fig. 4 may be 

used in the same manner as the strip transmission line 
shown in Fig. 3 in combination with hollow waveguide 
2 to make a directional coupler. Fig. 4 depicts an un 
symmetrical strip transmission line. It is essentially the 
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same as symmetrical strip transmission line , Fig. 3 
with the elimination of dielectric 12 and outer conductor 
3. 
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Fig. 5 illustrates in greater detail termination 22 of 
Fig. 1. Any resultant backward energy directed along 
conducting strip 11, Fig. 1, that arrives at termination 
22 will be absorbed. The termination 22 comprises a 
narrow band of evaporated metal film 21, having a re 
sistivity matching the impedance of the strip transmis 
sion line, centrally located on a heat resistant electrical 
insulator, e.g. a ceramic or glass wafer. Two bands of 
solder film 23 and 24 are placed on each side of the 
metal film. A thin protective coasting such as quartz 
may be provided to seal the metal film from the atmos 
phere. The strip transmission line center conductor 11. 
is connected to one soldered end 23 or 24 of termination 
22. The other end of the termination is clamped between 
metal plates 14 and 15, Fig. 1. Plate 4 and ground 
plane 9 are bolted to metal waveguide wall 5, Fig. 1. 

In the embodiment of the invention shown in Fig. 6, 
the coupling apertures are cut only into the walls of the 
hollow waveguide. Note that this is the complement of 
the coupler shown in Fig. 1 where the apertures are cut 
only into the strip transmission line. A strip transmission 
line 19 without ground plane 9 of Fig. 3 is mounted over 
the slots. The wall 50 of hollow waveguide 20 being con 
tiguous to the dielectric wall 10 of strip transmission line 
19 serves as the second ground plane for the strip trans 
mission line. 
The strip transmission line depicted in Fig. 7 may be 

used with the hollow waveguide 20 to make a directional 
coupler in the same manner as described above with ref 
erence to Fig. 6. The strip transmission line shown in 
Fig. 7 is similar to that shown in Fig. 4 but without the 
ground plane conductor 9. 

Although waveguide to strip transmission line couplers 
of the type shown in Fig. 1 having windows in the walls of 
the hollow waveguide are easier to manufacture than the 
type shown in Fig. 6 having slots in the walls of the hol 
low waveguide, the latter is more satisfactory for high 
power application. 

Fig. 6 is also explanatory of the operation of the in 
vention. The flow of current in the strip transmission 
line 19 is parallel to its longitudinal axis while the flow 
of current in the sidewall of the rectangular waveguide 26 
is perpendicular to its longitudinal axis. Thus, the pri 
mary and Secondary current flows are at right angles to 
each other, Calculations have shown that slots placed at 
a 45° angle to such perpendicular current flows give max 
imum coupling while slots placed in a position parallel 
to either current flow will give zero coupling. 

Magnetic field 30, in the TE10 mode, is shown travel 
ing forward in the main waveguide 29 in the direction of 
arrow. 25. At slot 6 this energy is separated into two por 
tions. One portion continues forward into the main wave 
guide 20. The other portion proceeds through coupling 
elements 6 into the auxiliary section of strip transmission 
line 19. This is due to slot 6 being placed at 45° to the 
magnetic field and causing thereby a perturbation in the 
magnetic field with associated fringing. The fringed mag 
netic field encircles the center conductor 11 of the strip 
transmission line 19 causing a current to flow in said cen 
ter conductor where it divides into a forward wave and a 
backward wave. The forward wave 26 proceeds in the 
same direction of propagation of energy as in the main 
waveguide. The backward wave proceeds in an opposite 
direction towards an energy absorbing termination. As 
an alternative, a connecting means, such as the one shown 
as 17, Fig. 1, may also be provided for connecting the 
backward directed wave to an external coaxial cable. 
The longitudinal axes of the slots shown in Fig. 6 

make angles of 45° with the transverse plane to the wave 
guide. This arrangement will best achieve maximum 
center narrow wall coupling. 
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4. 
Fig. 8 depicts an arrangement of four apertures in a 

