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Design of Novel Multi-Band Printed Dipoles Antennas and

Miniaturized Printed Folded Dipole Antennas

Student: Li-Yuan Cheng Advisor: Dr. Fu-Chiarng Chen

Department of Communication Engineering

National Chiao Tung University

ABSTRACT

Multi-band printed dipole antennas with’brand-new structure are presented in first part of
this thesis. Unlike traditional dipole ‘antenna-fed from the center, a printed dipole antenna
integrated with modified microstrip'ring hybrid-can realize a novel model of dipole antenna
which is fed from end to end. Because the phase difference and magnitude ratio of signals
from two output ports of microstrip ring hybrid vary from frequency to frequency, balanced
and unbalanced signals will be produced to form different resonant mode and relative
effective radiaton path. Furthermore, there is more then 80% -10dB return loss bandwidth in
input signal of microstrip ring hybrid. This thesis combines above aspects with sophisticated
integration and design to achieves a target of multi-band and wideband operation of printed

dipole antenna successfully.

A new method of antenna miniaturization is presented in second part of this thesis.
Adding symmetric annular parasitic conductor of appropriate shape and size to folded dipole,
image current will be induced in annular parasitic conductor while the total radiation length
will be increased. Moreover, annular parasitic conductor with induced current working as loop
antenna will be resonated to radiate and provide its resistance in series with folded dipole

simultaneously. Among above process, the inductive reactance will be produced by the

il



structure carrying closed current loop to compensate capacitive dipole antenna at lower
frequency, and it eventually attains the objective of bringing about large amount of drop in
resonant frequency of proposed antenna successfully. The design of 1.4GHz printed folded
dipole antenna with one side meandering is taken as elementary antenna. After integrating
elementary antenna with annular parasitic conductor, the resonant frequency can drop from
1.4GHz to 0.87GHz, and the good radiation property still be maintained. The effect of annular
parasitic conductor toward printed folded dipole antenna and the physical mechanism and

principle which cause frequency drop will be further discussed in our research of this thesis.
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2R AME L e £ AR 3 AR B HR T RAF[I3] SRR
FREe i Mmpe R [14] - T *§ﬁ S F - By E M- % 2 (lump element)4e
XA KA g 8N AL R[10] > & AE B2 58 %}ﬁﬂﬁ—q/[w] °

rhv &=
fg‘?_. ?rl‘L—‘f’:’ #B é

Mo FNERBERBEIRELFNFL EHOE I R R P
B!
BAARFT Ok

EEF FREF AR KA REI I NP e B e RIT G
T

LA
R
TR Mg g o

L2 P FHRE

AH 5 - MARNBRUMIRNLS LA BELBIEI RO A o Ba W%
AR~ B o~ SRR ITOATAERBIESR  F O ERTRE =P~=IE‘(W1reless
LAN) ~ 38 § T 38 8 2 ok 3 P2 T 350 (WIMAX) ~ ok #8038 5] 5 5e2 ISM #1E
DCS1800 #7 £ ¢ % 28 PCS1900°#F ££ » 17 % 3t R 3G #F oz i * #% $+ 3 20 % S5 (UMTS) o
A2 5L RIRRELLEBREBRES BUREL PR R S R AT
A{ﬁj CEP R FEE BT R o A BETINET “Z]:‘ e H R I RE AR I MR
FHE R G FfEd o T A G - BEEEWRP

$-F Wdho fHAGAGCOFIHBEET B E SR AFHL -
FoF BEBEIREG BEALBRIEIRGHRE U L EBRIER RO ¢ R
’ﬁﬁ}%fx’ﬂ‘ ,}\‘ > ?_‘/;1'-/47\ f&?i&ﬁ/j’}"%‘i']g ’ H?Bf); /T ﬁ;_;:;_”“ii%,fﬁ% %ﬂ#p ]’J[E’J"‘lﬁ /K'E
TR REILE Jp B T et T i 3 o
FZR ORAUMA RS LR B ATAER BRSSP R BR T 50 &
%%*?ﬂl&x%:ﬁ%%ééﬁﬁﬁé%ﬁﬁw’vmﬁ*ﬁﬁ@%ﬂ~
WA BIBEF T LA BERA S B N T T e T
B Al B ARAT R A PR JRHCE > AT RE R BRI RS R - T
F gk T o

