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DIELECTRIC CAVITY STRIPLINE COUPLER ' 

BACKGROUND OF THE INVENTION 

This invention relates to microwave stripline cou 
plers, more particularly to directional dielectric cavity 
stripline couplers wherein a substantially ?at response _ 
is achieved over a greater bandwidth than heretofore, 
and it is an object of the invention to provide an im 
proved stripline coupler of this nature. The invention 
further relates to a method or procedure for adjusting 
the coupling coef?cient between the two transmission 
lines of a microwave stripline coupler. 
Directional couplers of the nature here. involved for 

the microwave region and for stripline constructions 
are known and are commonly referred to 3dB direc 
tional couplers. The latter has reference to the fact that 
one-half of the power in the transmitting circuit is 
transferred to the receiving circuit and ?ows in only 
one direction therein. 

Stripline couplers involve two strip conductors sepa 
rated by a thin dielectric layer and disposed between 
two ground planes, a dielectric member also being dis 
posed between-each of the strip conductors and the ad 
jacent ground plane. In such constructions the thick 
ness of the dielectric layer and‘ the spacing of the 
ground planes from the strip conductors (thicknessof 
the dielectric members) are factors in the coupling co 
efficient. Couplers include more than one coupling sec 
tion, typically an odd number of three or more. Also in 
such couplers, other microwave circuitry may be asso 
ciated with ‘the coupler, be disposed between‘ the 
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side of said dielectric layer and having at least one cou 
pling section- substantially one-quarter wave length 
long at said predetermined frequency, the coupling sec 
tions of said ?rst and said second strip conductors 

. being in overlying coupling relationship, a second di 
electric layer of predetermined thickness disposed 
against said ?rst strip conductor, a third dielectric layer 

' of predetermined thickness ‘disposed against said sec 

15 

vond strip conductor, a ?rst metallic ground plane dis~ 
posed against said second dielectric layer, a second me 
tallic ground plane disposed against said third dielectric 
layer, and cavity means of predetermined depth and 
length formed in one of said ?rst and said second 
ground planes adjacent the coupling section of said first 
and second strip conductors. - 
In carrying out the invention in another form, there 

is provided a TEM mode directional coupler for a pre 
determined frequency range comprising a ?rst dielec 

' tric layer of predetermined thickness, a first strip con 
20 ductor disposed on one side of said first dielectric layer 

1 .- and having a‘central and two end‘ coupling sections 

2.5 

30Tone end'coupling section of‘ each of said?rst and said 

ground planes and be tied, so to speak, to the spacing - 
therebetween. ‘ I ~ . ._ I . 

Achieving, the. necessary coupling coefficient over 
the desired band width may involve tightening the cou— 
pling of- only the'center sections of ‘the two conducting 
strips, it being highly desirable notto disturb the degree 
of couplingof the‘other sections and not todisturb ‘the 
associated circuitry. The known'prior art is not able ‘to 
achieve the fo’regin'g without, "in effect, destroying the 
coupler. Hence, it is a further object of the invention 
to provide an improved methodior procedure andap 
paratus which will'overcome the indicated shortcom 
ings of the prior art. - ’ v v ' ' ' '. 

It is a further object'of the invention to ‘provide an 
improved multilsection' 'couplerof the nature indicated 
which will permit the necessary tight coupling of the 
center section of the coupler while maintaining the 
ground plane spacing for the rest of the coupler and as 
sociated circuitry. ' = - 

It is a further object of the'invention to provide an 
improved multi-section-coupler-of the nature indicated - 
which enables a high coupling factor, or coefficient, to 
be obtained in the center section of the couplerwhile 
maintaining minimal ground-plane spacing for the rest 
of the circuitry and a uniform thickness ‘of thecenter 
dielectric spacer. 

SUMMARY OF TI-IE INVENTION t 
In carrying out the invention in, one form, there is 

provided .a TEM mode directional couplervv for a prede- ' 
termined frequency range comprising a ?rst dielectric 
layerof predetermined thickness,‘a'?rst ‘strip conduc 
tor disposed on one side of said dielectric layer and 
having at least one ‘coupling section substantially one 
quarter wave ‘ length long .at a predetermined fre 
quency, a second strip conductor disposed on the other 
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each of which is substantially one-quarter wave length 
long at a predetermiend frequency, 7a second strip con 
ductor disposed on the other side of said first dielectric 
‘layer and having a central and two end coupling sec 
tions each ‘of which. is‘ substantially one-quarter wave 
length ‘long at saidpredetermined frequency‘, the cen 
tral coupling sections of said first and said second-‘strip 
conductors being in overlying coupling relationship, 

second‘ strip conductors being disposed ‘along side each 
and‘ beingv in edge'eoupling'relationship, the ‘ether end 
coupling section of each of said first and said second 
strip conductors being disposed along side each other 
and being in edge coupling relationship, a second di 
electric layer of predetermined thickness disposed 
against said ?rst strip conductor, a third dielectric ‘layer 
of predetermined thickness-disposed against said sec 
ond strip conductor, a ‘?rst metallic ground plane dis 
posed against said second dielectric layer, a second me 
tallic ground plane disposed against said third dielectric 
layer,'and means for‘increasing the "coupling between 
said centralcoupling sections of 
ond stripv conductors. " 

. BRIEF DESCRIPTION‘ OF'THE DRAWING 
-. FIG. 1' is a fragmentary, sectional elevational view, 
‘taken in the direction of arrows l--1 of FIG. 2,; and on 
an enlarged ‘scale, of a coupler according tolthe inven 
tion; ' , i‘ " ‘ 

FIG. 2-is a sectionaliviewi of a different scale taken 
I substantially in the direction of the arrows 2-2 of FIG. 

