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ABSTRACT: A balun transformer in which the characteristic 
impedance of each of its component transmission lines is 
selected to cause that line to function as a quarter wave trans 
former for providing an impedance transformation ratio for 
the balun which is other than an integral square. 
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BROADBAND IMPEDANCE-MATCHING TRANSFORMER 

BACKGROUND OF THE INVENTION 

The invention herein described was made in the course of or 
under a contract or subcontract thereunder, with the Depart 
ment of the Army. . 

This invention relates to electrical transmission line devices 
and, more particularly, to broadband impedance-matching 
transformers. 

It is an object of the present invention to provide an im 
pedance transformation of arbitrary value which is effective 
over a large band of frequencies with high efficiency. In the 
prior art, conventional balun transformers were limited to ap 
plications requiring transfonnation ratios of an integral 
square, such as I, 4or 9, etc., at which the bandwidth of the 
balun device‘ approaches in?nity. Arbitrary impedance steps, 
i.e. including ratios other than integral squares, were obtained 
by the use of quarter wave transmission line transformers, for 
which the bandwidth approaches in?nity at a ratio of 1:]. 
Quarter wave transformers, however suffer the limitation that 
as the transformation ratio increases, the bandwidth 
diminishes. Accordingly, arbitrary transformation ratios with 
improved bandwidth characteristics have been obtained in the 
past by cascading a balun and a quarter wave transformer. For 
example, an impedance step-up of 6may be provided by 
cascading a balun having a step-up ratio of 4with a quarter 
wave transformer having a step-up ratio of 1.5, thereby 
enabling the quarter wave transfonner to operate at near op 
timum bandwidth. Although providing an advantageous com 
promise for some applications, however, the cascading ap 
proach doubles the power loss of the impedance transformer 
as compared to using a balun or quarter wave transformer 
alone, as the power flows through both devices consecutively. 

SUMMARY OF THE INVENTION 

With an awareness of the aforementioned disadvantages of 
the prior art, it is an object of the present invention to provide 
an improved impedance-matching transfonner. 

It is another object of the present invention to provide an 
impedance transformer for providing an impedance transfor 
mation ratio other than an integral square with high-efficiency 
and broadband characteristics. 

Brie?y, these and other objects are achieved by am im 
pedance-matching transformer comprising a plurality of 
quarter wavelength transmission lines connected as a balun 
between input and output terminals, wherein the charac 
teristic impedance of said transmission lines is selected to 
cause each of the lines to function as a quarter wave trans 
former for providing an impedance transformation ratio for 
the balun which is other than an integral square. 

BRIEF DESCRIPTION OF THE DRAWING 

This invention will be more fully described hereinafter in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a pictorial schematic of a balun transformer; and 
FIG. 2 is a pictorial schematic of a quarter wave trans 

former. 

DESCRIPTION OF PREFERRED EMBODIMENT 

For a better understanding of the present invention, 
together with other and further objects, advantages and capa 
bilities thereof, reference is made to the following disclosure 
and appended claims in connection with the above-described 
drawings. 
The present invention combines the impedance transforma 

tion capabilities of the balun and quarter wave transformer 
into a single balun device to thereby provide impedance trans 
formation ratios other than integral squares with improved 
bandwidth, as compared to a quarter wave transformer, and 
improved efficiency, with respect to cascaded sections. More 
specifically, a bandwidth is obtained which is substantially the 
same as that provided by an optimum compromise of two 
cascaded devices, but with half the power loss. 
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FIG. 1 shows a typical two section balun transfonner which 

conventionally provides a 1:4 impedance transformation. Of 
course, this illustration is merely representative, as the balun 
may comprise any plurality of transmission lines, depending 
upon the transformation ratio desired. For example, a conven 
tional 9:1 balun preferably comprises three transmission lines. 
Referring to FIG. 1, the illustrated transformer comprises a 
?rst quarter wavelength section of coaxial transmission line 
10, having an outer conductor 14 and an inner conductor 16, 
and a second quarter wavelength transmission line 12, having 
an outer conductor 18 and an inner conductor 20. Transmis 
sion lines 10 and 12 are connected as a balun transformer 
between coaxial input and output terminals, 22 and 24 respec 
tively, each having outer shields connected to ground. More 
specifically, input terminal 22 is connected in parallel to 
center conductors 16 and 20 at the input ends of the lines; 
outer conductors l4 and 18 are interconnected at the input 
ends of the lines by conductor 26; output terminal 24 is con 
nected to center conductor 16 at the output end; the output 
end of outer conductor 14 is connected by means of conduc 
tor 28 to the output end of center conductor 20; and the input 
and output ends of outer conductor 18 are connected to 
ground, or any other suitable source of reference potential. In 
e?’ect, therefore, the transmission lines are parallel connected 
to input terminal 22 and serially connected to output terminal 
24. Terminal 22 is adapted to be connected to an input circuit 
(not shown) having an impedance 2,; terminal 24 is adapted 
to be connected to an output circuit (not shown) having an 
impedance Z2", and each of the transmissionv lines I0 and 12 
have a selected characteristic impedance 2,. In other words, 
the balun is designed to provide a load of Z, at input terminal 
22 and to match with a load impedance of 2, at output ter 
minal 24. 