$rd BREERVATRAEATG SHOMBEI R wF Y 2§ 0 aRFRA
MTRAA L B BB L A RARERE I ASL T

—=

0 7 i
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2

14

i

i

i

F BT AL ik B FE AR G 2L B R LT R R R TS B EA R
PURAE A R B ITIERLT e A B AR~ 2 SR a3t o H X IR
2
g

B <151 E’ FOr i B JeoxL MR EL o

Gl R R RT R FAKY - BEM S 14GHz 2 B ST pB g
Bl BEFEEEE P L TRLARFL EHRALE L P RT
R RS T MR R AR F PR PR R LI EET R
A A AT RATEER NP TR S T nE T B 0 B
TR ERRIZF ) B RIS BRI L T T ek B2 B onkE )

Er R 38 B 18 4R AR o

Mgl v BT RE A 4R R SURTEFT 2R AR Hﬁ% wﬁmi%ﬁﬁw
ok BT R R TR SRR R g A T F o K- H o rE T
ﬁpié%ﬁ*”*%ﬁéﬁﬁﬁﬂ&pﬁ.a%&&’uéﬂgﬂwaﬁ@
xS o B fe Ut AR ERITF 2L T T R R 2 st AN E
PRER I BRI 1R e

oo ek otk B SR EC R B AR R A ) (SR B R AT B

o

BT



FoF BEIAEHR

( Theory of dipole antenna )

2.1 Bi&=X REH

BB R hAe > FOUEF TGRS RS ?(Henrich Hertz, 1857-1894) & & ~
1886 # ci- XL HEF ok b BT chd &Rk s wdEr HEp e s R BR Y
A A - BRI LT LI T ﬁ(elecmc dipole) + 3= 1 &t i3] » H
WRATHFIENL o

BT RS T UG - R B R @ﬁg‘] ‘.‘L’hﬁ‘_n\%—@ﬁé@%lﬁm%“&? P
ﬁWéE%W’%&ilﬁﬁvmmmﬁ@“*%Ek@mmyiﬁ’%@zl“7°
pho B R A YA UL d TR Bd i 48R (dipole arm)E PF A S 1t A if S )
TRL P kB AR A i E P R A

(a) B g n?;ﬁis,] (b) f@,ﬁ%%ﬁg@jfﬁ{sﬂ? (c) 25 BtE= A

¥l 2-1 P g @%]‘55’\" = i &% AT R B

2.2 B EBET R OEE S

%ﬁ%ﬁmﬁﬁﬁﬁ’wwdédﬁﬁﬂ%?%ﬁﬁfiﬂ%°uﬁﬁﬁ?%ﬁﬂ
ST RS B EHMEAUF LR E o w - LRI E G H R shEERGE R
BR Ol << A ”E\W&—L«_a«l&rﬂZZf’ B ERPN nT D 5353 > R R R
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A e

i(ty=1-cos(w-t)=Re[l-e’""] (2-1)

w

ST ) s R ok Y + -~ - - , e o .. » PV
EJ %“%ﬁﬁﬁm?/ﬁﬁ}} ) ﬂﬁLE/ﬁLLﬁl}Lﬁﬁ F o° ?Eq—‘f?‘mll&f’?mfﬁg lfft,—} .

