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[9] K. Fujimoto, A. Henderson, K. Hirasawa and J. R. James,
Small Antennas, Research Studies Press LTD., 1987.

Fort iR EELF1— I TILEE %) National Defense Academy




2RI TOERTIRARRA P T TDRE » (B 5/50
5] 1 & Lb ik st — £
3/8-5/8 | #RIRE(R 0dBd | 10%T] fE JKEEm MRS
RRE/ | REEFIER EBEFESNF
4= ~—IL
| /—=JL [3AIK-MEZ | 0dBd | B/AR—ILIC | KFEAR
E—FAN | gOHiE UT | EARTHE | EEESH=F
Ujj)l/ l'_L{ZM:ﬁﬁ E‘J?%?ﬁﬁﬁ
TEHREF | KR RS -2~-3 | 10 %A[AE™ | IR EDRIEHRIC | XEH
®| pIFA) | #3tiEAE | dBd EBIHD 2K | WK
® ME N | R FeLEX ;’f‘*
g
n ; ijp!y§; ANYAILPIFTF

Fort iR REELF1— TR

) National Defense Academy




55 SWHIEEHRENR >~ 7 Tl 50

r l'l BRI II[/ P903|(2006

Fort - GRERERELF1— I FINER 8 National Defense Academy



NEC N703i u [3RECRIE TP YT T &Rk 7/50

58

(2008ENERRED 531F)

P GRERRRELF1— I FNER ¥y National Defense Academy




INT P7T0O3i (37 1 JVART P VT T Z 18Rk 8/50

58

(2008FENEEIED551A)

Fort GEREREEF1— I FIER 8 National Defense Academy



RiPhonelc BT D77 YT FiER SOOSENEREN SR 9/50

58

Fort GEREREEF1— I FIER 8 National Defense Academy



iPhone 4SICHIT 37 Y5 (201 2ENERIEH B3| ) 1050

= =] I
D2
L—L
A\
TTFIC
75> T
AV Y
EAD
y (RS

P B REREETF1— N TNERE ¥ National Defense Academy



GALAXY SHIZHITET7U TR 10
(2012FENEfZ AN 551 )

5B

Fort GEREREEF1— I FIER 8 National Defense Academy



12/50

MEDIAS PPIZEBITA 7T
(2012FENEfZ{E 55| )

58

Fort GEREREEF1— I FIER 8 National Defense Academy



IS13SHICHITD P VT FEK (mpress WatchD'55|A)  13/50

rERY ~—&E

58

k3

Fort iR REELF1— TR

L, (&

=1,

¥ National Defense Academy



ISWA1HTICRHIT 7?25 TR (Impress WatchD*535|F3)14/50

58

Fort GEREREEF1— I FIER 8 National Defense Academy



___ 2013FHFTRAV— kD7 VIHKROP VTR 15/50
ELUGA-P(PO3E)
.J FUTTRR /GPS/BT/WLAN Cellular #7\

- UMTS/GSM/LTE/DTV/MM¥:%/GPS/BT/ & LAND
8 DNV ATLIZ, 42D T7 T+ THIG

€ Cellular7>T7F

- ERRNLBICERET HE/R—LTFUTF
& Celular7 777

- EXRMTBICEBRT ST/ R—LTOTT
€ GPS/Bluetooth / E{ELANT7 > TF

- EXMYTICEBRTSE/R—LTUTT

4
- AIEHREERAT (AER) RAVTTFUTF
B ®ERTLA _
eNI—-PF7T
UMTS GSM LTE
Band 1 |Band 19|Band 9| Band 5 | GSM E-GSM [ DCS PcS (Band 1 (Band21| Band19 MM

GPS | BT

_800MH? |1 7GH? =000MHz..
©) X ©) ©) ®) ©) O

L1_5GHz L_ROOMHZ M3t
O Ol 0 |JO]O] O

FoT S Al EREEF— I FIHE ¥y National Defense Academy



N
3

ImRDERINETEIR 1650

(1) PUTTDOARESCHE
ERERDTE
(3) ADTE
%

SIRPOIFHE

FoT S Al NEREEF 1 FIHE ¥y National Defense Academy



(1) PUTTORESSCRHM 17/50
INAEICBI T DHRERT

(P VT T DEEUSR)
—— —EHE
() X (R X GhR)
. Q-o £ EWEH/(LBLEN)
. EREN:UTI5UR
y BREN R, Wik RHE
i e—a—
?- u:;yma)

