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AEH 1L “Study of Tunability and Steerability in High-Efficiency and Wideband Wireless Terminal Antennas (f&Z%hR -
IR AR T o7 BT DR - TR AT ORFSE) 7 LREL, AT ETHERIN TV D,

% 1% “Introduction (FF&E) TiX, ZEALT 2WEMAT v 7 FOHBRSCERMAERICKI L TT T F O A4 X« h3 - Hrlko
ML= RAT7RH D LV AR L, ZORWEFTIET 5 ik FE & U CTEIEHCOIE M2 25 C & DHRER 4T
T FICER LTS ARIFRDOE R A IRR TN\ D, Fio, FEAIET o7 T OWFEBIM 2 il L. AiaSCicB W THEEE LT’
E L7 FEH EREZRAMERE & BEH R & T, RSO RBERE R LTS,

% 2 % “Design method of variable antennas (RpPERIET 7 FORFTE) 7 TlE, BRESRAEE AT L7 o7
EREIT D72 Genetic Algorithm & E— X o MEEZN—R & LIc@BEI DL ENIRT 7 TR EG#E L FIEIC DT
WRARTWD, ABFETEAL, FE7 ) — VB E AW — A 2 MEDO# Y IR LFHEOE#EL, A28 # & B ARAT %58
T D EERANA MU, v — ViR a2 BT D72 OREEREL, FIZOWTHBLI L, TOAMEC O W THEGRR L TV D,

% 33 “Tunability design of electrically small antenna (FBRHI/NET T FOREEEFIEZRE) 7 Tk, /MDA
HIORD HNDENT VAT AFITOUKENBET 7 F&EF—7 L LT, 60mmX100mmX Imm FHK F 60mm X 10mm X Imm O#f
FICRREH L2 7 v 7 F L AR mE V- A EREA I LY 7T00~2700MHz OFEFAZ VSWR 3 LT, REARZ Gk A%
40%LL EEERR LTz, AVIZ b L— RATBRICH D94 X - Hillk - 15D 3 D ORI CRERAFIE & DL A 1TV SEiGr e (r i
FFCHDZ e afR LT, Eio. 77 FEHERD O RE SN D RAPEREF R R & b L, A E A TE RnT v
T EHART3FU LOBEFREZ BN TS Z L 2R LT,

% 4% “Automatic tunability and its verification (HEBWEMEAIZE L ZOMKGE) 7 Tk, EMAIRE Co— P O T8,
Wz EOTHEMOBIZ LA RERZ VY TNAZ A NMIFET 2 Z 2 HINE LT AE CRE LB AT E O T 7 I
B ZEE L CHBEEAZAREE Lz, (RO BEEEARIITTIX, KEENEZT=F T 5Dl hmdfaams Tk, 2
DT NA ATENVT VAT K TREL Z§LD 700~2700MHz (2072 D IR A I AA—F 2 2 L B3R#ECH D, £ T, 77T
DYEIAHTIC 70— 7 2 EE T 5 R ARZL L, FPGA (Field Programmable Gate Array) & FV 72 3X/FRE CIER R @8h{EA2 MRGEE L
7o WAV IRIZ LD BENHIE U7 i AR B OMEIL, JHRETEY O A K S Tl R B ICINR LTz, BEA W =X L% 5y
B L7z fE R, o as B A L 0 IR WEERETH D IFE T e —T ORIEENNFE T > TBY ., W& ORIZFEVFEES
No DI ENMERI NI,

