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1.8100.002% 10° ms™', 1.8740.01x 10° ms™', and 1.768:0.002 [2] D. K. Cheng, Field and Wave ElectromagneticsReading, MA:
x 10° ms!. Addison-Wesley, 1983, pp. 381-382, 386-387.

PRSP ; ; 3] R. F. Bauer and P. Penfield Jr., “De-embedding and unterminating,”
The phalse .VelOCI.ty .Indlcates the r.elatlve Cpntalnment of the elec IEEE Trans. Microwave Theory Teclol. MTT-22, pp. 283-288, Mar.
tromagnetic field within the dielectric. As might be expected, the 1974
Earth-neutral configuration, using the outer two conductors of th@4] pP. I. Somlo and J. D. HuntemMicrowave Impedance Measurements.
cable, has a greater proportion of field in air and, hence, the effect of Stevenage, U.K.: Peregrinus, 1985, p. 6. o
the dielectric in decreasing the velocity is smaller. The unbalancet?! II?E‘E?E. T’\rA;nrls(SMigomggglqierzs;q%in(gl ggt"r‘;‘;’rkl ;gglﬁzze:lTSC?Illjtl);Tg%ni
(Earth and neutral-phase) configuration he_ls the _gr_eatest contalnm%ﬁt D. A. McClure, “Broadband transmission line transformer family
of the field and, hence, the effect of the dielectric is largest. matches a wide range of impedanceRF Design,pp. 62-66, Feb.

1994.
C. Att tion Constant [71 ——, “Broadband transmission line transformer family matches a wide
- Allenuation Constan range of impedancesRF Design,pp. 40-49, May 1995.

The attenuation constant was also found to rise with increasing [8] J. Sevick, Transmission Line Transformer&nd ed. Newington, CT:
frequency (see Fig. 4). A first estimate of this loss is the range 4.3—-7.7 Amer. Radio Relay League, 1990, pp. 3-15.
x 10~° dB/Hz/m. Considering the relative containment of the field in
the dielectric, we might expect the balanced configurations to exhibit
less loss than the unbalanced configurations. However, the increased
loss of the balanced configurations appears to be an indication of
the radiated energy due to common-mode current, resulting from the  Crossed Dipoles Fed with a Turnstile Network
lack of perfect balance. It is to be expected that the phase-neutral
configuration cannot make a perfectly balanced transmission line Robert K. Zimmerman, Jr.
because of the asymmetry caused by the presence of a third conductor.
The two-port method using different cable lengths gave similar
results for the attenuation constant. Abstract—A “turnstile network” is introduced which may be conve-
Both the one- and two-port measurements show a much largégntly used for circular polarization synthesis. The network, outfitted

loss (dielectric and/or radiated) than calculation based only on twr%tlr?r:gpviirthpreasssiqg asr:u;;é fr?éere?gft'iiﬂccege?r?i?gﬁ?t?ﬁi Fgf?ég;ecfjog c?v?/er
conductivity of the copper. The calculation gives an attenuation %ﬁl appear at an isolated port, which may be termi’nated, resulting in

300 MHz of 0.01 Np/m* (0.09 dBm '), compared to the measuredgood polarization properties coupled with good input voltage standing-
value of about 0.2 Np/m* (1.8 dBm'!). wave ratio. A crossed-dipole array is used as a test-bed to demonstrate
the turnstile network.

