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Introduction]

Circularly Polarized Dielectric Resonator Antenna (CP-DRA) With
Single Probe Feed

Merit Simple Feed Structure
Demeritd Narrow Frequency Bandwidth

T

Notch Added Shape Cross Shape Cuboidal Shape

Cuboid CP-CDR
e Easy in Fabricating Dielectrics

e CP Excitatin Condition Not Established
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Obj ective|

Design of CP-PDRA Composed of Single Feed and
Cuboidal Dielectrics

1. Application of ECM(Equivalent Circuit Method) for CP-
Microstrip Antenna to CP-DRA

2. Analyze the CP Characteristics Dependence on Perturbation, Feed
Position, Probe Length, by M-PCMM(Modal Polarization Current
Model Mehtod)

3. Establish the Design Method of CP-DRA with Circular Polariza-
tion and Impedance Matching

4. Prove by Experimennt the Proposed Design Method
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STRUCTURE AND COORDINATE]
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EQUIVALENT CIRCUIT WHEN PERTURBED'
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DESIGN PARAMETERS OBTAINED BY ECM
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APPLICATION OF M-PCM M|

p Equivalent Circuit Method(ECM) N

Possibleto obtain the diel ectrics parameters approx-
Merit Imately minimizing the axial ratio at the usable fre-
guency

Impossible to obtain the feed position or probe

K Demerit length for impedance matching

Neccessary to include the feeding position and probe
length in the design

Clarify the characteristics dependence on perturbation(]
feeding positiond and probe length as CP-DRA
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PCMM L] Polarization Current Model Method

e Method of Moment using the polarization current] J. H. Richmond,
19640

e Electromagnetic Field Analysis of the Space including Dielectrics
e Analysis of aLinear Antennanear a Dielectrics

- M-PCMMUO Moda PCMM N
e Expand the polarization current inside the diel ectrics by common
spherical wave functions (entire domain MoM)
e Analysis of the space including a homogeneous dielectrics

e Applicable to sphere-like dielectrics difficult to analyze by volu-
metric integral equation method

N J

[] Dielectric Resonator Antennaf (DRA)

Inoue, Inagaki and Kikuma, ** Application of Modal Polarization Current Model Method to Dielectric Resonator Antenna,” IEICE Trans.(B[J,

\ol.J86-B, no.1, pp.76-84, Jan. 2003.
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Aapplication of M-PCMM to DRA'

M-PCMM HFSS DWM
Resonant Frequency O O O
Input Impedance, Gain O O X
Unloaded Q O O O
Directive Pattern L] O L
Source Separation O X X
Internal Field, Probe Current O L] X
Inhomogeneous Dielectrics X O X
DRA Anaysis with the [ o 5
parameters fixed
DRA Analysis with probe o [ 5
parameters varied

Useful in designing DRA

e Sufficient Accuracy consistent with measurement
e Efficent Analysisfor variable feeding probe parameters
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Perturbation Aw/w and thedielectrics par ameters|

—— Frequency ———

_ 5.1500 5.25GHz
Wi = W AW Radio LAN
y IEEES02.11a stan-
W  dard |
nL:________:li“ +
I A
| W W gr = 12.600 wy = 8.0mmU w = 11.5mm
i y fc (GHz)| Aw/w |wy(mm)|wy(mm) wz{mm)
oo ! 5.159 0.130 13.0 10.0 8.0
W —AW 5160 | 0142 1313 | 987 | 80
| 5.162 0.160 | 13.34 0.66 8.0
5.164 0.180 | 13.57 9.43 8.0
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Singly Fed Cuboidal CP-DRA|

tZ
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®a VsS. CP-DRA characteristicsl

AW/ w=0.130— aw/w=0.160—
AW/ w=0.142 AW/ w=0.180
— - - - 160
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4.0 jg 3
. r 1 .
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13.0

o . 1o T,
20 25 30 35 40,45 50 55 60 65 70 2025 30 35 40,45 50 55 60 65 70
0 5 (deg.) 04 (deg)

gr = 12.60tans = 2.22 x 10°0 w, = 8.0mmO w = 11.5mm0]
h=8.0mmdd = 0.6mmi a= 0.5mm
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Cuboidal CP-DRA With Single Probe Feed|

tZ
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hvs. CP-DRA Characteristicsl

