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Abstract. The universal method for deten11ining the characteristic impedance of 
microwave strip transmission lines is applied to calculate the impedances of face­
coupled strip transmission line. The impedances of each conductor in case of odd 
Z~ 2 and even Zi 2 excitation are presented. The influence of 11', T and S on 
z~:2 and Zt2 are 'analyzed. The current density distribution is estimated. 

The asymmetrical strip line with two conductors is used usually in two modifications. 
They differ in the disposition of conductors to the ground plane. In the first modification, 
shown in Fig. la the conductors are situated by each other (side-coupled strip line). The 
second modification (face-coupled strip line) is illustrated in Fig. lb. 
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Fig. 1. Cross section of (a) side coupled strip line; (b) face coupled strip line 

In side-coupled strip line both conductors are completely equivalent and have equal 
electric characteristics. In this case the characteristic impedances in even and odd ex­
citations Zj' = Z~ = ze, Z? = Z~ = Z 0 and can be described with two parameters 
ze and Z 0

• In the face-coupled strip line the two conductors are not equivalent to each 
other Zj' f:. Z~ and Z? f:. Z~. The face-coupled line is described with four parameters. 
This line is not well studied for its asymmetry. 
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The universal method for determining the characteristic impedance of microwave 
strip transmission lines [ 1], applied to analyze side-coupled strip line [2] is used to 
estimate the characteristic impedances of face-coupled strip line. 

The characteristic impedances of the coupled strip line are defined as follows [ 1]: 

l /µ ri-2,/,, n 

ZJ.; e = - 47r J2 V ~ . L L JiJ/Pij . 
i=n1 ,kJ=l 

(1) 

I is the total line current, E: and µ are parameters of the media (assumed homoge­
neous), n is the number of straight line parts Li (i = 1, 2, ... , n) along the perimeters 
of the two conductors, n 1,k and n2 ,k are the first and the last part of k-conductor 
(k = 1, 2), Ji is the average current density of the Li and the function <Dij is defined 
as 

<Dij = fi(Li, Lj) - fi(Li, 0) - fi(O, Lj) + fi(O, 0). 

The function fi(Li, Lj) depends on mutual disposition and length of the Li and Lj 
parts: 

fi(li, Aj) = -3liAj + ~Rlj ln(Ryj) cos(.6.ij) + 2'-Y,ij) - /ijRlj sin(.6.ij) + 2/ij) 

where 

Ryj = [Ajcos(.6.ij) -Aij] 2 + [Ajsin(.6.ij) + Bij] 2 

Aij = l-i + (xi - ~j) cos( <pi) + (Yi - 1Jj) sin( 'Pi) 

Bij = (Xi - ~j) sin (<pi) + (Yi - 1}j) cos( <pi) 

.6.ij = </>j - </>i 

A· cos(.6.i ·) - Ai-· 
rij = arctan J J .1 . 

Aj sin(.6.ij) + Bij 

(x1, Y1) and (x2 , Y2) are the front end coordinates of Li and Lj, <pi and </>j are the 
angles between Li, Lj and the ground plane. 

The average current density distribution Ji is detennined solving the following system 
of n algebraic equations: 

n 

LFijli = 0 
i=l 
n1,k 

L Lili =h=Pk 
i=Tl/.l,k 

j = 1, 2, ... , n - 1 

where Pk is tlie perimeter of the strip conductor k, 

Fij =Vii - Vn+1,j , 

i ;;i.i = <I>i.i + 4n LiDij . 

Oij is the Kroniker symbol, 

<I>ij = h(Li, Lj) - /2(Li, 0) - ]2(0, Lj) + ]2(0, 0) . 

