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Abstract

Because the compact and broadband services are recently demanded in radio
communication system, the antennas that have compactness and broadband
characteristics are required. Dielectric resonator antennas, as compared with the
microstrip antenna, have high radiation efficiencies because of low resistance loss
and have broadband characteristics. Due to their resonance nature, dielectric
resonator antennas have a limited bandwidth, so the new type of dielectric resonator
antenna which can expand bandwidth is required.

In this thesis, a new type of dielectric resonator antenna, which can improve
the limited bandwidth of cylindrical dielectric resonator antenna, and the design
method of this antenna are proposed. The resonant frequency and the bandwidth
of cylindrical dielectric resonator antenna are calculated from eigenvalue to each
mode of cylindrical dielectric waveguide. In order to analyze frequency
characteristics of the proposed antenna, an equivalent dielectric model, which is
composed of relative permittivity of inner cylindrical dielectric resonator antenna
and relative permittivity of dielectric clad, is proposed. By using this model, the
resonant frequency and the bandwidth are calculated and frequency—response
characteristics of cylindrical dielectric resonator antenna and equivalent model are
synthesized. Broadband frequency—response is determined with respect to the change
of aspect ratio and relative permittivity of dielectric clad. When an aspect ratio(a/b)
is more than 1.3 and relative permittivity is below 1/2, the broadband response of
proposed antenna is obtained. Design parameters of dielectric clad that has maximum
bandwidth under this condition are obtained by HFSS which is three dimensional finite

element method (FEM) simulation tools. In the case of the aspect ratio is increased
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and relative permittivity is decreased, resonant frequency is become low, but not
affected on the radiation pattern and gain. Specially, Compared with cylindrical
dielectric resonator antenna, the bandwidth of proposed antenna is improved about 40%
when the aspect ratio is 1.4 and relative permittivity of dielectric clad is one—third of
the cylindrical dielectric resonator antenna. On the basis of these procedures, the design
method of cylindrical dielectric resonator antenna with dielectric clad is proposed. In
order to verify the validity of design method, the parameters of proposed antenna are
selected as relative permittivity of cylindrical dielectric resonator &, =10, radius
a =10.65mm, the aspect ratio of b/a=1.44 and relative permittivity of dielectric clad
&, =4, and compared with simulated results. The resonant frequency and the relative
bandwidth are obtained 5.68GHz and 22.2% by simulated antenna, and 5.91GHz and
28.8% by fabricated one. Error ranges of resonant frequency and relative bandwidth,
which are measured and simulated, are within 4% and the validity of design method

is verified.
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Fig. 12. The field distribution of aperture—fed CDRA
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(RDRA; rectangular dielectric resonator antenna)

CDRA

) Fig. 15

(b) H—field

Fig. 14 HEM,,  (

50Q
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3)

Diglectric
subsirate Ground

plane

dipole

v

---=-Magnetic field —— Electric field

Fig. 17. Equivalent model of microstrip line fed CDRA

CDRA
(Leung 1997).

Fig. 16
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Fig. 17

CDRA
DRA CDRA
4) (loop)
CDRA . Fig. 18
CDRA . CDRA
Fig. 19

CDRA
. CDRA CDRA
TEqs

Coplanar

loop fed

e

g Dhelegtrg substrate

X

Fig. 18. Geometry of co—planar loop—fed CDRA

-35-

HEM 5



Short magnetic dipole

Magnetic field ¥

Fig. 19. Equivalent model of co—planar loop—fed CDRA

=Y

o-p
/ slot feed , Ground plane

I /
»

X

Fig. 20. Geometry of Co—planar slot—fed CDRA
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Magnetic field

L]
1
1
1
1
1
|
1
1

\J

Short magnetic dipole

Fig. 21. Equivalent of Co—planar slot—fed CDRA

Fig. 20  Fig. 21
Fig. 21

CDRA
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CDRA
. Fig. 22 CDRA

CDRA Q
(Kishk Glisson, 2001).