0.1 0.3 0.5 0.7 0.9 1.1 13 15
TYTFONfHEE ke a

Fort GEREREEF1— I FIER 8 National Defense Academy



(2) ZRBEMFRDRE 18/50

¥
. =

T T LA
LW
)
)
Lk
B, Y

) L1

)

(a) Bottom-fed L/4 antenna (h) Bottom-fed A/2 antenna

Fig. 1 Current distribution on terminal surface [1], [2]

[1] K. Hirasawa and K. Fujimoto, “Characteristic of Wire Antennas on a Rectangular Conducting Body,”
Trans. IEICE Japan, J65-B-9, pp.1133-1139, 1982
[2] K. Fujimoto, A. Henderson, K. Hirasawa, and J.R. James, Small antenna, Research Studies Press 1987

Fort GEREREEF1— I FIER 8 National Defense Academy



(2) ERBEFRDRE 19/50

0=
-5" ‘\\
— -10" // \\'}{‘
m -15 / (e
W ‘ L
=. -20- A1 WL
N =S ‘.

1
o
:.
7,59
")
”2.‘\
. —

Antenna

Main PCB

A/4
|
wX z,  Connector

Fig. 2 Current distribution on main printed circuit board [13].

[13] A. Tsujimura, S. Sekine, H. Shoki and Y. Suzuki, “A study of the current distribution on the dual printed circuit
boards for a portable radio phone” Proc. 1998 IEICE general conf. B-1-116, pp.116, 1998 (in Japanese)
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[16] S. Sekine and T. Maeda, “The radiation characteristic of a 1/4 monopole antenna mounted on
a conducting body with a notch,” IEEE AP-S 1992 Digest 1, pp.65-68, 1992
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[37] T. Taga and K. Tsunekawa, “A built-in diversity antenna for 800 MHz band
portable radio units,” Proceedings of ISAP °85, 121-1, pp.425-428, 1985
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Fig. 12 inverted F antenna for reducing influence from a user [24].

[24] Y. Oshima and N. Goto, “Radiation Pattern of Small Antennas for Mobile Communications,”
1986 National Convention Record, IEICE Japan, 636, vol.3 pp.73, 1986 (in Japanese)
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[5] K. Sawaya, T. Ishizone, and Y. Mushiake, “A correlation coefficient between two monopole
antennas for an antenna selection diversity system,” 1982 National Convention Record of IEICE
Japan, 3-63, pp.610, 1982 (in Japanese)
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[57] T. Taga and K. Tsunekawa, “A built-in diversity antenna for 800 MHzband portable
radio units,” IEEE AP-S 1986 Digest 2 vol.vi+1044, pp.705-708, 1986
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Table 1 Overview of antenna for wireless terminal

19801989 19901999 2000
Mobile telephone PDC PHS IMT-2000
System
(SOOMHz) (800MHz 1.5GHz) (1.9GHz) (2GHz)

Cavity effect

Half wavelength
monopole antenna [1], [2]
3/8 wavelength

monopole antenna [1], [2]

Sleeve antenna

[17],[18],[19]

Notch on cavity

[16]

Inverted-F
antenna /

Planar inverted F
antenna (PIFA) [3]
Merging with

D 11511 resonance

[34]-[37]

Chip antenna
[47]-[52]

Slot antenna

[5], [60]
PIFA for diversity [37]

User effect [63]
System effect[64]

Small

HIItEIlIlE'L l‘_{iL‘lL‘L‘tl’iL‘ ﬁltL"l’ [22] [’1‘1].[’15]
Miniaturization [21]
Wideband characteristic
25],[29],[31]
User effect reduction [24]

. ) Antenna coupling effect Arrival wave effect [61]
Diversity

Half wavelength
monopole antenna with
feed element [32], [65]
Built-in half wavelength
dipole antenna

[67], [68]

Built-in half wavelength
monopole antenna

[69]

Built-in folded dipole
antenna

[70]
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Fig. 4 Retractable sleeve antenna [18].

[18] K. Tsunekawa, “High performance portable telephone antenna employing a flat-
type open sleeve,” IEICE Trans. Electron. vol.E79-C, no.5, pp.693-698, May 1996

Fort GEREREEF1— I FIER 8 National Defense Academy



-EREFP YT 200

\J
9

¢
2
o
I

2. EmimARFE

Planar element
Slot antenna \
/ L. 1
——— ———31 | 7=
: | 5
: Feed pomt\ r f
u : Feed point

0 J
s = !
I mmem e - } :

|

|

|

|

|

|

|

}_ ______________

/7
//
L L
(a) (b)
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(b) for wireless terminal [3], [20].

