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[571 ABSTRACT 
An electromagnetic power divider/combiner comprises 
N radial outputs (31) having equal powers and prefera- 
bly equal phases, and a single axial output (20). A di- 
vider structure (1) and a preferably identical combiner 
structure (2) are broadside coupled across a dielectric 
substrate (30) containing on one side the network of N 
radial outputs (31) and on its other side a set of N equi- 
spaced stubs (42) which are capacitively coupled 
through the dielectric substrate (30) to the N radial 
outputs (31). The divider structure (1) and the combiner 
structure (2) each comprise a dielectric disk (12, 22, 
respectively) on which is mounted a set of N radial 
impedance transformers (14, 24, respectively). Gross 
axial coupling is determined by the thickness of the 
dielectric layer (30). Rotating the disks (12, 22) with 
respect to each other effectuates fine adjustment in the 
degree of axial coupling. 

11 Claims, 3 Drawing Figures 
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RADIAL/AXIAL POWER DIVIDER/COMBINER 

STATEMENT O F  GOVERNMENT INTEREST 

The invention described herein was partially made in 
the performance of work under NASA Cpntract No. 
JPL-957333 and is subject to the provisions of Section 
305 of the National Aeronautics and Space Act of 1958 
(72 Stat. 435; 42 U.S.C. 2457). 

DESCRIPTION 

5 

10 

1. Technical Field 
This invention pertains to the field of dividing and 

combining electromagnetic power. 15 
2. Background Art 
U.S. Pat. No. 4,234,854 describes an amplifier which 

includes a radial structure that divides the input power, 
piecewise amplifies it, and then recombines it. This 
device differs from that of the present invention in that: 20 
(1) the only output is coaxial, as compared with the 
radial and coaxial components in the present invention; 
(2) it amplifies the input power, whereas the present 
invention does not; and (3) it is much more difficult in 
the patented device to control the phase and amplitude 25 
within the individual pieces. 

U.S. Pat. Nos. 4,263,568, 4,328,471, and 4,371,845 
disclose radial power dividers which do not have the 
axial output of the present invention. 

disclose planar dividers which do not have the equi- 
spaced radial components or the axial component of the 
present invention. 

U.S. Pat. Nos. 4,129,839, 4,254,386, and 4,463,326 30 

DISCLOSURE O F  INVENTION 35 
The electromagnetic power divider/combiner of the 

present invention features an elongated input conductor 
(lo), such as the inner conductor of a coaxial cable, 
which conveys the electromagnetic input energy. Gen- 
erally orthogonal to the input conductor (10) is a sub- 
stantially planar layer (3) comprising N elongated radi- 
ally-oriented conductors (31) each of which conveys an 
equal percentage of the power that originated at the 
input conductor (10). Each of the radial outputs (31) is 45 
directly electrically coupled to the input conductor 
(10). Generally colinear with the input conductor (10) 
and separated therefrom by a dielectric portion (30) of 
the planar layer (3) is an elongated axial output conduc- 

40 

tor (20). 50 are placed on transformers 14 as desired to achieve fine 
outputs tuning. Transformers 14 are preferably thin, conductive 

(31) by means of N divider impedance transformers layers of, e.g., copper. Since it is desired to maintain 
(14)9 each generally a quarter long at the balance in the power and preferably in the phase at the 
design frequency, radially grouped On a dielectric disk radial outputs 31, the dimensions of transformers 14 in 
(12). Similarly, the axial output conductor (20) is capaci- 55 the area of the mid-point of disk 12 are critical. Tech- 
tivelY coupled to each of the radial outputs (31) by niques of photolithography can be gainfully employed 
means of N combiner impedance tra~sformers (24) that to maintain the desired accuracy. For example, a draw- 
are radially arranged on a dielectric combiner disk (22). ing of the desired geometry, orders of magnitude larger 
The divider disk (12) and input conductor (10) are prin- than the dimensions of the final divider/combiner, is 
cipal ingredients of a divider structure (1). Similarly, the 60 accurately made. Photographic techniques are used to 
combiner disk (22) and the axial output conductor (20) reduce this drawing to the desired dimensions of the 
are principal ingredients of a combiner structure (2). mask that etches the copper on the dielectric board 12. 
The divider structure (1) and the combiner structure (2) This results in greater accuracy than if the initial draw- 
are preferably identical. Each pair of transformers (14, ing were made to scale. Similar techniques, which offer 
24) constitutes a power coupler. 65 the additional advantage of facilitating mass produc- 

