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[57] ABSTRACT 

Disclosed is an isolated N-way power divider for oper 
ation at high frequencies. The power divider has iso 
lating resistive terminations in the form of transmis 
sion line terminations connected to a set of transmis 
sion lines. The termination and transmission line ar 
rangement eliminates the need for a set of “star con 
nected" resistors characteristic of prior art isolated 
power dividers, 

12 Claims, 6 Drawing Figures 
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N-WAY POWER DIVIDER W'ITH REMOTE 
ISOLATING RESISTORS 

BACKGROUND OF THE INVENTION 

This invention relates to isolated power dividers and 
more particularly to such power dividers designed for 
use with electrical signals at high frequencies, for ex 
ample above 100 MHZ. 

In various high frequency systems it is often desirable 
to divide a high frequency signal on one transmission 
line into a number of substantially identical signals on 
a like number of transmission lines. This type of signal 
division may take place as part of an antenna system 
where it is desirable to supply a portion of the original 
signal to a number of individual antenna units, in a 

power ampli?er system where it is desired to drive a 
number of solid state ampli?ers with the same signal, 
or in a cable transmission system wherein the original 
signal is to be supplied to a selected number of cables. 
Among the various devices for accomplishing power 

division there are "hybrid junctions", directional cou 
plers and power dividers, both isolated and reactive. 
Directional couplers are commonly used at microwave 
frequencies for supplying power from an input port to 
a pair of output ports‘ in a selected power ratio, called 
the coupling ratio. A coupler has an additional port. 
which is usually terminated, which is called the “iso 
lated“ port since signals supplied to the input port are 
not coupled to the isolated port. All of the ports of a di 
rectional coupler are impedance matched to their cor» 
responding transmission lines. The output ports of a di' 
rectional coupler are also mutually isolated. that is, a 
signal supplied to one output port will not appear at the 
other output port. but will appear at both the input port 
and the isolated port. The directional coupler has two 
inherent disadvantages for use in many power divider 
applications. First. there is provided only a two-way 
power division. hence many couplers may be required 
to achieve a manyavay power split. Second, the signals 
in the output ports of the directional coupler have a 
quadrature phase relation, and phase correction is re 
quired where it is desired to have equal-phase output 
signals. 
Hybrid junctions are similar to directional couplers in 

that the two output ports are impedance matched and 
mutually isolated. Hybrid junctions are different by 
reason of the fact that the output signals are identical 
in both amplitude and phase. Hybrid junctions are 
therefore limited to binary power division and like the 
directional coupler have only two output ports. 
Power dividers have a single input port and two or 

more output ports. There are two general types of 
power dividers. commonly known as “reactive power 
dividers" and “isolated power dividers." In its usual 
form a reactive power divider has a single input port 
and a set of N output ports. Each of the output ports 
is connected to thc input ports by a quarter~wavelength 
transmission line which is chosen to have an impedance 
to match the input port to the collective output impe 
dance of the N output ports. The reactive power di 
vidcr does not have matched or isolated output ports. 
When a signal is supplied to only one of the output 
ports‘ a portion of the signal will he re?ected and a por 
tion ofthe signal will appear at each of the other output 
ports as well as at the input port. The device will be 
matched for signals applied to the output ports only on 
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the condition that signals of equal amplitude and phase 
be supplied simultaneously to all of the output ports. 
The isolated power divider overcomes the de?cien 

cies of the reactive power divider by providing resistive 
terminations for unequal signals applied to the output 
ports. These terminations perform the same function as 
the isolated port on a directional coupler or hybrid 
junction and enable the output ports to be impedance 
matched and isolated. In prior art power dividers the 
resistive terminations usually take the form of resistors 
star connected to the output ports as is described be 
low. These resistors are usually not capable of dissipat 
ing high average power without overheating and be 
cause of the star connection arrangement these resis 
tors cannot be conveniently mounted on a conductive 

“heat sink“ for use with signals of high average power. 
Further the star connected resistors in a high-frequency 
power divider must often be located in close proximity 
to each other, thereby creating additional heating prob 
lems in a high power system. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an isolated N-way power divider. 

It is a further object of the present invention to pro 
vide such a power divider wherein the isolating resistive 
terminations of the power divider may be remotely lo 
cated from each other. 

It is a still further object of the present invention to 
provide such a power divider wherein the resistive ter 
minations may be high power transmission-line termi— 
nations. 