;;;;;;

Ground plane
A, A
X

Fig. 22. The CDRA mounted on a ground plane
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TE,s Mode :

-0.465
fo= %{O.GQH 0.319[2%) - 0.035(

2|

HEM,,; Mode :

-0.463
fo = m{o.s«u 0.589(ij - o_os[i

2048 2 |+0111] & :
Q =0.013¢** 2.135[%) 228.043(%}3 [zhj {Zh)

T™M s Mode :

-0.468
fo:M 1-10.075+0.0 ij
27 oh
a a 2
1.048+0.377] — |- 0.071 —
2h 2h

2h

Q= 0_0095:).888(90.045, {1_ {0.3 B O.Z(iﬂ[38 -

4322 o @
0408 2 |+205833 -2 ] e 1[2h
2h 2h

-39-
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2h

28

28

j}

i”

0625 _1go79 &
Q=0.01262"| 5270 2 |+1106.189 2| e &
2h 2h

)

J

)

(42a)

(42b)

(43a)

(43Db)

(44a)
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a h
(BW) Q
BW ==L 100 [0

QJs

S DRA
Fig. 23

8

DRA

ol

Relative bandwidth (%)
o 8

15 20 25 3.0

a/h

Fig. 23. Relative bandwidth of CDRAs with &, =10
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[00]

Resonant frequency (GHz)

c© P N W A O

[N

ah

0 02 04 06 08 10 12 14 16 18 20

Fig. 24. Resonant frequency for the TM,,; mode of CDRA

DRA

. Fig. 24, Fig. 25

g, =10, 20, 30, 40

Fig. 26

Fig.

LA
24

a/h
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/
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a/h
Fig. 25. Radiation Q—factor for the TMy,; mode of CDRA
CDRA
, CDRA DR
Fig. 25 Fig. 26 a/h Q
Q a/h
Fig. 25 a/h=125
a’h Q
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30

25+

= N
(6] o
T T

Relative bandwidth (%)
o
T

Fig. 26. Relative bandwidth for the TM,,; mode of CDRA

Q H
g =10 4 1/10
Fig. 25 (& =10)
Q
(& >20)
DRA a/h Q
Fig. 26 a/h
Table 1 . 20
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Table 1. Minimum bandwidth for each relative permittivity

& 10 20 30 40
Minimum Bandwidth(%) 9.1 3.3 1.52 0.8
2.
CDRA
DRA . DRA
Q
DRA
DRA TM 15
HEM 5
1) DRA
Fig. 27 DRA
TM 15

. Fig. 28 Fig. 27
Fig. 28
. Fig. 27
Fig. 28
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pemmmmmmn———
A hnmalar DRA

Coaxial probe
Crronand plane

B o ,ﬂffxﬁfﬁ:’fxﬁﬁ’i SRR
A

Fig. 27. Geometry of the annular DRA

2
]
8}, | Sr 2%

; 4

Fig. 28. Equivalent model of the annular DRA

Fig. 28 7
‘//Tan = angn% Rm(xmn %J (46)
R, Bessel . R,
Ry =Jn(2) +CY,(2) 47)

—45-



Rn(Xm)=0 (48)
r=a Ww=0
Rm(g anj =0 (49)
b
(48) (49)
a

3(%) Jl(b Xﬂ)
Y( ) = a (50)

! Xn \E(t)XMj

2 2
k2 = D7) 4| Xm 51
(51)
c 7\ (% )\

=2 o) 62

2m /e, \\2h b

c c =1/ &,

alb X, Table 2 Fig. 29
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Table 2. Values of X, for various ratios for a/b

alb X, alb X

0.0 3.8317 0.5 6.3932
0.1 3.9409 0.6 7.9301
0.2 4.2358 0.7 10.5220
0.3 4.7058 0.8 15.7376
04 5.3912 0.9 31.4292