04q(1)
Ot

i(1) == 2-2)
£¢ g(H)=Re[Q-¢""] -

B T TR R RSO o R D HEERE G s fos 7 D AR
DARAR L)

2i(t) _|og)| 1 ot

J(1) = —=p, 0 23
D=y “[or as ¢ " 2-3)
_94q(t)r ] 04(l) Uza_g
" e 0% 00~ Y

BY p RALTRRARE BT PR U AL TIAERY i R Y M
2-1 N PF R i A

aé(;) =—]-wosin(w-t)#0 (2-4)

d RIREHPERE S G B T OUEE R PR g A B TIRBAY 4
PERF @ % o d 7 e iE TSN

0J(t) _d(p,-v) _ 0w
ot ot P ot

=0 (2-5)

L, 00 o, . ) ) 5
Fate =, LB G E R DR AR A LT

Food REROTIRASETEL S P BE S B PR EAPT RE o BRI A

GE SRR ATT ¥ T



W 2-2 A 3BT £ R

Bt oo HAT R 2-2 Apor R T e s P EBBER F A 0 T HBEET F L

"%
foodtoriy ol o ie- HEE R Hap E?&x%i’@wé“ & T % &4E(electrical

dipole moment) > @ $* F % {EEE LIPE LT A -
P=4.0-00 (C - m) (2-6)
#e 0=+ gtk iR B ARARAE 5 A% 1 18 4R (Hertzian dipole)

jo

72 8 i & % AR (ideal dipole)sficd] » 9 ﬁ} L - e AkiT v]@_r’i’:ﬁzw PR E T
T - BERE AL F 3T NER  Fp > AT ug I e & i (vector
potential) :

w-1-00-e /"™

A=a,
47R

(2-7)

B R B g {2 4258 (Maxwell’s equation) fefF 0 F R>>AF M E-T H v £

s+ = Y .
I~ 7T & -

E=d4,(—jw) - A, =d,jw-sin 0 - A, (2-8)

27 SR N 2.8 N 0 T 8 3] Ak B ef ST



-sin @ (2-9a)

—iBR
e/ﬁ

~
(@)
X

H=a -sin @ 2-9b
* Arx (299)

Foobg R<< A4 WAl r B B ARt 1R 0 8 5] AT Sl AT

. o I-o0-e n o I1-00-e R
E-fzag(—]n)-m-s1n0 + aR(—]ﬂ)‘m (2-9¢)
- LOp .o /PR
H" = a, I-0t-e 77 -sin @ (2-9d)

47R*?

Bfs o BAMBPEEIPTHEIBS G ATF? G155 0 4oB) 2-5 977 o

2.3 maEi el il BRI M

At &9  HEALERRE RO I R AF R P o d IR
B MOT R EERPN T F LSBT 4oB 2-3(0) Ao 0 - Hm ZEEUF IR ¥
- fEAp T b F RS AUE R & % M (short dipole antenna) © A F B A & g £ a0
oA T EiR R M) A BTN s 0 T AR &
MBRET ML PLFBER I NERBEIRDS BBFLREE R E T s
i Bk 7 %k - gRA s BN F AT G AU A o o] 2-3(b) rom o #t 0 B iR
R g » DA R G T F A T LR B BT ) 2-1 4208 o - AR R g s
SR

Z, =—JjZ,-cot (ﬂ%) (2-10)

o A o x o
r — <= = —<— = cot -—)>0
Py TPy b

d R i R R AT Y B B B ]t A2 - R E P bR
RSP RAS T F L B REEE £ 0 R[16]7 AT ke T



120 ol
Xshort dipole == W : {IH(Z] - 1:| (2—1 1)

- — ol _ M2 T
I(Z) I(Z)
] ¥ !
(a) LE &R &R (b) ‘& &= & () T £ mims &

B 23 BiEXMT b E  HP H<<A ]:xm?P T inx]