The thickness of dielectric layer (30) governs the tion, are used for combiner structure 2. 
percentage of power that couples into the axial output Radial outputs 31 are thin conductive layers of, e+, 
(20). Fine tuning of this percentage is effectuated by etched copper mounted on the upper surface of dielec- 

Input conductor (lo) is coup1ed to the 

means of rotation of the combiner structure (2) with 
respect to the divider structure (1). 

BRIEF DESCRIPTION O F  THE DRAWINGS 
These and other more detailed and specific objects 

and features of the present invention are more fully 
disclosed in the following specification, reference being 
had to the accompanying drawings, in which: 

FIG. 1 is an exploded isometric view of a preferred 
embodiment of the present invention; 

FIG. 2 is a nonexploded isometric view of the em- 
bodiment of the present invention that is illustrated in 
FIG. 1; and 

FIG. 3 is a plan view of the underside of the dielectric 
board 30 that is illustrated in FIGS. 1 and 2. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

In the embodiment illustrated herein, N is equal to 6; 
however, N can be any positive integer subject only to 
the constraints of physical crowding. 

Input conductor 10 is shown as the center conductor 
of a coaxial cable having an outer conductor 11, which 
is grounded to the conductive upper (with respect to 
the arbitrary perspective of the Figures) surface 13 of 
dielectric disk 12. Layer 13 is typically a thin metallized 
layer adhering to disk 12. Center conductor 10 passes 
through disk 12 and is connected on the bottom side 
thereof to the center point of a radial network of N 
impedance transformers 14 which are preferably sub- 
stantially identical and radially equispaced about disk 
12. 

Each impedance transformer 14 is tapered, having a 
narrow end connected to conductor 10 at the mid-point 
of the bottom surface of disk 12, and a wide end posi- 
tioned radially outwardly from said mid-point. The 
widths of the impedance transformers 14 are a function 
of the desired impedance. The length of each impe- 
dance transformer 14 is a function of the electromag- 
netic frequency and the desired impedance transforma- 
tion ratio. For example, if the input impedance seen by 
conductor 10 is 50 ohms and it is desired to maintain this 
50 ohm impedance at each of the radial outputs 31, then 
each impedance transformer 14 must be a 6 to 1 trans- 
former, since this will transform the impedance from 50 
ohms to 300 ohms at the mid-point of disk 12 (six 300 
ohm impedances in parallel are equivalent to a single 50 
ohm impedance). 

Tuning stubs 15, typically lumps of indium or gold, 
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tric board 30. Each radial output 31 terminates at its actually desired, since detuning but not supertuning is 
radially inner end at a stub 32, which forms an electrical possible. 
connection with a radially outer end of a corresponding Typically, N and the axialhadial output power ratio, 
one of the transformers 14. An isolation resistor 33 is R, are preselected based upon systems considerations. R 
connected between each pair of radial outputs 31 at the 5 is defined to be Pa/Pr2, where Pa is the amount of axial 
radially outward ends of corresponding stubs 32. Pref- Power taken from output 20, and Pr2 is the amount of 
erably, resistors 33 are substantially equal in resistance Power flowing through each radial output 31. The ca- 
and are thinner than disk 12, but are much thicker than pacitive COUphlg Coefficient C=Pr3/Pr2 is then CalCU- 
tracings 31 and 14. Disk 12 is dimensioned so that it just kited from the formula C=R/N, where Pr3 is the 
fits within the ring formed by resistors 33 (see FIG. 3). 10 amount of Power flowing through each combiner imPe- 
In the illustrated embodiment, resistors 33 are each dance transformer 24. 
between 100 and 150 ohms. The function of resistors 33 
is to tie down the phase at each of the radial outputs 31. 6, the amount of power in each of the divider transform- 
Thus, at any given distance along each of the radial ers 14 is 16 watts. Assume that it is desired that R be 

