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Photograph of MMIC triformers.
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Fig. 4. Comparison of computed and measured S parameters. (a) Magni-
tude. (b) Differential phase shift.
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over the frequency range 1-10 GHz. The application of these
devices as wide-band baluns for MMIC balanced mixers is fore-
seen.
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Analysis of Edge-Coupled Elliptical (Oval) Rods
Between Infinite Ground Planes

KODUKULA V. S. RAO, MEMBER, IEEE, AND
PRAKASH BHARTIA, FELLOW, IEEE

Abstract —The paper presents an analysis of the even- and odd-mode
impedances for a generalized edge-coupled structure consisting of two
elliptical (oval) conducting rods. Data on the even- and odd-mode
impedances for different special cases of the generalized elliptical (oval)
structure are presented. Some special cases of the present formulation are
compared with results available in the literature.

I. INTRODUCTION

The analysis of parallel edge-coupled strips has been presented
in the literature by Cohn [1]. Wheeler analyzed the transmission
properties of a single round wire between two parallel planes [2].
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There exist some studies on coupled structures consisting of
circular rods [3], but these were carried out with the coupled
circular rods loaded periodically between the infinite ground
planes. Such a periodically loaded structure may find application
in filter circuits. Subsequently in a short communication Cristal
presented data for partially decoupled round rods between paral-
lel ground planes [4]. Chisholm analyzed trough and slab lines
useful for the estimation of the odd-mode impedance of coupled
circular bars [5]. Later Levy analyzed a system of two coupled
circular conductors using conformal transformation with numeri-
cal techniques [6]. Recently Rao analyzed a transmission struc-
ture having an oval-shaped center conductor located between
infinite parallel planes [7], inside a box [8], and between finite
ground planes enclosed by magnetic walls [9]. But these studies
were limited to a single center conductor only. Currently, no data
are available on an edge-coupled system with generalized ellipti-
cal conducting bars. This communication is aimed at filling this
gap. The even- and odd-mode impedances of a system of two
edge-coupled elliptical (oval) rods are determined from an evalu-
ation of the capacitance of the basic structure, which has been
dealt with earlier [7]-[9]. However it needs to be pointed out that
this oval structure closely approximates a generalized elliptical
structure up to a certain impedance values of the line. For a clear
definition and details the reader is referred to some of the earlier
references [7]-[9]. The structures with rounded center conductor
are useful for high-power applications. As there are no disconti-
nuities in the center conductor as in conventional strips, higher
order modes will not be excited. This will therefore reduce the
losses. Apart from this it should be emphasized that this formula-
tion is useful in the design of various couplers, including edge
line couplers useful for high-power applications. Another impor-
tant aspect is that when the eccentricity of the generalized
elliptical structure is close to unity, the configuration corresponds
to the case of a system of conductors having finite width with
rounded corners. This practical structure is useful for switches
with high power handling capabilities. Sample data for some
compression ratios of the ellipse that cover the various cases are
presented, with some comparisons.

II. CALCULATION OF EVEN- AND ODD-MODE
IMPEDANCES

The analyzed structure, consisting of two edge-coupled ellipti-
cal (oval) conducting bars between infinite parallel planes, is
shown in Fig 1. For the even-mode impedance case, where the
excitation of the two center conductors is in phase, there appears
a fictitious magnetic wall exactly in the middle of the conductors
perpendicular to the ground plane. Hence the even-mode
impedance can be evaluated from a determination of the capaci-
tance of the structure with this magnetic wall (Fig. 1(b)). But
determination of the capacitance of this structure is not straight-
forward. However, this structure can be decomposed into two
simple basic structures connected in parallel as shown in Fig,
1(b). Interestingly, these two basic structures are dealt with in the
literature; hence the capacitance is simply obtained as the sum of
the capacitances of the basic structures indicated in Fig. 1(b).
Similarly the odd-mode impedance is evaluated by replacing the
magnetic wall by an electric wall (Fig. 1(c)). The capacitances of
the basic structures have been obtained from equations in eartlier
papers [7]-[9], and are reproduced here in Table I for the sake of
completeness. These equations are derived using conformal trans-
formation and are exact for the oval configuration, and the range
of validity of these equations to an exact elliptical conductor is
discussed in earlier references [7]-[9]. From the configurations
with magnetic and electric walls, the even- and odd-mode capaci-
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Fig. 1. (a) Configuration of transmission structure with two edge-coupled
elliptical bars (b) Component capacitances of the even-mode configuration
(¢) Component capacitances of the off-mode configuration.