% 5 3 “Steerable antenna design for MIMO system (MIMO 3 A7 AMNTIEMMERIZE T 7 FOi%EF) 7 Tik, MIMO [fiF o
FRAMERIET 7 Fakiat Lz, MIN0 A EET 7 FORIE - fEZMESKT 22 L&V T v—T 7 FofEmitz
AZELTWAR, MIM0 TEHTE 57 7 FHRAERET 7 FHTOEMMEEHOBERICROND Z LICHER L, £7 v
TFFRTORAEEZG B X TR MIMO > AT AZRET LT d, ZOYVAT MIERFFEIN TEIE—DfRAERET
T EEEE BT CTHEBAETH A, ZOGEEITREL L 2 0 /MR R~OFEEIIRNHETH B0, 22507 7 T
WZAA » F it U THT 2 AGEHR A hE LI SR A IRE Lo, RETORE, 28 mX8 mmX 10 mm O/N72A3 5 VSIR 3
BEORESIREBEHER Loo, BB FORBAMHRBZKINTE ST 7 & FB Uiz, FAA v FIREBIZIIT 531 Hfa MM
BZ 0. 11, 0.07 T, HHRFICBT 2 AA v FH BT D HEMMEAHBIL 0. 50, 0.83 L72>TW5,
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R Y B2 2 B L COAEIERA I = X A% T — RITIC L D o#T Lz, ZOfER, A4 v FUV BRI X 5E— RoElE
OB LV EEEZRATE D2 L3 ole, IHIT, —HkLA V=DM AE LIBIET VIZBIT 2 F ¥ RV Em L3
fili L7, femtEEl ) B2 ko T, I T FRERMBOEBEO X A R—1LT 7510 65% LA EOETT ¥ RVERE
NRELRDZ ENMERI NI,

% 7% “Conclusion (i) 7 Tlid. AWML THOLNIZARBIOZOEREZBIEL, FEREZIZONWTEDTWD,

PLEZEBEST A, AFCITEISERNET o7 T CRICEE L 257 0T O A4 X« 2h3% - §8o b L— K47 O—fRikF
Bl LT, ARt E2 B CE DRMERIET T FICOWTHRF L2 0TH Y, THE, TR EEWRT D & ZANKE
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This dissertation entitled “Study of Tunability and Steerability in High-Efficiency and Wideband Wireless
Terminal Antennas” comprises seven chapters.

Chapter 1 “Introduction” remarks the tradeoff among the size, bandwidth and efficiency of antennas
conflicting with the requirement for the built—in antennas in various wireless terminals and introduce
variable antennas as one of the solutions to break through the conflict. And also from the view point
of research trend, the specification and design conditions, and the whole composition of this dissertation
are specified.

Chapter 2 “Design method of variable antennas” contains a description of some methods to design tunable
and steerable antennas, such as the genetic algorithm combined with the method of moment (MoM) to realize
a stable and fast optimization for the configuration of antennas. There are also some discussions about
the effectiveness of the methods.

In chapter 3 “Tunability design of electrically small antennas” the 60 mm x 10 mm x 1 mm region in a
60 mm x 100 mm x 1 mm printed circuit board is set to be a design area for a tunable antenna for a mobile
terminal for cellular systems which is required to be small and wideband as a motif of tunable antennas.
It covers some bands for the systems in 700-2700 MHz band with the VSWR of less than 3 and the total efficiency
including matching loss of more than 40 percent.

In chapter 4 “Automatic tunability and its verification” the automatic feedback control circuit is
combined to compensate the mismatch caused by the vicinity of objects such as a desk, user’ s hand or
head, etc. The proposed system controls variable capacitors connected between the antenna and a transmitter
based on the received power of a probe.

Chapter 5 “Steerable antenna design for MIMO system” contains the study of a steerable antenna for the
Multiple-Input Multiple—Output (MIMO) system. The proposed antenna is supposed to enhance the available
beam space, and as a result, a designed 28 mm x 8 mm x 10 mm antenna keeps its input impedance matching
around the VSWR of 3 and the correlation of the radiation pattern between both the branches and the states
of a switch at the same time.

Chapter 6 “Advantage and mechanism of steerability” reveals that the distributed power for its each
characteristic mode causes the low correlation of the radiation pattern, and the channel capacity
calculated with Rayleigh distribution of the proposed antenna is higher than that of lossless two dipoles
with a probability of 65 percent.

Finally, the usefulness of the study in this dissertation is summarized in chapter 7.
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