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[5 7] ABSTRACT 
A polarization insensitive quasi-optical directional cou 
pler comprising three contiguous dielectric layers. Po 
larization insensitivity of the coupler is realized by se 
lecting the thicknesses and dielectric constants of the 
layers and the angular orientation of the coupler such 
that they satisfy predetermined relationships. 

5 Claims, 1 Drawing Figure 
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POLARIZATION-INSENSITIVE 
MILLIMETER-WAVE DIRECTIONAL COUPLER 

BACKGROUND OF THE INVENTION 

This invention relates to energy dividing devices and 
in particular to quasi-optical directional couplers for 
use at millimeter and submillimeter wavelengths. 

In recent years, the need for directional couplers for 
use at millimeterand submillimeter wavelengths has 
lead to the development of a variety of couplers which 
are similar to the couplers which are employed at opti 
cal frequencies. These so-called “quasi-optical" direc 
tional couplers are low-loss devices of simple construc 
tion. However, they are also highly polarization sensi 
tive. Due to their polarization sensitivity, quasi-optical 
directional couplers can only be designed to exhibit a 
required coupling characteristic for a single polariza 
tion. As a result, their use has been con?ned primarily 
to systems employing one polarization. 

It is therefore a broad object of the present invention 
to provide a quasi-optical directional coupler which is 
polarization insensitive. 

It is another object of the present invention to pro~ 
vide a polarization coupler which can be used in a mi 
crowave system employing more than one polarization. 

SUMMARY OF THE INVENTION 

In accordance with the principles of the present in 
vention, the above-mentioned and other objectives are 
achieved by employing three contiguous dielectric 
slabs or layers to form a quasi-optical directional cou 
pler. More particularly, the thicknesses and dielectric 
constants of the slabs and the orientation of the cou 
pler, with respect to an input wave path, are selected 
such that the transmitted portion of an incident wave 
having its electric field polarized in the plane of inci~ 
dence, i.e., the plane de?ned by the normal to the sur 
faces of the layers and the input wave path, has a rela 
tive phase and amplitude equal to the relative phase 
andamplitude of the transmitted portion of an incident 
wave having its electric ?eld polarized normal to the 
plane of incidence. Additionally, by choosing the di 
electric slabs to be substantially lossless, selection of 
the aforesaid parameters in the above-mentioned man 
ner also results in the re?ected portions of the two 
waves having equal relative phases and amplitudes. 
Moreover, since any arbitrarily polarized incidentwave 
can be resolve into two component waves, one polar 
ized in the plane of incidence and the other polarized 
normal thereto, it is readily apparent that the transmit 
ted portions of all waves incident upon the coupler will 
have equal relative phases and amplitudes and, simi 
larly, the re?ected portions of all incident waves will 
likewise have equal relative phases and amplitudes. 

In one speci?c embodiment of the present invention, 
the two outside dielectric layers of the coupler have 
equal thicknesses dl and equal dielectric constants :1, 
while the middle layer has different thickness d, and 
different dielectric constant 5,. In this embodiment d,, 
11,, 12,, e, are selected to satisfy predetermined relation 
ships as is more fully disclosed in the equations appear 
ing hereinafter. ‘ 
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DESCRIPTION OF THE DRAWINGS 

A clearer understanding of the above-mentioned fea 
tures of the present invention can be obtained by refer 
ence to the following detailed description taken in con 
junction with the accompanying drawing, in which: 
The FIGURE shows a three-layer dielectric coupler 

in accordance with the principles of the present inven 
tion. 

DETAILED DESCRIPTION 

FIG. 1 shows a directional coupler 11 in accordance 
with the principles of the present invention. Coupler 11 
comprises three contiguous dielectric layers 12,13 and 
14. Outside layers 12 and 14 have equal dielectric 
constants c, and equal thicknesses d,. Middle layer 13, 
on the other hand, has a different dielectric constant e, 
and a different thickness d,. All three layers, however, 
are assumed to be substantially lossless. 
Coupler 11 is situated along an input wave path 15. 

The couple is disposed at an angle 90 + 0, relative to 
the latter path, where 0, is the angle between the wave 
path 15 and the normal to surface 16 (the surface of in 
cidence) of layer 12. Wave energy directed along path 
15 and incident upon surface 16 is coupled by coupler 
11 along two output paths l7 and 18. The latter path 
is at an angle 20, relative to path 15 while the former 
path is parallel thereto. For the purposes of illustration 
the angle 04 is assumed to be 45°. Thus, path 15 and 
path 18 are at right angles relative to one another. 

In operation, two orthogonally polarized plane waves 
propagating in the plane of FIG. 1 (i.e., the plane of in 
cidence) are directed along wave path 15. One of these 
waves has an electric ?eld polarized parallel to the 
plane of incidence, the latter field being represented by 
the vector E‘. The other wave has its electric field po 
larized normal to the plane of incidence. The ?eld of 
this wave is represented by the vector E, which is de 
picted as indicated in FIG. 1. 
The two waves propagate along path 15 and are inci 

dent upon coupler 11 at surface 16. Coupler l1 divides 
each wave into two separate waves, one of which is di 
rected along path 17 and the other along path 18. 
Those waves directed along path 17 will be referred to 
as reflected waves while those directed along path 18 
will be referred to as transmitted waves. 
The re?ected wave resulting from the El polarization 

is designated by the vector E‘, in FIG. 1, while the 
transmitted wave is designated by vector B“. As can be 
seen, both E],- and E" are of the same polarization as 
their generating wave El. Similarly, the re?ected and 
transmitted waves resulting from the Ez polarization 
are represented by vectors 13,, and En respectively. 
Moreover, it is noted that these waves are also polar 
ized in the same direction as their generating wave. 