0.0

DRA

01 02 03 04 05 06 07 08 09

alb

Fig. 29. Solution of X, for values of a/b

£ =362, b=5.975mm,

alb
Fig. 30

—47-

h=54mm
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Return loss (dB)

304 —alb=0 | |
] ----ab=0.25 Vi
_35 P db:0.35 \.‘" -
] == alb=0.5
-40 —71 r 1 r 1T r 1+ 1 1 r 1 T r T 7
50 55 60 65 70 75 80 85 90 95 100
Frequency (GHz)

Fig. 30. Return loss of annular DRA according to a/b

Table 3. Effect of a/b on the resonant frequency and bandwidth of annular DRA

alb

aly | Resonant equency | Freaueney | gancwiath (o)
0.0 5.63 5.5~5.77 4.8
0.25 6.02 5.8~6.23 7.1
0.35 7.15 6.77~7.5 10.2
0.5 8.64 7.4~9.3 22
alb
(air gap)

DRA
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& =36 a=69 mm, h=6.2mm a/b=0152 5.6GHz
DRA 2mm 4mm 6.5%
11.5% (Shum  Luk, 1994).
2) DRA
Fig. 31 DRA z
CDRA
™ 15 . DRA ™ 15
Fig. 32 T™ 15

(a) E—field
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»

|
; b
4 3
L A
¥ A
b 44
3 41
44 4
222428
tit#hhhhbr:::::::

(b) H-field
Fig. 31. The field distribution for the annular DRA

Fig. 32. The radiation patterns for the annular DRA
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C

=
N
e
= ||
||
o

| |
VR 1, O,

Fig. 33. Lumped element impedance model for a two—DRA configuration

DRA
DRA (Fan  Antar, 1997).
DRA Fig. 33 RLC
fo. i Q. Q
. Fig. 34(a)
Fig. 34(b)
. Fig. 34(c)
.(Luk  Leung, 2003)
(af, +af,)=2(f, - f,) (53)
Af 10 dB - (B3 Q
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(54)

_________+___________
___________+___________

A0 dB ---

0du

R w wew e ey SO

ey SR

memrrdr ek

o ---1---------

I

1
P -

Frequency

S50] LNy

(a) Broadband response (Afu +Af, ) > 2(fu - f,)

I S —

i
[
=
=
—

Bl TR

e e e el
[
¥
]

e
SERTETEETEE SRR

SR0] Wingy

(b) Dual—band response (Afu +Af,)< 2(fu - f,)

-52-



Return loss

(c) Two—resonator response (Afu +Af, ) = 2(fu - f,)

Fig. 34. Dual band and broadband response for a two—DRA configuration

(53) Q
Fig. 34(c)

(53) (af, +af ) > 2(f, - ;)

(af, +af, ) <2(f, - 1))

DRA Fig. 35 Fig. 36

DRA DRA
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Cylimdrical DEA Annular DRA

Coaxial probe feed

Fig. 35. Annular DRA with embedded CDRA

-

| il |
1

Coaxial probe feed

Cylindrical DR A L J"'-Eﬂﬂt'
b
I e
B,

Fig. 36. Top views of annular DRA with embedded CDRA

Q CDRA DRA
(53)
28, =12mm, h=2mm, ¢&,=305, a,=12mm, b, =8mm
&, =367 38%
4mm (Sangiovani 1997).
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V.

1. CDRA
2 a
- g —
1 . i
dielectric | &
resonator
I{.E
\ T h
N
eoaxial
probe feed %
: : 3
= ; fad
7 o "% |$| j.,]'lJ'“LlI:iI'j |:|]¢L|:|r_ ff"{
o / 21"?‘?" ﬁxx A xxx{,-"ff
Fig. 37. Geometry of a probe—fed CDRA
Fig. 37 &4 : a, h
2r I
CDRA
Table 4

Table 4. Design parameters of a CDRA

Relative permittivity | Radius Height | Probe length |Probe radius
(¢4) (a) (h) () (n

