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Abstract

Antenna is one of the most important means in radio frequency (RF) systems for
receiving or transmitting signals from and into the air as medium. Without proper design of
the antenna, the signal generated by the RF systems will not be transmitted and no signal
can be detected at the receiver. Antenna design is an active field in communication for
future development.For operation in high frequency range one of popular antenna design is
the microstrip patch antenna (MPA). In this work, properties of two microstrip, log-
periodical and rectangular, patch antennas are studied.

Three models of rectangular patch antenna are considered: wideband, U-slot dual-band
and double U-slot triple-band patch antennas. By cutting a U-shaped slot in a rectangular
patch antenna, an exclusion band appears, filtering out certain frequency range. This is
caused by resonance properties of U-slots. For each antenna, a computer model was
constructed. Calculated reflection coefficients were compared with measurements. By
analyzing antenna input impedance vs. frequency and current distribution, conclusions are
drawn about role and importance of U-slot.

By means of computer modeling, a method allowing optimization of geometrical size of a
log-periodic printed antenna AARONIA AG HyperLOG 60100 was considered. According to
it, dipoles are inclined to the central axis by o angle. Computer simulations were used in
order to investigate two cases: for a = 30° and 45°. It is shown that antenna properties:
reflection coefficient, input impedance and gain change insignificantly as a result, while
antenna width is reduced significantly (by 22%).

The research also describes how log-periodic printed dipole array antenna is combined
with U-slot technique in order to introduce a notch-filtered frequency band in antenna
bandwidth (3.1GHz - 11GHz). Dependence of antenna VSWR property on position of U-slot
is also investigate in this work.

All computer models were constructed and calculated by means of EM simulation
software EMCoS Antenna VLab and EMCoS MTEC VLab. This work underlines the
importance of using computer simulation in antenna design and optimization. These means
allow quickly and accurately predict properties of a desired antenna. Modeling also provides

the way to optimize existing antenna designs and prepare them for manufacturing.
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d9L50590L5¢, LETMOGISL O3S 25dMYghgdO 0YmML BosEOL BooMLEBYMDS.

DGTD dgomo  9imdbgds  sGabGHOMIGMOHMo  dool  gargdgb@gol,
A9IOHH59M90L, H©ba9-329GoL Igmmbg Mool 1dgdsb.

39630bomm  Foduggerols  4obEBHMEGdgd0 LD  JobBMToEgdsdo  GOHMAZIMM3560
068030 0BMEOM3ME0o 3o6Mgdmbomgol [12], [13].

QE:VXH
ot (2.10)
a—H——VxE
Hat
39003Lsbmo Jogduzgeol gobEmergdqdo d9bsbzol gmmdsdo:
u(x,t =
Qa“gt( ) v E(i(x1)=0 2.11)
Loog X € 2
e 0 E| = —8& xH
= ,u=| 2 ||RU)= b 2.12
o[y Ljoclajeo- e e

Loog € 906086531 Lod FoMm3mmbs LogmMOOboE™ LobEJAoL GO GEMZob
29%L. Logm ) Q S0YMBS MOMOYONYHWS¥Y3390053 9d9bEH9dsw DF
K
Q~Q, = D" (2.13)
k=1

bssg DK 560l Dmpso  gwgdgb@o, 853008  58mbsblBdo  asdm0yqbgds
A9IOHH59M900. DI IMH0 5dMbIBLBO 259MOLEHYdS BreagMr(s:

K
(xt)~ G, (xt)=>bx(x1) (2.14)
k=1
50 MdM030 35050 MHOYOL 30bMB0sE MO Josbermgdoom
Np
Uﬁ()_(',t)ZZU#(Xi,t)y/i(X) (2.15)
i=1

LG Np 560L 3mE0bmdor®o HadEowgdol Mom@gbmds

N, - (N +1)N QZXN +3) 216)