In accordance with the principles of the present in 
vention, it has been recognized that the relative ampli 
tude and phases of El, and 5,, and the relative ampli 
tudes and phases of the E“ and E,‘ can be made equal 
by selecting the parameters :1, 6,, d‘, d, in accordance 
with the following relationships: 

. A ~ . 612 
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where k is an odd integer, R is the relative portion of 
an incident wave which is required to be coupled along 
path 18 and )to is the free space wavelength of the inci 
dent energy. 7 

Thus, in the present illustrative case, with the afore 
said parameters selected in accordance with the latter 
relationships, we can write 

Elr/El : EZrIEZ = 7' 

and ' 

where r and t are defined as the transmission and re 
?ection coefficients of coupler 11 for waves polarized 
normal to and parallel to the plane of incidence. 
Since a wave of any polarization directed along path 

15 can be resolved into two wave, one polarized in the 
plane of incidence and the other normal to the plane of 
incidence, it is readily apparent that the parameters r 
and t represent the transmission and re?ection coef? 
cients for such as wave also. For example, assume that 
the polarization E1 and E2, instead of representing elec 
tric fields of separate waves, are actually the compo 
nent ?elds of a single wave having an electric ?eld 12,, 
re, 

Incidence of this wave upon coupler 11 would result in 
transmitted and re?ected waves E“, E“, E", E", as be 
fore. However, from the previous case, we know 

Thus, the composite re?ected and transmitted waves 
resulting from E, are given as 

In one embodiment of the invention designed for hy 
brid operation (i.e., half the energy transmitted and 
half re?ected) at a frequency 100 GHz (i.e., A0 = 3.0 
mm) values 'of e, = 1.26 and e, = 9.4 were found satis 
factory. A material having the former value of dielec 
tric constant at a frequency of 100 GHz is Buna S rub 
ber, while a material having the latter value of dielec 
tric constant ‘at 100 GI-Iz is Kearfott Alumina. Other 
important dimensions of this embodiment are as fol 
lows: 

Value 
0. 73.4” 
dllko 0.428 
d,/A0 0.078 

In the embodiment of FIG. 1, it was assumed that the 
waves incident upon coupler 11 were substantially 
plane waves and, thus, that coupler 11 was substantially 
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4 
unbounded. However, it should be noted that the prin 
ciples of the present invention apply equally as well to 
situations where coupler 11 is bounded as, for example, 
where it is disposed within a wave guide junction. In 
such cases, however, the equations derived for the 
thicknesses and the dielectric constants of the coupler 
layers would haveto be modi?ed to the degree that 
guided wave deviates from the plane wave condition. 

In all cases, it is understood that the above-described 
arrangement is merely illustrative of one of the many 
possible specific embodiments which represent appli 
cations of the present invention. Numerous and varied 
other arrangements can readily‘ be devised in accor 
dance with these principles without departing from the 
spirit and scope of the invention. For example, instead 
of selecting the dielectric constants and thicknesses of 
the first and third dielectric layers to be equal, these pa 
rameters can be selected to be different. 
What is claimed is: - 
l. A directional coupler disposed along an input 

wave path for transmitting and re?ecting portions of an 
incident wave having a wavelength in the millimeter to 
submillimeter wavelength range propagating there 
along comprising: 

?rst, second and third contiguous layers, each of said 
layers having dielectric properties and being sub 
stantially lossless over said range; 

said ?rst, second and third layers having dielectric 
constants and thicknesses such that equal relative 
portions of said incident wave are transmitted 
through said layers for all polarizations of said inci 
dent wave and such that equal relative portions of 
said incident wave are re?ected by said layers for 
all polarizations of said incident wave. 

2. A directional coupler in accordance with claim 1 
wherein said ?rst and third layers have equal dielectric 
constants e, and equal thicknesses d, and said second 
layer has a different dielectric constant e, and a differ 
ent thickness d,. 

3. A directional coupler in accordance with claim 2 
wherein said parameters :1, e2, dl and (12 are de?ned by 
the following relationships: 

where 0‘ is the angle between said input path and the 
normal to surfaces of said layers, A0 is the free space 
wave length of said incident wave, k is an odd integer 
and R is the relative portion of the incident wave which 
is re?ected. _ 

4. Apparatus in accordance with claim 3 wherein 0, 
is substantially equal to 45°. 

5. Apparatus comprising, in combination: 
an input path, 
?rst and second output paths, 
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means for transmitting an electromagnetic wave hav- substantially lossless over said range, said first 
ing an arbitrary polarization and a wavelength in and third layer; having equal thicknesses and di 
the millimeter to submillimeter wavelength range electric cnnstants, and said second layer having 
along Said?'fPP‘ Pat)" _ ‘ a thickness and dielectric constant that are dif 

means for dividing said transmitted wave into a ?rst 5 ferem from the corresponding parameters of said 
wave which is directed along said ?rst output path 
and a second wave which is directed along said sec- . . . . 
0nd output path, angle and said dielectric constant of said ?rst and 

said dividing means being disposed along said input third layers, said functions being those for which 
path at an angle thereto and comprising; 10 said ?rst and second waves have the same polar 
?rst, second and third contiguous layers, each of ilation 8S Said transmitted Wave. 

said layers having dielectric properties and being * * * * * 

?rst and third layers by functions related to said 
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