10 10.65mm| 10.6mm 4.5mm 0.813mm
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Return loss (dB)

0l

40 45 | 5I.O | 5I.5 | 6I.O | 6.5 | 7.0
Frequency (GHz)
Fig. 38. The return loss of CDRA
(43a) Table 4 5.873
GHz . RF Ansoft HFSS 9.1
Fig. 38
5.87 GHz 3 MHz ,
19.4%

Fig. 39 CDRA

4~7GHz

VSWR 2

CDRA
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< —— 5mm
. ----10mm-=

Fig. 39. Input impedance of a CDRA according to probe length

CDRA CDRA
CDRA DRA

CDRA
Fig. 40 CDRA
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Fig. 40. Geometry of a CDRA with a dielectric clad

1) CDRA
Fig. 40
&,=10 a=10.65mm , h=10.6mm CDRA
£E,=4 b/la 1.1 1.4
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T:Iil,'.l:\,!l_'l'ril_' |,'1.'||_| _||| [
ln" e [ i
f ' F
j J”J Ef
fi

HHF L i

(a) Design geometry
[helectric resonasoer

- fi] B

T i
'I'..' mijiul

]

(bl Equivalent model

Fig. 41. Geometry and equivalent model of CDRA with dielectric clad

(43a) CDRA
f, =5.873GHz Af,(BW) =1.01GHz
. Fig. 41(a)
Fig. 41(b)
&
ng
b/a
b/a=11 12, 13 14
grmod ng < grmod < ‘grl
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‘Srmod :£r1x|1+£r2x|2

L

Table 5

CDRA

(Af,, Af)

Table 6

a/b I, 1,=(b-a)/b

3 1

Table 5

(53)

(44a), (44b)

(55)

b h
(45)

QLI

Table 5. Resonant frequency and bandwidth of equivalent model(¢&,, =4)

h b . Resonant frequency Bandwidth
(mm) - bmm) 1 & nog f, (GHz) A, (GHz)
11.72 9.46 5.57 0.597
12.78 8.98 5.33 0.576
10.6
13.84 8.62 5.08 0.564
14.91 8.26 4.88 0.566

Table 6. Frequency response for each CDRA by eq. (53)

b/a f, (f, +0f, ) (GHz) | 2(f, - f,)(GH2)
1.1 5.57 0.64+0.597=1.237 0.6
1.2 5.33 0.64+0.576=1.216 1.08
1.3 5.08 0.64+0.564=1.204 1.58
1.4 4.88 0.64+0.566=1.206 1.98

-60-
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Table 7. Frequency response for each CDRA by a simulation tool

b/a f, (af, +4f, ) (GHz) | 2(f, - f,) (GHz) Frequency
response
1.1 5.56 1.01+1.04=2.05 0.62 Broadband
1.2 5.22 1.01+0.93=1.94 1.30 Broadband
1.3 5.02 1.01+0.84=1.85 1.70 Broadband
1.4 4.79 1.01+0.99=2.00 2.16 dual—band
b/a 13 1.4 Fig. 34(b)
b/a 1.1 1.2
34(a)
Table 6 RF
. Table 7 HFSS
Table 6 b/a
b/a 1.1, 1.2
Fig. 42

-61-
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Return loss (dB)

g, =10, a=10.65mm
T ----g =0.46,b/a=1.1

rmod

soL. T € o089 bra=L2) |

--e-g =862, b/a=13

r

-70 i | i |

4.0 4.5 5.0 5.5 6.0 6.5 7.0
Frequency (GHz)

(a) Broadband response

Return loss (dB)

60 | arl=10, a=10.65mm a
P oCE mod=8.26, b/a=14
-70 . i . i . i . i . i .
4.0 4.5 5.0 55 6.0 6.5 7.0

Frequency (GHz)

(b) Dual—band response

Fig. 42. Return loss of equivalent model with according to b/a ratio
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Return loss (dB)

-60

-70

- --- Equivalent model

— CDRA with dielectric clad

4.0

45 5.0 5

5 6.0 6.