TABLE 1
EQUATIONS FOR THE CAPACITANCE OF THE BASIC STRUCTURES
K(n)
C, = 260F2.K,(’;) (T1)
ry 2 (14+n)
__T——_ B = w2 e (T2)
r2 ra . __2) -1
2b @r B T iy Sin () (T3)
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. r2 i 37 S0 RTGH (T7)
O eprian
{ ry _ AVI-pF(in~! a|m)
' > S ] BT Ke+r/IoK (m) (T8)
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T r» _ K(g-F(in! vI-ple) (T9)
b K(g)+1/I-pK (m)
s _ K(g)-‘)—)\\/l—p[Klm)—~F,(sm’l alm)] (T]_O)
b K(g)+Av1-pK'(m)
_ 1 K(g)-F(sin"* VT plg)
r2 A=k T—pF(sui—! a|m) (Tll)
oo
1
- 2 _ (1-m) .
AL > s P = maoa 87 1=p) (T12)
- 2¢
1% k 1s incomplete elliptic integral with modulus m, K
and K’ respectively correspond to complete elliptic
integral with modulus m and (1-m). « is a parameter
and should be selected arbitrarily with in the range
of 0 to 1.

* € 1 denotes Capacitances of respective Structures
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tances of the equivalent even- and odd-mode structures can be 2007 o
written as 180 # - 20 'g
f=
C=G+G ) 160 - 40 O
= w ()
G=G1G (2) E 140 Lo ™
Y
. . 5
where C,, Cz, a_nd C, are the capacitances per unit length of the 5 120 OIS/ = 0.1 L 50 ‘c;
structures in Fig. 1. The even- and odd-mode impedances Z, N O = 05|, §_
and Z,, are obtained in terms of C, and C, from the following § 100 ﬁ = 1.0 ‘o8 100 E
. . =15
simple relations: ] ]
P g 80 X §/b = 0.1 -120 3
1207 £ o Dokl 2 E
ZOe = (3) @ 60 v = 1.0 oo }-140 g
ﬁ C‘_, g ! X = 1.5 o
£ 40 -+ - 160
1207 < i
Zoo = (4) g 20 | 150
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. o . ' . o == , T 7 ] ; \ 200
where ¢, is the relative dielectric constant of the medium sur- 0 05 1 15 2 25 3 35 4
rounding the center conductors. n/b —
The.ca.lculatlons.of the even- and odd-r.node. impedances were Fié 2 Variatuon of even- and odd-mode impedances as a function of r, /b
made in the following way (refer to equations in Table I): for k =co. *All these results exactly match with those of Cohn [1] for this

case of oval.
Step 1) Choose a value of the parameter a in reasonable steps

(0. <a<1.) and calculate C, from equation T7. 200 0
Step 2) For each chosen value of o2, given S/b and the 1804 P
compression ratio of the ellipse k(= r, /r,), solve the E
set of transcendental equations (T10, T11, and T12) 160 - 40 96
from Table I numerically to obtain the values of m, N ~N°
p,and g. £ 0 O S = 0.1 60
Step 3) From the values of o?, m, p, and g, calculate % 1204 (A) =05 z, |eo e
r,/b,r,/b, and G, from equations T8, T9, and T6 e + zis 8
respectively. , g 1004 X S/b = 0.1 100 £
Step 4) Using these values of # /by, r, /b, and k, solve the 3 O o5z 3
- 2 80 v - oo | 120 o
set of transcendental equations (T2,T3,T4, and T5) 2 5 = 11‘; E
to obtain the value of n. Calculate C; from equation - 60 c -140 3
TL. 3 ©
Step 5) Obtain Z,, and Z,, from equations (1)~(4). E 409 160
3 20 « | 180
ITI. RESULTS AND DISCUSSIONS 0 T T . T 1 200
0 025 050 075 1 125 150
Following the steps outlined in the previous section, the even- r./ b —»

and odd-mode impedances were calculated for five different
edge-coupled configurations and the results of these calculations
are presented in Figs. 2-6. It was found that the results obtained