characteristic, coupled with the fact that the power is watts, and each Pr2 be 10 watts. c is then calculated to 
substantially the Same at any distance along each of the be 0.6. The requisite thickness for dielectric layer 30 to 

For example, if the input Power is 96 watts and 

outputs 31, the phase is substantially the same. This l5 equal to 3.6. This is accomplished by having Pa be 36 

radial outputs 31, is highly desirable for many applica- 
tions, such as when radial outputs 31 feed antennas. 

achieve 
tally Or 

Oe6 can then be Obtained experimen- 
by using known techniques. 

On the bottom of dielectric board 30 (illustrated in 20 The above description is included to illustrate the 

meant to limit the scope of the invention. The scope of spaced around the periphery of a circle corresponding the invention is to be limited only by the following 
claims. From the above discussion, many variations will to the location of disk 12. Stubs 42 are aligned with the 

N stubs 32 that are situated on the other side of dielec- 25 be apparent to one skilled in the art that yet would be 

FIG. 3) N electrically conductive stubs 42 are equi- Operation Of the preferred embodiments and is not 

tric board 30, and are separated therefrom physically encompassed by the spirit and scope of the invention. and electrically by dielectric 30. Thus, each pair Of 

transformer sectors 14, 24 is coup1ed 
broadside, allowing flow Of electromagnetic power 

For example, the above description has been given from 
the point of view of the present invention being utilized 
as a divider. However, as with all dividers, it can also be 

from 14 to 24. An isolation resistor 43 is electrically 3o used as a combiner by reversing the flow of current. 
connected between each pair of adjacent stubs 42. Pref- What is claimed is: 
erably, resistors 43 are equal in resistance to each other 1. A passive electromagnetic power divider/com- 
and to the resistances of resistors 33. The function of biner for simultaneously outputting power both axially 
resistors 43 is also to maintain phase relationships fixed. and radially, said divider/combiner comprising: 