(2) 
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Fig. 2. Characteristic impedance of lower conductor in case of even 
Zoe and odd Zoo excitation (T = 0.01) 
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Fig. 3. Characteristic impedance of upper conductor in case of even 
Zoe and odd Zoo excitation (T = 0.01) 
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Fig. 4. Characteristic impedance of lower conductor in case of even 
Zoe and odd Z00 excitation (T = 0.1) 
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Fig. 5. Characteristic impedance of upper conductor in case of even 
Zoe and odd Z00 excitation (T = 0.1) 
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Fig. 6. Characteristic impedance of lower conductor in case of even 
Zoe and odd Z00 excitation (T = 1.0) 

h(Li , Lj) depends on the mutual disposition and lengths of paits Li and Lj and is 
determined by 

In the case of even excitation all currents run in the same directions (all average 
current densities Ji) have equal signs, either plus or minus). In case of odd excitation 
the average current densities along both conductors are with opposite signs. The uni­
versal method separates the conductor perimeters in straight line parts. To minimize the 
calculation time the separation is in minimal number of parts: each conductor wall is 
an independent pait. The geometrical parameters of the conductors are: 

- Normalized width of the strip conductor W = w/ d; 

- Nonnalized thickness of the strip conductor T = t/ d; 
- Nom1alized distance between the conductors S = s/ d 

where d is the distance between the lower conductor and the ground plane. The re­
sults for the characteristic impedance of each conductor in both cases of excitation are 
presented in Figs 2-6 and 7. 

The increase of S brings closer the characteristic impedances of the conductors for 
both types of excitation. In case of S --+ oo the Z~ and Z]' are leaning to the asymmetric 
strip line impedance with the same dimension of the strip conductor (dashed line). With 
growing of s to infinity z~ and z~ are leaning to the impedance of a current fibre, 
situated over the ground plane. 
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No S= 0.1 

even odd 

1 1.92206 -0.16241 
2 2.63141 -0.90562 
3 -0.24834 -1.85646 
4 2.63136 -0.90563 
Ii 2.19998 -2.19999 
5 0.46859 t.85697 
6 2.54598 0.91525 
7 1.22222 0.15997 
8 2.54597 0.91521 
h 2.19999 2.19998 
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Fig. 7. Characteristic impedance of upper conductor in case of even 
Zoe and odd Zoo excitation (T = 1.0) 
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Table I. Average current densities Ji on different parts of the conductors with dimensions vV = 
1.0, T = 0.1 and three distances S between them in case of even and odd excitation. The total 
currents running along the lower (Ii) and upper (h) conductor are presented too 

No S= 0.1 S= 0.5 S= LO 

even odd even odd even odd 

1 1.92206 - 0.16241 1.67365 - 0.48496 1.50880 - 0.66478 
2 2.63141 - 0.90562 2.21907 - 1.55507 2.04478 - 1.75624 
3 - 0.24834 - 1.85646 0.08253 - 1.40403 0.28224 - 1.18398 
4 2.63136 - 0.90563 2.21910 - 1.55505 2.04481 - 1.75621 
h 2.19998 - 2.19999 2.19999 -2.19998 2.19998 - 2.19999 
5 0.46859 1.85697 0.67690 1.41284 0.79586 1.20766 
6 2.54598 0.91525 2.23410 1.58640 2.08435 1.79951 
7 1.22222 0.15997 1.07628 0.46987 0.98727 0.63242 
8 2.54597 0.91521 2.23397 1.58644 2.08433 1.79957 
h 2.19999 2.19998 2.19997 2.19999 2.19999 2.19999 

The change in the distances S between the two conductors strongly influences Z? 
and Z~ because the line capacity of the strip line in this case strongly depends on S. 

Ilecause of the screening role of the lower conductor for even excitation with the 
increasing of S Z2 decreases when lV s 1.5 for T = 0.01 and T = 0.1 and when 
W s 0.25 for T = 1.0. For all other widths Z2 grows with the increase of S. 

The average current density of strip conductors with dimensions W = 1.0 and 
T = 0.1 for three different distances S are presented in Table 1. The average current 
densities for even excitation of parts 1 and 7 decrease with the growing of S, while the 
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densities of 3 and 5 increase. In case of odd excitation the current densities in parts 1 
and 7 increase by absolute value, while these in parts 3 and 5 decrease. 

In the same Table the total cmTents flowing through every conductor in transmission 
line Ii and 12 are presented , The currents Ii and 12 are equal in absolute value and 
have equal signs for even excitation and opposite signs for odd excitation. 

The studied face-coupled strip line can be used in the design of a nonsymmetric 
hybrid directional couplers [3], filters and other two-layer planar structures [ 4). 
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