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I. IN~~DUCTION 

Because of its good efticiency and relatwely low cost, 
slotted waveguide technology is a promising candidate for 
the fabrication of elecaonicaJly scanning antennas for 
advanced communication services. Such antennas can 
typdy be used for mobile satellite terminals. 

For practical implementation of the beam steering, 
however, the problem of grating lobes must be solved. 
Using a standard air-flied waveguide the beam steering is 
lirmted w only narrow angles, with a maximum scanning 
angle between 6’ + 25’. A simple way m achieve wider 
scanning angles is m reduce the waveguide width by fang 
the waveguides with a dielecnic material, thus reducing 
the distance between radiating elements [7]. 

For the design of a slotted dielectric ftied waveguide 
array the remnant length of each slot musf be known very 
accurately. The slot is by itself narrow-band and the 
bandwidth of the array is further reduced by the mutual 
coupling between the slots. By modelling each slot by an 
equivalent shunt admittance [I]-[31 large planar arrays of 
slots can be designed in an efficient manner, acc~undng 
also for the mutual coupling effects. 

In this paper the FDTD method has been used for an 
accu~afe computation of the equivalent circuit of an 
isolated longitudinal slot cut in the broad wa!J of a 
dielectric ftied rectangular waveguide, while a proper 
factorization of the slat admittance has been used for 
high numerical efficiency. 

By using the FDTD method, the waveguide w.ll 
thickness, th e presence of a finite or inftite flange and a 
dielectic layer over the slot can simply be accounted for, 
making this method very wired for this kind of 
applications. 

II. EQUIVALENT MODEL OF THE MDIAT~NG SLOT 

Large arrays with hundreds of slots can be desIgned in 
an efficient manner using El!iott’s method of design [l]- 
[3], where a symmetrical standing wave is assumed as the 
voltage distribution along each slot. A dc$led analysis 
shows that if the slot is near resonance this assumption is 
a very good approximation [Z], 131. This implies that the 
scanering due m a lon@tudinal slot in the broad wall af a 
rectangular wavegude is symmetrical and its equivalent 
circuit simply consists of the shunt admittance Y(~,,,/), 
depending an the slot offset r, the slot length I and 
frequency (Fig. 1). The slot width is set w a fixed quantity, 
usually between l/l0 and l/20, depending O” bandwidth 
requirements. I I 

.s I 

In this paper, the FDTD method has been adopted m 
rigoro”sly compute the scattering parameters of a slot; the 
slot admittance of fig.1 is then evaluated from the 
scattering matrix. 

The scattering parameters of the circuir shown in Fig. 1 are: 

s,, =s*, =l+S,, (2) 

and G, is the characteristic admittance of the waveguide. 

Using (I) and (2) the normalized admittance can be 
expressed in femu of the reflectian coefficient &I (back- 
scattering definition): 

Y(s,/,/) _ -2s,, (3) -- 
G I+& 
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or in terms of the transmission coefficient Szl (fonvard- 
scattering definition): 

Since symmetrical scattering is an approximation, the 
equation (2) is not satisfied exactly, so that the results 
obtained through (3) and (4) sham a small difference. 
Another possible expression far Y/Go is: 

‘Ihis equation derives from (3) with Sir substituted by the 
average between the computed S,,,,, and the reflection 
coefGdent derived through (2) from computed SnsDm: 

. s,,= 
%.m +s*,.m -1 (6) 

2 

It can be shown that expression (5) gives a better 
approximation of the slot behavior. 

Since accwafe FDTD simulations are rather CPU 
intensive, for the suitability of the method it is essential to 
minimize the computing effort. To this purpose, we have 
used for Y/G, the facmdsation proposed by Stegen [l], [4]: 

--“-=g(s)h(y)=g(s)[h,(y)+jh,(y)l o Y(w-G G+@ 

Go Go G, 
where: 

I is the offset of rhe slot, I is the length of the slat, 

g(s) = c,(s) is th e normalized resonant conductance, 

GO 
I 

Y=l,o 
is the ratio of length fo resonant length, 

~,(S,f)=~Y(S)=%(S) 1s the IeSO”Mf lerlgth. (8) 

My)=b,(y~+jb21y~~~ is the ratio of the slot 

admittance m the resonant conductance. 

With the factorization (7), the normalized slot admittance 
is approximated as the product of the normalized 
resonant conductance (which is a real function of only the 
slot offset r) times the ratio between the admittance and 
the resonant conducwnce, which is a function of IJlr. 
The resonance condition is verified when y/G, is purely 

real;inrhiscasewehave:,=,,,G=G,,andy,G,=g. 

In his work [4] Stegen erperimentlly shows that the 
resonant length of a slot normalized to the free space 
wavelength is a function only of the offset r, as shown in 
equation (8). In this manner, the computation of the 
equivalent slot admittance, which is a function of the 
variables r, I and/is reduced to the computation of three 
separate functions of a single variable:&), Y(J), b(y). 