In accordance with the present invention there is pro 
vided an isolated N-way power divider for operation 
over a selected frequency band. The power divider in 
cludes an input port and a set of N-output ports, each 
comprising ?rst and second output terminals. There is 
further included a ?rst set of N transmission lines each 
for coupling wave energy signals from the input port to 
a corresponding one of the output ports, each of the 
transmission lines having an electrical length of an odd 
integral multiple of one-quarter wavelength at a se 
lected frequency within the frequency hand. There is 
also included a second set of N transmission lines. each 
comprising a ?rst conductor connected to one of the 
first output terminals and a second conductor con 

nected to a reference terminal, the reference terminal 
being common to all of the second conductors in the 
second set. There is further provided means for termi 
nating each of the transmission lines of the second set 
of transmission lines to present a substantially resistive 
impedance between said ?rst output terminal and said 
reference terminal and means for presenting an open 
circuit impedance between each of the second output 
terminals and the reference terminal. 
For a better understanding of the present invention, 

together with other and further objects thereof. refer 
ence is had to the following description. taken in con 
nection with the accompanying drawings, and its scope 
will be pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. I is a prior art isolated power divider. 
FIG. 2 is a prior art isolated power divider wherein 

the star connected resistors are remotely located from 
the output ports. 
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FIG. 3 is an isolated power divider constructed in ac 
cordance with the present invention. 
FIG. 3A is a cross-sectional view of the power divider 

illustrated in FIG. 3. 
FIG. 4A is another isolated power divider con 

structed in accordance with the present invention. 
FIG. 4B is a side view of the isolated power divider 

illustrated in FIG. 4A. 

DESCRIPTION OF FIGURES I and 2 (PRIOR ART) 

FIG. I shows an isolated power divider constructed 
in accordance with prior art. By way of example, the 
FIG. I power divider utilizes microstrip transmission 
line, but it is well recognized in the art that this type of 
power divider may be constructed using other types of 
transmission lines including tri<plate strip line or coax 
ial cable. The FIG. 1 power divider is constructed by 
depositing a printed circuit upon one surface of a di 
electric substrate 10. The other surface of the dielectric 
substrate is covered with conductive material to form 
a ground plane. The FIG. 1 power divider includes an 
input port 11 comprising ?rst and second input termi 
nals. The ?rst input terminal is a circular spot of metal 
deposited on the substrate which may be seen in FIG. 
1 and the second input terminal is the conductive 
ground plane on the other side of substrate 10 which is 
not shown in FIG. 1. Connection to this type of termi— 
nal is usually facilitated by use of a coaxial connector 
mounted on the side of substrate 10 having the conduc 
tive ground plane. The outer conductor of the coaxial 
connector is connected to the ground plane while the 
inner conductor is connected to the input terminal II 
shown in FIG. 1. 
The power divider of FIG. I also has output ports 

13a, 13b and I30 which are of the same type as input 
port 11 and have ?rst and second output terminals sim 
ilar to the terminals of input port II. Output ports I311, 
13!) and 130 are connected to input port II by trans 
mission lines I211. 12b and I20. Transmission lines I2 
comprise a ?rst conductor. which is a strip of metal de 
posited on substrate 10, as shown in FIG. I, and a sec 
ond conductor which comprises the conductive ground 
plane on the other side of substrate 10. Transmission 
lines 12a, 12b and I20 are selected to be a quarter 
wavelength in length at a selected frequency within the 
operating band of the FIG. I power divider. The impe 
dance of these transmission lines I2 is selected so that 
the transmission lines I2 form a quarter-wavelength 
transformer between the collective impedance of out 
put ports 13a. 13b and 13c and the impedance of input 
port II. 
Those skilled in the art will recognize that transission 

lines 12 will also act as a transformer if selected to have 
a length which is an odd integral multiple ofa quarter 
wavelength, but transformers of more than one quar 
ter-wavelength tend to operate over relatively narrower 
frequency bands. 