Frequency (GHz)

5 7.0

Fig. 43. Return loss of each CDRA(b/a=1.2)

Fig. 42(a)

CDRA 10dB
42(b) CDRA

b=13.85 mm

b/a=13
Fig. 42

&,=10, ¢,=4,
13
1.2 1.3

b/a 1.4
a=10.65 mm,
Fig
CDRA,

b/a 1. Brat
10dB
CDRA

h=10.6 mm

. 43 Fig. 44
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2 13

Fig.

b=11.72 mm

CDRA

b/a
b/a

1.2

CDRA



Fig. 43 b/a=12 CDRA 10dB 5.37-6.38 GHz

CDRA 4.79~5.72 GHz . 10dB
CDRA 5.37-5.72GHz
10dB 4.84~6.17 GHz ,CDRA 10dB
CDRA 10dB
CDRA 24.3% 5.47 GHz
b/a=13 Fig. 44 Table 8
CDRA 10dB 5.37-6.38GHz

4.61~5.45GHz
5.37-5.45GHz . CDRA 10dB
4.52~6.35GHz CDRA

Return loss (dB)

1) E— S

- - - - Equivalent model
20 I | —— CDRA with dielectric clad

4.0 4.5 5.0 55 6.0 6.5
Frequency (GHz)

Fig. 44. Return loss of each CDRA(b/a=1.3)
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Table 9 b/a=13
Fig. 44
Table 8. Comparison for each CDRA model(b/a=1.3)
Model Resonant Frequency Relative
Frequency range Bandwidth
(GH2) (GH2) (%)

CDRA 5.87 5.37-6.38 17.2

Equivalent model 5.0 4.61-5.45 16.8

CDRA with dielectric clad 5.25 4.52-6.35 34.8
Table 9. Design parameters of equivalent model with b/a=1.3

&, 2 3 4 6 8

&, omod 8.16 8.62 8.39 9.08 9.54

) i
) : :
3 z z
L : :
c : :
Ei e ,=1(without clad) g ;
() ' H
@ 40 |---- ----e =2 bl RIIT TR .
-,
0 A SO S -
o .
-60 : L i i
4.0 4.5 5.0 5.5 6.0 6.5
Frequency (GHz)

(a) Broadband response
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10

& -20

)

4

E-SO

=]

®

40 - e _=1(without clad) [\ f T
——-- g =6

50 L e i
T 8m_8 : :

o [ S S R SRR R

4.0 45 5.0 55 6.0 6.5 7.0

Frequency (GHz)

(b) Dual—band response

Fig. 45. Return loss of equivalent model with b/a=1.3

Fig. 45 2, 3, 4
6, 8
Table 9 Fig. 45 &,=3
CDRA CDRA Fig. 46
Fig. 46 CDRA 10dB
4.71-6.31 GHz , CDRA 10dB (5.37-6.38 GHz)
10dB (4.69~5.52 GHz)
CDRA 29.5%
5.43 GHz
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Return loss (dB)

50 L.

-60

----CDRA :
== Equivalent model s
— CDRA with dielectric clad

4.0

1 | 1 | 1
4.5 5.0 55 6.0 6.5
Frequency (GHz)

Fig. 46. Return loss of each CDRA

, &,=10, a=10.65 mm,

b/a 1.1 15

. Fig. 47 Dbl/a
b/a
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Return loss (dB)

) *a\ A ——b/a=11
1 ----b/a=12

40 - b e b/a=13| ]
i ——— b/a=1.4

5ol ' —

4.0 4.5 5.0 55 6.0 6.5 7.0 7.5 8.0
Frequency (GHz)