[3] H. Haruki and T. Kobayashi, “Inverted F antenna for UHF Portable Equipment,” 1982 National
Convention Record of IEICE Japan, 3-66, pp.613, 1982 (in Japanese)

[20] H. Haruki, Y. Hiroi, T. Taga and H. Mishima, “Slot antenna for UHF Portable Equipment,”
National Convention Records on opt and electrical wave, IEICE Japan, 40, pp.40, 1980 (in Japanese)
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Fig. 6 PIFA with notch for miniaturization [21].

[21] K. Tsunekawa and T. Taga, “A Study of Miniaturized Inverted-F Type
Antennas” 1984 National Convention Record 3-19, pp.624, 1984(in Japanese)1984
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Fig. 7 PIFA with metal box [23]

[23] T. Endo and S. Sato, “Equivalent capacitance of short patch antenna with
conducting block,” Proc. 1996 IEICE general conf., IEICE Japan, B-65, pp.65, 1996
(in Japanese)
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[27] H. Mishima and T. Taga, “Mobile Antennas and Duplexer for 800MHzBand Mobile
Telephone System,” IEEE AP-S proceedings AP.14-5 pp.508-511, 1980
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Feed line

Fig. 9 PIFAs fed by parallel lines [31].

[31] Y. Yokoyama and N Goto, “Dual-Resonance Broad Band Microstrip Antenna,”
Proceedings of ISAP °85, 121-2, pp.429-432, 1985
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[34] T. Saito, S. Nakamura, N. Kohyama and Y. Yokoyama, “A dual band inverted F antenna with a
switched device,” Proc. 1997 IEICE general conf., IEICE Japan, B1-74, pp.74, 1997 (in Japanese)
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Fig. 13 Folded monopole antenna [41].

[41] Y. Kumon and T. Tsukiji, “Characteristic of a double folded monopole antenna for the mobile telephone,”
Trans. IEICE Japan, J81-B-Il, no.11, pp.1073-1076, 1998
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[42] K. Suda, K. Sawaya, K. lgari and S. Adachi, “Built-in S-shaped antenna for
portable telephone,” Trans. IEICE Japan, J71-B, no.11 pp.1365-1367, 1988
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Fig. 15 Slot antenna with variable capacitance [45].

[45] H. Okabe, K. Takei, and K. Higuchi, “A tunable planar slot antenna for portable radio phone
terminal,” Proc. 1997 Commn. Society conf. IEICE, IEICE Japan, B-1-50, pp.50, 1997 (in Japanese)
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Fig. 16 Two types of chip antenna [47].

[47] K. Kawahata, K. Yamaki, Y. Saitoh and S. Arai, “SMD antenna for portable telephone,”
Proc. 1994 IEICE spring conf., IEICE Japan, B-129, pp.129, 1994 (in Japanese)
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Fig. 19 Half-wavelength monopole antenna fed by helical element [32].

[32] H. Nakano, N. Ikeda, Y. Wu, R. Suzuki, H. Mimaki and J. Yamauchi, “Realization of dual-frequency and
wideband VSWR performance using normal-mode helical and inverted-F antennas,” IEEE Trans. Antennas
Propagat.,vol.46, no.6, pp.788-793, June 1998
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Fig. 20 Half-wavelength monopole antenna fed by meander element [65].

[65] N. Odachi, S. Sekine, H. Shoki and Y. Suzuki, “A rod antenna with a meander element for handheld
phone terminal,” Proc. 1999 Commn. Society conf. IEICE, IEICE Japan, B-59, pp.59, 1999 (in Japanese)
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Fig. 21 built in type dipole antenna [67].

[67] K. Egawa, T. Oga and H. Itoh, “Radiation characteristic of U-dipole antenna for cellular
phone,” Proc. 2000 IEICE general conf., IEICE Japan, B-1-123, pp.123, 2000 (in Japanese)
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Fig. 22 built in type dipole antenna on terminal flip [68].

[68] T. Fukasawa, Y. Nishioka, H. Ohmine and S. Urasaki, “Characteristics of dipole antenna built in
flip of dipole telephone “, Trans. IEICE vol.J85-B no.6, pp.941-952, June 2002 (in Japanese)
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[70] Y. Kim, H. Morishita, Y. Koyanagi and K. Fujimoto, “A folded loop antenna system for handsets
design developed and based on the advanced design concept,” IEICE Trans. Commun., vol.E84-B,
no.9, pp.2468-2475, Sept. 2001
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