In addition to operating as an impedance trans 
former. the odd-multiple of quarter-wavelength length 
of transmission lines 12 results in an odd-multiple of a 
half-wavelength electrical length for signals coupled 
between output ports 13 by input port 11. Thus. signals 
coupled by this path are out-of-phase with signals di 
rectly coupled between output ports 13 by star con 
nected resistors 14, described below. The result is isola 
tion between the output ports since these signals tend 
to cancel. 
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4 
In order to provide isolation between output ports 

13a, 13b and Be there is provided in the FIG. 1 power 
divider star connected resistors 14a, 14b and 140. Each 
of these resistors 14 is connected to a corresponding 
one of the output ports and they are all connected to 
reference terminal 15. For proper operation of the 
power divider reference terminal 15 must be at an 
opened circuit with respect to the ground plane on the 
other side of substrate 10. Since the other side of sub 
strate 10 is also one of the output terminals of output 
ports 13a, 13b and 13(- there is provided an opened cir 
cuit impedance between reference terminal 15 and the 
second terminals of output ports 13a, 13b and 13:‘. This 
open circuit condition is necessary for the proper oper 
ation of the star connected resistors 14 and to provide 
isolation between the output ports 13 as described 
above. 

FIG. 2 is another prior art isolated power divider. In 
addition to the elements of FIG. 1 power divider the 
FIG. 2 power divider has transmission lines 16a, 16b 
and 16c connected between star connected resistors 14 
and output ports 13. These transmission lines are 
chosen to be approximately one-half wavelength in 
length so that the impedance of the star connected re 
sistors 14 at terminals 30a, 30b and 30:‘ is presented to 
corresponding output ports I3. The electrical effect is 
therefore the same as in the FIG. 1 power divider, but 
the resistors I4 are located remote from output ports 
13. 
The FIG. 1 and 2 power dividers have been shown in 

embodiments of 3-way power dividers for purposes of 
illustration and the same type of design technique may 
be used to construct dividers having any number of out 
put ports. 
One problem associated with constructing the FIG. I 

and 2 power dividers at high frequencies is associated 
with the capability of resistors I4 to handle moderate 
or high power signals. Since the resistors I4 are star 
connected. they cannot be conveniently cooled when 
dissipating high power signals. 

DESCRIPTION OF THE INVENTION 

FIG. 3 shows an isolated N-way power divider con 
structed in accordance with the present invention 
wherein the isolating resistive terminations take the 
form of transmission line terminations. The FIG. 3 
power divider has an input port LI, transmission lines 
12 and output ports 13 which are substantially identical 
to the corresponding elements in the prior art power 
divider of FIG. 1. In the FIG. 3 power divider the star 
connected resistors 14 have been replaced by a set of 
three transmission lines 18a. 18b and 180. The trans 
mission lines 18 are in the form of coaxial cables having 
a first conductor I9, which is the inner conductor and 
a second conductor which is the outer conductor. The 
inner conductor 10 of each 19 cable I8 is connected to 
a corresponding one of the ?rst output terminals of the 
output ports 13 of the power divider. The outer con 
ductors of the transmission lines 18 are each electri 
cally connected to reference terminal 15', which in the 
FIG. 3 embodiment is the end of the inner conductor 
20 of a transmission line 22. Each of the coaxial cables 
18 is terminated in its characteristic impedance. As a 
consequence, each of these cables is the electrical 
equivalent of a resistor connected between a corre 
sponding ?rst output terminal 13 and reference termi» 
nal 15'. 
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Those skilled in the art will recognize that terminat 
ing transmission lines 18 in their characteristic impe 
dance result in the desired effect of presenting a resis 
tive impedance between the first output terminals of 
output ports 13 and reference terminal 15'. This result 
may, of course, be achieved by other than a character 
istic impedance load, utilizing appropriate transformer 
or matching techniques on transmission lines 18. 
Transmission line 22 is a coaxial line, selected to 

have a length ‘*L", which is a quarter-wavelength at a 
selected frequency within the frequency band and is 
terminated by a short circuit 24. The result of this short 
circuited quarter-wavelength transmission line 22 is to 
present an open circuited impedance between refer 
ence terminal 15' and the second terminals of output 
ports 13 of the power divider. In the FIG. 3 embodi 
ment the second terminals of output ports 13 comprise 
the conductive ground plane 17 on substrate 10, which 
is electrically connected to the outer conductor 26 of 
coaxial output connector 27. The open circuit impe 
dance condition results in reference terminal 15' being 
the electrical equivalent of reference terminal 15 in the 
prior art power divider of FIG. 1. The combination of 
short circuited transmission line 22 and terminated 
transmission lines 18 is therefore an electrical equiva 
lent of star-connected resistors 14 of the prior art 
power divider of FIG. I. 
The transmission lines 18 of the FIG. 3 embodiment 