N— 560l 32¢00bmdols Hoyo.
*

30bmdols Hogo N=1 300bmdol Moyo N=2
DO GH0wgdol Momgbmds N, = 4 $oOGH0gdol Homgbmds N, = 10
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30bmdols Hogyo N=3 300obmdol Mogo N=4
D90GH09gd0L MomEgbmds Ny, = 20 $o0GH0gdol Homgbmds N, =35
° }
¢ e e s |
L) .. L] . "! .’&fﬁ
o | e S o 3e
.. ,'.3 o .;'!::.3:"63‘:
R
. l.': .9 ..‘ 1%9
30obmdob Gogo N=5 30bmdol Hoyo N=10
D90GH0gdol MomEgbmds N, = 56 000G gdol MomEgbmds N, = 286

Bo3f9mmo om3sw®o bsdomo

—k
Rh(x,t):Q%+V- FX(d(xt)), x € D* 2.17)
5 8m30mbmgmo oo MAMgdgErYmRs 993IH0 SOOMOO0
[RE(x,1)- i (x)dx =0 (2.18)
Dk

L@ Py (%) 260b @mp@r)Bo Ogbdaco 3bisos 9egdgbdby D .
Bofoargdom 0bE9gacmgdol 8909y 300930 DG-FEM-U 89990 byboon:

auk — — — *
J Q1+ V-F, |-4(x)dx= ffn'[Fh_Fh:I'l//i(X)jX (2.19)
D* ot oDk
5 @i @5 P 2obslibogmIdL Ny, 36J309d0L oL, Fy 50b0dbsgl ®oEblzoom 6535U,
bo@m 11 560L o690 8085000 gOHM G360 39B0 3obLaBbEgMmo gegdgbEol
LoBE356BY.
103sOGH030LM30L BIZMZoMm, MM Y39gws gugdgbGbg sboerols 356589@M9d0
890080309, 9.0. @ G0l 313030, s 51939 BHIGHMIIPMOL 439w J39OPO dOEYJOS.
399m300Mmm M3gMH5GHMOMJd0
M = [widdx, S =V ddx, F = fdwdx 2.20)
D¥ D* oDk
39bOMgds 20@20J393°> b bgdbe
sz_‘:+§.ﬁ=ﬁﬁ.[ﬁ_ﬁ*] @.21)
bosg U §omBemspgbl 2N, -30953030063900L 39d@meo U, .
39630bomm oM 3060l BmEdmEo®gds, Hrmdeol dgdmbggzsdo ¢; = ;.

Q‘;_‘t‘:_m—lé.ﬁ MR JEF] 2.22)
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1930l BMOIMEOMIOOL EILOWYGOOLMZOL, MBS FIb3LEBWIOM™ Gosbzomo
Bs3o0 F, HMIgeo 2obolabogmgdl 0bxzm®mTs300l AoILZWSL 9egdnb@gdl dmeol
5 LObOBEZOHM 30MMOYOL. Fodu3geol gobEMegdgdol iBxR03MdOL 25dm JooMqds

Z_lnx(nx[é]—z*[ﬁ])

Y 'nx (nx [I—T]+Y*[I§]) 22

A fE-F]=

LoS3 [U]z U +0"° Dmdsgl Bob@mal 39¢ol 8608369mds80 06¢9G%E9MH96Eool

3oLH3M03. bodsbo '+' JoMmomgdl 39¢ol 3603369 Mdgdbg IgbMdgw 9e9dqbEgdbY,

bogoem - 3000090 3900l 36033690 md9gdbYg 9egdgbEol M3 Mo. ToldEroms
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Fobommds s Z, 05 390@sMgdmmds Y *

Z=2"+7Z",Y=Y"+Y" (2.24)
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3 96@9bols 3565093 ®9d0

3bGH9bol Bglisgogo (bo3ms®o) Hobsmds (0by. Input impedance) sGob s6Egbols
A9m30bsemgdbg  IMmgdMo  dsd30L  BoMmEMds  o8s35¢  ©9bBy.  Fobowmds
3003wgdumeo  Mogbgzos Z =R +jX @5 89003905 Moo s Fomdmbsbgzomo
Bofoargdolisgsb. Mgocm@mo Bofforo ©s393006090e0s LoddE szl MHHMEIBMBLMLD,
OmIgog 359mbbogs 96 Jmsobods 6960l dogm, beagom Fo@dmbobgomo - sbEgbol
sberm 39 do BoFgMHoe Loddsgzmglosb [11].