1; ., _ . i. - 

FIG. 3 is a sectional‘view on an enlarged scale taken 
substantially in the direction of the arrows 3-3 of FIG. 

FIG. _4 is a sectional view of an enlarged scale taken 
substantially in the direction of the arrows 4-4 of FIG. 
2; - ' . . 

FIG. 5 is a sectional view of an enlarged scale taken 
substantially in the direction of the.arrows'5~—_5 of FIG. 

1 DESCRIPTION OF THE‘PREFERRED 
_ EMBODIMENT ’ ' I ' 

7 ‘Referring to the‘drawings there isshown a TEM ‘dia 
letric cavity stripling coupler 10 comprising a central 

said ?rst and said sec‘- ' 
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dielectric layer, or ?lm 1 1, a pair of strip conductors 12 
and 13, a pair of dielectric layers 14 and 15, a pair of 
metallic ground planes, or members, 16 and 17, and a 
pair of cavities 18 and 19 ?lled, respectively, with di 
electric material 21 and 22. 

In one example, the distance between the exterior 
surfaces of the dielectric layers 14 and 15, dimension 
b, was of the order of 0.125 inches in a 3dB coupler ac 
cording to the invention and intended to operate in the 
frequency range of 2 - 4 GHz. 
Referring to FIG. 2, the central dielectric layer 11 is 

shown as a sheet, or ?lm, of any suitable dielectric ma 
terial having a thickness of dimension s, as is well un 
derstood in this art. 
On the top surface of the dielectric layer 11 there is 

deposited by any suitable techniques a strip conductor ' 
12, shown shaded, and on the bottom surface of the di 
electric layer there is similarly deposited a correspond 
ing strip conductor 13. For example, the conductors l2 
and 13 may be deposited on the dielectric layer by well 
known photo resist and etching techniques. In this‘ 
manner conductors 12 and 13 may be given any desired 
width and thickness and may be disposed relatively to 
each other, as shown, or in any other appropriate posi 
tion. 

The conducting strip 12 includes a terminal section 
23, one end section 24, a central section 25, a second 
end section 26, and a second terminal section 27. The 
conducting strip 13 includes a terminal section 28, one 
end section 29, a central section 31, a second end sec 
tion 32 and a second terminal section 33. The central 
sections 25 and 31 include a cross-over at 34 necessi 
tated by the fact that the terminal sections 23 and 27 
of the conducting strip 12 come out on opposite sides 
of the coupler and the terminal sections 28 and 33 of 
conducting strip 13 likewise come out of opposite sides 
of the coupler. If the terminal sections 23, 27 and 28, 

25 
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33 were on the same sides, respectively, of the coupler, > 
the central sections 25 and 31 would not require a 
cross—over, as shown, but would just overlie. The cou 
pler may be made- as desired in this respect depending 
upon where the terminal sections are to appear. 
The dotted line square 35 of FIG. 2 corresponds to 

the cavity formed by the cavities 18 and 19 of FIG. 1. 
The center sections 25 and 31 are parallel to, and 

overlie, each other as may be seen best in FIG. 3. The 
coupling between the central sections is by virtue of the 
overlying arrangement of the conductors. The end sec 
tions 24 and 29 are parallel to each other but displaced 
sidewise as may be seen in FIGS. 2 and 5 to form a gap 
36. The coupling between the end sections 24 and.29 
is essentially by edge coupling ‘between their adjacent 
inner edges. The end sections 26 and 32 are parallel to 
each other but displaced sidewise asmay be seen in 
FIGS. 2 and 4 to give a gap 37. The coupling between 
the end sections 26 and 32 occurs by virtue of field 
coupling between the adjacent inner edges of these 
coupling sections. Between the various coupling sec-v 
tions and between the end coupling sections and the 
terminal sections there are transitional sections which, 
in effect,,extend at right angles to each other as be 
tween the conducting strips 12 and 13. The right angu 
lar relation-ship between the portions of the transi 
tional sections avoids coupling occurring at the transi 
tions. The lengths of the end coupling sections (24, 
29), central coupling sections (25, .31) and end cou 
pling section (26, 32) are in general equal to each other 
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and equal to M/4 that is, equal to one-quarter of a wave 
length at the centerfrequency of the bandwidth for 
which the coupler is intended to be used. 

