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Crosstalk Analysis of E-Plane Ku Band Waveguide Joints

Neelam Sharma® and Debendra K. Panda

Abstract—This paper presents crosstalk analysis of E-plane multichannel waveguide joints for high
frequency. The multi-cavity modeling technique and method of moment are used to analyze the
crosstalk. Waveguide has many practical uses in high powered RF systems. When two channel
waveguides are joined, the phenomenon of crosstalk will certainly appear, and the reason behind is
poor workmanship. The gap appearing at the flange joint causes power coupling to the neighboring
ports. In this paper, two channel E-plane waveguide joints for frequency range 15 GHz to 18 GHz have
been analyzed. Scattering parameters data obtained from cavity model analysis have been verified and
compared with CST microwave studio simulated and measured data.

1. INTRODUCTION

Waveguides are used as a transmission line in microwave communications, broadcasting, and RADAR
installation. T'wo-dimensional phased array antennas have wide applications in communication satellite,
RADAR detection of missile, Wi-Fi, and multiple-input multiple-output (MIMO). At the input of phased
array antenna multiport power dividers or combiners are mainly used. Whenever 2 channel waveguides
are joined, due to faulty workmanship at the joint, field may couple to the neighboring channel, and
crosstalk will appear. Crosstalk is an issue for many applications such as RADAR communication,
satellite communication, and mobile communication. Many authors have described crosstalk in coaxial
cables, microstrip lines, and optical fiber cables [1-4]. Although the problem of coupling in waveguide has
been analyzed for X-band [10, 11], no work has been done on crosstalk analysis for high frequency bands.
Frequency scaling cannot be applied to the prototype design due to standard waveguide specification
such as wall thickness. For high frequency band applications, there is necessity of new investigations.

In the present scenario, the demand of higher frequency bands is increasing to meet the requirement
of 5G technology. Due to faulty workman-ship, there is possibility of crosstalk. So, at higher frequency
bands crosstalk should be analyzed. Various researches are going on longitudinal waveguide for high
power transmission and radiation. There is necessity to use waveguide component for high frequency
applications. Hence, this problem is discussed.

Multi-Cavity Modeling is an excellent technique for the analysis of waveguide-based components.
It was proposed by Vengadarajan [5]. After that Das, Chakraborty, and Panda used cavity model
technique for analysis of power dividers and combiners [6-8]. Cavity modeling is even used for the
analysis of waveguide-based network for high frequency [12]. This paper presents the analysis of
coupling at waveguide joints using method of moment and multi-cavity modeling. This technique
involves replacing all the aperture and discontinuities of the waveguide structures with an equivalent
magnetic current density so that the given structure can be analyzed using Magnetic Field Integral
Equation (MFIE). To model the crosstalk, a uniform gap is added at waveguide joints. The gap is
surrounded by conductor walls to form a cavity. Further the tangential component of magnetic field
scattered inside the waveguide and cavities are determined using the procedure outlined in [8], and the
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continuity of tangential component of magnetic field at coupling aperture is also considered. Now to
solve for the electric field at the window aperture, method of moment is used. In this method, basis
functions are used to convert all the integral equations into matrix equations. By the knowledge of
aperture fields, reflection and transmission coefficients are evaluated. Since the length and width of
coupling region (or cavity) are of arbitrary dimension, the cross-polarization component has also been
considered in analysis. This technique can also be used for other higher bands.

2. ANALYSIS OF WAVEGUIDE CROSSTALK

For the analysis of cross talk, two channels are formed using two waveguides connected with each other
with a finite gap as shown in Fig. 1, and its cavity modeling and details of region are shown in Fig. 2.
It may be noted that the structure has five regions namely waveguide 1, cavity gap, waveguide 2,
waveguide 3, and waveguide 4 and four interfacing apertures (4;-Ay).
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Figure 1. The three-dimensional view of two Figure 2. Cavity modeling and details of regions
channel E-plane waveguides with gap. of an E-plane two channel waveguide joints.

