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the conventional SDA without asymptotic extraction technique and
the proposed method for the calculations of effective dielectric
constant forw/h = 1 andw/h = 0.1 (h/X¢ = 0.1). For both
techniques, the quasi-TEM [12, p. 450] effective dielectric constant
was used as the initial value. Starting with this initial trial solution,
the results shown in Table Il converge with an accuracy of*10
after the seventh iteration far/h = 1 and after the sixth iteration
for w/h = 0.1. The integration of the impedance matrix elements in
the conventional SDA requires truncation at a high value of the upper-
limit o, to provide sufficient accuracy, which results in a significantly Abstract—This paper presents for the first time a computer-aided
greater amount_Of computer time than the proposed me”_]Od' A_S shq Qign-oriented (CAD) analytical formula for the determination of the

in Table Il, the improved method reduces the computational time BMaracteristic parameters of asymmetrical coupled lines of a conductor-
26 times (forw/h = 1) and 49 times (forw/h = 0.1) than the backed coplanar type. Closed-form expressions are developed for eval-
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conformal transformations. The derived formulas show excellent accu-
racy compared to the results produced by a spectral-domain approach.
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IV. CONCLUSION . . .
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spectral-domain approach using the closed-form asymptotic extrac-
tion technique (with choice of Chebyshev basis functions) results in I. INTRODUCTION
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and the dimensional parametersp, andq are given by

W K(k)
TH T LM (32)
DS,
k= 3b
\/<51+G)<51+m) (30)
D=W,+8+G (3¢)
F'|arcsin (D4 524+ Wo)($1 4+ G)
D(Si+ G+ So+ W)’ g
= - 3
Fig. 1. Asymmetrical coplanar coupled lines. P=w K (k) (3d)
Ja . (D+ 52)(S1+G)
I . L . . arcsin (| ~——+———— -k
flexibility in the design of circuits through an additional variable Q D(G+ 51+ 852)
and inherent impedance transforming capability. Various approaches 1= K(k) (3e)

have been reported on the characterization of asymmetrical coupled

lines such as the network analog method [2] for microstrip lines, thehere K (k) and K’ (k) are the complete elliptic integral of the first
variational formulation [3] for coplanar-type transmission lines, ankind and its complement, and' (¢, k) is the incomplete elliptic

the capacitance dividing method [4] for coplanar strips and striplindstegral of the first kind, written in Jacobi’'s notation. The values
as well as microstrip lines. Recently, the coplanar waveguide hasC, and C,, are obtained by settin§i = 1 andV> = 0, and by
received much attention due to its simplicity, better performangsacing a magnetic wall at the center of the siR(= P + Q) as

at the millimetric frequencies, and lower fabrication cost. Fdndicated in Fig. 2. The configuration in the domain can then be
monolithic microwave integrated circuit (MMIC) applications, whereonsidered as two isolated capacitances [5] and the partial self and
the substrate is typically thin and fragile, a back face metallization isutual capacitances for the air region are, therefore, given by
usually employed to increase the mechanical strength as well as to

improv_e heat_ _dissipation. The stqndard coplanar waveguide (CPW) c, :&‘o{ le((m') 4 I/x_’/(v'a) } (43)
plus this additional ground plane is often called a conductor-backed K'(af) = K'(v0)
CPW. In this paper, a new and accurate closed-form formula is _ K(yo)

_ _ : : Cr =20 (4b)
derived for calculating the self and mutual static capacitances of K'(~yo)

asymmetrical coupled lines of a conductor-backed coplanar type.
Numerical results generated by a spectral-domain approach are ¥/§6"€

included for accuracy verification of the proposed method. K(a) 5
() =or (5a)
Il. METHOD OF ANALYSIS F(arcsin 3, o) _p (5b)
In an asymmetrical coupled-line structure there are two funda- K(a) Ty

mental modes of propagation, namely theand = modes. The K(vy) _ (1— ) (50)

propagation characteristics [1] can be expressed in terms of two K'(7) o=

propagation constantgi., -, and four characteristic impedances, Flarcsin o, v) 1—g¢q

