
132 IRE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES March

Broad~Band Coaxial Choked Coupling Design*

H. E. KING~

Summary—Equations and curves are presented to predict the
frequency bandwidth of coaxial choke couplings in terms of the choke

parameters. Choke coupliigs discussed are those applicable to rotary

joints and dc isolation units.

INTRODUCTION

c

OAXIAL choke-type rotary joint designs have

been discussed by Ragan,l and many joints have

been built following his presentation. Recently,

Muehe2 discussed a method to widen the bandwidth of

coaxial choke-type rotary joints by reducing the char-

acteristic admittance of the transmission line for a quar-

ter wavelength on each side of the chokes. Muehe’s dis-

cussion was based on the analogous case of broadband-

ing short-circuited quarter wavelength stubs in parallel

with the transmission line, by changing the characteris-

tic impedance of the line on each side of the stub for a

distance of one-quarter wavelength,

The broadbanding of coaxial choke couplings under

the present discussion is not based on a change in trans-

mission line impedance, but is based on an extension of

the conventional methods. As outlined by Ragan,

broadbanding of choke couplings may be accomplished

by displacing the outer and inner conductor chokes

along the transmission line by one-quarter wavelength.

The purpose of this paper is to present general equations

and curves relating to the VSWR, to the characteristic

impedance of the choke sections, and to the spacing of

the two chokes. From these curves, one can predict the

bandwidth of a rotary joint design.

EQUATIONS FOR CHOKE COUPLING

A conventional coaxial rotary joint is shown in Fig. 1.

To prevent radiation losses due to the outer conductor

choke and to provide a means of placing a bearing at a

low current point, the external choke section of charac-

teristic impedance Z03, is added. In most practical cases,

the characteristic impedance 203 is made as high as pos-

sible and is usually much greater than the characteristic

impedance Z02 of the outer conductor choke.

For simplification in this analysis, 203 is assumed to

be infinite. Also, both the choke sections are X/4 long at

the center frequency, and their characteristic imped-

ances Zol and 202 are assumed to be equal; thus, the

choke input impedances are equal, or 21= Z2. The char-

acteristic impedance, 2., of the transmission line is nor-

malized to 1.

The AB CD matrix of the two chokes displaced by the

length 1 along a lossless transmission line is

[

1 –jzol cot (311

1[
cot @l j sin @

o 1 j sin@ Cos pl 1
“[1 –jzol cot @ll

o 1 1
, (1)

where ~11 is the electrical length of the choke sections

and IV is the electrical spacing between the two chokes.

The final matrix when multiplied through is

1- j sin /31 cos ,81+ ZOI cot pll sin tll
,. (2)

In addition to facilitating the design of rotary joints,

the information presented here can be utilized to build

wideband dc isolation units. Wideband dc isolation units

have been developed3 using the design described; dc iso-

lation units are required whenever blocking of dc on

both the inner and outer conductors is desired.

* Manuscript received by the PGMTT, July 29, 1959; revised
manuscript received September 17, 1959.
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1 G. L. Ragan, “Microwave Transmission Circuits, ” M.I. T. Rad.

Lab. Ser., McGraw-Hill Book Co.. Inc., New York, N. Y., vol. 9.
p. 407; 1948.

‘ C. E. Muehe, “Quarter-wave compensation of resonant discon-
tinuities. ” IRE TRANS. ON MICROWAVE THEORY AND TECHNIQUES.
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The insertion loss is given byh

L = 10log,O {1 + l/4[(A – D)’ – (z? – c)’]},

—– 10loglo { 1 – l/4[–j(2zol cot Bzl Cos @

+ Z012 cot’ @lI sin @)]2},

= 1010’10{1+%
(3)

4 R. M. Fano and A. W. Lawson, “Microwave Transmission Cir-
cuits, ” M.I.T. Rad. Lab. Ser., McGraw-Hill Book Co., Inc., New
York, N. Y., vol. 9, p. 551; 1948.
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Fig. l—CoaxiaI transmission line with choke couplings
used asa rotary joint.

Then I K [ is written as

IKI =2ZOltan@ costi
()

:+4

– 2012tan2C+sin %
()

;+@ , (4)

where @ = the difference in electrical length from the

center frequency choke length of 7r/2. The relation of

I KI to the coaxial transmission line voltage-standing-

wave ratio, VSWR, is

lK]=
VSWR – 1

<VSWR “
(5)

Bandwidth is arbitrarily defined as the ratio of the two

frequencies for which the transmission line VSWR is

1.1:1 (insertion loss less than 0.01 db) or in symbolic

form, the bandwidth is

DISCUSSION OF CURVES

A graph of the input VSWR to the transmission line

is shown in Fig. 2 for the case when 201= 0.0324 for vari-

ous conditions of n. When n = O, the input terminals of

the chokes are located on the same transverse plane.

The VSWR is calculated from

When the chokes are displaced by h/4 at the center

frequency, then n =1, or (4) is reduced to

] K l.=, = (2ZOI + ZOI’) tars@ sin O. (8)
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Fig. 2—Input VSWR to coaxial transmission line with choke cou-
plings for various values of n. Choke impedance, Zo, = 0.0324
(normalized to unit>). Characteristic impedance 201 is assumed
to be infinite.

When n =1, a zero derivative exists at the origin, a con-

dition considered to be the maximally flat case,

When the input choke terminals are separated by h/2

at the center frequency (n = 2), the n = 2 curve shows a

wider bandwidth compared to the n = 1 condition. For

the n = 2 condition, I K [ is written as

I K [.=z = 2201 tan @ COS2@

– 2(201 + 2012) tan d Sinz +. (9)

When the chokes are separated by h/4 at the center

frequency, or n =1, the frequency bandwidth ratio vs

201 is plotted in Fig. 3, where the band edge limits were

determined by a voltage-standing-wave ratio of 1.1:1.

