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Investigation of Electrically Small Folded Slot Spherical Helix
Magnetic Dipole Antenna
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Abstract

In this paper, we propose an FSSH(Folded Slot Spherical Helix) magnetic dipole antenna with a form factor easy to build and study
its radiation properties. The number of folded arms, the gap between them and the metal thickness are tuned to achieve relatively simple
structure to realize whereas maintaining high radiation efficiency at an electrically small size. The proposed design shows wide radiation
efficiency bandwidth and it is confirmed by circuit simulation that the non-Foster impedance matching techniques could be utilized for
its practical use. The prototype of the proposed antenna is built with the aid of an SLS(Selective Laser Sintering) 3D printing technology.
The measured result shows lower Q impedance characteristic due to high resistive loss of the copper tape joints.
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T8 1. FSSH #7] thol & gheu
Fig. 1. FSSH magnetic dipole antenna'”.
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Fig. 2. Design parameters of the FSSH antenna.

(b) 9=
(b) Cross section view

=29 |, g wE FSSH oteute] 548 Yepdch 3

20014 Kol =] folded element Ato] 2] 7+4 g7} AR TE
A A8} FLo] Z7HEHS o 4 Qi) o] EAS
o] &3te] FSSH SHe Vo] 724 ERdEE WE3t 54
of 4714 &~gstel W AHASH 28 Fa TAE
HAT F A AoE Addn

oo} AAMS T9} goll whE FSSH <] 5A4E
3 ZaEd [4]9 N=169] SHIUE NH4Z2 E9] ka=0.27
©] FSSH 77| thol & StelUE 119 3(a)9k 2ol AAlst
T N=49] FSSH SHH| WKFSSHy—)+= N=1691 FSSH ot
LHFSSHy=i6) E0F $F S5 9(7=02 mm)Z Bob He
element 7+ (g=5.3 mm)2.E o] Fo|A] Tk H]F o] £X
A E3l= SLS 71E9] ZdE SRS T &
SR 2o E element?] 74 2 S0 element 7H4 S
B 1. AAMS 1o w2 FSSH ¢telu EA(AEE0)A)

Table 1. Characteristics of the FSSH antenna according to
the design parameter 7{simulated).

T Frequency Radi.a tion I.nput
(] [MHz] efficiency resistance

[%] [

1.0 300.6 89.91 51.68
2.0 301.2 81.56 12.4
3.0 302.3 79.59 5.55
4.0 302.6 78.7 4.54
5.0 304.0 753 298

eS|
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Table 2. Characteristics of the FSSH antenna according to
the design parameter g(simulated).

g Frequency g%ili[:;n I'eSlI'I;ltjal.ll'tlce
[mm] [MHZ] o Y ol
0.5 293.4 66.88 432
0.8 301.2 81.56 124
1.0 303.0 89.44 21.74
1.5 305.4 93.21 51.74

(@) N4, T=0.2 mm, g=53 mm (b) N=16, =1 mm, g=0.8 mm

8 3.FSSH gElve) AREs SuE
Fig. 3. Top and side view of the FSSH antenna.
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Table. 3. Maximum bandwidth for the FSSHy-, antenna
with n passive lumped elements.

" “ by Bandwidth
[MHz]
1 1 1 1.1793
2 2 1 2.7603
3 2413 0.678 3.4282
4 2.628 0.474 3.7730
5 2.755 0.347 3.9754
6 2.838 0.264 4.1069
7 2.896 0.209 4.1981
8 2.937 0.160 4.2636
e bis 0 4.579%4
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Fig. 5. Non-Foster matching circuit topology and position.
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(a) Step 1 (b) Step 2 (c) Step 3

(d) Step 4 (e) Step 5(Final)
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Fig. 7. Fabrication of the proposed FSSHy-4 antenna.
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Fig. 8. Metal surface of the fabricated antenna.
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