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ABSTRACT

This thesis presents the analysis and design of a Radiation Characteristics of a 90°
Conical Reflector Antenna fed by a Circular Ring. This antenna provides a unidirectional beam
pattern with high gain. This unidirectional antenna combines between circular ring antenna and
conical reflector. The antenna structure is easy to fabricate. The radiated field of circular ring
antenna is calculated by dyadic Green’s function and the conical reflector is calculated by using
Uniform Theory of Diffraction (UTD). The radiation charicteristics such as radiation pattern,
beamwidth, side lobe ratio and maximum directivity of the antenna were calculated. In order to
verify the theoretical calculation, the prototype of the antenna is fabricated and measurd to
compare between experimental results and theoretical calculations.

The optimum parameter for the antenna is obtained follow as the thick of the ring
antenna (d) is 0.20A, the radial (a) of 0.30A, and the length of the probe (lp) of 0.25A that lead to
the directivity of ring antenna of 5.45 dBi for 90° conical reflector with diameter of aperture of
2.0A.. The optimum distance of the feed point (S) equal to 0.5A. It is found that the directivity is

13.2dBi. This antenna is very useful for applying in the point to point communications.
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dousuisisznt G(R,B) ileanindiuflsddulauednTafiuess (Solenoidal
o d @ o a < H 3 @ @
dyadic function) Yufie seiilsznouvesileanduniulanednsiiafiluuuirinniuives

Hymisisuilugud
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) ¥ . o a & o o < = =
nnfuldanudiniusseniniiisuniulauednermilsiduiimae wufe G,, G,, uaz

G

s P &7 - ] a
151921)52gnA 1935Mm3s Ohm-Rayleigh [7] emilerdsuniulaneAnuunimansia

fieres (5,,2 ) ﬁm‘s"uvimim%m«rnma{manszuammus”méqwﬁanﬂﬁmﬁuﬂnms
VxVxG.,(R,R)~kG,,(R,R) =Vx[I6(R-R))] @.1)
Tauil p=a; ¢=¢,;—<cl2<z<c/2 uazidoulvweuwauosuunl

AixVxG,,(R,B)=0 (2.2)
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p=a  uaz ¢=0,9, R k=a),/,us

.

Pnauns (2.1) feuduisiesdeamilensumnsndmiuunasiuia Vx[IS(R-R)] lav
Waisunaunnnes TaBused (Solenoidal vector wave function) finanaflaluriadedoumhn

QT _ _ A 4
il feduiimnzonie 47, (n) wor N, (p) iesnmiluTlamdeulvveuyaluaums
C1 n

o

2.2) Runfusezld
VTS8R -R)= [ dn 3. SIN® (h)A, (h)+ MO (1)E, ()] 23)

% — —_ Y P 2 o a
die 4, _(h)woz B, (k) Wududssandianined (Vector coefficient) dam11d lasmsdun
o o
naaaeatTinasluaumsit | 2.1) wiwnniguuidwmnaridiamihdae ﬁ;#(—h‘.) uay
o
M, (k) waz1§maquiimdlauedn (Dyadic Gauss Theorem) 3mfuAINFNUTEDS 1D
o

. f 4
Tm¥a (Orthogonal relation) szn AN FUATUNMADT AT

G _@-%)k, =,

5”c(h;)_ 4ﬂ2¢21‘_ ME"( hc) (2~4)
— (2-,)x,

5_;(’1;) —';Z,I—‘ ) 2.5)

Foiudiounudurlseiind luaums 2.4) uag 2.5) asluoums 2.3) 2l

R R) =GRy = [ n 55202 [ﬁ;(’(‘ 7y o BOM3c )

————M‘"hN’h
L) () ()]

(2.6)

4 o < A o
) (1) ﬁﬂﬂﬁﬁilﬂﬁ‘lﬂ N | ‘llﬂﬁfﬂl'lllllﬂ'lﬁlﬂ'lﬂ‘luﬂ‘iQﬂSS‘UOﬂ uag Lﬂiﬂ\lﬂlﬂﬂTﬂﬂJllﬁﬂﬁ
(3 ¥ ) o = A e o o
ANV UIYBAUNDINUUA FINI58 IUSSVURNANITINISUON
s a o e o A o 1 Q,I
ﬂ'ﬁﬂu‘mﬂiﬁl‘uﬂ'ﬂﬂ'ﬁ (2.6) 981‘§Qﬁﬂ1iﬂuﬂlﬂ5ﬂﬂﬂuﬂ'ﬁl IWOAMYIUIYI(pole)

v & o a a - -
h o=tk =tk —¢*  Anluszldilaiduniusialauefnuuumnimanifiunasduiadu
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armunsiuvesnssue g mivlnssafarioindunssnszuen (G, (R, R)) ssuaas

