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This paper presents the eguivalent circuit of radiating longitudinal slots in

b integrated guide (SIW). The simulated results using MoM
simulator are compared VWwith measured reswlts. They are shown in good
agreement. These equivalent circuit will later be used in the design of array
antenna using these slots as tadiating elements.

1 Introduction

The slot antenna array cut on air filled rectangular waveguide is widely used, Since
accurate design equation and procedures are established [1-3], an array with large
element can be designed without much difficulties. However, the manufacturing cost is
high as compared with other plafiar antennas such as patch antennas. Integration with
other planar circuit and active dévice are also issues that limit waveguide slot antenna
to specific applications.

The spacing between each radiatien slot is usually choose to be hall wavelength in
air-fifled waveguide. The spacing s determined solely by the waveguide dimension
and is too long if large scan degfee is required for the array. The slots on dielectric-
filled rectangular waveguide is B way to reduce the distance between radiation
clements. In [4], the equivalent ¢ircuit of radiating slots is computed by FDTD.

Since the current at the side wall of TE10 mode rectangular waveguide is in the
vertical direction only, a linear array of vias can provide a good path for side wall
current, The lamninated or substrate integrated waveguide (SIW) proposed at [5-6]
provides a good method to produce rectangular wavegnides in conventional PCB
process or LTCC processes. Since there are natural dielectric filling in these
waveguides, the element spacing can also be reduced. By using these process, the cost
of manufacturing can be reduced and integration with other planar circuit and active
device is easy. A slot array antenna using SIW is presented at [7].

In the design of planar array antenna, the microstrip line has quite a large loss.
Since SIW has a lower loss as compared with microstrip line when same substrate is
used, In [8), SIW instead of mictostrip line is used to feed each patch element using
LTCC process. Due to the high dielectric constant in LTCC, additional vias are placed
around the patch antenna to prevent wave propagation along the substrate direction.
Since SIW has a clear benefit over microstrip line in the feed structure, it would be
natuge to use slot antenna on SIW instead of patch antenna as radiating element. Before
the array can be designed, the equivalent circuit of a single radiating slot is required.
The slot antennas on SIW with different offset are fabricated on Rogers RQ4003
substrate. A double taper microstdp line to waveguide transition modified from [9] is
used for probing. The same circuits are also simulated by an MoM simulator, the
Agilent Momentum for comparisen with measured results.

The equivalent mode] of longitudinal radiating slot and equations to caleulate its
equivalent circuits from scattering parameters are given in Sec. 2. The measurement
and simulation procedure and results are given in Sec. 3. And finally, the conclusion in
Sec. 4,
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2 Equivalent model of radiating slots

Large arrays with hundred of slots can be designed in an efficient manner using
Elliot’s method of design [1-~3]. This method is based on that the scattering from the
slots on the waveguide wall can be medel as a shunt or serics equivalent circuits
depending on the direction and location of the slot. For a longitudinal slot, it can be
modelled as a shunt equivalent circuit as shown in Fig. 1. The scattering parameters at
the reference plane that is located at the centre of the slot are related to the shunt
equivalent circuit as

YIG,
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and G, is the characteristic admittance of the waveguide. With measured scattering
parameters, the normalized admittance can be caleulated using
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Similar expression that use both 511 and 521 can be obtained. The admittance of a
slot depends on its offset x, length [ and frequency. The admittance of can be expressed
as the foltowing for easy observation of its behaviour versus these variables[10],
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where x is the offsct of the slot, / is the slot length, g(x)=G,(x)/G, is the
normalized resonant conductance, y=1/1,(xf) is the ratio of length to resonant
G+ jB
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length, /,(x, f)= A/2mv(x) is the resonant length. h(y) = [ (y)+ jBy (3)]= is the

ratio of the slot admittance to the resonant conductance.
When the waveguide has dielectric filling, its resonant slot length can be estimated

by 7= 4,/,f20s, +1). [C))
3 Results from measurement and simulation

3.1 Measurement and simulation procedures

The slot antennas on STW with different offsets are fabricated on Rogers RO4003
substrate. The dielectric constant is 3.38 with substrate thickness of 8 mil and 17pm
thick metal. The distance between two linear arrays of vias is 150 mil which will be
used as the waveguide width later. The diameter ef each via is 12 mil and the distance
between each via is also 12 mil. The initial guess of slot length at 30 GHz using (4) is
130 mil. The slot width is 10 mil. Seven slot antennas with different offset starting
from 5 mil to 35 mil is fabrcated. Double taper microstrip line to waveguide
transitions modified from [9] is connected at both ports of waveguide to convert
waveguide to microstrip line. The microstrip line is used for input and output ports
because two GSG probes and a Cascade probe station are used to probe the circuit for
scattering matrix measurement. A set of TRIL calibration set that move the reference
plane to the middle of the waveguide section is alse fabricated. After the reference
plane is move into the desired reference plane using TRL calibration method,
scattering parameters are used to calculate the equivalent circuit of radiating slot using
(2). In the meanwhile, scattering matrices of all circuits (including circuits in the TRL
calibration kit) between microstrip ports are simulated using Agilent Momentum. The
simulated results are processed in the same way as measured scattering matrices.



3.2 Results

The real part and imaginary part of the equivalent circuit of a radiating slot that is
130 mil long, 10 mil width and with 10 mil offset are show in Fig. 2. Both the
measured and simulated results are given, They are shown to be in good agreement.
The resonant frequency can be clearly idemified as 32.5GHz where the imaginary part
is zero, The resonant frequency is a little depart from 30 GHz. The resomant slot
admittance versus the ratio of slot length [ to resonant length i is given in Fig, 3(a) and
3(b}. Comtpared with the slot admittance given in [4], we found the admittance exhibits
a stronger dependence on the slot length which means the bandwidth of our slot
antenna is smaller. This is due to that the dielectric constant of our substrate (3.38} is
higher than the dielectric constant (2.1} in [4]. The variation of normalized resonant
conductance and resonant length versus normalized slot offset (which is x divided by
waveguide width) is given in Fig, 3(c) and 3(d). They also have a stronger dependence
on the offset as compared with corresponding values in {4]. Also please note that
normalized resonant conductance started to decrease when normalized slot offset is
larger than 0.1. This may due to that when the slot is cut in the broad wall of SIW, the
cuwrrent distribution deviated from the origina] TE10 mode. As the slot offset is
incieased, the deviation may be larger. The current in the narrow wall will no longer in
the vertical direction only, This will then make the variation of admittance different
from that of standard metal rectangular waveguide.

2 Conclusions

In this paper, we presented the equivalent circuits of a longitudinal radiating slot on
the broad wall of SIW. These equivalent circuits are obtained from both measurement
results and simulation. Results agreed well in calculated equivalent circuit values.
These data will later be used in the design of planar array antenna using these slots as
radiating elements.
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Fig.1 Lengitudinal slot in the bread
side wall of substrate integrated
waveguide (SIW} and its equivalent
circuit. Two double taper microstrip line
to waveguide transitions are also shown.
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Fig. 2. The real part and imaginary parts
of the equivalent circnit of a 130 mil
long radiating slot with 10 mil offset.
Both measured and simulated results are
given.
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Fig. 3. (a) G/Gr versus Ir, (b) B/Gr versus Ir (¢) normalized resonant conductance versus
normalized offset (d} normalized resonant length versus normalized offset for a

longitudinal slot in SIW at 30GHz
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