binomial array. The dimensions shown are suitable for 
an L band coupler. The ratio of the coupling coefficients 
of the apertures may be expressed as the coefficient of 
the binomial expansion, e.g., 1:2:1 for a three element 
array 1:3:3:1 for a four element array, etc. Fig. 8 illus 
trates an aperture array for maximum narrow wall cou 
pling. Note that the longitudinal axes of the apertures 
make an angle of 45 with the longitudinal axis of the 
array. The array is centrally disposed in the side of the 
waveguide. 
The velocities of propagation in the primary and sec 

ondary lines of the directional coupler are unequal. 
Therefore the apertures are not spaced at quarter wave 
length intervals as is usual in directional couplers, but 
are spaced so as to provide a round trip phase shift of 
180° at the design frequency. This will cause cancella 
tion of the backward waves. The forward waves will 
not combine exactly in phase, but this will not substan 
tially affect the directivity of the coupler, and will cause 
only a slight increase in the attenuation. For example, 
the forward current from slot 6, Fig. 1, will add to the 
forward current from slot 7 along the strip transmission 
line because they are approximately in phase. The back 
ward current from slot 6 will cancel the backward cur 
rent from slot 7 because the distance between slots is 
such that the backward current from slot 7 will have 
traveled a distance equal to 180° and the two currents 
are then out of phase. 

Consider the spacing between any two slots in a three 
element binomial array. Because of the difference in 
phase velocities of the two dissimilar transmission lines 
we may consider the spacing in electrical degrees between 
two slots in the strip transmission line to be 0 and 0 in 
the waveguide. Referring the phase of the waves to a 
reference established at the center of the binomial array, 
the vector sum of the forward coupled amplitude may be 
shown to be 

2-H2 cos (6s-8w) (1) 
It may also be shown that the following is an expression 
for X, the spacing between slots for a total "round trip' 
of 180 between successive slots. 
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s 

2 (360°) + (360°) = 180° (2) As Ng 

where As and as are the respective wavelengths in the strip 
transmission line and waveguide. 
Assume that it is desired to design the apertures for 

coupling a strip transmission line to a rectangular wave 
guide. The apertures are specified to be rectangular nar 
row slots placed along the central longitudinal axis of the 
narrow waii of the rectangular waveguide at an angle of 
45 with the transverse plane. 

Knowing the desired amplitude A of the forward 
coupled wave, it may be shown that the length and width 
of a single slot may be determined from the following ex 
pression: 

A== (3) TE, f4 (.233 wi2+.04449) VR 
2a-V2abCD X 

where 

E is the relative dielectric constant of the strip line ma 
terial; 

w is the slot with; 
l is the slot length; 

D=y+2Cin2 
C=thickness of strip transmission line; 
a=width of hollow waveguide; 
b=height of hollow waveguide; 
As-the guide wavelength in the rectangular waveguide; 
A=free space wavelength. 
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It can be shown that Formula 3 was derived from 
Bethe's general expressions for coupling formulas found 
in MIT Radiation Lab. Report 194, March 24, 1943. 
Similar expressions may be derived for other applications 
involving such variations of coupling elements as rec 
tangular slots in the broadwall, round irises in the broad 
wall, apertures in circular waveguides, aperture angles 
other than 45, etc. 
From Equation 2, supra, the proper slot spacing X is 

determined. To obtain directivity, a three element bi 
nomial array (1:2:1) may be selected. 
From Equation 1, supra, the vector sum of the ampli 

tude of the forward coupled waves normalized to the 
end element is: 

2-2 cos (0s-6 w) 
where 0s and 6 w are the slot spacings in electrical degrees. 

For a coupler of N db it may be shown that the 
coupling of the center slot is: 

2-2 cos (6- Center = -N-20 log 2 Pv2db 

The coupling of the end slots is: 
Cend=Center-6 db 

In a similar manner, the coupling values for an array 
of any arbitrary number of elements can be determined. 