Fig. 3. Variation of even- and odd-mode impedances as a function of » /b
for k =2.0.

for the coupling structure consisting of two parallel strips (Fig. 2) 200 - Y
exactly correspond to those of Cohn, as the transformation )
equations of the present formulation for this case are identical to 180 % E
the transformation derived by Cohn [1]. It was also observed that 160 L 40 ga
Wheeler’s results for a single circular conductor [2] agree well 'g ~°
with the present analysis for the case of circular conducting bars g 107 50 o
when the spacing between the conductors is large (S/b> 2. 0). In T8 0 | o0 §
addition, the results for the even- and odd-mode impedances for N 2
the case of circular conducting bars are compared with Levy’s in § 100 100 £
Table II. The results of these two formulations agree to within 5 § §
percent. This deviation is due to the fact that the present struc- g 87 120 £
ture is an oval and starts deviating from the circular shape for o 60- L 140 g
higher values of r/b. However the analysis is exact for the E s
limiting cases of conductors with horizontal as well as vertical - 40 018/b = 0.1 X s/b = 0.1 - 160
center strips. From the results of Figs. 26, it is observed that the E 204 o =05 Z. <V> = 2'(5) Zoo | 180
deviation between the even- and the odd-mode impedance in- / ﬁ =12 X =15

creases with decreasing values of the compression ratio. This 0 ety J T T . 200

deviation is maximum for the case of the edge line edge coupler. oo o 02 03 04 08 oe

For a given spacing the deviation between the even- and the . . .
. . . Fig 4 Vanation of even- and odd-mode impedances as a function of r/b
odd-mode impedance is a measure of the coupling, for k=10.
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IV. CONCLUSIONS

Data on a generalized structure of elliptical (oval) conductors
have been presented from the available analysis of some of the
basic transmission structures. With a single set of equations,
different shapes of the center conductors of the coupling struc-
tures can be analyzed by choosing the parameter a. Close agree-
ment of the results of the present formulation with some special
cases available in the literature confirms the validity of the
- analysis. This formulation can also be used to find the impedance
of a transmission structure having a center conductor of finite
thickness with rounded corners by choosing a low value of the
compression ratio. Such structures are useful for high-power
applications.

1263

TABLE 11
COMPARISON BETWEEN THE EVEN- AND ODD-MODE IMPEDANCES
OBTAINED FROM LEVY’S METHOD AND THE PRESENT WORK
FOR THE CASE OF CoUPLED CIRCULAR BARS

Zop{ohm }
pfesent
work

Zge{ohm)
present
work

"
r/b S/b | Levy %error Levy Yegtiror

.176 |96.2867| 95.6461 ‘0.6653 49.9141/48.2222 {3.3896
.200 |84.8239|84.1968( 0.7393]47.9315/46.4332 ({3.1259
.226 |83.6271/82.9573( 0.7985/49.9962] 48.6779 [2.6368
.4361.280 |74.9187{74.2094} 0.9468/49.9320{48.9281 [2.0105
.462(.338 (68.8971/68.2559!0.9307{50.0181{49.2143 {1.6070
.4821.398 (64.5025/63.8566( 1.0014}50.0393{49.3000{1.4774
.400 |[78.1118|77.5973 | 0.6587|58.9841{58.4546 |0.8892
.462 161.0799|60.2663(1.3320]/49.9750{49.1582}1.6344
.528 {58.5572|57.7676 [ 1.3484]149.9233|49.1648 {1.5193

.600 (74.1831]73.7622|0.5674|64.0618{63.6594 {0.6281
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Numerical Conformal Transformation of
Three-Magnetic-Wall Structures

EUGENIO COSTAMAGNA

Abstract —The traditional conformal transformation approach for capac-
itance and impedance evaluation in TEM transmission lines leads to the
mapping of the line structure into a rectangular geometry.
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