20044 KB ARNR K @

PEE R R
iRit S&ES

£ &K sk
Lok gl STk EEAR
SO0 RPN

L&A 4 44t

. l ‘IJ .



2004 £ EBXFHE T FAIR

/INEMEA RGBT S B E D T

£ &: ®EH
T N HBEG SR
5 Ub:  BhER

X F B R
. b -



Shanghai University Doctoral Dissertation (2004)

Design and Numerical Analysis
of Miniaturized Microstrip Antennas

Candidate: Zhang Xu-pu
Major: Electromagnetic Fields and Microwave
Techniques
Supervisor: Professor Zhong Shun-shi

Shanghai University Press
* Shanghai



& X F

ARNELEMERZERZREE, HIATE LE
REFELFARIOTEENK.

EHERLLYE:

EiT:
: BRHA #B, LEXEAXFLTIAER

ES

pa!il

FU:

TR — ##&, LRFEXFLTR

BB s, bk FAEIAEZ
FETFTH 4, bEXFAEIALZ
B RE HAR, LEALEE 804 AARFT

FPMES #3%, X F@fEIaR

200062
200030
200072
200072
200082

200072



IRPAL R
LR~ i,
X FEA iz,
HEF i,

FPRAL £
BHF-IB i,
EBP Hik,
ETH Ha,
IR 4%,

LEBPEXFELTZR
B %@ FAHEKF REH
ARG FAE K F MR TAZE

HERFOTIRZ
EHERFLTFRHLEIALR
L X FBEIAL
EHXFREIARZ

BRA® MR, TE ARG

200062
710071

610054

100084
200072
200072
200072

453003



EE R 25 L RE

MLE A S8 R el R R, DAL R & #9355 Sk
A LA EFRRERFAGIERAZ—, AR K A RAF LA 40
KIMAR B B FBI T, ZH Xt B IR A B AR R 25 491K
AT — R IR, BAERENFLANE.

WX B0 EA

(D) AESEAEEFEARELS, B8 T SAEHREF XL
R R AKX, TH T

(2) 4 —Fr AT R G IR K- MAF KK, 1AM
MG RAR R, R HE FERAE AR A T2 FELAR4E M o S AE AR
s ARFEFHET EETAHKGHT RE, EE5TRERY
SR, ATFOLARMSHMLE,

(3) WA Fik B A TSR MF RE MR, BT
AABAEELE, FTRT AT, Bh TR,

(4) sF—FrA AR IR BT RETRT EFELHHEK
it, RABEMBRBARS THIAHHE, THEERST 1545,

(5) RGART SA-0 KIEMIRE GPS R4, il idikak &
HRXBRJWAAF R, XA HFSS 8.0 %Kit T —FR T £ 8
B LR K.

HEMAX, REFHT, FRZE, SRS EA LT
b, CRAABRINEAF LGS, ZL AR HEF
X KF, E—BERLES LIRS, b gEFEH
EH,



ERERARRER

ZERER QAR 2EFRARALREER FOHH T4
X &9, iiiiﬁ?‘l’i‘i‘-"r@:\‘-‘”‘

EHERLLR: R/—
20044E 3 H 8 H



ANEUEREE R R B0 S BB ST

B I -

BahBfEHARRE R RN, A s FRAGEER
SR, ZIREEZ B SR E HIB)IITT AR, &
v /N RAL 2 T BE ) BT R 2k 2 A 24T B R S SR O R
WIRBZ —, A 3O /N A0 U L e R S /N TR A R R A T
WRE B SHEDHE T —RIINER S LRG0T
A X EECENTHAR:

B, T RMEHES HPTRORR 2 A IR R A A
X, WRFE R EiR, TR RMNERN —AGRL TS5
50 A AR B0 R TR Bt R AT 7 P M BB ¥, B2t T PO
Hpf By, EERVER W U R ARRE ARSI R 2, #Emix
T AT RIS OTRE AR T SEBLAU T AR MR e
RE T HEERERYEG RET.