Index Terms—Antenna components, antenna feeds, circular polariza-
tion.
A one- and two-port method for measuring the characteristics

of a balanced line, embedded behind some network (balun), were
presented and applied to measurements of domestic power cabling. . INTRODUCTION
Though this application used submicrowave frequencies, the techDicke invented the waveguide turnstile during World War 1l at the
niques are applicable to higher (including microwave) frequenciegassachusetts Institute of Technology (MIT) Radiation Laboratory,
The two-port method only gives the propagation constant, but Gambridge [1]-[3]. The device was patented [4] in 1954 as a
superior for attenuation measurements. network for exciting circularly polarized waves in circular waveguide.
To obtain repeatable measurements, a good balun is necessary. Toisistile theory is discussed in some detail in [5].
is because any common-mode current component is prone to radiat@resented here is a simple coaxial network which provides the same
It was found that a fine coax wound on a high-permeability toroilirnstile functionput not in waveguidéWhere Dicke’s turnstile used
made a suitable balun. reflective waveguide stubs for polarization synthesis, this network
The three conductor line under test was connected in three differeges reflective coaxial stubs.
connection configurations. The characteristic impedance was found to
be almost purely resistive, and varies very little with frequency. The
phase constant increases almost lineally with frequency, indicating
a constant phase velocity. The phase velocity is lower for theFig. 1 shows the proposed network and feed. The feed is a crossed-
configurations having a higher proportion of the electromagnetic fieftipole array residing within a cavity. The turnstile network comprises
contained within the cable insulation, as expected. The attenuatfekr coaxial transmission-line segments, eagh in length at center
also shows an increase with frequency, although with a much gredtéquency, and which, for this discussion, are assumed to have a
fluctuation. Most of this loss appears to be caused by the cal#e<) characteristic impedance. The four segments of transmission
insulation, with a small component of copper loss, and some radiatibie form a star network: all four shields are connected together and
caused by imperfection in the transmission balance. all four inner conductors are joined at the bottom of the network. The
network has fourfold rotational symmetry, as required by theory [1].

VI. CONCLUSIONS

Il. PROPOSEDNETWORK AND FEED
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Fig. 1. Possible layout of a turnstile network connected to a crossed-dipole
array within a cavity reflector. This layout was not used.
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Fig. 2. Exploded view of turnstile network and antenna elements showing
the four ports. (b)

Fig. 3. (@) Turnstile network (and antenna elements) arranged so that ports 1

For purposes of concept explainina. Fia. 1 does not show the pof nd 3 are driven out-of-phase. Ports 2 and 4 are isolated. (b) Turnstile network
purp P p g, F1g. p d antenna elements) arranged so that ports 1 and 3 are driven in-phase.

The four ports are shown in the exploded view in Fig. 2, labeled 1-#grts 2 and 4 are terminated in 5D
A short, but complete, analysis (at center frequency) may be made

by considering the following odd and even cases.
ports 1 and 3 through the star network to ports 2 and 4. The dipole

arms (in the cavity) will result in some reactive loading of the

A. Odd Case . . ) :
) ) . hetwork since adjacent arms are 18@part in phase. However, if
Suppose two opposite ports are driven at center frequency “out-gfa ginoles are well within the cavity, there will be no radiation loss.

phase.” The remaining two ports are terminated. The case is ShOpt reactive loading of the dipole arms may be canceled by placing
in Fig. 3(a). No current passes down the transmission line betwegRe s tance (of the same sign) at the center node of the star network

opposite ports because it /2 in length (overall) at the driven (A/4 from each port). This reactance may be adjusted until all the

frequency. Ports 1 and 3 will be totally matched if the dipole hasp?ower entering ports 1 and 3 flows to the loads at ports 2 and 4.
differential drive impedance of 10Q, which would yield 502 at &j

+ 1 and 50) at port 3. There i it tth ¢ . Keep in mind that this reactance can in no way affect the “odd”
port ~an atport 3. ThereIs no voltage at the center CoNNeClql ,4q yiscyssed earlier since there is no voltage at the center of the
of the star. Consequently, no voltage is transmitted to ports 2 or

Loads at ports 2 and 4 are isolated network for that mode.)
P ‘ We have now seen that the odd and even cases may be perfectly

matched (5012) if the dipole impedance is 10@ and a nulling
B. Even Case reactance is placed in the network at the central node. With these
Suppose ports 1 and 3 are now driven at center frequencygnditions, we may use superposition to show that any (coherent)
“in-phase.” This case is shown in Fig. 3(b). Power will flow frominput to ports 1 and 3 will also be matched. For example, consider
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Fig. 4. Axial ratio versus frequency. Modeled axial ratio from a
crossed-dipole array fed with a turnstile network (witl? 4fen and shorted o po po p o0 o e b 1 o
phasing stubs so as to act as a polarizer).