AW/w=0130— aw/w=0.160—
AW/ w=0.142 AW/ w=0.180

3g——————————————————— —— 160
155
5.0 @
145
1403
{3 O
13.0

1058 9 10 11 12 13 14 15
h (mm) h (mm)

gr = 12.60tans = 2.22 x 10°0 w, = 8.0mmO w = 11.5mm0]

$a = 48°0 d = 0.6mmQO a = 0.5mm

6 7 8 9 10 11 12 13 14 15
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Perturbation, Probe Length and Position vs. CP-DRA Characteristics|
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CP-DRA Design Procedure|

Frequency is Specified S
equenty Changing ¢, Whlle keeping h |«—'5
U fixedd obtain the optimum ¢, £
Determine the dielectrics height for the minimum axial ratio 5
W, considering the application =
demand O
i [ Adjust |mpedance by d and h ] *g‘

w and perturbation Aw/w are AR < O.5dB
decided to saticfy the conditions and VSWR < 1.15 2
for the lowest axial ratio fre- at the minimum AR fre /' &
quency and the CP excitation in quency’? No &
ECM <
\ / | Yes O

Finish
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Parameter s Obtained at the Second Step of Design |

—— frequency ——

W+ AW
.

Kdard

5.1501 5.25GHz
Radio LAN
|[EEE802.11a stan-

J

g = 12.60 wy = 8.0mmI w = 11.5mm

fc (GHZ)| Aw/w | wx(mm) | wy(mm) | wz(mm)
5159 | 0.130 13.0 10.0 8.0
5160 | 0.142 @ 13.13 | 9.87 8.0
5162 | 0.160 | 13.34 | 9.66 8.0
5164 | 0.180 | 1357 | 943 8.0

$a =480 h=8.0mmId = 0.6mmL a = 0.5mm

Inagaki L ab.

Nanzan University, Seto, Aichi, Japan



2003 APS Syumposium No. 17/20

Comparison with the Mesurement (1) Mrrlescszul\zﬁ -
HFSS ——
ECM ——
8 = T :
7- | /
f. (GHZ) | AR (dB) VAviFéth(%) 6t ‘
Messured 523 | 0340 345 & @5 |
M-PCMM| 528 | 0.144 | 357 x4 \ ,
HFSS | 518 | 0299 | 325 | <3 R
ECM 5.16 0 3.39 2 |
1t
D9 005

10 105 11
f/f,

gr = 12.60 tans = 2.22 x 10°0 w, = 8.0mmO w = 11.5mm0
Aw/w = 0.1600 g5 = 48°[0 h = 8.0mm0O d = 0.6mm a = 0.5mm
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measured ——

Comparison with the Measurement (2)]  m-pcMM ——

f. (GH2) | VSWR \Yv%\{\r/]&)
Measured| 523 | 1.13 | 1/.6
M-PCMM| 528 | 1.10 | 165
HFSS 518 | 1.14 | 15.2
ECM 5.16 - -

HFSS ——

o) N OO ©

VSWR
& Ol

Ut>k;hocu.$ Ol & — o
Gain (dBi)

NS

5 5 5.5 6 6.
Frequency (GHz)

gr = 12.60 tans = 2.22 x 10°0 w, = 8.0mmOd w = 11.5mm0
Aw/w = 0.160 ¢5 = 48°0 h = 8.0mmO d = 0.6mm a = 0.5mm
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Conclusi on|

Investigation of the Desing Method for CP-DRA

e Applied the ECM, the method used in CP Microstrip Antenna, to
the CP-DRA

e Analyzed by M-PCMM the CP-DRA Characteristics Dependence
on the Perturbation, Feeding Position, Probe Length

- Desing of CP-DRA with Impedance Matching N

At the first step, obtain the dielectrics parameters by ECM as initial
values for the minimum axial ratio at the operation frequency,

ant at the second step, by the repeated analysis of the structures in-
cluding the excitation obtain the optimum structural parameters

N\ J
e SUfficient accuracy consistent

with the measurement M-PCMM is useful in the sec-
e Efficient analysis for the pa- ond step, where the feed is in-

rameter variations of the exci- cluded

tation structure
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Thank you very much for your kind attention
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M-PCMM [0 Modal Polarization Current M odel Method! |

Vector potential(r component) in terms of spherical wave functions

Ar = Z Z In(kgr)Pn™(cos){M ™ cosmg + MO™ sin mg)