Zi o, Zi.» (i = 1, 2). It has also been shown [2] that these parameters 50 — =1, (5d)

can be expressed in terms of the capacitance and inductance matrices.
Furthermore, the self- and mutual-inductance values are evaluatedi» = R/W. Simple and accurate formulas are available [6] for
from the capacitance matrix of the same geometry in air. Note thadlving (3)—(5). Similarly,C> can be determined from the same set

the capacitance matrix is defined [3] as of expressions derived in (3)—(5) but with;, Sy, So, Wi, and W
0 c, -G, 1M replaced byCs, S, Si, Wa, and W, respectively.
{Q?} = { C C‘T} {VB} ) On the other hand, the partial self and mutual capacitances for the

dielectric region are computed by the conformal transformation as
whereV: and(), are the potential and total charges on the left strigghown in Fig. 3. Note that the dielectric region in thelomain is
V2, and@: are those on the right strip, arid, C, andCy, are the transformed onto the lower half-plane in thedlomain through the

self and mutual capacitances. mapping
The structure to be studied is shown in Fig. 1, where all the
conductors are assumed to be infinitely thin and perfectly conducting. t=c/" (6)

It is also assumed that the air-dielectric interfaces (where all the

conductors are located) can be dealt with as though perfect métgnce, the values of'i, Cz, andC,, for the dielectric region can
netic walls are present in them. Hence, the total self and mutu found using the procedures described previously, but $iittb:,
capacitances can be considered as the sum of the partial self &rhd¥1, W2, ande, replaced byS|, Sz, G', Wi, Ws, ands,ée,,
mutual capacitances in the air region and in the dielectric substraespectively, where

To determine the self and mutual capacitances in the air region a

. : ; . N 1 — Wir/h _
sequence of conformal transformations is used as depicted in Fig. 2. Wy =e _1 ‘1 (72)
The lower half-plane in the domain is mapped onto the domain S =M /hesim/h ) (7b)
through el :e(VVlJrSl)W/h(eGT/h —-1) (7¢)
dt 5 = C(VV1+S’1+G)1r/h(C,Q'zr/h — 1) (7d)

-t
w= [ — ’ @ |
Y \/(t — ta)(t _ fb)(t _ tc)(t _ td) VVé — 6(I/l/1+Sl+G+SZ)7r/h(EM/Zﬂ/h _ 1) (7e)
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Fig. 2. Capacitance evaluation by conformal transformations.
TABLE |

z-plane
SELF AND MUTUAL CAPACITANCE VALUES EVALUATED BY THE PROPOSED

METHOD AND A SPECTRAL-DOMAIN APPROACH (¢, = 12.9, W = Wy = S3)

rrrrrrrrr e )' A This paper Spectral Domain [7]
Sy : . S,/h G/S, C /C,/C, (pF) C,/C,/IC, (pF)
LT e , S,/8,=05&2 S,/8,=05&2
170.4/205.6/92.4 | 171.2/206.2/93.0
t-plane
0.2 0.2 252.0/206.9/110.0 | 252.6 /207.6 / 110.4
- oo 0 0o 1453/177.5/619 | 146.1/178.2/62.3
p— b .
; : G g 0.2 0.5 221.3/1785/77.0 |222.0/179.2/77.3
W Si hodoid
o W S’ 131.4/160.9/41.8 | 132.2/161.6/42.1
er D2
»»»»» ' 02 1.0 201.9/161.5/53.9 [202.5/161.9/54.0
' ' . ] ) 192.8/257.5/709 |[193.9/258.7/70.8
Fig. 3. Conformal mapping for the dielectric region.
1.0 0.2 376.1/257.8/755 |377.3/258.8/75.3
Ill. NUMERICAL RESULTS AND DISCUSSIONS
Table | shows the values df;, C>, andC,, of an asymmetrical 173.21236.6/38.2 | 174.3/237.8/38.2

coupled lines £, = 12.9) evaluated by the proposed method and 10 0.5 354.6/236.7/41.5 |355.9/2379/413
by a spectral-domain technique [7]. For the spectral-domain methad
employed here, a large number of basis functions are used fo 1659/228.6/17.6 |167.4/230.1/17.4
approximate the potential distribution at the air—dielectric interfaces 0 10 3462/
in obtaining accurate results for the asymmetrical case. Note that : 462122871194 | 3480/230.2/19.2

the discrepancies between the values obtained by the two approaches

shown in Table | are small<{1.5%), for a wide range of./h, )
$1/S2, and G/S, values. The method of analysis mentioned isPectral-domain method. The results suggested that the proposed for-

Section Il can easily be applied to the case with upper shielding. Mulas are both accurate and easy to implement, thus making it an ex-
cellent choice for use in computer-aided design-oriented (CAD) tools.

IV. CONCLUSION

A closed-form formula has been derived for evaluating the quasi-
static characteristics of asymmetr_lcal coupled lines _of conductorl] V. K. Tripathi, “Asymmetric coupled transmission lines in an inhomo-
backed coplanar type. The numerical accuracy of this formula has” geneous medium/[EEE Trans. Microwave Theory Techgl. MTT-23,
been verified by comparing the results with the ones obtained by a pp. 734-739, Sept. 1975.
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