569330l 3mgR03096¢0 (06p. Reflection coefficient, S;;) 9Bg9bgdL vy 6o
50mgbmdol  LoddwsgMg 0093w BBHIB0B.  OmamOE  fgbo,  0BmIgds

©9(3009w9dd0.
6 Z—17y
nTz+2z,
3039Mm0 Bowmol 3m9x8030g6E0 (06y. VSWR) 65m@©gbmdmogzs@ s0figdl o

(3.1)

500965 39O M0 bBHIboL Tglogoco [obommds Fgmobbdgdmero 93390530l
2900593390 bsBMsb [11].
1+1S44]
VSWR = T (3.2)
39909900l 3mgx8030gbGo (0by. Gain) gobolisbma®mgds, Gmym®E dsgjlodswm@o
390mbb0ggdol  F0ToMmMEgd0m  godmlboggdwo  LoddEszmMOL  FIOMOMDS
0DBMGHOM3MWO Msbs35MYM BBHIBOL godmliboggdsbmsb. B3gwmwgd®mog, gl BoMEMdS
390m0lbobgds Y3089 gddo,  bmm  ghmgMmwo  3bmdowos  ,,0BmEGHOM3MWo
930090l (dBi) bsbgerom [11].
3995md0L ©0535DMbo (0by. Bandwidth, siggg 990d¢gds 00056MHRBML GMmymG3
3935M900L BMEo) 0m3zwgds ol LobdoMgms g, HMIYEBg©s3 S11<-10 dB 6
VSWR<2. 56¢9bol 8850m00L ©0535Dmboll 39699660  256350@H9ds5 Lb3oMmds
D905 9 §39005 31Fomdol LobTJoMggdoL Lbgzsmds (fy s f1, Igledsdobow) [1].
bw = fy—fi (33)
bdo6o 8935mdol ©E0535DMBL 98mbbsgah ©sbsH9g3¢Mgdmmwo 6 3OHMmEgbEmwo
LoOEOL JobgE30m. B5(93MdMo FMTomdOl Os35DMbO Jodmomzwgds bw-ols

BOEMO00 (396GHMIIH LObJoMYL6:

pw = 2% (3.4)
== _

bewm 31850d0L ©0535HMbo 3039539330 4o8mom3wgds 900 BMGMTMO:
b
BWY% = TW 100, (35)

c

Loos3 fe = f”z;fL 5MH0m3YEGH03MW0 BTYOEOMS.

Lobdotgms RBoMEmds (0by. Frequency ration) sMoL 4o¢oMgdool Bmeool by
Lobdo®mol 895350905 39S LOboMILM 6.
fu

=2z 3.6
=7 (3.6)
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4 3sm3Mmbs dMBHYJero sxgboo sbEHIbs

JoOm3mombs  dMHGHYJo oxggboeo BFEH9bs (0by. Rectangular Micristrip Patch
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99dAHOMo 69900l JobosGMoBszos s oo FobmdMOZ0 ©bgey3s 1970
fargddo [2], [1]. OmbLMbBOL sEMgmMds 659/8g3690Ts  sfgML 5393 9dBY
53536930 oxgbomo s6@gbgdo s 9B3969L 3M0BEO30L  3M0dBH03MNEMds
3mG9bEosmo 963H9bgdol LoliEgdgddo Bsmo dsdmygbgdol. 3 36MHobiodom dgddboero
36396900 50LsfgMs goddbs 350953030 dMmEIWYdo s o0 25dmygbgds 33m3zgl
0936 Lbgo LEBYOHMT0. MsbsdYEPMM3Z9 0b6:50b9HOLIMZOL, NGB0 56EF DS HoTmogbL
9600-9mH® Lo 39009LbM 5MBYZ6L.

