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ABSTRACT

A novel multi-beam switched parasitic antenna capable of beam forming and
steering based on an array of monopole antennas is proposed in this thesis. The
antenna operates at 2.4GHz band and all the monopoles and ground plane of
antenna are made of FR4 PCB. In the antenna, one active clement is fixed at the
center of ground plane and squarely surrounded with parasitic elements which are
switched as right angle corder reflectors for beam forming and 90-degree steering.
The antenna is simulated with various‘design patameters to optimize and derive the
antenna implementation data. Then, a transmission line switch used to switch
parasitic element is proposed based-on-the implementation data for decreasing RF
switches in the antenna and simplifying the multi-beam switch control method.

Two type of antennas with parasitic switches and transmission line switches
are implemented in accordance with the antenna implementation data derived from
simulation results, and antenna RF switches are set short or open ideally instead of
on/off action. These antennas with ideal switches are measured and compared with
simulation results to justify the feasibility of the antenna configuration and
implementation data. Practically utilizing various RF switches like PIN diodes and
GaAs switches as parasitic switches to justify RF switch functions, and the derived
result from measurements is that the stray impedance and isolation loss of RF
switch deteriorate the antenna performance, worst in the off switch state. Then,
practically utilizing RF reed switch in transmission line switch, the antenna
measured results validate the transmission line switches to provide simpler and

better multi-beam switch control characteristics.
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H-Plane Patterns for Various Parasitic Element Distance d

(b) 6=90"

3-9
3-3
10dB (dBi)
d(mm)| S;1@2.4GHz(dB) (GHz)
30 -18.83 2.26~2.9 8.42
40 -19.43 2.24 ~2.7 8.58
50 -24.23 221 ~>3.0 8.41
60 -16.1 2.18 ~>3.0 7.84
3.2.5
b/2 (b )
( 2-3
S ) b/2 30mm 40mm 50mm
3 a 150mm

20



¢ 27mm L 30mm

40mm
3-11
3-4
b/2 = 40mm
Return Losses for Various Distance b/2
————— b/2=30mm
0 ———————  b/2=40mm
~—~ i b/2=50mm
~ 51 —
g -
1
S -10 A
o
i
j5}
X -15 A
20 !
\ !
“ .
25 ; . . ; ; . —— [ ;
20 21 22 23 24 25 26 27 28 29 30

3-10

V-Plane Patterns for Various Distance b/2

0

————— b/2=30mm
—————  b/2=40mm
—eamccames b/2=50mm

(a) ¢= 135"

21

3-10

S;; 10dB




H-Plane Pattrens for Various Distance b/2
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H-Plane Patterns for Various Parasitic Length
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H-Plane Patterns for Different Reflector Type

920

210 _——

— —= for One-side Reflector

for Two-side Reflector
for Three-side Reflector

240

TS5 300

270

30

330

(b) 6=90"
3-15
3-6
| 10dB (dBi)
S11@2.4GHz(dB) (GHz)
One-side -17.46 2027 ~2.76 6.14
Two-side -19.43 2.24~2.7 8.58
Three-side -12.26 223~ 25 8.32
33

3-16

26




3-16
150mm X 150mm

27mm b/2
40mm d 30mm
L 29mm 2 0.5mm 30mm
g 0.5mm RF
RF
( ) 1/2
RF
RF
RF FR4 PCB 4.4
0.6 30mm 1/4
«C ) G
3-17 3-18
3-7
Si1 10dB
Return Losses for Different Switch Type
0
= With Transmission Line Switch
N - coamoe With Parasitic Element Switch
-5 4 iU
% -10
% -15
[
-20 4
25 . : . . : . : : .
2.0 2.1 2.2 2.3 2.4 25 2.6 2.7 2.8 29 3.0
Freq. GHz
3-17

27



V-Plane Patterns for Different Switch Type
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A Antenna Measured and Simulated V-plane Patterns
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Return Loss (dB)
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Antenna B Measured and Simulated H-Plane Pattrens
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(dB) 14.9 8.2 14.6 12.8
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Omni-Patterns for Ideal TL Switch all Short
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Measured and simulated V-Plane Patterns for Ideal TL Switch
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Measured and Simulated H-Plane Patterns for Ideal TL Switch