In the practice of the invention with rectangular hollow 
waveguides, it is preferred at present to couple through 
the narrow wall rather than the broad wall. However, 
broad wall coupling may be used. One suitable array 
for this purpose, shown in Fig. 9, consists of pairs of 
slots spaced along the center of the broad wall and ex 
tending transversely of the longitudinal axis. The dimen 
sions given in Fig. 9 are suitable for an L band coupler. 
While the invention has been described in its preferred 

embodiments, it is to be understood that the words which 
have been used are words of description rather than of 
limitation and that changes within the purview of the 
appended claims may be made without departing from the 
true scope and spirit of the invention in its broader 
aspects. 
What is claimed is: 
1. A microwave directional coupler comprising a sec 

tion of rectangular waveguide transmission line having 
broad and narrow walls and adapted to propagate travel 
ing waves of microwave energy in a transverse electric 
mode, a section of strip transmission line adapted to 
propagate traveling waves of microwave energy in the 
transverse electromagnetic mode, said strip transmission 
line having a strip conductor and a ground plane con 
ductor, a narrow wall of said rectangular waveguide and 
said ground plane conductor being contiguous over por 
tions of their respective lengths, the contiguous portions 
of Said transmission lines having common successively 
spaced narrow elongated coupling apertures disposed 
therein for providing magnetic field coupling between said 
two transmission lines, said coupling apertures extending 
in a direction parallel to the direction of propagation of 
microwave energy in said rectangular waveguide and each 
of said coupling apertures having its longitudinal axis 
inclined at an oblique angle to the longitudinal axis of 
said rectangular waveguide, the round trip spacing be 
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tween two of said spaced coupling apertures being sub 
stantially equal to 180 electrical degrees at the design 
frequency to provide cancellation of backward coupled 
waves, said round trip spacing including one traversal 
between apertures in each of said transmission lines. 

2. A directional coupler comprising a section of hollow 
rectangular waveguide transmission line having broad 
and narrow walls for propagating traveling waves of 
microwave energy in a transverse electric mode, a section 
of strip transmission line comprised of a strip conductor 
and a ground plane conductor extending parallel to a 
narrow wall of said rectangular waveguide, said narrow 
wall and said ground plane conductor being contiguous 
over portions of their respective lengths, a plurality of 
narrow elongated coupling apertures longitudinally spaced 
in the contiguous portions of said transmission lines for 
coupling microwave energy between said lines, the longi 
tudinal axes of said coupling apertures being at oblique 
angles to the longitudinal axis of said rectangular wave 
guide to couple transverse current flowing across the nar 
row wall of said rectangular waveguide to a longitudinal 
current on said strip transmission line, the round trip 
spacing between adjacent coupling apertures being sub 
stantially equal to 180 electrical degrees at the design 
frequency to provide cancellation of backward coupled 
waves thereby directionally coupling microwave energy 
between said transmission lines, said round trip spacing 
including one traversal between adjacent apertures in each 
of said transmission lines. 

3. A microwave directional coupler comprising a sec 
tion of hollow conductively bounded waveguide trans 
mission line for propagating traveling waves of micro 
wave energy in a transverse electric mode wherein the 
electric field of said waves is polarized in a first direction 
transverse to the longitudinal axis of said waveguide, a 
section of strip transmission line comprised of a strip con 
ductor and a ground plane conductor positioned on said 
waveguide along a longitudinally extending region where 
current flow in said hollow waveguide is in a trans 
verse direction parallel to said first direction, said ground 
plane conductor and said longitudinally extending region 
of said hollow waveguide being contiguous over portions 
of their respective lengths, a plurality of narrow elongated 
coupling apertures longitudinally spaced in the contiguous 
portions of said transmission lines, the longitudinal axes 
of said coupling apertures being at oblique angles to said 
first direction to couple said tansverse current from said 
hollow waveguide to a longitudinal current on said 
strip transmission line, the round trip spacing between 
adjacent coupling apertures being substantially equal 
to 180 electrical degrees at the design frequency to pro 
vide cancellation of backward coupled waves thereby di 
rectionally coupling microwave energy between said trans 
mission lines, said round trip spacing including one 
traversal between adjacent apertures in each of said trans 
mission lines. 
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