Frequency in MHz.

an input to port 1 alone. Using vector notation, an input to port Eg. 5. Return-loss improvement provided by the turnstile network. This is a

: L ot of the input return-loss improvement that can be accomplishedloygr
may be represented as the following superposition: alone by using the network as a hybrid (Whé&tg,q and Teven effectively

1 1 1 cancel).
2 2
0 0 0
ol = |=L]+ L] o
2 2
0 0 0 ] N
Odd FEven -1 // \\
It follows immediately that port 1 is matched. For the port-1 drive, . / \

the “odd” portion of the drive will be radiated (1/2 power), Whileif -2
the “even” portion of the drive will be absorbed by loads two ancg /

four (1/4 power each).
Ill. POLARIZATION SYNTHESIS “

Now consider port 1 being driven in the following context. Suppose
that the loads are removed from ports 2 and 4, and instead we attach 8 8 % 92 9% 100 104 108 12 116 120
a 45 504 shortedcable to port 2 and a 45502 opencable to Frequency in Mitz.
port 4. The voltage at port 2 will be reflected from its phasing stubig. 6. Turnstile network isolation (ports 1 to 3) measured with respect to
at an angle of 270 The voltage at port 4 will be reflected fromT',4q alone. Note that at center frequency, where the turnstile acts as a perfect
its phasing stub at 90 Accordingly, ports 2 and 4 (originally “in- hybrid, I'.qa maps right through the network (as it must).
phase”) are now driven “out-of-phasehd in quadraturewith port

1. Circular polarization will result: port 1 will be one p°|ar'zat'°nwhere1“eve,. andT,44 are the reflection coefficients for the symmetric

and port 3 will be the orthogonal polarization. O, if the network ig g antisymmetric drive cases presented earlier. (These special reflec-
thought of as a quadrature hybrid, port 1 will be the input port, whilg,\ efficients may be measured using in-phase and out-of-phase

port 3 is the_ i_solated port. . power splitters with a network analyzer.) Consider the odd case first,
Note that it is not necessary to use an open stub for polarizatigfy \yhich there is never any voltage at the center node of the network.
synthesis—it is only necessary that the reflected phases at portg 2 ,qingly, we can short the center node and immediately express

and 4 be 180 apart. Accordingly, for high-power work, it might be y,q jmpedance at ports 1 and 3 as the parallel combination of a dipole
desirable to use two properly cut shorted stubs. arm in parallel with a quarter-wave shorted stub

Isola
Wb
el

1IV. MODELING Zodd = [Zdipolc arm][jZO ta,n(ZTrLo//\)]/
An EEsoF Touchstone model of a turnstile network was checked [Zdipote arm + j Zo tan (27 Lo /A)]

to examine the potential bandwidth of the network as a circulgfherer, is the length of the four “star” transmission lines. Therefore,
polarizer. Ports 2 and 4 were connected to open and shorted lines

45° long at center frequency (100 MHz). The dipole arms were Toaa = (Zoaa — 50)/(Zoaa + 50).
replaced with coupling t_ransfqrmers, yielding two f‘circular” coaxiaJ(I e even case is simple as well. With ports 1 and 3 driven in-phase
output.channels. An axial ratio of 15:1 was achieved over a 16té;e applied excitation first travels through the network to ports 2 and
bandwidth. The actual plot is presented in Fig. 4.