Fig. 4(a) is a curve of frequency bandwidth ratio vs

2.1 for n =2. The peak voltage-standing-wave-ratio

within the band limits is plotted in Fig. 4(b).

Where ZOI = 0.0324 and n =2, the bandwidth for a

VSWR of less than 1.1:1 is 6.2:1. With tlhe same choke

impedance except that n = 2.67 (@= 240” at the center

frequency), a still wider frequency bandwidth of 8.15:1

is theoretically feasible as illustrated by the solid line

curve of Fig. 5. Note that the curve is unsymmetrical

and the peak within the band is slightly higher than

for the case when n =2. In actual experience, the slightly

higher peak should not produce any detrimental ef -
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Fig. 3—Frequency bandwidth curve of coaxial transmission line with
choke couplings when chokes are spaced k/4 at the center fre-
quency. Bandwidth determined by the transmission line VSWR
of 1.1:1. Characteristic impedance Zo~ is assumed to be infinite.
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Fig. 4—Response curves for coaxial transmission line with choke
couplings when chokes are spaced x/2 apart at the center fre-
quency. (a) Frequency bandwidth determined by the transmis-
sion line VSWR of 1.1:1. (b) The value of the peak VSWR within
the band limits. Characteristic impedance ZU is assumed to be
infinite.
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Fig. 5—Input VSWR curve of coaxial transmission line with choke
couplings when chokes are spaced 0.667k apart for Zol = 0.0324
(normalized to unity).

fects. With any given value of ZOI an optimum spacing

between chokes can be determined to give the widest

frequency bandwidth.

OTH~R CONSIDERATIONS

“For extremely wide bandwidth choke couplings, the

finite value of ZOS should be considered. The solid line

curve of Fig. 5 represents the condition when the ex-

ternal choke impedance Z03 is infinite while the broken

line curves represent two finite values of Z03.

The dashed line curve of Fig. 5 shows the reduction

in bandwidth if the normalized characteristic imped-

ance of Z03 is 0.6. For a normalized characteristic im-

pedance Zos of 1.5, the dash-dot curve indicates an im-

provement in the VSWR response. Note that there is no

major increase in VSWR due to the finite value of Zot

provided I @I <70°. Usually only for extremely wide

bandwidth choke coupling designs (when I @I > 70°) is

it necessary to calculate the effects of Z03 on the

VSWR response.

If the external diameter is a limiting factor that pre-

vents a large value of ZOS from being selected, an effec-

tive increase in the external choke impedance can be ob-

tained by making it A/2 long at the midfrequency as il-

lustrated in Fig. 6. NOW the impedance Z~ +ZJ termi-

nates the outer conductor choke ZOZ, instead of only Z~..-
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Fig. 6—Broadband coaxial rotary joint of dc isolation unit
design using choke couplings.

In a practical design, the slight reduction in band-

width due to the finite impedance of the external choke

can be compensated by lowering the characteristic im-

pedance 202. In a practical case, Zoz can be made smaller

than 2.1.

Basically, the wide bandwidth of choke couplings is

obtained by the use of low values of the choke’s charac-

teristic impedances, 201 and 202. By the use of teflon in-

sulation, choke characteristic impedance of less than

1.5 ohm is readily obtained. The increase in dissipation

losses because of the use of teflon dielectric is compen-

sated for by the shorter physical length5 of the choke

that is required.

Fig. 7 is a photograph of a dc isolation unit built3 for a

frequency range of 70 mc to 850 mc (VSWR less than

1.5) using the design described herewith. Performance

data of the dc isolation unit is illustrated in Fig. 8,

showing both the calculated and measured VSWR re-

sponse. The measured insertion loss was found equal to

the mismatch loss.

CONCLUSION

The curves (Figs. 3 and 4) and the analysis should be

helpful for the design of wide-band coaxial rotary joints

or dc isolation units. Prediction of the final performance

for various choices of parameters is possible.

APPENDIX

CHOKE LOSSES DUE TO TEFLON DIELECTRIC

To demonstrate the effects of the choke losses due to

the use of teflon dielectric, the following relations are

presented. The input resistance to a resonant transmis-

sion line with a relative dielectric constant of unity, is

5 See Appendix.

Fig. 7—DC isolation unit built for 70 mc to 850 mc operation (VSWR
less than 1.5) using the choke coupling design described.
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Measured and calculated VSWR curves of
the dc isolation unit of Fig. 7.

GZ021
Rine.l = Zeal = ~ + _

2’
(10)

where

R GZO
~=_+—.

220 2

Assuming that the dielectric constant is increased to

G-, the characteristic impedance ZO ancl length 1, are

both reduced by l/{e~ A dielectric-filleci resonant line,

assuming the same dielectric dissipation factor of equa-

tion (10) will have the input resistance

(11)

%
Note that the copper loss term is reducedl by l/v’e~

Furthermore, the dielectric loss term is reduced by a

factor of l/G.w.

In actuality, the dielectric loss is increased from zero

to a finite value when converting an air dielectric filled

choke to a teflon dielectric filled choke However, the

loss tangent of teflon is very small, 20 is small, and the

dielectric loss term is also reduced by l/c,w. Thus, in a

practical case, instead of increased dissipation losses due

to the use of teflon dielectric, the losses are reduced.


