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Motivation

* Broadband antenna

e Circular Polarized

e Planar Spiral Antenna
e Conical Spiral Antenna
e Cross Log-periodic Antenna
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Introduction

*Frequency Independent Antenna F

*Angle principle
*Truncation principle

*Periodic principle

Self-Complementary Structu re
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Selection Process

Lower Frequency
Limit

Planner Spiral

A .
LE oxtend in 2D

27
Small

Conical Spiral

A .
ZLF ovtend in 3D

27

Medium

Cross Log Periodic

A ,
LF oxtend in 3D

Large

Polarization

-Reverse winding or
external feeding.

-Direct result of
physical shape.

Higher Frequency | Aur Ayr Agr
Limit 2 2 )
-RHCP or LHCP. -RHCP or LHCP. -H.V.RHCP.LHCP

-Reverse winding or
external feeding.

-Direct result of
physical shape.

-Switching circuit

-Orthogonal
elements

Power handling

SMA connector

coaxial cable

SMA connector

coaxial cable

SMA connector

coaxial cable

BW limit

Upper frequency
l1mit depend on
how fine 1s the
feeding

Upper frequency
limit depend on
how fine 1s the
feeding

'y Y

Dependent on the

antenna physical I
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Selection Process (Cont.

Planner Spiral Conical Spiral Cross Log Periodic

Balanced Balanced

need Balun need Balun

Balanced

need Balun

Feeding Circuit Simple feeding Simple feeding

If the element 1s
well aligned no
need for hybrid.

Change with

Phase center Stable _
Frequency

Change with
Frequency

Gain over the total

BW Low Medium

High

Need cavity for

A Unidirectional
unidirectional

Coverage

Unidirectional

Weight Light Medium

Heavy

Reproducibility Easy Medium

Complicate
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Planar Spiral How Radiation happen

Archimedean Spiral

|

|

Self-Complementary
when

. 5=7/2

r,=r (1+a(¢-0))
r.=r (l+a(¢—x))
r,.=r,(1+a(¢p—7-09))
27t =A
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Circular Polarized Radiation

1,490

A
4

1./90°

direction of
rotation of
electric field

vector

Direction of
propagation

RHCP

RIGHT HAND

RIGHT-HAND RULE

- U 2 e
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Spiral Antenna System

Consist from 3 Units

(Balun

* Archimedean Spiral
PCB

«  Absorber loaded SN,
Cavity
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Feeding Circuit (Balun)

Cdl APCTCd balutl
* Infinite Balun
 Marchand balun
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Balun Simulation and Measurement

Insertion Loss [dB]

m
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w
w
3
s
=
1 (Y FU S N SUNN SRR . 20, M.
: : : : : : : : : b =
) S S I S T SN S b T O TR SN SR S S S
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 T 8 9 10
Frequency in GHz Frequency in GHz
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Measurement Verification

e —
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|| w——Re (Simu) |
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Antenna Parameters and Simulation

1: Spiral r?ég of growth 2: Conductor spacing (w)

3:Feed structure

4: Spiral diameter

D_.<Alx
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3D Far-Field pattern Simulation

)
'*"-,! -~
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Current Distribution Simulation
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Antenna Measurement

mmm Re 7ant meas

mmm Re 7ant Empire

mmm |m Zant meas
Im Zant Empire

—
L=
(=]

[y
=

Impedance [Ohrm)

Frequency in GHz

SPS8 SP9
SPS5 | SP6 | SP7
LHCP | RHCP
Number of turns 22 22 56 28
Spiral rate (um) | 658 | 510 | 260 510
Arm width(um) | 1000 | 800 | 410 800 UNIVERSITAT
DUISBURG
ius 9.1 1711091 0.1
Outer Radius (cm) ESSEN




1. First Layer Absorber

2 Second Layer Absorber

3 Air gap

MA Female connector

ain reduction not critica . [— without Cavity T
AO -4 -o-{ = With Cavity  [resssdnesesdromssedessoosdoneonadenn o
*Wide bandwidth 20 e e
«Cavity Dimension ST LR (N

S11[dB]

*Depth A /4 at lower frequency Tz as 3 a5 4 as s ss
-Diameter 1.05 spiral diameter [T [— Viagowy | 11T T 1
-Absorber material i TSRV A Y A\ Y2

S11[dB]

40 - : : : : : Z Z Z
-50 :
1 5 2 25 3 35 4 45 5 5.5 6
Frequency in GHz
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Antenna Measurement In Anechoic Chamber

B
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Gain Measurement

(Gain Transfer method

Polarization Measurement

Polarization Pattern Method

v
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Sp5 and Sp7 Measurement Results

)
]
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HYER Ty

Axial Ratio

- AR ST
mm  3dB Reference

= AR SPS :

= Gain SPT :

Frequency in GHz

|
M
S
T

{7

-

g

Ly
L= 9

a 658um 260 um
L fﬂﬂﬂ_mh‘ 410 um

d 9lem 9lcm

Gain|dBic]

100

Gain[dBic]

(Gain{dBic|

Gain[dBic]
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=100 (1] 100
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Measurement with Cavity

20

mmm \\ith S5cm absorber
mm \With 6cm absorber

mmm \Vith empty Cavity |
18 |--{ == \Vith Absorber Cavity |

3dB Reference N . [wm 3dB Reference

16
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Measurement with Resistance Termination

mm \\ithout Termination
me \\fith Termination
mm 1 3dB Reference

| | |
%.5 1 15 2
Frequency in GHz

, | wmm WithQut Impedance termination | , ,
Fe-s=s=re-----a-| mm WWith Impedance termination
!  |mm  3dB Reference ' ' '

........................................................................

[ NN RN SN SN RN N SN

3 - 5 6 7 8 9 0 1 12 13

Frequency in GHz
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Far-Field Measurement For Final Version

Gain[dBic)

Gain[dBic)

Gain[dBic|

-100
Azimuth [deg]
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Cross-Polarization

Gain[dBic]

______ mmm cross-polarization |..o..o.i._._bo_ b4 i

Frequency in GHz

Gain[dBic]

I TE— == RHCP 2GHz [ ------femrmmrmmeiones
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w— | HCP & GHz : : : :
— | HCP 10 GHz ....?.........?.........?.........?... -
— | HCP 13 GHz ' | | |

"""""""""""""""""""""""

---------------------------------

-100 -50
Roll Axis [Deg]

UNIVERSITAT
DUISBURG
ESSEN



3D Far-Field Radiation Pattern Measurement

" 2000 MHz

RHCP far field radiation pattern (Measurement)
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Conclusion

* Microstrip tapered balun provides a ba
and 1mpedance transformation

* An unidirectional pattern achieved usi
loaded cavity.

* The numerical results were confirmed

* As aresult the developed antenna wor
OTA measurement test.
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Future Work

* Improve and reduce balun size.

* Decrease the cavity depth by thinner
loading

* Benefit of the new MetaFerrite mate
reducing the antenna size.
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Thank You for Your
Attention
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Questions
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