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[5 7] ABSTRACT 

A coupled line type directional coupler comprises a 
?rst directional coupling unit including mutually insu 
lated ?rst and second metal strip lines having a length 
of M4 which are crossed three-dimensionally at the 
center of the directional coupling unit and run parallel 
to each other, the ?rst and second metal strip lines 
being bent substantially at a right angle and substan 
tially at the center of the ?rst directional coupling 
unit; and a second directional coupling unit including 
mutually insulated third and fourth metal strip lines 
having a length of M4 which are crossed three 
dimensionally at the center of the directional coupling 
unit and run parallel to each other, the third and 
fourth strip lines being bent substantially at the center 
of the second directional coupling unit, whereby the 
?rst and second directional coupling units are directly 
coupled in tandem. 

2 Claims, 5 Drawing Figures 
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STRIPLINE DIRECTIONAL COUPLER HAVING 
BENT COUPLING ARMS 

This invention relates to a coupled line type direc 
tional coupler, particularly to a directional coupler for 
use in a microwave strip circuit. 
A coupled line type directional coupler as shown in 

FIG. 1 has been used as a mixer in amicrowave receiv 
ing device. The coupled line type directional coupler is 
provided with directional coupling units 1, 2 coupled in 
tandem. The directional coupling unit I has a pair of 
strip lines 3, 4 having a length of M4 (A being the wave 
length of the handled signal) which are crossed at the 
center of the directional coupling unit and run parallel 
to each other. The directional coupling units 1, 2 are 
coupled in tandem by means of strip lines 7, 8. 
With the directional coupler, the strip lines 7, 8 are 

advantageously made longer so as to prevent a mutual 
in?uence of the directional coupling units 1, 2. How 
ever, when the strip lines 7, 8 are made longer, the strip 
lines 7, 8 per se impart an in?uence to the characteris 
tics of the coupled line type directional coupler. Fur 
thermore, a bulkier directional coupler results. There 
fore, the length of the strip lines 7, 8 is empirically de 
termined to be M4. FIG. 4 shows in broken lines output 
characteristics at a port II and VSWR at a port I in 
volved when a signal of 2.0-4.0 GHz is applied to the 
port I. As will be evident from this ?gure, an amount 
of attenuation of an output at the port II is below 20 dB 
and VSWR is l.3—l .4 which indicates a poor character 
istic. 
This invention relates to a small-sized directional 

coupler whose characteristics are improved. 
In one aspect of this invention there is provided a di 

rectional coupling comprising a ?rst directional cou 
pling unit having mutually insulated ?rst and second 
strip lines having a length of M4 which are crossed at 
one location and run parallel to each other, the ?rst 
and second strip lines being bent, a second directional 
coupling unit having mutually insulated third and 
fourth strip lines having a length of M4 which are 
crossed at one location and run parallel to each other, 
the third and fourth strip lines being bent, whereby the 
?rst and second directional coupling units are directly 
coupled in tandem. 
This invention can be more fully understood from the 

following detailed description when taken in conjunc 
tion with the accompanying drawings, in which: 
FIG. 1 is a diagrammatic view showing a conven 

tional coupled line type directional coupler; 
F IG. 2 is a diagrammatic view illustrating the princi 

ple of a coupled line type directional coupler according 
to this invention; 
FIG. 3 is a perspective view of a directional coupler 

based on the principle of FIG. 2; 
FIG. 4 is an explanatory view showing the character 

istics of coupled line type directional couplers based on 
the principle of FIGS. 1 and 2; and 
FIG. 5 is a diagrammatic view illustrating the princi 

ple of another coupled line type directional coupler ac 
cording to this invention. 
A coupled line type directional coupler shown in 

FIG. 2 is provided with directional coupling units ll, 
12 having a degree of coupling of 8.34 dB. The direc 
tional coupling unit 1] has mutually insulated metal 
strip lines 13, 14 having a length of M4 which are three 
dimensionally crossed substantially at the central por 
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2 
tion of the directional coupling unit and run parallel to 
each other at the remaining portion. The directional 
coupling unit 12 has mutually insulated metal strip lines 
15, 16 having a length of N4 which are three 
dimensionally crossed substantially at the central por 
tion of the directional coupling unit 12 and run parallel 
to each other at the remaining portion. The metal strip 
lines 13, 14 and l5, 16 are bent substantially at a right 
angle at the crossed central portion so that the respec 
tive both ends of the metal strip lines l3, 14 are ar 
ranged opposite to the respective both ends of the 
metal strip lines 15, 16. One end of the metal strip line 
13 is coupled directly to one end of the metal strip line 
16 which is opposite to the one end of the strip line 13 
and one end of the metal strip line 14 corresponding to 
the other end of the strip line 13 is coupled directly to 
one end of the metal strip line 15 corresponding to the 
other end of the strip line 16 so that the directional 
coupling units 11 and 12 are coupled in tandem to pro 
vide a directional coupler. The respective other ends of 
the metal strip lines 13, l4, l5 and 16 are extended to 
form ports I, II, III and IV. The metal strip lines 14 and 
16 have metal strips 17 and 18, respectively. The metal 
strip 17 spans the metal strip 13 at one location where 
the metal strip lines 13 and 14 are to be crossed relative 
to each other, while the metal strip 18 spans the metal 
strip 15 at one location where the metal strip lines 15 
and 16 are to be crossed relative to each other. 
The directional coupler has no coupling strip lines 7, 