In a conventional balun of the type shown in FIG. 1, 22/2 
,=4 and Z,,-=2 Z,. 

In accordance with the present invention, however, an im 
pedance transformation ratio 22/2 , between terminals 22 and 
24 which is other than an integral square is provided by select 
ing the characteristic impedance 20 of the balun to cause each 
of the transmission lines 10 and 12 to function as a quarter 
wave transformer. More speci?cally, each of the balun trans 
mission lines 10 and 12 may be viewed as a quarter wave 
transformer, as shown in FIG. 2. This representative quarter 
wave transformer is shown comprising an outer conductor 30, 
each end of which is connected to ground, and a center con‘ 
ductor 32, having representative input and output terminals 
36 and 38. As the two balun transmission lines 10 and 12 are 
connected in parallel at terminal 22, each line section must 
provide a load impedance which is twice the overall balun 
load impedance of 2,; hence, the input or load impedance Z,I 
at terminal 36 of the FIG. 2 quarter wave transformer may be 
represented as Z,,=2 Z,. Further, since the coaxial lines 10 and 
12 are connected in series to add up to the output impedance 
of 2,; the termination 38 of the FIG. 2 quarter wave trans 
former may be represented as having an impedance Z,,=Z-,l2 
As Z,,=Zo’/Z,, for a quarter wave transformer, the charac 
teristic impedance 2,, for such a transformer is determined 
from the formula Z,,= T. It will be noted, however, that by 
substitution, Z,,=3[(2 2,) (Z2/2)==3/Z, 2,. Hence, the charac 
teristic impedance Z, for the balun transformer of FIG. 1 may 
be determined from the same equation, with respect to its 
input and put impedances, as a quarter wave transformer. As a 
result, selection of 2,, in this manner enables obtaining an ar~ 
bitrary transformation ratio 22/2, for a balun transformer, 
thereby providing advantages of lower loss, improved band 
width and ?exibility over prior art techniques. 

For example, say a 1:6 impedance transformation from 8.33 
to 50 ohms is desired. As the balun input impedance Z,=8.33 
ohms, each of the input transmission lines 10 and 12 must pro 
vide a load of 2,, =1 6.66 ohms, such that the parallel combina 
tion is 8.33 ohms. At the balun output, the series connected 
transmission lines 10 and 12 must add up to 50 ohms; thus, 
each line must be terminated in Zb=25 ohms. Accordingly, 2,, 



3 
F,=![8.33-50=20.4 ohms. Hence, if the balun is constructed 
of two quarter wave length transmission line sections each 
having a characteristic impedance of 20.4 the overall transfor 
mation will meet the requirements of 1:6 into a SO-ohm load. 
The loss factor of the “arbitrary" balun is half that of a 

cascaded combination of conventional devices as the signal 
traverses only half the length of the transmission line. Further, 
the invention provides circuit simplication with attendant size 
reduction. The transformer can be applied to transistor and 
vacuum-tube ampli?ers, varactor or other RF device circuits, 
antenna systems, and passive RF devices such as hybrids, cir 
culators and isolators requiring impedance transfon-nations. 
The invention may be embodied in a balun comprising any 
lurality of transmission lines of any type, the formula Z,,= 

3%,Z, being equally applicable. 
What is claimed is: 
1. An impedance matching transformer for providing a 

transformation ratio other than an integral square between an 
input circuit having an impedance Z, and an output circuit 
having an impedance 22 comprising, a ?rst terminal adapted 
to be connected to said input circuit, a second terminal 
adapted to be connected to said output circuit, and a plurality 
of transmission lines connected as a balun transformer 
between said ?rst and second terminals, each of said transmis 
sion lines being substantially an odd multiple of a quarter 
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wavelength and having a characteristic impedance equal to 

2. A transformer in accordance with claim 1 wherein said 
plurality of transmission lines comprises ?rst and second 
transmission lines each having a center conductor and an 
outer conductor, said ?rst terminal is connected in parallel to 
the center conductors of said transmission lines at the input 
ends thereof, the outer conductors of said transmission lines 
are interconnected at the input ends thereof, said second ter 
minal is connected to the center conductor of said ?rst trans 
mission line at the output end thereof, the output end of the 
outer conductor of said ?rst transmission line is connected to 
the output end of the center conductor of said second trans 
mission line, and the input and output ends of the outer con 
ductor of said second transmission lines are adapted to be con 
nected to a source of reference potential. 

3. An impedance matching transformer for providing a 
transformation ratio other than an integral square comprising, 
an input terminal, an output terminal, and a plurality of 
quarter wavelength transmission lines parallel connected to 
said input terminal and serially connected to said output ter 
minal, the characteristic impedance of said transmission lines 
being selected to cause each of said transmission lines to func 
tion as a quarter wave transfonner. 