N= 1m_
N

Z Z In(kgr)PnM(cosO){ M3 cosmyp + MJ™ sinmg)

n=1m=0
I\/Irl‘m, Mgm. Current dimension
M3™, Mj™: Voltage dimension )
. /
PhM(x) : Associated Legendre /
functon of the first kind '
kg : Wave number inside the >§/
dielectrics $ )«

Jn(2) : Spherical Bessel function [~ circumscribed sphere for
of order n determing N

In(2 = zjn(2)

O {Z Regionfor M—-PCMM
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Integral equation for the probe fed DRA|

u»

Jant

- fJa(g)g G(r,

[ J¥(s)§- G(s, S)ds + & fffr(r YEI(r)- G(s, rdv’ = 5(5)

= dg

Agap

S)ds +{1 j—T(r)}Ed(I‘) ~- PV f f f 7(r)EY(r) - G(r, r')dV’ =0
V

. . - VV - -
G(r,r’)=—1kono(l+ )eXp( Jhalr — ) EY(r)O Total eectric field inside the

ko?)  Amlr — 1| electrics

5J3(s)0 Current on the probe 7(r) = [o(r) + jwle(r)—eo)]

d — T Ed
205

(nO Polarization current  py Principal value of integral
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Matrix equation by M-PCMM |

/Na\ /NM\
Na I \Zaa{ \Zal\/ll J&\ (V
3Ng T Zda Zdl\/l M)~ \0O

{(z%8) - (22" ZMHL (37 = (v)
(M) = —(zMM)~1(zM2) (33

(™M) = M (zM)

(ZMa) _ (ZdM)T(Zda)

[0 J%0 : Probe current expansion coefficient column vector
[0 MO : mode expansion coeffcient column vector
O0VO : Incident voltage column vector
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e Approximate the volumetric integral in the dielectrics by the sum of Ny vol-
umetric integrals in the cuboid Vj

e Polarization current density is approximated to be uniform and equal to that
at the center inside the devided region

e Apply the point-matching at the center of the devided regions

e For the observation point coincident with the source point, approximate
the integral by the analytic one for the spherical region with the same vol-
ume(radiusug) as the cuboid

0o 2o 0% \exp(=jkolrp—1'l)

3

| 5 | | 1/3
— —J%5ij7'(rq) {5(1 + JkoUg) exp(—Jkolg) — 1} ’ Ug = O (E)

e Approximate the probe current J, by the linear current at the central axis,
apply the step functions as the expansions

e Apply the point-matching method at the probe surface

e 0 gap excitation
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CP excitation condition by ECM |

k2 1.0
D= s
Y11 .
fe = To (1+ _2) 0.707 ; 5
o / Va
S [ G I A S N
Y12 = Q2 — K° = / AfO \
S » -
:J%r ¢a2dV: P22 < Afa E Afb '
AV O :
= rfr Yayp dV fa fC fb
JJav Frequency
Qi1 = fr\ |V9ba|2 dV = O

AV

(2 = fff Vg - Vi dV

Ya O TE),, mode engen function when degenerate
k O Eigenvalue when degenerate
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Controle of the right- and left circular polarized Wave|
Wy, ' '
—2 - probe

A /
/

®
C
8
o

.

0 fa fo fb
Wx > Wy Frequency
o 0 < ¢a<90° 180 < ¢y < 270°
E = Eo(XV, — ¥jVp)e 1k? — right elliptic polarized wave

e 90 < ¢4 < 180°, 270 < ¢4 < 360°
E = Eo(XVa + VjVp)e ko? — |eft elliptic polarized wave
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40— 55
#a VS.CP-DRA characteristics (2)| Pa (deg.) Zlg 8%
AW/w=0.130— aw/w=0.160 047GHz A57GHz
AW/ w=0.142 Aw /w=0.180 X minimum point of AR
5. — 160
%
40 ﬂ 15.8 '
=3.5 | 15.7 _ “\
3.0 {561 .. ~ ;
2258 I~ 550 | [|«® . %
2.0 194 © e % N N g
o, ;\ S EYAW
8:31.5' J\_; 15.3 X7 (l
<10 T—=—5.2 '
05 \ 5.1 ~‘/