. . . . i 2L,/A)2T. i
Using the turnstile network to improve the voltage standlng-wavié undergoing a phase delay 6{2L, /A)2r. The signals then travel

: . ; he phasi les, i 2 4 I -
ratio (VSWR) of an antenna is easy to analyze. From [5], the |npu?Wn the p asing cables returnlng“ o pc")rts “and » exacty_out

. - . - of-phase (assuming the cables are “open” and “short”). The signal
reflection coefficient for drive to port 1 is

which reflected off the open cable, experienced a phase shift of
S11 = (Toven + Toaa)/2 —(2L,/X\)2x, where L, is the length of the phasing stub.
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Fig. 7. Real(Z) versus feed location. Dipole antenna resonant impedance (real) as a function of the location of dual symmetric feed points. As the feed
points are moved out toward the ends of the dipole, the impedance rises as shown.

These out-of-phase signals (at ports 2 and 4) then experience a
reflectionl,qa. There is then another trip down and up the phasing
stubs, and finally, the trip back through the network to ports 1 and 3.
The entire even reflection coefficient is then

Ceven = exp(—jdnLo/N) exp(—jdnLi /)
- Toaa exp(—j4mwLi/N) exp(—jdmw Lo/ )
=Toqa exp[—j8a (Lo + L1)/A].

Accordingly, the total reflection coefficient for the port-1 drive is
511 = Fodd[l —I— eXp(—jSﬂ'(Lo + L1)/)\)]/2

The factor multiplyingT'.qq is plotted in Fig. 5, showing the im-
provement which can be obtained in the input return loss by using
the turnstile as a hybrid. The curve was verified with an EEsoF modglg. 8. Photograph of 350-MHz crossed-dipole cavity feed. The turnstile

When port 1 is driven and port 3 is terminated, power backscattenegtwork is contained within the central cylinder. The dipole arms were bent
into the turnstile network from the antenna will tend to appear at tf§€wn experimentally to obtain a good match when fed with an out-of-phase
port-3 termination. From [5], the incurred isolation is power splitter.

S31 = (Leven — L'odd)/2 frequency (where the network functions as a perfect hybiid),
maps right through, as it must.
which we may now write as Before building a prototype antenna, the author had intended to use
dipoles, as depicted in Fig. 1. However, the feed-point impedance of
S31 = Loaa[—1 + exp(—j8m(Lo + L1)/N)]/2. a dipole fed at the center is 7@. For dual feed points (equally

spaced from the center of the dipole) the drive impedance increases
The factor multiplyingT'.qq is plotted in Fig. 6, showing how the as the feed points are moved further out along the dipole. This
opposite port isolation will vary over frequency. Note that at centeffect is shown in Fig. 7, taken from an ELNEC model. Thus, dual
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Fig. 9. Close-up photo of the turnstile network. At the central node is a shorted stub for reactance nulling when the network is driven in even mode. The
two stubs for circular polarization can be seen at ports 2 and 4. Port 1 is for a single-cable drive, while port 3 is terminated.
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Fig. 10. Composite data plot showing I'even, I'oqq, and \\‘ \ ]
S11 = (Todd + Teven)/2 with the circular phasing stubs installed at  -so . :
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11. Return loss plot showing the same data as in Fig. 10. The upper
50«2 drives can be achieved when the drive points are symmetrlcauxce represent®’oqq and Ceven. The lower plot shows the return-loss

spaced about 32% from each dipole end. improvement using the turnstile network as a quadrature hybrid.
V. PROTOTYPE set displayed in a return loss ploLa and I'cven have the same
ace.)