Simulated

Measured
5 300
270
(b) 6=90"

4-10

39



4-2

Simulated Measured
(dBi) 4.4 4.57
@2.4GHz(dB) -18.92 -13.1
10dB 25% 11%
(dBi) 8.28 8.08
HPBW @H-plane 90° 85°
(dB) 22 13.4
4.2
RF RF PIN
GaAs RF B
4-11 SMP 1321 PIN
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PIN S1 4-13 A PIN
PIN A
PIN
PIN
PIN
PIN 4-3 A PIN
PIN

2.4 GHz
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Measured V-Plane Patterns for A Antenna Various Switch Configurations
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-
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4-3 A PIN
Corner Reflector | Corner Reflector | Corner Reflector
On/Others off | On/Others Open | Short/Others Off
@2.4GHz(dB) -15.67 X X
10dB 8.3% X. X.
(dBi) 2.88 6.75 2.72
HPBW @H-plane 110° 83° 94°
(dB) 2.7 10.5 6.9
4-14 HWS 314 GaAs B
4-15 B
GaAs 4-16B GaAs
4-4 B GaAs
GaAs
GaAs
7 1
Iy

4-14
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Return Loss (dB)

Omni, Switches all off
Corner Reflector Switches On, Others Off

-30 T T T T T T T T T
20 21 22 23 24 25 2.6 2.7 28 29 3.0
Freq. GHz
4-15 B GaAs

Measured V-Plane Patterns for B Antenna Various Switch Configurations

Corner Reflector On, Others Off
Corner Reflector On, Others Open
Corner Reflector Short, Others Off

(a) ¢=135°
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Measured H-Plane Patterns for B Antenna Various Switch Configurations

Corner Reflector On, Others Off
— — — = Corner Reflector On, Others Open
Corner Reflector Short, Others off

b) 6=90"
4-16 B GaAs
4-4 B GaAs
Corner Reflector|Corner Reflector|Corner Reflector
Switches Switches Short/Other
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@2.4GHz(dB) -13.17 X X

10dB 8.3% X X
(dBi) 3.02 6.70 2.68
HPBW @H-plane 174° 116° 115°
(dB) 2.3 8.1 0.45

4.3
RF 4-17
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RF MEDER CRF-05 8 GHz
5V

RF
1/2 &
On
Off 28mm 36mm 44mm
4-18
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i '\"T'(. RF Reed Switch
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-_-
4-17

Return Loss for 28-36-44mm TL switch
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——— 28mm TL
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Patterns for Various TL Length

N /A
—
180
4-19
4-5
RL @2°4G Hz(dB) (dBi)
28mm -3.8 3.79
36mm -7.18 5.16
44mm -11.95 6.86
28mm  36mm
44mm
4-20
all Off switch all On
4-22
switch all Off
¢= 45" 4-23
¢=45" 135° 90°
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Return Loss (dB)

4-20

& T\.

Return Loss with Transmission Line Switch

— — — - allon
— measured corner
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25 2.6 2.7
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Omni-Patterns for TL Switch

Phi-45 deg Plane-Switch all Off
— Phi-0 deg Plane-Switch all Off
------ Phi-0 deg Plane-Switch all On
180

4-22

Measured V-Plane Patterns for TL Switch

Phi-45deg Plane

150 — T Phi-135deg Plane
180
o 0
(a) p=45" 135
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Measured H-Plane Patterns for TL Switch

120 ] 60

150 30
180 ++ 0
5 5
210 2\.'\ o 330
H-Plane Pattern for Phi-45deg
—e——e—e H-Plane Pattern for Phi-135deg
240 \5__'_/ 300
270
(0)-6=90"
4-23
4-6
(dBi) 4.57 4.34
@2.4GHz(dB) -13.1 -11.95
10dB 11% 12.5%
(dBi) 8.08 6.88
HPBW @H-plane 85° 115°
(dB) 13.4 14.95
1/4 1/2
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