The interfacing apertures between different regions are replaced by equivalent magnetic current
densities [9]. As there are four apertures, there are four magnetic current densities M, My, M3, and
My,. These are considered as source and can be determined by cavity Green’s function for cavity region
and modal expansion method for waveguide regions (W;-W4) [10]. Boundary conditions can be found
between different regions by applying the continuity of tangential component of magnetic field across
the apertures as given by:

Aperture-1, Region 1 = Region 2
Hy*o-Y(MY) + Hy(MY) + Hy*9 (Mf) + Hy(Mf) — Hy(MJ) — Hy(M;3)

~HG(MY) — HE(MF) + Hy(MY) + H(MF) = 2" ®
HY"9 N (M) + HE(MY) + HY (M) + HE(M7) — HE(MY) — HE(M;)
—HE(MY) — HE(M) + HE(MY) + HE(MZ) = 0 @)

Aperture-2, Region 2 = Region 3
Hyv92(M3) — Hy(MY) + Hy"92(M5) — Hy(M{) + Hy(M3) + Hy(M3)
+H (M) + Hy (M) — Hy (M) — Hy(Mj) = 0 @
HYU92(MY) — HE(MY) + HYY92(M3) — HE(ME) + HE(MY) + HE(M3)
+HE(MY) + HE(M;) — HE(MY) — HE(M) = 0 )
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Aperture-3, Region 2 = Region 4
B (OMY) — Hy(MY) + H05(M3) — Hg(MF) + Hi (M) + Hy(M3)

FHS(MY) + H(M;) — HE(MY) — HE(MJ) = 0 )
HY93(MY) — HE(MY) + HE"93(M5) — HE(M§) + HE(MY) + HE(M3)
+HS(MY) + HS(M3) — HE(MY) — HS(MF) =0 (6)

Aperture-4, Region 2 = Region 5
Hy 4 (MY) + Hy(MY) + Hy 4 (Mf) + Hy(M{) — Hy(My) — Hy(M3)

—Hy(MY) — Hy(M3) + Hy(M}) + Hy(Mj) = 0 (@)
HE 94 (M) + HE(MY) + HE9(MF) + HE(M§) — HE(MY) — HE(M3)
~HE(MY) — HE(M3) + HE(MY) + HE(ME) =0 ®)

Electric and magnetic fields are represented over y-z plane. So y component of incident magnetic field
at the aperture is a dominant TE;y mode and is given by

H;” = —Ypcos <;CZ> e IPT

As field distributions are unknown, but can be expressed as the weighted sum of sinusoidal basis
functions, they can be given as

M
D +ZE ©

i,y/z

Here E,, W9/% are the unknown weights, and ep”’~ are the sinusoidal basis function which is given by:

sin{];L(y yw+L)} for yo — L <y < yu + L,
€ = 2w —W <2< 2+ W (10a)

0 elsewhere

Sin{p (Z_2w+W)} for yo — L <y <yw+ L,

WY = 2w 10b

€p” = Zw—W<z<z,+W (10Db)
0 elsewhere

In the above expressions L = a, W = b, where 2a = 15.799 mm, 2b = 7.899 mm, s = 1.02 mm, and 2s is

the distance between waveguide-1 and waveguide-4.

To determine the aperture field distributions, unknown weight E,l,’y/ “ must be determined. There are
four boundaries (A4;—A4) shown in Figure 2, and for each boundary there are two boundary conditions,
corresponding to the two tangential components (Y and Z). Since each component of field is described
by M basis functions, 8M unknowns are to be determined from the boundary conditions. Boundary
conditions have been solved using Galerkin’s specialization of the method of moment [13]. The weighting

. ,Y/z . . z
functions wq’y/ (x,y, z) are assumed to be the same as basis functions ep’y/ .

3. REFLECTION COEFFICIENT AND TRANSMISSION COEFFICIENT

Reflection and transmission coefficients have been derived as the procedure outlined in [8]. The reflection
coefficient I' can then be expressed as

Bl + B2 WiL; <& ™ Y L (p 1
S = T'===_""2__1 Eb*? ) W 1 : ~~ s _ -
e L L H C DI ER A ()

T Yu . fnL(p 1 T
005{2( ai+p+1>}smc{2(L+ai)H_ 1-E; (11)
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The transmission coefficient is given by

E;ransmitted W Lg iz T . wlL p 1
521/31/41—Tj,i - E;‘nc - a;b ZE [ {5 (_a__p—i_l)}Slnc{?(Z_a_j)}