Tugtvesilandundulddsiine

G, (R,R)= ZZk[ch") (k)M (Fhp)+c M) (2R N, (;kf)],z, :z' Q@.7)

£
e 113]
= —j (2 — 50)
C; - 47[2¢214k; (2.8)
— _j (2 = 50)
cf g 4 ”2 62 I: kg (2.9)
Hae
2 2
e =57 ¢7 =06 210
aJ,(ép)
1= 27 [ o, ] (2.11)
p=a

T o 1 o = :
ninumsnguidnsndudunausouanssilsznsuveslauedn 1dvianua 9
samlsznsudsiusndletiavu GZ(R R) wnuddhiiduniutauednlusione p #
Funafigumis (o, 4, z) Nannunassuiiafiogluiismauny p egidunmis (o', ¢',2")

1 4
uaadldnat

P

— k(2
Kg apl ko (2'-2,)

GZRR)=33k
| inke; J,(80) &, (5p )Sm[nm ~¢ )]{

K, P

>
Q@
Y 05 2 (2.12)

—jk‘(z -2)
.

_]C k, aJ, ({pl)al (gp) IR T
GRRR)=3 3k ;‘ % otk ¢)]{ B
=0 =l jn 2.k, J,(€0) J, (fp)vos[n(ﬂ ¢)]{

[ — ke (2~
X P Meln)

>
,z, ' (2.13)
<

"ﬂ;(zl -z')




G;,;;(E,E'):iik
=0 m=l

Kf —jke(2'-2)

n;’c{ J, (jlpl).f (§p )sm[n(ﬂ ¢)]{ —jk:(x.—s):l > 5

“J"c (z-= )

G}}’}(ﬁ,ﬁ'):iik

=0 mew=l

[ jrc,k, J,(¢p) 7, (¢p) cos[ n(# ¢)]{

K‘ A -y (2'-7)

L Jeeke . (§p,)al (&) g~ Ma=r)
':E op, op’ vOS[n(ﬂ ¢)] e len)

GHR.R)=3 3k

n=0 m=].

G};(ﬁ,ﬁ’):iik

=0 m=1

G;ﬁ(i,ﬁ’):iik

n=0 m=sl

G R.R)=3 3 k|-

=0 my=l

ek, J, (cp,)az(cp)sm[n( ’ ¢)]{ ) ]

K, P ~f(2-7)

>
z
<

J”cfk aJ,(¢p) (5/’ ). dirf [ n(d - ¢,)] {—e”t <22

Ke op, Ik (2'-)

“/":('1-2')
[ XY (fpn).] 4 (&p")cos[n(4 - ¢)]{ i) .2,
K. - 0p, Sy
"C; C ( gp ) -J";(‘: -7) |
—2J,(¢p)——sin[n(4 - ¢)] e | €,

e K(a-s) 5
(o) 222 (Cp)cos[n(ﬁ ¢)]{ _j:(z, q)},zl z

’

14

(2.14)

(2.15)

W(2.16)

2.17)

(2.18)

(2.19)

S fuiansuniusiialauednuuy i ndundsd utadunaunuuniuves

o ' e r A (Y3 o o 1] =
aszue Idhdmsu Inssadninhndunsanssvenileofisauduiuiiznin G, uae

G,y 914

Gy (R,R)=— [—226(3 ~R)+(VxG)U(z, - z')+(ch=;;U)U(z'—z,)]

>
aaiueeld

G (R ) == R~ RY + 3.3 My ok O P )+ O, )

>
2, z
<

(2.20)

2.21



15
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mﬂfmmsnqugmnn111’1’149114151mu17nuwnmmhznamaﬂauaﬁﬂ‘lﬁmnuﬂ 9