95gJL0oMHO 45dmbb0gadoL dolswHgzo FoBsbdghmboeros 4sdmygbgdyero oymls
©09@JHO030 VWO EOILIIHO0ZNo  Fgafjgzomdol dxEogom.  adEMO
53960l Bm®ds Fgodegds ogml 6gdoldogmo Gm®Aol, doa®ed Y4z9wsby FosOHOMO
39900996905 §HoMo s JommMmbs gmemIgdo.
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fobommdom,  2odwogMgdol  3mgB0E0gbGH0MS s 3sdmMbboggdol  O0sGMsTom.
530MOx0EO0L Loamdg 3603369wMm396 MMl M535dMBL Lsdwgdom LObJoEMOL AsBLEBEO3MOL
OML: 259mAlb03zgdwol Log™dg Mbs 0yml LslM39geo LOBAOMOL Eow®ol Loa®mdols
Bobggzomo.

5839600 56396900 U gm®Hdob FOHowom 30039wo@ 399mms35H90meo ogm 1995
gl 30mbols (Huynh) o ol (Lee) dogm, Gmymeda 9ohmgsgbmgsbo, (650350
3056MH0HYOM0 BoOOMDMEM3560 IRI6oo 96EFIbs [2]. 835300 Y0, H™MI
U-3600@00b 963965 dgmdamos  «b6Hmb3zgargml  30%-bg dgBo (obosmmds  3sgMob
53960Lsm30L 0.08N, s 20%-bg 9o bgoglbo Lolgol o0gwrgdEHM03zgdoLsmzoL [3].

mobarglids 33e093990s 5B39b9L, M U-FMH0owosbo s6@9bols 98myggbgds dgodwngds
M5 FBMWME  FoOOMDMEM3560  499myggbgdolomzol, 1939 ™mEMToa0 s Lsddoyo
39939Mgd@MdOL  58mEsbgdoLsm3z0L. B396  2obgzobowrsgm  slge  Lsd  sbGHIBsL  [4],
OMIgms [4omrm00 Imdocmegqds begds L-gmmdol 3odgwoom [5].

4.1 L gcm®3oL 33905

L gm®dol 33905 (0by. L-Probe Fed) dqLobodbsgoo 908smdl s6@&9gbgdolomgol,
MOmIgrms  ©oggdBHmozol  1gbs  0.1h0  Loldolss. vy 53  33905bmsb  gPmo©
390309496900 259mALb03gd9 BoMOFBOE)L, BEOYdS ©T3EHJIOMO (39350 Mds, MMIJLOE
53M0396L0MYdL 339008 Foge FgBoboe 0bEBHOMdL. gl 3H9dbozs 96 Fmombmals
MBozol o BHmOO g3m®dol BmEosh L gm®dol dowmgds ds0GHogz0s Fo0dmgdols
035BsDBOHOLOm. M) 458tm30949bgdm FoMMIMMbs BOMBOENL ©s L g3m®dol 339050,
d9L5degdg0s J0300Mm 35% A5EHIMIdOL Dm0 s 7.5 dB J0Tomrm)Emds [5].
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4.2 goHnMBMEmgzsbo oMmzmmbs dMEYgeo s6@gbs
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4.3.1 3m330mE96MEo 8mEYEgdo
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d90006b39gdsL, 0bg LobsErol OdsO TsbobYJOOL Bod@MmMo babligbgd LobdoGmvyar
s69do.