We have used the FDTD method to compute the 
scattering parameter SII as a function of frequency for a 

set of offsets G,} in the range 0 + 0.350 and for a fixed 

slot length i close to the resonant length at fo, The 
resonant length is significantly affected by the permitdvity 
of the dielectric filing the grude. A first guess for the 
resonanf length can be chosen as 

i=&i&Zj (9, 

‘Ihe fth mulation reams a ftmcdon g,,,(f) in a band of 

frequency, since a mod&cd gaussian pulse exiation has 
been used for the incident TE,,, mode. For each simulation 

with a different I, there is a frequency f,,, for which s,,,,(f) 

IS real and negaove. At that frequency the slot is resonant and 
IS length i is defined as the resonant length. 

We can thus compute the values of the functions ,Q) and 
g(r) for each offset I, of the se\ using equations (3) and (8) : 

Ci, v(st)=--- 
co 

+W,,)l 
g(s,)=l-Is I!,, (/J 

(10) 

(11) 

A polynomial interpolation has then been applied to 
approximate v(r) and&) m a continuum. 

While these two functions describe the slot at resonance, 
the function b(y) describes its behwiour off-resonance. 
Note that b(y) does not depend on the offset. To verify 
the accuracy of this assumption, for each offset II a 
different function b,(y) has been computed. 

The b,@)‘s arc defined in terms of the ratioy between 
the slot k”gth and its resonant lmgth at the ccntre 
frequency: 

y=I 
L(h) 

F&wing the same approach adopted m compute the 
funcdons v(r) and s(r), for each offset 9 a new set of 
simulations far different lengths should be performed. 

From equation (IO), the product between a cercun 
frequency and the resonanf length af that frequency can 
be considered as a consent in a narrow band: 

It is therefore possible m vary the ratioy by changing the 
frequency instead of the length as folIows: 
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Far each offset, the function b,(y) is thus computed foxy 

I”therange0.9+1.1: 

where rhe scattering coefficients h~,ws are the same 
already computed for the functions v(r) and&). 

III. RESULTS 

To verify the accuracy of the method, a comparison 
with experimental and simulated results has been 
performed for a longitu&nal slot (slot wdth w=1.5875 
mm) in a WR90 at the frequency of 9.375 GHz. These 
results are in exceUent agreement with those obtained 
with Method of Momenu (MOM) by Josefsson [5] and 
wxh experimental results, even for the cesonanf length, 
which IS the most critical parameter. 

As can be seen from Figs. 2 and 3, all functions b,(y) are 
very dose together; this confirms the good approximation 
of the variables separaaon (7). In this work, hb) has been 
chosen as the average of the b.iy)‘s. Fig. 4 shows the 
norm&zed resonant conductance versus the offset. 

The functions b,(y), b2Ly) and B(I) are in goad agreement 
with the experimental results obtained by Stcgen [4]. 

Fig. 5 shows the normakzed resonant length versus the 
offset, computed using the three different d&muons of 
the equivalent admittance, expressed by equations (3-5). 
These results are compared with a simulated result 
obtained by Joseffson with the MOM [5], and the best 
agreement IS obtained using equation (5). 

The method has then been used w analyse a 
longintdind slot (slot width w=1.5 mm) cut in the broad 
wall of a WR90 waveguide (a = 22.86 mm, b = 10.16 mm, 
f = 1.59 mm), tilled with a dielectic material with E = 2.1. 
The centre frequency has been chosen at 6.7 GHz, which 
is in the range of minimum wavegude loss. 

Figs. 6 and 7 show the behaviaur of b(y) versus the 
normalised slot length Ill, The comparison with Figs. 2 
and 3 show that, as it could be expected, the dielectric 
f&g has also the effect of narrowing the slot bandwidth. 

The normtised resonant conductance EGJG, vs. the 
slot offset is plotted in Fig. 8. It is interesting to note, by 
comparison with Fig. 4, that because of the dielecmc 
hllin~ the slot admittance exhibits a stronger dependence 
on the offset. As an example, the slot conductance G, 
equals the waveguide admittance Go for s/a=0.36 for the 
empty waveguide and for r/a=0.27 for the f&d waveguide. 
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As noted above, the dielectric filling strongly affects the 
remnant length of the slot, as can be seen by comparison 
of Fig. 9 with Fig. 5. The average res~nanf length decreases 
from about 0.5 ;b (empry uaveguide) down m -0.4ha 
@Iled waveguide) as can also be esdmated using (9). 

The figze also shows a signihcant dependence of the 
resonant length on the slot offset I. This dependence must 
be taken ino, accent for an accurate design of slot arrays. 

IV. CONCLUSIONS 

A procedure for the computation of the equivalent 
admittance of a longitudinal slot in a dielectric tilled 
rectangular waveguidc has been presented. 

The characterization of the slot is made with the use of 
the FDTD method, which has shawn m be appropriate 
for this analysis and computational efficiency is achieved 
using a proper factorization for the equivalent admittance. 

The comparison with other methods Q&M) and with 
experimental results have shown very good agreements 
wnb FDTD simulations. 

The proposed equivalent circuit allows for a fast and 
accurate analysis of the radiating slot in a frequency range 
of the order of 15% and it can be used in the design of 
large slotted waveguide anays even when dielectric filling of 
the waveguides is required m obtain wide scanning angles. 
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