¥oob- fER AT hR M AL 3RS A (half-wave dipole antenna) » ¥z & L3k
HIRBE S - A2 - pfE > AHS G0 TR L L g M eIms kgt o
BOERE AP LR BEAMP TOAHET RS A G R 221258 0 7
A EABEE A ki LHE R MDA T A G M- B R
L 0 doR) 2-3(0) TR o pt b - HenE o PR R ARiER A H
AL GRS R S ERE S S L

LK RS AL R DB AT KR T > T b FI A4 R SURLRE R T T

£ § 4§ #cehfe f7 fie(conjugate impedance match) » 2R iﬁ-ﬁi%] NRREIET e o B3 AT

HE B R BRAME AL TALGEE 2 B 0 Tinihdor N
L

: A A
I(z)=1-sin| S - ——‘z‘ , ‘Z‘S— (2-12)
4 4
d PR e EREE RN 280N E kg A N

- e 21
E:dgja)ﬂ- « —
47R B

F(0) (2-13a)

8



I-e /PR

H=d,j— ——F( 2-13b

) "5 » (@) (2-13b)

F(H):cos[(ﬂ'/?)-cosé?] o130
sin @

#9 F(O) 5 & A1 34 & #i(normalized field pattern) o d 2-13 38 ¥ rif5 58 X L £ % &
AR Rz S A 4Rl 2445 B 25 RS0 ET e 23 H T w B
R L s R S S R LS

a~ PP T3 gk F] % 4p £ (time average pointing vector) = -J

1 . 1517
P, :EEH "H, = o - F(0)* (2-14)
b dhdg bt
P, =P, ds ~36:541° (W) (2-15)
¢~ ¥ # F L % (half-power beamwidth)
HP=0,-0,~78, #¢ 6 - 0,% % (2-16)
1
F@)=F0,)=—, 0<fO<rm (2-17)
l) 2) \/5
d 55t
2P
R,="3=T31 Q) (2-18)
e~ it A
, .15
U _=R-P (90)~—1 (2-19)
T
£ dpo s
A7
D=*"Yun _1 642215 (dB) (2-20)

r



A A
F(6)
/ ¢
Q\ X
0.707 1.0
(2) E-T & (b) H-T &

(6) 1= s

B 2-4 2 G il 5B S0 35T

z
A
0
E-plane
o
<+ >y
i
H-plane

B 2-5 B e fEhEhz At @ b



2.4 EHBIE B

B - AT PR E R RIES R AR F 8 TR BRI W
TG REFFY cBEBREIRLS - BIPT FOREIR F LGS doF)
2-6 > ﬁﬁ{nﬁﬁmizﬁ dif [ EFLoAsid @ T~ od BB R 52T gt
% ﬁg?]fsﬂ s AT T O AT S A RT3, ﬁ%]fsﬂﬁ:@ (transmission mode)¥? % A
B ik (antenna mode) = Fff (TR 5 4o 2-6 ~ 2-7 o o B id ﬁ%]‘s‘?{ﬁ:@ﬂ* v X ’s‘?{ﬁs?] ~ FE
FLF AR G ER B ﬁg?]ﬁmﬁg?] > e

L
Z}=jZmﬂm(ﬂ“5) (2-21)
14
deB 2-70 Bind NG Lzzz— (2-22)

TREEF AR ET A Fe o oB2-8 VERTINEATNR S

F_k

ipoan (2-23)

ﬂﬂ%ékﬁQﬁ%ﬁ%ﬁ%ﬁ%ﬁ»mho%2m~zm\%nﬁ%ﬁ’PUEﬂ
%@%ﬁ%ﬁﬁﬁ»mﬁé:

(2-24)

Y REAEITEBET R E LV2 > d 221 XF UED Z =0 0 ik A 224 N
Z,=4Z7, (2-25)