In an overlay coupler, that is at the center sections 25 
and 31 (FIG. 2) the coupling coefficient is proportional 
to b/s. If in the center setion there were no cavities l8 

and 19 (35), the coupling coef?cient would then be, of 
course, proportional to the ratio b/s. The dimensions of 
either of these quantities can then be changed to alter 
the coupling coefficient. Changing the dimension 5 
would in a completed structure, of course, mean, in ef 
fect, destroying it because the strip conductors 12 and 
13 are deposited on the dielectric ?lm or layer 11. 
Changing the dimension b, for example, changing the 
thickness of the dielectric layers 14 and 15 involves 
changing the thickness of the whole structure unless 
the thickness of the ground claim members 16 and 17 
is also changed. As may be seen best in FIG. 1 cavities 
18 and 19 are fomed, respectively, in the ground planes 
l6 and 17, the length of the cavity being one-quarter 
of a wave length of the center frequency )xo/4. The cav 
ities 18 and 19 are ?lled with dielectric material 21 and 
22 which may be of the same material as dielectric lay 
ers 14 and 15. Thus under. the center section the ratio 
b/s becomes b'/s and the coupling at the center section 
is substantially increased. That is the coupling coeffi 
cient is increased or the overlay portion of the strip 
conductors are more tightly coupled. The cavities 18 
and 19 may be cut into the inner surface of the ground 
plane and accordingly do not change the dimensions of 
the structure nor does this arti?ce necessitate changing 
any of the other components of the circuit which, for 
example, may be disposed on the dielectric ?lm 11. 
The dielectric pieces 21 and 22 may be small pieces cut 
to the same shape as the cross-section of the cavities l8 
and 19V so as to fit within the openings. The coupling 
may be adjusted in the manner described after thebasic 
coupling structure has been made in an‘ effort to 
achieve ?atness of frequency response over the band 
width desired. The pieces 21 and 22 may be of one 
piece with the pieces 14 and 15, respectively. 

In one stripline coupler constructed according to the 
invention the maximum unbalance was 0.1 dB, that is v 
to say 0.05 dB ripple, and the voltage standing wave 
ratio did not exceed 1.2 to 1. A maximally ?at fre 
quency response curve was achieved over an active 

bandwidth. Thematerial of the dielectriclayer 11 may 
be of any suitable type,_for example, ?ber glass impreg 
nated with Te?on and the dielectric layers 14 and 15 
may be formed of any suitable dielectric material used 
in microwave applications. The thickness of the central 
layer 11 may be of the order-0.008 inches, the conduct 
ing strips 12 and 13 are of the order of 0.001 of an inch 
and the thickness of the dielectric layers 14 and 15 may 
be of the order of 0.06 inches. The depth of the cavity 
18 as well as the depth of the cavity 19 may be of the 
order of 0.062 inches. 
A method, or procedure, for adjusting the coupling 

the invention, be achieved with a minimum of e?‘ort 
and a substantially lessening of costs. Greatly reduced 
throwaway or spoilage is likewise achieved. 
We claim: 
1. A TEM mode directional coupler for a predeter 

mined frequency range comprising: 
a ?rst dielectric layer of predetermined thickness, 
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a ?rst strip conductor disposed on one side of said 
?rsttdielectric layer and having a central and two 
end coupling sections each of which is substantially 
one-quarter wave length long at a predetermined 
frequency, 

a second strip conductor disposed on the other side 
of said ?rst dielectric layer and having a central 
and two end coupling sections each of which is sub 
stantially one-quarter wave length long at said pre 
determined frequency, 

the central coupling sections of said ?rst and said sec 
ond strip conductors being in overlying coupling 
relationship, 

one end coupling section of each of said ?rst and said 
second strip conductors being disposed along side 
each and being in edge coupling relationship, 

the other end coupling section of each of said ?rst 
and said second strip conductors being disposed 
along side each other and being in edge coupling 
relationship, 

a second dielectric layer of predetermined thickness 
disposed against said ?rst strip conductor, 

a third dielectric layer of predetermined thickness 
disposed against said second strip conductor, ' 

a ?rst metallic ground plane disposed against said 
second dielectric layer, a second metallic ground 
plane disposed against said third dielectric layer, 
and 
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means for increasing the coupling between said cen 

tral coupling sections of said first and said second 
strip conductors, 

said coupling increasing means comprising cavity 
means of predetermined depth and length formed 
in one of said ?rst and said second ground planes 
adjacent said central coupling sections of said ?rst 
and said second strip conductors. 

2. The directional coupler according to claim 1 
wherein said cavity means comprises a first cavity of 
predetermined depth and length formed in said first 
ground plane adjacent the central coupling section of 
said ?rst strip conductor, and a second cavity of prede 
termined depth and length formed in said second 
ground plane adjacent the central coupling section of 
said second strip conductor. 

3. The directional coupler according to claim 2 
wherein the lengthy of each of said cavities is substan 
tially equal to the length of one of said central coupling 
sections of said ?rst and second conducting strips. 

, 4, The directional coupler according ‘to claim 2 
wherein each of said ?rst and second cavities is ?lled 
with dielectric material. 

5. The directional coupler according to claim 2 
wherein the lengths of said ?rst and second cavities is 
equal to one-quarter of a wave length at the center fre 
quency of the predetermined frequency range. 

' * * * * * 


