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In the conventional 3 db directional coupler, shown schematically in Figure

10, equal output signals appear at ports 2 and 3 when port 1 is used as the input.

No signal appears at port 4. The effective dielectric constant for the even mode

(q.e) must be approximately equal ta the effective dielectric constant for the add

made (cro) to assure equal propagation velocities which are essential for this type

of coupler.

The coupler described in this paper, and shown schematically in Figure lb,

utilizes a non-h omageneaus dielectric to obtain unequal add and even made propa -

gation velocities. The nan-homogeneous dielectric is formed by depositing thin-

film conductors on a hard dielectric substrate which is placed between two ground

planes as shown in Figure lc. For the canfiguratian shown, cre is nearl Y unitY

since very few electrical field lines pass through the dielectric substrate. On the

other hand, the odd mode is heavily loaded by the substrate dielectric constont and

~ro > ~re when the relative dielectric constant (cl)is greeter than unity. This causes
odd mode to propagate mare slowly than the even mode and the electrical length of

the coupler far the odd mode is greater than the electrical length for the even mode.

If c1 and the coupler geometry are properly chosen, the even and odd mode signals

add in such a way that na signal appears at part 3, and equal signals with 90° phase

difference appear at parts 2 and 4. The simplicity af fabrication and the fact that

the output ports are conduct ively connected to each other and isolated from the in-

put and null ports make this coupler attractive far use with ba lanced transistor

amplifiers similar to those recently described. 1,2

In order to better understand the theory of the coupler and to develop a basis

for design, the work of Jones and Boll iahn3 wos extended to include the nonhomo-

geneous dielectric case. Equatians for the driving point impedance and far the

valtages appearing at parts 2, 3, and 4 were derived and programmed for solutian

an a digital computer. Solutions were obtained at many frequencies far several

sets of conditions. Reducing the camputer data confirmed that the ratia of the odd

mode to the even made propagation constants daminates the caupler design and

performance. This ratio can be expressed as

‘=-e (1)

It wos found that the return loss and the isolation were both theoretically in-

finite at one frequency which was designated as f] and used ta define the normal-

ized frequency

F = flfl (2)

A coupling factar was alsa defined as

“V’ZZO (3)

where Zoe snd Zoo are the even and add mode characteristic impedances of trans-

mission line A (Figure lc) in the presence of line B with the appropriate mode ex-

citation applied to both transmission lines.
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The output from each port was plotted and the results were summarized to form

the basis for design curves. Figure 2 shows the coupler outputs and the phase be-

tween ports 2 and 4 for a value of P = 3.0. Al is defined as the value af A required

far equal output valtage at ports 2 and 4 at F = 1.0. The slight overcoupling ob-

tained by setting A/Al =1 .025 restricts the deviatian fram the 3 db level at ports

2 and 4 to & 0.13 db over a 20% bondwidth. The phase difference between ports

2 and 4 is 90 ~ 0.4 degrees aver the same bandwidth. The output from port 3 and

the return loss cqrves are coincident fram F = 0.95 to F =1 .05, They differ by

only 1 db at the edges of a 30% bandwidth, hence, only the return loss curve is

shown, The return loss degrades symmetrically as the normalized frequency devi-

ates from 1.0. Fortunately, the mismatch is easily compensated by simple tech-

niques. The compensated return lass curve shown was abtained by using a quarter-

wavelength shorted stub cannected ta part 1. This gives a minimum return lass of

33 db over the 20% bandwidth. More elaborate compensation methods may be em-

ployed, if desired, to abtain wider bandwidths at a specified return lass. ”

A value of P = 3.0 cannot be achieved w ith present substrates which are suit-

able for thin-film circuits since Cre is always greater than unity and cro must be

less than c, which is approximately 9.0 for alumina substrates. Changing P shifts

the center of the coupling passband (f2) with respect ta fl as shawn by Figure 3.

Using a practical value of P = 2.41 resulted in the theoretical curves af Figure 4.

The caupling factar (A) required for a given value af V2/V4 at f2 is a functian

of P and curves are given in Figure 5 far values af P ranging from 2.2 to 3.0.

The experimental points shown in Figure 4 are for an uncompensated coupler

using a Coors AD94 alumina substrate with a thickness of 0.05 inch and a nominal

relative dielectric constant of 8.9. The experimental results for the same coupler

are shown in Figure 6 with a compensating shorted stub cannected ta port 1. The

slight increase in coupling when compensation is applied is typical. The small

differences between the theoretical and experimental results of Fiaures 4 and 6

are due to the fact that the return lass at F = 1.0 far the uncompensated caupler was

only 29.5 dB, due to improper adjustment of the coupler parameters, instead of the

infinite value as assumed far the theoretical model, With more careful adjustments

of the canductor line widths and the ground-plane spacing, return loss values of

greater than 50 dB at F = 1.0 have been abserved.

Far the compensated coupler, a theoretical bandwidth af 17% with a return loss

af greater than 25 dB was predicted and a 22 dB return loss was actually achieved

at the worst point in this bandwidth. The minimum return loss can be increased to

approximately 27 dB by moving the point at which compensating stub is connected
a shert distance tc. w.ard the generator.
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P AS A FUNCTION OF f2/fl
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COUPLING PARAMETER AT f2
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