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Absrruct-A detailed investigation of the two dimen- 
sional electromagnetic field distribution in the pla- 
nar circuit is important and useful not only for the 
optimized design and adjustment of planar circuits, 
but also the theoretical analysis of more complicated 
discontinuity problems. In this paper, we are de- 
scribed how to calculate and measure the two di- 
mensional electromagnetic field distribution in pla- 
nar circuits, making use of a kind of analogy existing 
between H-plane short-boundary planar circuit and 
Trough-type surface-wave planar circuit. The mea- 
sured resulLs are in good agreement with the theo- 
retical results predicted by a numerical analysis. 

Ihtroduction 
With the development of various MIC's, it becomes 

inmasingly important to proceed a rigorous full elec- 
mmagnetic analysis in the planar circuits. 

It is considered that a detailed investigation of two di- 
mensional elecaomagnetk(EM) field dismbution. in 
addition LO inpudoutput frequency characteristics of 
planar circuits. is useful not only for the design and 
adjustment of the planar circuit, but also the prediction 
with the theoretical analysis of more complicated 
discontinuity problems. As for the method of numerical 
analysis. many worker have already been reponed[l]- 
[4]. But a number of numerical methods have used 
Green's function approach with TEM-mode approxima- 
tion and, hence, are not the fact which paid attention to 
the two-dimensional EM field distribution. However, 
since a H-plane short-boundary planar circuit is a 
perfectly closed system, the direct measurement of the 
EM field distribution in the planar circuit is very 
difficult. To obtain the EM field distribution in this 
circuit. a special technique is requind. In this paper. we 
are proposed a method for calculating and measuring 
the two-dimensonal EM field distribution in the planar 
circuits, making use of a kind of analogy existing 
between a H-plane short-bounw planar circuit and a 
trough-type surface-wave planar circuit. 

11. Eiectromagnetic Field Distribution 
A. Geometry and Basic Equations 

Before starting the derivation of the basic relationsJet 
us briefly tevicw the planar circuit SMcture treated 
here. We consider a structure of (a) H-plane waveguide- 
type planar circuit and@) oough-type SWfaCe-wave 
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(a) H-plane short boundary 
planar circuit 

(b) Trough4 ype. surface-wave 
planar arcurt 

Fig.1 Structure of planar circuit 
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Fig3 Dispersion curve of dielectric slab 

planar circuit having the same metal-wall boundary 
conditions as shown in Fig.l(a).(b). Then, the field 
component in the planar circuit is as follows. 

E=(& . E3 t =wx. Hy * 0) 
Voltage and currents densities in the planar circuit are 

(1) defined as V(x , y) = -Ez d , J(x * Y) t (Hy s H x  
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v; v +e v = 0 v; v + p’I v = 0 

The Basic planar circuit equations (2),(3),(4) in both 
planar circuits and Helmholtz equahon with regard to 
voltage are derived from Maxwell’s equations respec- 
tively[2],[33. In these relations, both planar circuits 
have essentially the same planar circuit equations and 
boundary conditions except the lateral wavenumber ko 
and pt. Therefore. Referring to an o - p diagram shown 
in Fig.2, if ko(w1) = pd02) in both planar circuits, the 
input/output frequency characteristics and the EM field 
dishbutions become the same property. 

Using the relation of this analogy, and the frequency 
translation, the property of frequency w1 in (a) is 
correspond to the ona  of frequency 02 in (b) and vice 
v m u .  That is, the former is difficult to measure the EM 
field due to closed-system structure, but the latter can 
be easily measured the EM field on uniform dielectric 
sheet due to upper-open smctm. 

B .  Electric Field Distribution in Planor Circuii 
When the planar circuit is excited by ‘ E l 0  mode 

incidence at the input/output coupling waveguide, the 
EM field distribution is described using Green’ function 
G(r;ro) at (x,y,d) due to a unit current density source 
located at the source point ro 

Vf G + k2G = -6( r- r0 ) (5) 

where G(r?o) satisfies the following boundary condi- 
tions C=O on C briphery) 

ac / a n  =OonCw (coupiingponpm) 
For a surface current distribution Js on the coupling 

port connected in the planar circuit, two-dimensional 
normal component V(x , y) is given by 

V(x,y> = Z I G(r; ro) Js dxdy (6) 

where Z= jG d/w ,or jp: d/w 
Since the G(rro) can be expressed in terms of the 

set of eigenfunctions having the Same boundary 
conditions, then, Ez(x, y) can be calculated by 

c 

6) where nnq is ideal transformer ratio between n-th planar 

mode and q-th mode of j-th transmission line and given 
by ~ 4 3 ) .  

ed. Practically, the pro 
movable rack mechanism 
between the probe tips an 

computer controlled 
EM field through 12 enor. and are stored in 
memory(x-direction maximum movable-length 100mm. 

III. Numerical and 
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A. Frequency response of EM Fld dish 
right angle corner-cut bend 
FigA shows calculated frequency character- 

istics of lSif with parametcrs comer-cut 
c=C/w, and two dimensional electric field 
distributions for H-plane waveguide right 
angle comer-cut bend. From these nsults. it 
can be seen that the proper comer-cut plays 
an important role in smoothing the field 
distribution, which results in a reduction of 
the reflections at the discontinuity. 
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Fig3 Block diagram of two-dimensional electric 

field measurement setup 
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(b) Calculated field (c) Measured field (d) Measured field( f = 9.0 CHz ) 
Fig.4 Frequency characteristics and electric field distribution 

of H-plane waveguide right angle corner bend. 
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B. Electric fuld distribution of H-plane waveguide 
T-bifurcation 
Fig.5 shows calculated frequency characteristics of 

ISijJ’ as a function of the frequency and the electric field 
dismbutions for H-plane waveguide T-bifurcation. 

V. Conclusion 
A method for calculating and measuring the two- 

dimensional EM field distribution in both planar circuits 
is proposed, making use of the analogy between the H- 
plane short-boundary planar circuit and the trough-type 
surface wave planar circuit having the same boundary 
conditions. The agreement between theory and mea- 
surement is quite satisfactory. Thus, the proposed mea- 
surement system offers a valid means of predicting the 
theoretical analysis of more complicated discontinuity 
problems. The method of the electric field distribution 
measurement described here will be also applied to 
various H-plane planar smctures. 
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(b) Calculated field (c) Measured field 

Fig.5 Frequency characteristics and electric field distrib 
of H-plane waveguide T- bifurcation 
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