Flt o B R G g R BRI Rp o LA LR EIREE T f%ﬂ"]‘ﬁ”'ﬁ%]%l‘fl
Foo M2 PR~ B @ PR ST RS P~ g A LT T AL
PR AR LR EMERIET AT AT ML 0 TInA F4oR] 26 (c) ©
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C_ D

f
J U

(a) Blrinte & (b5 4 504 (© = Sih

W 2-6 5 40/i% 1 2 413k (TR

oY

(a) AL (b) = sEf

|

1< +
Lol +
Lol 4+

+ <

W27 BB & TRARE D FHLL ST LE

12



opened

I
L L, 2 I
2 2 Z, :
+ + + +
\Y% Vv \% \Y
2 2 2 2
opened

W 2-8 = SR %0 TR TR A 4

2.5 BiExX Mg~

@aaw@ﬁa@ﬁ’ﬁmméwwm@%ﬁé{%k%m%ﬁ’*f‘iié?
o L BEUELEE > dofm oo A 0 RN R~ PR 1L R RAL -
AR AR R0 B IR A & YR ﬁﬁlmwﬂﬁ* W R R M2 [ DT fe
MR R LR AR AR hA G d ARG I AR SR E LR BT R
EAEATIBIER AR ITR > AR RS AP EFHFERILTT R &
FTE A Benf T e AR R B S o A s T B R X S Mo
PREFEUE LS o FL g L s B RIS E S e §aE2 T
R A SRR AR b S R o R A S E S i
KFIE ]GRBT o

2.5.1 Bi&X ME T et T grid e F

d - R A Y B B T T RS B Y AR R
SR T o $HR R AR FALOT A Gy A0 BIERL B RE S AR 2 2
wEOR o 4o @] 2-9(a) 0 - B F EIREE F B RN m@%l TR EL AL BERS
MEAORIA T o - A T o REBEALY > - HIRE SRR AR 2L 180 R RN
MEL AT A 5T gFeo(balanced) 7 n B o 4B 2-9(b) 0 Tﬁﬁ%ﬁsﬁi - $ERE~ ] A
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T AT N LR E BRI A S B P TEPT AT AR S AMEN S
A e o @ T 2T i e B (balun) T %k #-3 T Eerdg 0 TN LR 2 T e
TIRIUEL ) BRI AR R M r o R h Y 0F - FRAFT L M T T A HOE R
AAA BT T AT R E > kA BRI AW oA 0 [17]2 E
BT RPN T AT R R LY R R R F -

4

I
I

4

L
I

A 4
A 4

(a) T grendin o I, =1, (b) 2T fgrengin o 1> 1,

W 2-9 Lk E R SR rE LT G R

2.5.2 FRA e pliEiER SR

Er ] 1% 4% % 4% (printed dipole antenna)&_r? B k| 7 BLE chB R F ehT 6 SN iR R X
B oo — LB R AR X AR~ 2 N s U i ARAE ~ (coaxial feed) ~ £ T g gt AR
(coplanar waveguide feed)#* E_ e+ 24k » (microstrip feed)? 2 > 4@ 2-10 ~ 2-11 ~ 2-12
S0 B0 HOF A A S b 1987 A N[18] B S E S HiEF A B0
eIt T BL BaE o

VIR S FIRE R B R R 2 0 AR A S A § - B Aehs SV
X R HA G ARAF A R RE R TR D B A Y Y AT R TRE T AR
FEA PR F e i ST AT R R > D4 THEROT A SIS B iR
o 4e@] 2-11(a)# 7o > B¢ A r ST R TR T R dEE R RS e Tt
BGH o ¥ - R R B NS B ARATS P R  Rs B iR K B E
BBLA AR TF 180 RHHT ST AT i R Uk dRr AL - HT A
0L 180 B enT EP i A~ B B ARRF > 4ol 2-11(b)H T o AT BW - WA R
B- RRATEORCF G 2N I AN A RS LA T T TR T sl

BHEAR > RFETRTREE wEFHERART KPR EIFAL .
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(a) I phst & ~ (b) + T & Ak~

Bl 2-10 B ] 1% & % S eh »