Fig. 47. Behavior of return loss with b/a as parameter

Table 10. Bandwidth and resonant frequency of CDRA with the dielectric clad according

to b/a

b/a Bandwidth Resonant frequency

(GHz) (GHz)
11 1.12 5.72
1.2 1.14 5.68
1.3 1.46 5.52
1.4 3.09 5.34
15 2.72 5.18

10dB Table 10

b/a 1.4
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Bandwidth (GHz)

6.0

30} —v— Bandwidth ) 159
- -&- -Resonant frequency | 58

S ]
25F . 5.7
T el 5.6
20| o 155
45.4

R N

15} o e 453
v///////// \i 52

—— \
1.0 | +45.1
1 1 1 1 5.0

1.1 1.2 1.3 1.4 1.5
b/a

Resonant frequency (GHz)

Fig. 48. Bandwidth and resonant frequency with b/a as parameter

Table 10 Fig. 48
5.18 GHz
56%
Fig. 49 b/a
3dBi
b/a

-69-

1.4

b/a

CDRA

572 GHz

10%



3)

Fig. 49. Radiation patterns according to b/a

£&,=10, a=10.65 mm, h=10.6 mm

CDRA
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Return loss (dB)

-70 L 1 L 1 L 1 L 1 L 1 L L
4.0 4.5 5.0 55 6.0 6.5 7.0 7.5 8.0

Frquency (GHz)

Fig. 50. Return loss of CDRA according to the relative permittivities of dielectric clad

Table 11. Resonant frequency and bandwidth according to &,, of dielectric clad

&, Resonant frequency Bandwidth
(GHz) (MHz)

2 5.67 5.04~6.39

3 5.18 4.61~7.59

3.3 5.14 4.61~-7.71

4 4.94 4.45~7.28

6 4.64 4.27~5.34

Fig. 50

Table 11
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Table 11 3

Fig. 51
3.3 60.3%
40%
Fig. 52
3dBi
70 T T T T
60 B <>/<>'<>\<> T
g
< 90F T
B
§ 40 i ]
2 ) :
8 J
€ 2oL _— A
10 | L | L | L | L
1 2 3 4 5 6

Relative permittivities of dielectric dad

Fig. 51. Relative bandwidth according to the relative permittivities of dielectric clad
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Fig. 52. Radiation patterns according to the relative permittivities of dielectric clad

b/a

4) CDRA
CDRA £,=36

CDRA
a=10.65 mm, h=10.6 mm

f, =3.095 GHz Af, =0.035 GHz

DRA 13  &,=12

-73-



(55)

b h (44a), (44b) (45)
Table 12
Table 12
. HFSS
Fig. 53
Table 12. Frequency response for each CDRAS
b/a f, (af, +f) 2f, - 1)
1.1 2.97 0.035+0.037=0.0720 0.25
1.2 2.85 0.035+0.0319=0.066 0.49
1.3 2.75 0.035+0.0404=0.075 0.69
1.4 2.65 0.035+0.0435=0.078 0.89
5 T T T T T T T T T
0 e =
5k %E -
@ ;
T 10 ; -
E '15 - i ': l -
3 I Voo 1
B 20 yob oo ——36, a=10.65mm -
i : Sy ----33.84,b/a=1.1
25 - ! Vol 31.92,b/a=12
30 I —— 30.48, b/a=1.3
i --=-= 29.04, b/a=1.4
-35 PR AU NN SR R T [ S S S R T [ T R T R
20 22 24 26 28 30 32 34 36 38 40

Frequency (GHz)

Fig. 53. Return loss of CDRA according to modified relative permittivities
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Table 12

£,=36
10dB
. Fig. 53 Table 13
b/a=1.1 , £,=24
Table 13. Design parameters of CDRA with dielectric clad
En Ep h(mm) a(mm) b/a
Model 1 36 2
10.6 10.65 11
Model 2 36 4

Return loss (dB)

---- CDRA
Equivalent model

CDRA with dielectric clad

1 1 1 1 1 1 1 1 1 1

(a) Model 1(&,,=2)