oMLgdMAL  ¥93M0  MLOEIbm  3MmIMBo3sE3oMEmO  LobEgds, MMAEOL  ddomdols
LobJ0MYIMS 0835BMbO Bgggds UWB 56396930l 00535DmbL. dogocoms, UWB
9b9bs G90dgds godmofizomlb 3983960Mbgds olgom LolEgdgddo, Mmammoiss IEEE 802.11a
580-9do (5.150 GHz-5.350 GHz s 5.725 GHz-5.825 GHz), HIPERLAN/2 9363530 (5.150
GHz-5.350 GHz o 5.470 GHz-5.725 GHz), @5 dbmgwom w6hm0ogOhmngdgogdol
UEHObIOEHO  Fo3OMGHIOMMHO  353d0MH0bgol  (0by. World Interoperability for
Microwave Access, WiMAX) (3.400 GHz-3.690 GHz s 5.250 GHz-5.825 GHz) [16].
5093561500, 33¢930L Lo0bEHIMLM MYTs Qobs oligmo UWB 56396900l ogadatgds o
3MbLEAHMMOMYBS, OMIEgdLs3 9690 530390 »BBYdO oGPGO0l Bmerdo.

dMm™ 5090 do, 39300 ©993d9Md0L F9gdbo3s 0ym d9dmmsgsbgdmwo UWB
3B639bob goBoMm9d0ol BMEdo 5300 1367dOL BILIOMOZ35. JOHM-9Mm0 FoMEH030
305 56ob U [16], L, H-gm®3ol 3OHowol 45390090, 3565D0@ Mo Bmmgdols sds@qds
31939 9839dGNIO0 3Hos 53Mdsemeo LobdoMmgqdol gobgbobm30l. A0S sTobs, 8339053
bsHBg M9HBMBGMEOHOL o595 51939 3900 3Bos 530l domfiggzoLmz0b.

B396 29630bowsgm U gm@dol FMowgdl, Hmam®3 530dswmmwo bobdoMggdol
B5853Hnd0ol Lodmoqdsl. sbgmo FMowgdol 30MoGILMdS dyMIsMmgmdl 0dsdo, HmJI
oo BoLTs  9BBHIBOL  3MBLEBHOWMJ30500 @S  5EYOEWTIOIMGMBIOL  5MBY3s  Lo3dom©
356 3H0305. 319903530500 [16] LodsM0s 005Dg, MIMI WMYM3gM0MEIo 6EIBOL
9tgd09q00L  3930L9d99M900B  FodMmIE0bsMY, 53Mdscmemo MBbOL 9R9JEIOMBOL
39BOOLM30L, FMHowo Mbs 8 dsMHYMdIL MHBMbOMYOIME EO3MEMSB. LMo
26. 9639690l 990m535H90w0 B6EHIBOL 3mbLEHOMJ30sL. FOHoWwOob BobozMGo Loa®mdy
360l BsLobdMdO Boereol LogMdol Igmmbgol Mo, sdoGmdsg 59 Lobdomgby ol
9BMboM9gdL s sbIMBL Lobowol. 53Mdserme LobdoMgbg begds Loabswrols LMo
06M933o. 80 mogdo  gobbowrmmos U gm®dob  FHool  90a0edgds®gmdols

9600369 mds 5 Bg93e9bs 9909390bg s B0l 9539dGHWIOMdSDY.

6.1 dmgwo

MM 39OH0MOYI0 03MEgdoL doliogol 6@ bol (LPDA) ggmdg@dos s0gdveos
[16] 30035300056, dgoMbs 89090 350509 BHGMIO0  gmIgEHmO0L  sboggdSC:
L3o0Mgdol 3m95303096@¢0 (scale factor) T = 0.61, EIMMHJdOL 3m95303096G0 (spacing
factor) o = 0.155, @5 ©03Mgd0L Mom©gbmds N = 10 (LyyGsmo 26. ).
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439wy Mdgero  odmerols LogMdg L; 250m0om3egds  Y39gwaDHg  ©odsro
9HMbsbLwo LobJoH0W finin (6.1) BOIMEOM.

