No. 1

Tokyo Institute of Technology
Ando and Hirokawa Lab.
Takada Lab.

Takuichi Hirano

July 15, 2002 Tokyo Institute of Technology



No. 2
Outline

< MoM/FEM
< MoM/FEM

<>

July 15, 2002 l m l Tokyo Institute of Technology



No. 3
Objective

O
e

July 15, 2002 l m l Tokyo Institute of Technology



No. 4

Waveguide Crossed Slot Array
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Past Work

Low-Profile MobilelBS Receiving System

Z~Conve

Single-Layer Slofted Leaky Waveguide Array
with a 52-deg. Tilted Beam in El.
Only Azimuthal Mechanical Steering

for Quick Tracking to a Satellite
— Height: 9cm, Weight: 8kg, Size. 45cm X 55cm

2 —

MotorFan 1994. 11
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A Waveguide Crossed Slot Array

No. 6

Circularly polarized wave

Beam direction 2\

Short circuited

Radiates 100%

Infinite grou

N

Short circuited

(@) A waveguide crossed-slot array (b) A waveguide crossed-slot (c) A waveguide matching
crossed-slot

linear array
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Principle of Leaky-wave Operation

A, SING, = A
sin6’t=ﬁ
Z’g | |

Incident wave

Thisrelation is satisfied when the slot spacing is
not equal to one guide wavelength.

Beam direction is independent of slot spacing
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Feeding Waveguide

Tt -Junction

Input Port Coupling Window
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Analysis of One Slot

X

July 15, 2002 l m l Tokyo Institute of Technology



No. 11
Integral Equations
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MoM/FEM Analysis
\Weighting /coeffiz:ientsl(by MoM)

11 Half free space

M=Am+Am,+Am,+---

g R
Basis functions (by FEM)
ﬁ ! Model Mode?2
| Waveguide E

X-shaped waveguide
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Effect of the Wall Thickness

e

Magnetic field mode function ﬂg
Electric field mode function /
-

|/
Y, == cothg i [ L L(‘éﬁ dgh L(q xf)-h, dS

—_cothf t) =

Orthogonality of mode functions

No mode summation
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Edge-based FEM

AX = AX
EA@ .
: B

E,(r)=1e,(r)+e,(r)je”
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Eigenmode Basis Functions

Model Mode?2 Mode3
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Edge-based FEM
- MoM
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Frequency vs. S21
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~ Cal. (=127 [mm]) — Bxp. (=127 [rmd]) = Cal. (£0)

~ Cal. (=127 [mm]) — Bxp. (=127 [rm]) = Cal. (£0)
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Radiation Pattern

Radiation Pattern (Observation Angleg =90° ,12.0 GHz)

Amplitude [dB]

-90 -60 -30 0 30 60 90
Observation Angle® [Deqg]

— Spin Linear (Exp.) — Emax (Cal.) Emin (Cal.)
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Analysis of a Matching Crossed Slot

Beam direction

Short circuited
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Model Mode3
Cutoff Wavenumbers 1:1.3:1.24, Excitation coefs 1.1:1.18:0.00079
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6
w
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105 deg
11 12
w/11=2/14
c.f.
I S
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kcu = Z
!

Model Mode3
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Model

b deg

Mode?2

1.18

105.9deg
_97.7dB/ ¢
_97.4dB
0
: 103.5 deg
A

VAN
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A, exp( ] 6)

g A
WY

ASR(i6) | A

{AL:AZ 0 = 30°

0,-0,=1r0+r7+2nrx

July 15, 2002 l m l Tokyo Institute of Technology



No. 25

Array Design
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MoM/FEM Analysis
\Weighting /coeffifientsl(by MoM)

11 Half free space

M=Am+Am,+Am,+---

ool
Basis functions (by FEM)

slot #1 —I\/Il®<i slot #2 —M‘;‘i

Model Mode?2

| Waveguide

X-shaped waveguide

Eigenmode functions

[l Wall thickness
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Setting of the Problem

Frequency: 11.85GHz One waveguide
Beam-tilting angle : 50deg

Satellite

Purpose

v'Uniform illumination
v'Circularly polarized wave
at a beam direction
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Design Procedure

1. Determine
the waveguide size and
the number of elements

6,—> a=16.0mm | Leaky-wave
Beam width ——> Number of slots=8

2. Determine Initial slot lengths
using infinite periodic model
Simulate mutual couplings

—> 3. Finite array analysis

MoM/FEM
— 4. Modify slot parameters
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Power Relation and Slot Coupling

Weak coupling <:» Strong coupling /Controlled by
(short slot) (long slot)

Slot coupling: 1/8 1/7 1/6 1/5 1/4 /3 1/2 1

adiated power: 12.5% per each slot
Uniform Aperture Illlumination

slot length

#1 #2 #3 #4 #5 #HO #/

O 12.5% of incident power per each slot ~ N
O 87.5% (7 slots), 100% (8 slots)
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Determine Initial Slot Parameters

60 r 25
Infinite periodic model| = s- ¥
E 40 -
S - 15
o
] ) = 30 1
Large in this case 500.0mm(204,) S -1
° S 20 A
i)
12.0mm(0.474,) £ 10 - - 05
3y Periddic walls
| / 0 ' ' ' 0
o 10 105 11 115 12
P N N Slot length (mm)
Periodic
T By
N2 siotno.  PXYTIPEGMsiot length (mm)
............. ks 1 125 10.21
2 143 10.37
ip 3 16.7 1053
S Ground plane 4 20.0 10.75
<> N A : : 5 25.0 11.01
TE10Wave $b1\ Infinitely-long waveguide 6 333 1135
oIt a : 7 50.0 11.86
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Radiation Pattern (nit.)
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E-fleld Radiated by Each Slot (nit.,)
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Correction of the Power

Error of the radiation ” | | }
power | i_________ T Pa
e (4 | .

____________________

o @ |

11
Slot length (mm)

\ Init. length

—> [ At the present slot length (1),
differential coefficient (2) is calculated numerically

O Slot length is corrected by the 15t order
2ep. approximation using the difference between

the present (3) and desired power (4)
> RIRRRRIX

and the differential coefficient.
— O Above procedure is applied to all the slots simultaneously
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Radiation Pattern (Corrected, 3 Iterations)
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Freq. vs. S11 and S21 (Corrected, 3 Iterations)

— MoM/FEM
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Freq. vs. Axial Ratio (Corrected, 3 Iterations)

Axial ratio (dB)

. IO

12 13 14 15

Frequency (GHz) WW

11.85GHz
Designed
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E-fleld Radiated by Each Slot (Corrected, 3 Iterations)

Radiation power (%)
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Correction (Method 2)
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Radiation Pattern
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S11 and S21
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Axial Ratio

Axial ratio (dB)
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Frequency (GHz)
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E-fleld Radiated by Each Slot
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Array Design 2
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W.G. Crossed Slot Array
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Design Model for a Matching Crossed Slot

hort circuited
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Frequency Characteristics
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Conclusion

o MoM/FEM

o MoM/FEM
o MoM/FEM

MoM/FEM

N

July 15, 2002 l rxq l Tokyo Institute of Technology