24 26 238

3.0 32

Frequency (GHz)
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Return loss (dB)

L : : : v '
o5 . i I ----CDRA
: : : - Equivalent model

' : : : —— CDRA with dielectric clad
-30 i i i IR R R | L1

20 22 24 26 28 30 32 34 36 38 40
Frequency (GHz)

(b) Model 2(&,, =4)

Fig. 54. Return loss for three CDRA models

Table 13 CDRA
CDRA Fig. 54 . Fig. 54

CDRA 3.6% CDRA
4.1% : £, = CDRA
3.9% . CDRA
CDRA
b/a 1.4

1/3
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(a) E—field

tEBFFT e
o I S S S .
-

(b) H—field

Fig. 55. Field distribution of the CDRA with dielectric clad

Fig. 55
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5)

CDRA
CDRA Fig. 56
CDRA
f,,a h, &,
CDRA
f,, Af,
b
— CDRA
b/a, b, £,
£r2mod
f,, Af,
(CDRA )

¢

Fig. 56. Flow chart for design procedure
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Fig. 56



1.
CDRA 4 5
5.87GHz Table 14 CDRA
Table 15 CDRA
Fig. 57
100mmx 100mm FR-4
SMA 1.6mm
RG—-401
Table 14. Fabricated parameters of CDRA
En Radius a(mm) Height h(mm)
10 10.65 10.6
Table 15. Fabricated parameters of CDRA with dielectric clad
£ &, a(mm) b(mm) h(mm) b/a
10 4 10.65 15.35 10.6 1.44
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(b) Back view

Fig. 57. Photos of coaxial probe feed
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Fig. 58. Photo of the fabricated CDRA

Fig. 57

Fig. 58

h=10.6mm
T™ 15

Fig. 59 Table 15

CDRA

-82-

Fig.

57

a=10.65mm ,



Fig. 59. Photo of the fabricated CDRA with dielectric clad

2.
1)
Fig. 60
5.94 GHz 5.87~6.9
GHz 17.3% : CDRA Fig.
61 : CDRA E, E, Al4

55

3.2dB
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B)

Return loss (d

NN B
o o a

W
S

-40 [ T S T NS S S
54 56 58 60 62 64 66 68 7.0
Frequency (GHz)

Fig. 60. Measured return loss of CDRA

I (xz—plane) - E(yz-pl ane)

Fig. 61. Measured radiation patterns of CDRA

-84-



2)
DRA
Fig. 62

Table 16

N e
© o

Return loss (dB)
)
o

60 ——CDRA

-70 . L .

- --- CDRA with dielectric clad
1 L 1 L 1

4.0 4.5 5.0 55

6.0 I 6.5 I 7.0
Frequency (GHz)

Fig. 62. Return loss of CDRA and CDRA with dielectric clad

Table 16. Resonant frequency and relative bandwidth for each models

Resonant .
Frequency Frequency Relative
i 0,
(GH2) Range (GHz)|Bandwidth (%)
CDRA 5.87 5.37 ~ 6.38 17.2
CDRA 568 5.07 ~ 6.32 22.2
with dielectric clad '

-85-




Gain (dBi)
N N w w w
T N R
1 1 1 1

N

]
1
I

2.6 T T T T T T T T T T T T T
40 45 50 55 6.0 6.5 7.0
Frequency (GHZz)

Fig. 63. Gain of the fabricated CDRA with dielectric clad

Fig. 63 CDRA
3.1dBi 5.07 GHz
6.32 GHz 2.7dBi 3.1dBi
Fig. 64 CDRA CDRA
CDRA 1.03 GHz 594 GHz . CDRA
1.7 GHz 591 GHz . CDRA CDRA
17.3%, 28.8% 11.5% . Fig. 65
CDRA . CDRA
50° 3dBi
CDRA
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-15
-20

-25

Return loss [dB]

-30

-35 : ; ; ; ; : : : ;

P T TR R RN S S R E R
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