B 2-11 picd sueg » > 5t

2.6 ERA LB M

¥oob - {2 B4R AP 120X RA TR X A (loop antenna) 0 R A A - B 5 pF
ER i ERA L I AR F SIS RIRHE BT A F AR LB A
8 gt £ A5 % & (one-wave length loop antenna) ¥ ik ¥+ 48 fp i 4 % S FAF B > A &
ﬁi@%ﬁﬁéﬁ%%ﬁﬁ—gﬁiﬁﬁﬁago

Hp £ )28 0 A D enffiid > v oo SR A8 @R B8 A ¥ LY
SEFBIOE - L TG AR OIAFN S AF DS THRU D AR A X R
doc HpERAXARIcH 2-12 rr @R Fe sz -k LR EBIEI AP

15



ATEE £ RS A E SV E B RN S S
\ | A
I,=1,=-a_I,cos(px'), ‘x‘ég (2-26a)
o A
I, =-1; =a I,sin(fy'), v < ry (2-26b)

d T BN FERE S APT U EMSE AN N EHE e A2

O~ pET AT H T g chffitsd 74T o
& xy-T o
E, (0= %) =0 (2-27a)
sin(jcos ¢)[sin @ cos(Zsin Q) — sin(Zsin ¢)} -K
E,(0=2)=
2 (7 /4).cos-¢
cos( 7 sin ¢){cos @ sin( 7 cos Q) - cos(z oS ¢)} -K
4 4 4
+ . (2-27b)
(z/4)sin ¢
Jln-e™ d K
#e K= —
) 2w 4
& xz-F &
E,(¢=0)=0 (2-28a)
E (p—0) L -e [Sin 0 sin(z sin 0) — COS(Z sin 6’)} .
o ﬁ;zr cos &
tyz-F %
E,($= %) ~ (2-292)
ipr

E,(¢= %) —_J ]03_; cos(% sin ) (2-29b)
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AR T N E R R T TG g 3 o] 213
G e T BRI H R R RS L LRI AU 0 B R8O T
ﬁ])\gﬂ_g__g]; 100 &4+ > X s £ 95 3.09dB -

(a) xy-T & (b) xz-T & (c)yz-T w

W 2-13 H & £ 7R3 % M- )
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FZ % BAUMT R S EG > A R BET AR

(Novel printed dipole antenna fed by microstrip ring hybrid)

3.1 =% %ﬂ “‘L’F\id’

WWE AR BESRPER LR AL BAREAEEY 0 L0 B L LA ol
%i%?’?%ﬁﬁ‘?Wﬂﬁﬁ%%ﬁﬁmﬁﬁﬁﬁ%ﬁﬁ%wﬁﬁﬁﬂO%ﬂ%ﬁ
ERZ BB G AR R A B E T G A ARG B B R B R D 0 TR i
%’F*mﬁi%ﬁ#*<ﬁ>*¢%Pﬁ%%%iéﬁ’?éiﬁ“ﬁ%%ﬁ@%ﬁ
de X MEIRATF 0 hoB 3-1 e

B 3-1 =Z#EiEBiEx R

d 25 8¢ hf o o g TIRHBEI AL L TR 2R
AT A R R ﬁmiﬁf*z/@ o- BBt MR - ARFELEL  FHFF AL ATH
Tno FlE s B M A TR R R T R 6 TR 0 AR SRS T

%a’mmymvﬁﬁwﬂ’@&ﬂMﬁ%ﬁ%ﬁjmﬁlﬁammﬁﬁﬁm&ﬁﬁw
FoRIFEEAT LI ATRE BRI REFE 0 L AFATER R SM R o

fr0 3 ATRALE ER PRI DB RS A A e N BT L BB A
G RS WIRAT L TSV (ARG R 7 e h R MK IR R - 7Y
FOT R £ RS o P ARSI R (Fenp o

MBS ME A S B BB Y T TR ELT 7 g NI T R AR
FASLA BIRA AT AP ARG AR B T R Y A 0 3N [ AR

18



v

WL F Y B IR A (isolation) PR 4T 5 T A A ABLAR T B A T i A 2 h T R sty
P AN PR R ERI R RS AL L A A P L
2 M R G R TR B F A o T ARV N R R Y H A