8 for the directional coupler shown in FIG. 1. This 
completely obviates disadvantages such as the bulki 
ness of a directional coupler, deterioration of directiv 
ity and VSWR, and so on. caused due to the presence 
of such coupling strip lines. 
FIG. 3 shows one embodiment based on the principle 

of FIG. 2. A directional coupler of the type shown in 
FIG. 2 is formed on an alumina substrate 21. Sections 
corresponding to respective metal strips l3, l4, l5, 16 
are formed on an alumina substrate 21 (dielectric con 

stant 10.5) of a chromiumgold double layer having a 
0.635 mm thickness. Gold strips 17 and 18 are used to 
span the strip lines 13 and 15, respectively. The width 
of each strip line is made to be 0.380 mm and a spacing 
between the strip lines 13 and 14 and a spacing be 
tween the strip lines 15 and 16 are made to be 0.110 
mm, respectively. Respective ports I, II, III, IV are con 
nected to coaxial plugs 22, 23, 24, 25 so as to be cou 
pled to outer coaxial lines (not shown). The substrate 
21 is secured to a metal block 30 by ?tting means 26, 
27, 28 and 29. In a graphical representation of FIG. 4 
solid lines show output characteristics at the ports II, III 
and IV and VSWR at the port I involved when input 
signal is applied to the port I of the coupled line type 
directional coupler. An operating central frequency is 
3 GHZ. As will be evident from this ?gure, an amount 
of attenuation at the outlet of the port II is improved up 
to more than 20 dB and VSWR is restricted to below 
1.2. 
Such improved characteristics are attained by di 

rectly coupling the directional coupling units 11 and 12 
in tandem without interposing any strip lines such as 
coupling strip lines 7, 8 etc. as is found in a conven 
tional direction coupler. Furthermore, it is possible to 
reduce the size of a directional coupler to a greater ex 
tent by bending the directional coupling unit as shown 
in FIG. 2. 
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With the above-mentioned embodiment the direc— 
tional coupling units 11, 12 are bent at a right angle 
substantially at the center thereof. However, the direc 
tional coupling unit may be bent at an acute or obtuse 
angle. The directional coupling unit may be coupled in 
a semicircular shape as shown in FIG. 5. The metal 
strip lines l3, l4 and l5, 16 are crossed substantially 
at the respective center thereof. However, the crossed 
portions may be located at other than the center of the 
strip lines. Though with the above-mentioned embodi 
ment two directional coupling units are coupled in tan 
dem, a plurality of directional coupling units may be 
coupled in tandem. 
What is claimed is: 
l. A directional coupler comprising a ?rst directional 

coupling unit including mutually insulated ?rst and sec 
ond strip lines having a length of )\/4 where A is the 
wavelength of the handled signal which are crossed at 
one portion and run parallel to each other at the re 
maining portion, the ?rst and second strips being bent, 
a second directional coupling unit including mutually 
insulated third and fourth strip lines having a length of 
M4 which are crossed at one portion and run parallel 
to each other at the other portion, the third and fourth 
strip lines being bent so that the respective both ends 
of the ?rst and second strip lines are opposite to the re 
spective both ends of the third and fourth strip lines, 
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the ?rst and second directional coupling units being di 
rectly coupled in tandem, the ?rst and second lines 
being bent substantially at a right angle and crossed at 
the center thereof and the third and fourth strip lines 
being bent substantially at a right angle and crossed at 
the center thereof. 

2. A directional coupler comprising a ?rst directional 
coupling unit including mutually insulated ?rst and sec 
ond strip lines having a length of M4 where A is the 
wavelength of the handled signal which are crossed at 
one portion and run parallel to each other at the re 
maining portion, the ?rst and second strips being bent, 
a second directional coupling unit including mutually 
insulated third and fourth strip lines having a length of 
M4 which are crossed at one portion and run parallel 
to each other at the other portion, the third and fourth 
strip lines being bent so that the respective both ends 
of the ?rst and second strip lines are opposite to the re 
spective both ends of the third and fourth strip lines, 
the ?rst and second directional coupling units being di~ 
rectly coupled in tandem, the ?rst and second strip 
lines being bent in a semi-circular shape and crossed at 
the center thereof and the third and fourth strip lines 
being bent in a semi-circular shape and crossed at the 