an elongated input conductor for conveying electro- 
vider structure 1, and is axially aligned therewith. Thus, magnetic input energy; 
combiner disk 22 is fabricated of a dielectric material. generally orthogonal to the input conductor, a sub- 
The underside of disk 22 is coated by conductive layer stantially planar dielectric layer overlaid with sev- 
23 connected to outer conductive shield 21 of the coax- era1 elongated generally radial output conductors, 
ial cable whose inner conductor is axial output 20. N 40 of which is coupled to the input conductor 
combiner impedance transformers 24, having impe- and each of which conveys an equal percentage of 
dance matching stubs 25, are equispaced radially on the the power in the input conductor, wherein the total 
upper surface of disk 22. The wide end of each trans- power outputted by the radial output conductors is 
former 24 is in electrically conductive contact with one less than the power in the input conductor; and 
ofthe Stubs 42. BY means ofthis technique, Power COW 45 generally colinear with the input conductor and di- 
pled into each of the six impedance transformers/sec- electrically separated therefrom by the dielectric 
tors 24 from the impedance transformers/sectors 14 is layer, an elongated axial output conductor capaci- 
combined into the coaxial output line 20. A negligible tively coupled to the input conductor via several 
portion of the axial energy is coupled by means of ca- radially arranged, substantially identical combiner 
pacitive coupling between the ends of conductors 10 50 impedance transformers, each of which is capaci- 
and 20. The amount of axial coupling is primarily regu- tively coupled to one of the radial output conduc- 
lated by the thickness of dielectric layer 30. For maxi- tors across dielectric layer, and each of which is 
mum axial coupling, typically about 50%, dielectric 30 connected to the axial output conductor, wherein 
should be as thin as possible (but still have a finite thick- the input conductor power that is not outputted by 
ness). For maximum axial coupling given the thickness 55 the radial output conductors is outputted by the 
of dielectric 30, each pair of transformers 14, 24 is axi- axial output conductor. 
ally aligned. A small amount of relative rotation be- 2. The divider/combiner of claim l wherein the ra- 
tween disks I2 and 22 can advantageously be employed dial output conductors are respectively coupled to the 
to intentionally detune the device off the point of maxi- input conductor by a set of substantially identical di- 
mum axial coupling. For example, if it is desired to have 60 vider impedance transformers each a quarter wave- 
50 percent axial coupling, the device is designed so that length long at the design frequency. 
total axial alignment between each pair of transformers 3. The divider/combiner of claim 2 wherein each 
14, 24 will result in about 55 percent axial coupling. divider impedance transformer is an elongated tapered 
Then disks 12,24 are very slightly rotated with respect conductor having a wide end connected to an end of a 
to each other until the device is sufficiently detuned that 65 corresponding radial output conductor, and a narrow 
the desired 50 percent axial coupling is achieved. In end connected to an end of the input conductor. 
general, the device is designed so that the maximum 4. The divider/combiner of claim 2 wherein the di- 
degree of axial coupling is slightly more than what is vider impedance transformers are equispaced radially 

Combiner Structure 2 is preferably identical to di- 35 
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on a substantially flat divider dielectric disk that is gen- 
erally orthogonal to the input conductor. 

5. The divider/combiner of claim 2 wherein the di- 
vider impedance transformers are fabricated by a pro- 

6. The divider/combiner of claim 1 further compris- 
ing a set of substantially identical isolation resistors, 
each isolation resistor separating an adjacent pair of 
radial output conductors, said resistors insuring that the 
phase of the electromagnetic energy within each radial 
output conductor is substantially identical at identical 
distances therealong. 
7. The divider/combiner of claim 1 wherein the di- 

electric layer has an input side to which the radial out- 15 
put conductors are attached, said dielectric layer sepa- 
rating the input conductor from the axial output con- 

cess of photolithography. 5 

10 

6 
the number N of radial output conductors is prese- 

lected; 
the power ratio R=Pa/PrZ is preselected, where Pa 

is the amount of power flowing through the axial 
output conductor and Pr2 is the amount of power 
flowing through each radial output conductor; 

Pr3 is the amount of power flowing in each combiner 
impedance transformer; 

the capacitive coupling coefficient C= Pr3/Pr2 be- 
tween each radial output conductor and its associ- 
ated combiner impedance transformer is calculated 
from the formula C=R/N; and 

the dielectric layer is made to a thickness such that 
the calculated value of C is obtained for each of the 
capacitive couplings between a radial output con- 
ductor and a combiner impedance transformer. 

10. The divider/combiner of claim 1 wherein the 
ductor; combiner impedance transformers are mounted on a 

substantially flat combiner dielectric disk that is gener- 

11. A method for effectuating fine adjustments in the 
percentage of power that is coupled from the input 
conductor to the axial output conductor of the divider/- 
combiner of claim 10, said method comprising the step 

rotating the combiner dielectric disk in its plane. 

wherein the Percentage Of Power that from 
the input conductor to the axial output Conductor 20 ally orthogonal to the axial output conductor. 
is regulated by the thickness of the dielectric layer, 
the thinner the dielectric layer the greater said axial 
coupling. 

8. The divider/combiner of claim 1 in which the 
combiner impedance transformers are fabricated by a 25 of: 
process of photolithography. 

9. The divider/combiner of claim 1 wherein: * * * * *  
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