MR AN EE AR EER o B9 180 A A £ B(180° hybrid) A I 4E S pF > i
59 e B AR T LT R g B B 8 X ARG N o ek 180 A
SRR BER SAPT B & LR AT T HRURH B R R ARUE 2 dc 0 RALA
:é—‘%hgﬁgzﬂ‘s o

3.2 TRRFER

AERS L Z B AP RKIIES F - NS F A LRMT RS LR E
m})’grlmbk’#r]“} s T IEE O e R RAT L X AR~ R NS MR SN IE
FEET R gL il R F 0 50 AT RN R SRS Behl 0 F -
g@%ﬁﬁ—mm@ﬂ@ﬁ%; EFRZMAFEEFRUMFTARLS ELBEB R A F
AT R ML FHERTILE -

3.2 1 e BEVKFRLS EAR

180 B &k B 5 — v B R 2 ¢ G 180 R dhdp 4 o Bk (TR
AFU%ﬁ%ﬂﬁﬁﬁkw%cpﬂ FrUF 32 180 R A L FA T 0 d hik |
MO F o gL TR 28 3, P A EIF ik o @ i"iﬁ4¢xﬁ$ﬁ4"‘\37}§;§]‘§u

Bt FY S A o *gh&ﬁwﬁ2ﬁ3swﬁﬂxﬁg 180 &
Gip L o A LR BN AR F R AR E B R 23
*oRIEE L A REL e SR A LA RHZ AL o T SR B4 e G el
=4 3 (sum port) 2 A ik =4 35 (difference port) » @ A F F KA & A * AL RABE H

S REL MAlEL- AL Z 0 ARG AP AP L 180 & - HT fimin R gL
.. X —
] —— 180° L a0
1t NN b b
hiE 4 A— s 5 /}i §§ ———— #3383

W 3-2 180 B A & it Bendk = B
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| Z
(A) 3438 4

0

133 T SA £ L E % LR

BAHA AL LR E > wBB3 LR TE K F Reh- T 5 % 180 B A 4
AEBAVEHGE - F IR AR RRA KT AL LR FITL BRSNS
PR g 0 50 W RITRA R A LR E s Gl > I BB AT 2
23] P R-EB AL &AL B fi s Bl apEen BB e T R doB 34 977 0 Rtg S 1
H @ i sk 1 g s W T i Bl ¥ T &2 5 ik 8 5% ik

2T A B R BANEATHB G

B=o T4 T, (3-1a)
B, :%Te +%7; (3-1b)
Bi=2l-o 1, G-10
Bo=y T, (-14)

BE gpery dmai A ABCD B L fipf 738 NP BEEar e 58
]’f&_ﬁ'{a i~\4)\ 3-1;\ ’?%—F}’
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Bl = O (3-23)

B, = _T; (3-2b)
B, = _T; (3-2¢)
B,=0 (3-2d)
VW R | el O Mo 4 A IRAREE g _g'ﬁ;i)\ﬂi}:iii:!/}ﬁaflji%iﬁ2

2 30 g% TS kA /ﬁt%‘“ﬂ&\ AR g - T8 % - 7).

W 3-4 %A 5L BT EF

2, 0 w4 @ e,
= A L0 L/s .
0 . O.C. 0.C
®) ' 2| 308
+1/2 ?‘)
L o
0.C

(a) W HCA 7
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+1/2

S.C.