FOIR, R A% S ST N B XU FE S R e AL =,
BAMERMER T T ARBAT UL, BEFTRELAANRE: BRE
AL T RSERFE S RE R B A &, TIPS B AT SE DL R
PUILHS; 53 BURERTE iy RER RO S50 5 B AL B 475 1
T T, - HERRSEIOUM T AF.

5=, SRR O R T S U R R
BEAT T A0EE, S0 RS A BN R AR R T T
B RIS UE THE B B3R e, 10 ELETH S (a) sk,
THBERRR T 15 £ DT Rt — AL & 2
PR R R R B fr, Bevt T — Bl B 560 S R

I



2004 4 ¥R FE A8 3

2, SEMERHEEE A REML, R T4 60%,
RGN T L.

B0, R AR B E B GPS REMERE™ £ RISE Mt
1T TH5E, R KHEHAR T R B SR AR A B AR A b A0
AEBCRHINE, R EMR & R IRE T &, AT [ AL,
X RN BRI AR SR, R\ T RERWR AR, 568
R R BTSRRI R0 — A AN R AR R
Zeieit, A HFSS8.0, XXM ERMIRLHAT T B A AT
FUs ELEBR T AN BE 96 BE A RE R R e 1 4 S0 1188 o 7 25 A S .
RIBATEGR, XIREHAT T 858 T WK

XA R, MU, SURTE, Bk, EEE, BEEE #
PEAAEL, BOHAR, (KM BORAE

II



AR R RS0 S BUE T

Abstract

With the rapidly development and the wide applications of the
mobile communication technology, the modern communication
antennas are required to be compact and multifunctional, such as
multi-frequencies, multi-polarizations and multi-applications.
Accordingly, the design of the compact and multifunctional
microstrip antenna is becoming one of the most advanced subjects in
the international antenna research field. In this dissertation, the
design and numerical analysis of compact dual-frequency and
compact circularly polarized microstrip antennas are detailedly
studied in theory and experiments both. The dissertation is classified
into four parts stated as follows.

Firstly, The calculation formulas of resonant frequencies for
two kinds of dual-frequency microstrip antennas are derived, which
is used to determine the design parameters of the dual-frequency
microstrip antennas. Using the pulse basic function and mix basic
function, the full wave analysis is established by the MoM (method
of moment), which can be used to analyze the irregular microstrip
antennas. Moreover, a design of dual-frequency bow-tie microstrip
antenna is proposed, whose calculation results agree well with the
experimental ones.

Secondly, The Genetic algorithm is applied successfully to
optimize the design of dual- frequency bow-tie microstrip antenna,
By optimizing the calculation formula of resonant frequency for
bow-tie microstrip antenna , the coefficient can be found; By
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optimizing the feed position , the impedance match can be achieved
on dual frequency; By optimizing the parameters of the patch and
the feed position, the bow-tie microstrip can operate well on dual
frequencies.

Thirdly, The asymptotic extraction techniques is involved in the
MOM for calculating a Sommerfeld type integral problem.
Comparing with the general MoM, it is showing that a higher
calculation precision and a larger reduction in computation time can
be achieved; with a newly introduced organic magnetic materials, a
compact and wideband microstrip is designed, Comparing with
rectangular microstrip antennas on a normal dielectric substrate, the
overall size of the antenna is reduced by 60 % and the bandwidth is
expanded to 7% , which is about 3times of the normal design.

Finally, an study on the compact microstrip antennas with high
&, substrate and large ground plane is presented. It is shown that, for
a large ground plane, the resonant frequency is increased and the
antenna circular polarization axial ratio is deteriorated. By loading
the active LNA on the antenna, the antenna performance is improved,
The proposed antenna shows such advantages as broad impedance
bandwidth, low input VSWR and high gain. A novel miniaturized
circularly polarization microstrip using slots is given and
experimentally validated. The influence of the slots on the resonant
frequency and feed position is studied by using HFSS.

Key words microstrip antenna, miniaturization, dual-frequency antennas,
circularly polarization, method of moment, genetic algorithm,

magnetic material, large ground, LNA
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