are terminated in transmission line terminations 28a, 
28b and 28c, which may be conveniently located re 
mote from each other and from the output ports 13 of 
the power divider. It may also be seen that since these 
terminations are of the conventional transmission line 
type, they may be selected to accommodate a high av 
erage power signal and may be cooled by any conven 
tional method used in such terminations, for example, 
radiation cooling, convection cooling, liquid cooling or 
conduction cooling to a heat sink. By having this form 
of isolating resistive termination, the embodiment of 
FIG. 3 has removed the requirement for star-connected 
resistors which was a limiting factor to the power capa 
bility of the prior art isolated power dividers. 
Shown in FIG. 4 is another embodiment of the pres 

ent invention, which corresponds to the prior art power 
divider of FIG. 2. The FIG. 4 power divider includes an 
input port 11, transmission lines 12 and output ports 13 
which are similar to the corresponding elements in the 
prior art power divider of FIG. 2, and the power divider 
of FIG. 3 described above. The FIG. 4 power divider 
also has output connectors 27 which are similar to 
those provided for the FIG. 3 power divider which have 
their outer conductors connected to ground plane 17. 
Included in the FIG. 4 power divider are transmission 
lines 16a, 16b and 16c between output ports 13 and the 
second set of transmission lines 18. This set of transmis 
sion lines 16 is a half-wavelength in length at a selected 
frequency within the operating frequency band and, as 
in the FIG. 2 prior art power divider, cause the imple 
dance presented at terminals 30a, 30b and 30c to be 
presented to the corresponding output ports 13. Those 
skilled in the art will recognize that transmission lines 
16 may also be any integral multiple of a half 
wavelength and still cause the impedances presented at 
terminals 30 to be presented at output ports 13. The 
FIG. 4 embodiment is also distinguished from the FIG. 
3 embodiment in that the second set of transmission 
lines 18 is in the form of microstrip, rather than coaxial 
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line, and are terminated in microstrip terminations 28. 
In this form, one conductor of each of the second set 
of transmission lines 18 is connected to one terminal of 
output ports 13 by half-wavelength transmission line 
16. The other conductor of transmission lines 18 com 
prises a conductive ground plane 32, which is con 
nected to reference terminal 15'', which in the FIG. 4 
embodiment comprises one edge of ground plane 32. 
In the FIG. 4 embodiment an open circuit impedance 
is presented between reference terminal 15" and the 
ground plane of the terminals 30 by a short circuited 
parallel plate transmission line formed between con 
ductive ground plane 32 and conductive ground plane 
17, having a length L, which is a quarter-wavelength at 
a selected frequency within the frequency band. This 
parallel plate transmission line is terminated by short 
circuit 34. 

In the FIG. 4 embodiment the impedance presented 
to transmission lines 16 at terminal 30 is also presented 
to output ports 13. The result is the electrical equiva 
lent of the star-connected resistors across output ports 
13 of the FIG. 1 prior art power divider. The use of 
half-wavelength transmission lines I6, as shown in FIG. 
4, to separate transmission lines 18 and reference ter 
minal 15" from output ports 13, is most useful in power 
dividers having many output ports, where physical co 
location is difficult. 
While the embodiments of the invention which have 

been described all consist of three-way power dividers, 
it will be evident to those skilled in the art that such 
power dividers may be constructed having any number 
N of output terminals to form an N-way divider. where 
N is any integer greater than I. It will also be evident 
that although the present invention is referred to as a 
“power divider," such devices are inherently reciprocal 
and may also be used as a power combiner and devices 
intended for such application are within the scope of 
this invention. 
While there have been described what are at present 

believed to be the preferred embodiments of this inven 
tion, it will be obvious to those skilled in the art that 
various changes and modi?cations may be made 
therein without departing from the invention and it is, 
therefore, aimed to cover all such changes and modi? 
cations as fall within the true spirit and scope of the in 
vention. 
What is claimed is: 
1. An isolated N-way power divider, where N is an 

integer greater than one, for operation over a selected 
frequency band, comprising: 
an input port; 
a set ofN output ports, each comprising ?rst and sec 
ond output terminals; 

a first set of N transmission lines, each for coupling 
wave energy signals from said input port to a corre 
sponding one of said output ports, each of said 
transmission lines having an electrical length of an 
odd integral multiple of one-quarter wavelength at 
a selected frequency within said frequency band; 

a second set of N transmission lines, each comprising 
a ?rst conductor connected to a corresponding one 
of said ?rst output terminals and a second conduc 
tor connected to a reference terminal, said refer 
ence terminal being common to all of said second 
conductors in said second set; 

means for independently terminating each of the 
transmission lines of said second set of transmission 
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lines to present a substantially resistive impedance 
between said ?rst output terminal and said refer 
ence terminal; 

and means for presenting an open-circuit impedance 
between each of said second output terminals and 
said reference terminal. 

