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Study on the modal theory applied to small antennas
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In order to improve characteristics of small antennas applied to mobile terminals
such as mobile phone and tablet PC, we have studied antenna designs with the characteristic modes and the
multi-conductor transmission line mode theory (the modal theory). The modal theory can be applied to analy
ze small antennas consisting of several conducors, and the theory contributes to design small antennas wit
h wideband or multiband characteristics. As results, we investigated an inverted-L antenna (ILA) consistin
g of two conductors, and designed wideband/dual-band ILA with the modal theory. Design process for small a

ntennas using the modal theory can be cleared. Finally we have presented the results in international conf
erences.



Actual region

Antenna Matrix
structure [Z1.[Y]
QA
dlf
YS' Y.
With multiwire Trans%ission

line model
lator

Desired antenna characteristics
Multiband/wideband antenna

GPS

Modal region

Matrix

[Al [P]

-~

Circuit parameters
Vi, zy

-~

Evaluation

Radiation, matching)

24



L I A

/7 _

=5 ’ |

I/ A

Q=10_ -~ - B

g o ]

-7 Q=20__ .-

T e T 50

,—-:._".:_'_l_'---_ — T

{‘?‘—\“IT I |-| T T R S R R R I R R
3 4 . .

L VSWR p
2 4 VSWR
: FILA

Strip #1 (front)
Strip #2 (back)  Short point

W,

w

v Dielectric

e ~ Ground plane”
Feed Ground

(Strip #1)  (Strip #2) 5
2 L FILA
3 FILA 2
VSR p fr fr fr>f
Q
et -1
pw-y~ 1 ) o, f =162 f, 2
Q 2Q
4
p VSIR f,
Q o
6
5
8
Impedance

step up ratio !
n 1 c6

9o
©5

Qo
54

53
Z. @ ZZ/) Zi“ (7') 3
mn 5

1 i i i i
0 1 2 3 4 5
r./r

3 FILA 6



1 FILA

FILA

Simulation Tt)eory

1

VSWR

Nbrmalized frequen.cy
7 FILA VSWR

2

K.Noguchi, S.Betsudan, S.Makino,
T.Hirota and K.Itoh, “Transmission line
mode analysis of wideband/multiband
antennas  consisting of  coupled
conductors,” Proc. IEEE-APS Topical
Conf. on Antennas and Propag. in
Wireless Communications (APWC), pp.
272-275, Torino, Italy, Sep.2013.

K.Noguchi, S.Makino, T.Hirota, K.Itoh
and S.Betsudan, “Theoretical
bandwidth of folded small antennas,”
Proc. IEEE Int. Symp. on Antennas and
Propag., pp. 766-767, Orlando, Florida,
July 2013.

“ 9 L
” B-1-61 p.61
2013 9 17

“ L
» AP2013-17 pp.11-16

Q K
B-1-194 p. 194 2013 3
21

“ Radiation Efficiency
of an RFID Antenna by Using Q-factor,”
IEEE Nagoya Chapter Midland Student
Express 2012 Autumn 2012

1 9

”

B-1-135 p.135 2012 3 23

MSA

" H23
MC6-1

2011 9 8

2012-47449
2012 3 7

o
NOGUCHI KEISUKE