) e e R I

4. RESULT AND DISCUSSION

For the measurement purpose, E-plane bends are joined together with a common flange and metallic
plate as shown in Figure 3. On the basis of formulation, MATLAB codes have been written to compute
the reflection and transmission coefficients. MCMT data for magnitude of S-parameter of an F-plane
WR-62 waveguide joints with two channels at Ku-band have been compared with CST microwave Studio

Figure 3. Photograph of two channel E-plane waveguide bends with metallic plate.
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Figure 4. Measured data for an F-plane WR-62 waveguide two channel joints for Ku-band without
gap.
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simulated data as well as with measured data. The scattering parameters for the circuit, when it is
excited through port 2, port 3, and port 4, have not been presented in this paper because they also
provide the same pattern of data as for port 1.

Initially, the measurement of magnitude of S-parameter for frequency range 15 GHz to 18 GHz
of E-plane WR-62 waveguide two channel joints without gap has been done by Vector Network
Analyzer (Agilent Technologies, E8363B, MY43030518, and A.06.04.32) which is shown in Figure 4.
The magnitudes of S-parameters for Ku-band E-plane WR-62 waveguide two channel joints with a
gap of 2t = 0.5mm, d = 2.1 mm and d1 = 2.1 mm are shown in Figures 5(a) to 5(d). In Figures 6(a)
to 6(d), the magnitudes of S-parameter for frequency range 15 GHz to 18 GHz are shown when port-
1 is excited for 2¢ = 0.3mm, d = 2.1mm, and dl = 7.1mm. The magnitudes of S-parameter for
Ku-band FE-plane WR-62 waveguide two channel joints with a gap of 2¢t = 0.5mm, d = 4.6 mm, and
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Figure 5. (a) Comparison of S1; parameter of MCMT, CST Microwave Studio simulated data and
measured data for an E-plane WR-62 waveguide two channel joints for Ku-band with gap of 2¢ = 0.5 mm,
d = 2.1mm and d1 = 2.1mm. (b) Comparison of Sy; parameter of MCMT, CST Microwave Studio
simulated data and measured data for an FE-plane WR-62 waveguide two channel joints for Ku-band
with gap of 2¢ = 0.5 mm, d = 2.1mm and d1 = 2.1mm. (c) Comparison of S3; parameter of MCMT,
CST Microwave Studio simulated data and measured data for an E-plane WR-62 waveguide two channel
joints for Ku-band with gap of 2¢ = 0.5mm, d = 2.1mm and dl = 2.1mm. (d) Comparison of Sy
parameter of MCMT and CST Microwave Studio simulated data and measured data for an E-plane WR-
62 waveguide two channel joints for Ku-band with gap of 2¢ = 0.5mm, d = 2.1 mm and d1 = 2.1 mm.
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Figure 6. (a) Comparison of S1; parameter of MCMT and CST Microwave Studio simulated data and
measured data for an E-plane WR-62 waveguide two channel joints for Ku-band with gap of 2¢t = 0.3 mm,
d=2.1mm and d1 = 7.1mm. (b) Comparison of Sy; parameter of MCMT and CST Microwave Studio
simulated data and measured data for an FE-plane WR-62 waveguide two channel joints for Ku-band
with gap of 2¢ = 0.3mm, d = 2.1 mm and dl = 7.1mm. (c) Comparison of S3; parameter of MCMT
and CST Microwave Studio simulated data and measured data for an E-plane WR-62 waveguide two
channel joints for Ku-band with gap of 2¢ = 0.3mm, d = 2.1mm and d1 = 7.1 mm. (d) Comparison
of S41 parameter of MCMT and CST Microwave Studio simulated data and measured data for an E-
plane WR-62 waveguide two channel joints for Ku-band with gap of 2¢ = 0.3mm, d = 2.1 mm and
dl = 7.1 mm.