2. An isolated N-way power divider as speci?ed in 
claim I wherein each of said transmission lines of said 
?rst set of N transmission lines has an electrical length 
of one-quarter wavelength at a selected frequency 
within said frequency band. 

3. An isolated N-way power divider as speci?ed in 
claim I wherein said means for terminating each of the 
transimission lines of said second set of transmission 
lines comprises means for terminating each of said 
transmission lines in its characteristic impedance. 

4. An isolated N-way power divider as speci?ed in 
claim 1 wherein said means for presenting an open cir 
cuit impedance comprises a short—circuited transmis 
sion line having an electrical length of a quarter 
wavelength at a selected frequency within said fre 
quency band. 

5. An isolated N-way power divider as speci?ed in 
claim I wherein said second set of transmission lines 
comprises a set of N coaxial cables. and said ?rst con 
ductor comprises the inner conductor of each of said 
cables and said second conductor comprises the outer 
conductor of each of said cables. 

6. An isolated N-way power divider as speci?ed in 
claim l wherein said second set of transmission lines _ 
comprises a set of microstrip transmission lines, each 
comprising a ?rst conductor on a dielectric substrate 
and a second conductor comprising a ground plane on 
the opposite side of said substrate, said second conduc 
tor being common to all of the transmission lines in said 
second set. 

7. An isolated N-way power divider, where N is an 
integer greater than one, for operation over a selected 
frequency band, comprising: 
an input port; 
a set of N output ports, each comprising ?rst and sec 
ond output terminals; 

a ?rst set of N transmission lines. each for coupling 
wave energy signals from said input port to a corre 
sponding one of said output ports, each of said 
transmission lines having an electrical length of an 
odd integral multiple of one-quarter wavelength at 
a selected frequency within said frequency band; 

a second set of N transmission lines, each comprising 
a ?rst conductor and a second conductor con 
nectcd to a reference terminal, said reference ter 
minal being common to all of said second conduc 
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8 
tors in said second set; 

a third set of N transmission lines, each having a 
length which is an integral multiple of a half 
wavelength at a selected frequency within said fre» 
quency band, and each comprising a ?rst conduc 
tor connected between a corresponding one of said 
?rst output terminals and the ?rst conductor of a 
corresponding one of said second set of transmis 
sion lines, and a second conductor connected to a 
corresponding one of said second output terminals; 

means for independently terminating each of the 
transmission lines of said second set of transmission 
lines to present a substantailly resistive impedance 
between said ?rst conductor of said third set of 
transmission lines and said reference terminal; 

and means for presenting an open-circuit impedance 
between each of said second conductors in said 
third set of transmission lines and said reference 
terminal. 

8. An isolated N-way power divider as speci?ed in 
claim 7 wherein each of said transmission lines of said 
?rst set of N transmission lines has an electrical length 
of one-quarter wavelength at a selected frequency 
within said frequency band. 

9. An isolated N-way power divider as specified in 
claim 7 wherein said means for terminating each of the 
transmission lines of said second set of transmission 
lines comprises means for terminating each of said 
transmission lines in its characteristic impedance. 

[0. An isolated N-way power divider as speci?ed in 
claim 7 wherein said means for presenting an open cir 
cuit impedance comprises a short circuited transmis 
sion line having an electrical length of a quarter~ 
wavelength at a selected frequency within said fre~ 
quency band. 

ll. An isolated N-way power divider as speci?ed in 
claim 7 wherein said second set of transmission lines 
comprises a set of microstrip transmission lines, each 
comprising a ?rst conductor on a dielectric substrate 
and a second conductor comprising a ground plane on 
the opposite side of said substrate, said second conduc 
tor being common to all of the transmission lines in said 
second set. 

[2. An isolated N-way power divider as speci?ed in 
claim 7 wherein said third set of transmission lines 
comprises a set of microstrip transmission lines, each 
comprising a ?rst conductor on a dielectric substrate 
and a second conductor comprising a ground plane on 
the opposite side of said substrate, said second conduc 
tor being common to all of the transmission lines in said 
third set. 

* * * * * 