L = Aef{% (6.1)
BoOG Aeffmax  9M0L Y39eobg Mdgero  Goewmol Loa®dg sbGH9bol  3dsmdols

©0535HMbdo. dobo 3608369cMds 25003 gds (6.2) BMMIMEOm.
c

A =7 6.2

effmax fmin \/?ff ( )

Boog € 960L  Lobsmeol LboBdo®g 353790330 ©d gerr SO0 9BIISHIOO
©oggdomogawe  dgedobs.  989JdYco  ©ogXgddOzgwe  Boefigzeemdol
2980m30LsM30L FMMTMEs (6.3) 5090w0s 303MMmBGB0sbo Bmerol (0by. microstrip

line) 990mbgg30Lom3z0L.
e+1 & -1 1

eff =~ T 2% (6.3)

boOE & 9MOL BoOHEMBOMO O0JYJBHM03wo F90fi93500Mds, h ©OYm9dEMm03oL
boldg, Wi g439wsbg amdgero ©odmeol  bogsby. ©sdm30gdmgds  ©odmegdol

53mEq05L5 S LORMAGL HOL Q5FMOLObYDS (6.4) GHMEMIOM.
Sn+1 = 40ol, (6.4)

Lboogn = 1,2,...,9.
g439wobg Mg 03Ol BMIYO0EID  49dmIEoboMmg  2OTMMNIOE0S
©5650MBgB7d0L LogyMdggdo s Loysbggdo (6.5) I I0WIOYIOO.

Lt _ Was _
Ly W
©59m300090M9ds U gm®@dol FOHowolb LogMdobs ©s 93Mdsereo bobdoMols

(6.5)

3980bobmE0s (6.6) BMEOIMOm.

Cc
Ly=————"F7— 6.6
Y 4fnotch\/ Seff ( )

B5SG frotcn 9O0OL FH0EOL MBMbBLYo Lobdomy.

bmE5000 26. mym 3gMHomre s6Egbsdo s3mMowo U gmMds
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3Mdgwo U gm®dol FHowol LogMdg 253wgbsls sbgbl sdsen LobdoMggdby.
bowm dobo bogsby doMgom dmgddggdl 530Mdsme LobdoMgby. 93Mdseeo
LobdoMy M30EIOW0s F0MO0MII U 8m&mIol FMHowol bog®dgbg s dzoMgom
033905 Logsbols Jobggom [16].

6.2 3m330v)EH9MHYo 3mEgEgdo

bgdmo sefghowo {algdol dobgzom 3MHMYGMTME MBOHMBlgwymezs EMCoS
Antenna VLab-8o s0pm mym 390M0m©M@o s63gbol dglsdsdobo  30m330E Mo
dmgwo (LGmsmo 27. ), Hmdgaog obzmg@Eraeo baboom 6583969005 bMomo 27. -bg.

L5000 27. oy 396H0MPTEO
©03megd0L 351030560 sb¢EYHOL

39™39G®0d

L5000 28. mym 3g6HomEvyeo s6@g6s
©OoUL3MgEHUIE0 dool Laboom

B596O™ddo 256boos 5 dmEgero. Imgero 1 sMHol Wwmym 3900MEEo 563 9bs,
HMIob 4539Mgd0L bemeros 3.1GHz — 10.6GHz. dmpger 2-Bg sdmFHowos U gmeédols
FOoo, HIwol LogMdgs 999 s Logysbg 200 s sIMGOYdI0s s6EHIBOL F39M ML
1500-00. 8mEge 3-Bg FOowol Dmdgdo s IEIOsMIMBS (33¢9w0s, Tbmerm©
393330005 FOHOWOL 3060l J0856H0)9ds.

b@omgd By 6583969005 56E9BOL bBgs Tbaqd0, J3gs MRYdS 33 gwo.

i s s

dmgo 1 dcm9gwo 2 dmgo 3
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