—e—5S11 Meza ——S11CST —@—S11 MCMT

|

0.15 [

Magnitude of S-parameter

1.50E+10 1.60E+10 1.70E+10 1.80E~+10
Frequency in GHz

(a)



182 Sharma and Panda

—8—521 Mea =—8=—521 CST =—8—521 MCMT

& 0.2
=
£ 015
g8
w
2
p=
1.50E+10 1.60E+10 1.70E+10 1.80E+10
Frequency in GHz
(b)
—8— 531 Mea —8— 1531 CST =—8—531_MCMT

=

o

L
=

Magnitude of S-parameter
=]
o

0.85
0.8
1.5(E+10 1L60E+10 1. 70E+10 1.80E+10
Frequency in GHz
(©

—8—S41 Mes  —8=—S41 OST  —8—S§41 MCMT

5 02

015 /

-

:‘?3

2

&

=

1.50E+10 1.60E+10 1. 70E+10 1.80E+10
Frequency in GHz
(d)

Figure 7. (a) Comparison of the Si; parameter of the MCMT and CST Microwave Studio simulated
data and measured data for an F-plane WR-62 waveguide two channel joints for Ku-band with gap
of 2t = 0.5mm, d = 4.6mm and d1 = 9.6mm. (b) Comparison of the Sp; parameter of the MCMT
and CST Microwave Studio simulated data and measured data for an E-plane WR~62 waveguide two
channel joints for Ku-band with gap of 2t = 0.5mm, d = 4.6 mm and dl = 9.6 mm. (c) Comparison
of the S3; parameter of the MCMT and CST Microwave Studio simulated data and measured data for
an F-plane WR-62 waveguide two channel joints for Ku-band with gap of 2t = 0.5mm, d = 4.6 mm
and d1 = 9.6mm. (d) Comparison of the Sy parameter of the MCMT and CST Microwave Studio
simulated data and measured data for an E-plane WR-62 waveguide two channel joints for Ku-band
with gap of 2t = 0.5mm, d = 4.6 mm and d1 = 9.6 mm.
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dl = 9.6 mm are shown in Figures 7(a) to 7(d). In Figures 8(a) to 8(d), the magnitudes of S-parameter
are shown when port-1 is excited for 2¢ = 0.5 mm, d = 4.6 mm, and d1 = 7.1 mm. It has been analyzed
that measured data, MCMT data, and CST simulated data have excellent matching throughout the
graph when 2t = 0.5, d = 2.1, and d1 = 2.1 and when 2t = 0.3mm, d = 2.1 mm, and d1 = 7.1 mm.
Similarly, there is also excellent matching among measured data, MCMT data, and CST simulated data
for frequency range 15 GHz to 18 GHz when 2t = 0.5mm, d = 4.6 mm, and d1 = 9.6 mm and when
2t = 0.5mm, d = 4.6 mm, and d1 = 7.1 mm.
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Figure 8. (a) Comparison of the Sj; parameter of the MCMT and CST Microwave Studio simulated
data and measured data for an E-plane WR-62 waveguide two channel joints for Ku-band with gap
of 2t = 0.5mm, d = 4.6mm and d1 = 7.1mm. (b) Comparison of the Sp; parameter of the MCMT
and CST Microwave Studio simulated data and measured data for an E-plane WR-62 waveguide two
channel joints for Ku-band with gap of 2t = 0.5mm, d = 4.6 mm and dl = 7.1 mm. (c) Comparison
of the S3; parameter of the MCMT and CST Microwave Studio simulated data and measured data for
an F-plane WR-62 waveguide two channel joints for Ku-band with gap of 2t = 0.5mm, d = 4.6 mm
and d1 = 7.1mm. (d) Comparison of the Sy parameter of the MCMT and CST Microwave Studio
simulated data and measured data for an E-plane WR-62 waveguide two channel joints for Ku-band
with gap of 2t = 0.5mm, d = 4.6 mm and d1 = 7.1 mm.

5. CONCLUSION

In this paper, an attempt has been made to apply Multi-Cavity Modeling Technique to analyze crosstalk
in between two channel E-plane waveguide joints for the frequency range 15 GHz to 18 GHz. Scattering
parameters for the circuit have been obtained. A generalized algorithm is developed to characterize
crosstalk. There is excellent matching of CST simulated data, measured data, and MCMT data. It
has been seen that there is no coupling of power to neighboring port of two channel E-plane waveguide
joints at Ku-band for the above considered dimensions.

This computation is carried out to analyze crosstalk in a closed metallic region, and as the demand
of high frequency band is increasing, there are higher possibilities of crosstalk. This work will be helpful
to give insight to the crosstalk between waveguide channels at high frequency and MIMO applications.
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