0 S — 5.0 4
20 25 30 35 4$ 45 5055 60 65 70 \9
a (deg.)

gr = 12.60tans = 2.22 x 10°0 w, = 8.0mmO w = 11.5mm0]
h=80mmld=0.6mml a=0.5mm
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6— 9
hvs. CP-DRA characteristics (2)] h (mm) g %(1)
AW/w=0.130— aw/w=0.160 O047GHz A5.7GHz
AW/ w=0.142 Aw/ w=0.180 X minimum point of AR

50—————————————16.0
4.5 19.9

S0 = 5.8

3.5 ~_—=5.7
830 —  {56%
225 — 1550
Q2.0 15.4 0

CLY —_— ]_» 15.3

<10 15.2

0.5 15.1

o . . . . . 150

6 7 8 9 10 11 12 13 14 15
h (mm)

gr = 12.60tans = 2.22 x 10°0 w, = 8.0mmO w = 11.5mm0]
$a = 48°0 d = 0.6mmO a = 0.5mm
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Single probe-fed cuboidal CP-DRA|

'/
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d vs. CP-DRA characteristics]
AW/w=0130— aw/w=0.160—
AW/ w=0.142 AW/ w=0.180
g — 160
155 ~
2.5 :Z-g 3
' -
ol 408
15 135
. 13.0
< .
1.0r
0.5
e 10—
0.50.60.70.80910111.2131415 050.60.70.8091.0111.21.31415

d (mm) d (mm)

gr = 12.60tans = 2.22 x 10°0 w, = 8.0mmO w = 11.5mm0]
$a = 48°0 h = 8.0mmO a = 0.5mm
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measured ——

Comparison with the measurementl M_P(I—:II\IéISMS —

L45GHz A6.5GHz
X minimum point of AR

gr = 12.60 tans = 2.22 x 10°0 w, = 8.0mmO w = 11.5mm0]
Aw/w = 0.1600J ¢ = 48°0 h = 8.0mmO d = 0.6mm a = 0.5mm
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Parameter s obtained at the second step of the design|

~ Operation frequency —

5.1501 5.25GHz
Radio LAN

W+ AW
.

J EEE802.11a Standard |

g = 21.00 wy = 7.0mmL w = 8.55mm

fc (GHZ)| Aw/w | wx(mm) | wy(mm) | wz(mm)
5.160 | 0.0675 9.13 7.97 7.0
5161 | 0.080 & 9.23 7.87 7.0
5.163 0.10 9.41 7.70 7.0
5.165 0.12 0.58 7.52 7.0

$a = 60°0 h =6.5mmId=0.6mmCl a=0.5mm
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Comparison with the measurement(4) Mnlesguh;ﬁ -

HFSS ——
ECM ——
8 T T
AR |
fe (GHZ)| AR (dB) | /* th(%) 61
Measured| 530 | 0.390 = 1.80 | @5|
M-PCMM| 534 | 0255 217 | F4|
HFSS | 523 | 0448 | 1.87 | <3
ECM 5.16 0 1.81 2|
A
0.9 0.95 1.0 1.05 1.1
f/f,

gr = 21.00 tan§ = 7.22 x 107°0 wy = 7.0mmO w = 8.55mm]
Aw/w = 0.100 ¢5 = 60°0 h = 6.5mm0O d = 0.6mm a = 0.5mm
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measured ——

Comparison withthemeasurement(S)l M-PCMM ——

HFSS —

9 ' ' 8

8[ 17

f. (GHz)| VSWR \\//V%\{\r’]fg " ;_<— _g _

Measured| 5.30 | 1.06 | 9.29 %5_ _4%
M-POMM| 534 | 111 923 | @ =
HFss | 523 | 1.09 | 812 4 30
ECM | 516 | — — 3 12
ot 11

1 - - - 0

45 5 5.5 6 65

Frequency (GHz)

gr = 2100 tans = 7.22 x 107°0 w; = 7.0mmO w = 8.55mm(]
Aw/w = 0.1000 ¢ = 60°0 h = 6.5mm0O d = 0.6mm a = 0.5mm

Inagaki L ab. Nanzan University, Seto, Aichi, Japan



2003 APS Syumposium No. 35/ 20

measured ——

Comparison with the measurement(6)| M_P(IEII\IéISMS —

L45GHz A6.5GHz
X minimum point of AR

gr = 21.00 tans = 7.22 x 1020 wy, = 7.0mmO w = 8.55mm0]
Aw/w = 0.1000 ¢ = 60°0 h = 6.5mm0 d = 0.6mm a = 0.5mm
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