A 350-MHz prototype was built in a 75-cm-diameter cavity, ag
depicted in Fig. 8. The turnstile network is contained within the
17.8-cm-diameter support cylinder. Fig. 9 shows the turnstile network”
removed from the feed. The prototype dimensions may be scaled for
other frequencies. Fig. 10 is a composite data plot shoving,
Ceven, @and S11 = (Foda + Teven )/2 with the circular phasing stubs A new network, which we call a “turnstile network,” has been
installed at ports 2 and 4. The feed was pointing toward free spapeoposed and investigated for feeding crossed dipoles in a manner
I',aa was measured with a Mini-Circuits ZFSCJ-2-4 18fower convenient for circular polarization synthesis. The network takes the
splitter connected to ports 1 andI3.... was measured with a Mini- place of two baluns and a quadrature hybrid network. The network
Circuits ZFSC-2-4 0 power splitter connected to ports 1 and 3. Thallows the arms of a dipole to be spread some distance apart, so
center node reactance used for nulliig.., was a shorted coaxial as to permit a mechanically robust realization. A simple “even/odd”
stub providing+10; €2 at 350 MHz.S11 was measured driving port 1 analysis was used to show that the network is matched for a single
directly with a termination installed at port 3. Fig. 11 is the same dataput drive. A complete model, developed from simple transmission-

The axial ratio was not measured, but is believed to be well
resented by Fig. 5.

VI. SUMMARY
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line theory, predicts the return-loss improvement obtained by using x
the network with a reflective antenna. The network is placed in the T

a
context of previous work by Dicke. " N ;
oA i
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A Simple Method for Blocking Parasitic Modes in a fe—— A ———p
Waveguide-Packaged Microstrip-Line Circuit (b)

Hao-Hui Chen, Chun-Long Wang, and Shyh-Jong Chung Fig. 1. A waveguide-packaged microstrip line with metal patches deposited
at the two sides of the center microstrip.

Abstract—A simple structure formed by two metal patches symmet- . t As the | | of the int ti d/or th ti
rically deposited at the two sides of the center microstrip is proposed environment. As the level o € Integration andjor the operauon

and analyzed for blocking the higher order modes in a waveguide- frequency increases, parasitic fields may be excited by active devices
packaged microstrip-line circuit. The variations (with the patch width)  and/or discontinuities in the circuits and propagate in the form of
of the effective dielectric constants and field distributions of the modes he higher order modes of the shielded transmission line. When the
in the packaged microstrip line with infinitely long side patches were . | hich ied by the domi t d d th it
first investigated using the two-dimensional (2-D) finite-element method signais (‘_N Ich are carried by the om.lnar.1 mode) an € parasitic
(FEM) and the method of lines. The results suggested that there exists a Propagation modes travel from one circuit element toward another
range of patch widths at which the field distributions of the higher order  one, the power coupling between modes would be caused through the
modes are totally different from those of the microstrip line without side  |atter circuit element and, thus, disturbs the total circuit operation.

patches. The scattering of the patches as a function of the patch length and . - o
width was then studied using the three-dimensional (3-D) FEM with edge To relieve the circuit element from the EMI caused by the parasitic

elements. It has been found that by simply choosing appropriate patch Modes, several possible approaches can be found in [1]-[5]. Deform-
sizes, the parasitic higher order mode can be reflected without sacrificing ing the enclosures or using anisotropic substrates can increase the

the normal propagation of the dominant mode. cutoff frequencies of the higher order modes in a packaged microstrip
Index Terms—Finite-element method, packaged microstrip line, side line or a coplanar waveguide [1], [2]. Placing attenuating elements
patches, spurious modes. (such as resistive films and microwave absorbers) at appropriate

locations can damp the parasitic fields and package resonances
[3], [4]. Also, attaching metal diaphragms can reflect the incident
higher order modes [5]. Although these designs would reduce the

Microwave and millimeter-wave circuits are usually shielded byfiyences of the parasitic waves on the circuit, the constructions of
a rectangular waveguide to prevent the circuits from mechaniGgk stryctures still seemed complicated.

destructions and electromagnetic interferences (EMI's) from the |, inis paper, we propose a simple design for blocking the higher

Manuscript received June 25, 1997; revised July 14, 1998. This work wakder modes in a packaged microstrip line. As shown in Fig. 1, this
supported by the National Science Council of the R.O.C. under Grant N®@thod uses two side metal patches to reflect the incident parasitic
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sichnug@cm.nctu.edu.tw). design easily realized. In the patch-deposited microstrip-line region,
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