, O A4 @ o,
—
L, @lx/s
s.C 51308
(o]
S.C

(b) # HA 17

W 3-5 &4

Lok B T EA I

ok Rty 5 1 E T s B 3-4(a) g 4 8 > F LA B R TE R

2% 3P §F 180 Rebdpind o kb PEREARIT 0 AT Y H BEA TR A
fRdd g E TR B E N L B R S
B'Zo (3-3a)
7
sy (3-3b)
2 ﬁ
i)
B = — (3_3C)
3 \/5
B,=0 (3-3d)
FEP G R A DI 2T e @ R | S IRAR I 2 g e 5T 00 T
mﬁrz 23,573 KF 180 RenfpinL et % TS sxﬁ%&ﬂim%w R
How it AR Y chaE T d BAMCF A A SRR E ST R
% BT sT iR e T
0 1 1 0]
- —jlt 0 0 -1
—_J 3-4
211 0 0 1 G4
0 -1 1 0
B0 R e IR MCE A B BT W R N RO A A
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WS p s PSP R L B2 S e n BT REBFAYT I FERITA
Hudpp s RAKF AL EAFNFLghomecs o 2B LIS L R & 47
S HE TR KR EREARG FIEE FE o Tt BT ORER R TREEEAS T
HFSS it {7 k3t o

3.2.2 TE5 A » R TANZBRUMIML ¢ A FXFHALH

BACPREKT - TR A EE WLANS (2.4-2.484GHz) 12 2 ficid & # 3
W) % 51(2400MHz-2483.5MHz)2. ISM 4 4 sk A50cH 0 &L B > (55 B iR X M4
gL od P P E A 2 ERBAZRARRAH - ALK AL RIg S ARk AR
Z 180 & ei— # i g 50 s@i MH e EIE A 4 R L &R R B AT TR
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== Half wave dipole fed from end to end
== n = Half wave dipole fed from center
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3. 3665e+B0E
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-6, 3653 e+0E08
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,,,,,,,,,,,, S -
————————————— e it e
1 1 1 1 1 1
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3. 39581=+888
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-8, 2547e-881
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-9, 2727 e+B080
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1.1225e+B808
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Return Loss [dB]
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dB{GainTotal)
3. 2367 e+00E
1, 2893e+00E
-5, 1796e-081
-2, 8453e+000
-4, §726e+000
-6, §999e+006
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-1,2982e+001
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Port 1 Port 2
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Bl 4-30 B3R AR B R B R X AR I E 2k é"’]‘#?}

dr bR s T U L R F R RAT S e ML BRI 0 B (S en
T FE Dl i 2R R
B PR AR LA URIR I e ) Y T NG E - e S R AR
BOECRE MBI L BRI B S I AT R 2 A o d BT
[oo 5 T AT B A L IRARGOT B % 2 AR BA 2R A SRR
«%4ﬁ“ﬁwwx»z48m%%ﬁ5& ‘W?¢;ﬁﬁ%%ﬂ de® 4310 d W7 T
R ER R DRSS P s ST = o S PRI SR S By s B
T ﬁﬁ%ﬁ%iﬁ%%%mﬁﬁ°ﬁ

1
—

%48ﬁﬂ;ﬁwﬁﬁﬁ%ﬁ* %ﬁﬁ %ﬁ%iﬁ%mﬁxﬁﬂwﬂm

(GHz)

Wi & JRAE & %Wﬁ&i

(®)

f5 i3k b vt
(0)

HoAR iR 1 S
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1.9

180°

0.935

00

23

-220°

9.163

342°
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21.5°

1.537
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3.48

0.14°
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dB(GainTotal)

3. 3584 +088
1. 7685e+288
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-1.3953e+200
-2.9772e+000
=4, 5591 +208
-6, 1410 +208
-7.7229e+208
-9. 3048 +008
-1.8887e+201
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-1. 4858 +281
-1.5632e+281
=1, 7214e+B01
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o
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3. 9258e+000
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-5, 0211e+860
-6. 2993e+808
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( Design of miniaturized printed folded dipole antenna )
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5.2.2 5% %
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