} d
penlsenoudluiunanas 14t

[ ‘J*c(‘l -7)
n’c, ACIES (é,'p )cos[n(ﬂ -4 )]{ \
G”(R,R)= ii & £ e z z z (2.22)
i =0 =l c:"z aJ, (&) &, (&P )\,OS[n(ﬂ ~¢ )]{ Co|
k; 9p ap’ ~Se(z -4)
~ Jn (Cpl ) (gp ) - jkc(zl -z') T
. C, o sm[n(¢| ¢ )] '-"c(’ -2) S
GHRE)=Y ' 57 (223)
=0 m=l ncgkz oJ (fpl) J (@ ) '/ka("l"") <
K{ apl sin [” (ﬂ ¢ )] _.jk‘(, -2;) )

por-ferer] B 9 op, - Sk (2-2)

T o Hela=s)
GE® R)=3 5| Lol YAE8) 7 (2p')cos[n(sh - ¢)]{ } ad @

e, el 260 ) i - ¢)]{ ol

) K - ik ('-2)

GERR)=33
~ 5 "c;k J, (épn)a] (¢'p)
K? A op’ sm[n(ﬁ ¢)]{

>
Lz 2 2.25
-J*c(’l -z) '« ( )

- Je (-2, )

L

REACALA ; N Gt

Gz(k’,ﬁ')=iz
=0 my=] n C{kz J, (fpl) J (gp)
4 p vOS[n(¢1 ¢ )]{

K; 2

>
s 2 <z' (2.26)

'/*c(’l“ )

sk (7 ’31)
L

® o | ink? o Mlam?)
GHRR)=3 5| T e J"(j" )., (g0')sin[n(si - ¢)}{ }: (227)

n=0 m=} K, A -k (2-2)

. ~Jke(2-7)
G2RR)=33 ki Jeeeke 5 (e )a] At )cos[n(gg ¢)]{+e },z:z' (2.28)

=0 m=1 5 = (#-a)
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® ® - Jkg(n=7)
Gzé(R Rl) Zzl:] icf 3 (g ) (ép )sm[n(fﬁ‘ ¢)]{+e ' }’zlzz: (2.29)

por oo y -k (£'-7)

-l":(‘l"')
G5(R, R)———éf(R m+zz[5 228J,(80)J, (&p")cos| n(4 - ¢)]{ ],zl 2 (2.30)

mom=l| K - Fele-)

2.2.2 svinszamaununimin ihninayelavesaumiu
auy ez muiminnelulassadginsinszyenfivetuaifiaen

»
lmaaﬁuuﬁﬂummnmuuwmﬂwuﬁ llﬁﬂﬂ‘lﬁﬁ’iﬁﬁﬂ

E(p.$.2)=—jou, Iéy(p,,ﬂ,zl;p',ﬁ,f)-J,,(p',¢',2')ﬁdp, (231)
a-l
oo h.2)= [Gu(oith 25058 2) T, (04 2)pdp, (2.32)

a-l

4 a ' s P 4 & a > 4w a

deRvsaduimguinmweinsulivunadaiemoutunnueinau Auluesauuans
oo o 4

aszaenszuaauaen nsulugivesilesisulmi1ad s

-

J(R)=J,sin[k(p'~a+D]p;a-l1sp'sad =n/2,2'=0 (2.33)

4 :
ie J, Aonigagavenseid
} 4 v
suiuoamlszasuvesauin T masaummimaalunuaduiadussuiy 2 #

»
dumiala q se'lddsde lalii

i - J (-)
e TP costn(d — ¢ NE, 15 {e

) e"f*; (Z'~z)

Ep(pl’ﬁ ’ zl) = —ja)[loii bt , 2 :zl (2.34)
aleP) oosin(h - §)1E, e {e ,

2
C
+C
K‘g ap, - ik (2-2)




* o
TunHeayANa e WezvandIaIAnsLY !

3
r —jko(5-2") 1
&, (¢p) N O
. Ccn—Tpl‘“"sm["(ﬂ -¢ )]Ea.TE g M=)
E*(p‘,ﬂ,zl)z—ja)ﬂozz , et ’ lez' (2.35)
el kg () . : e
¢ Ya\5M) -

_+c4.n ng P Sln[n(¢| ¢ )]Ea,m e jk‘(z’—q)-

- -jk;(z,—z')

k. ( nky a(6P) (épn sin[n(d, - ¢ )]H,,.E{ (o)

H,,(Px,¢1a21)=zz _ B ’ Z‘:z' (2.36)
ek SR : —e e
+¢; —(jnk)—2=2—=sin[n(4 — ¢ )1H, n,
K‘ pl

‘/‘{ (Z-7)

¢ ‘Ik( (s'-5)
g2z @37)

—e k@) 5

H;(plaﬁ,zl) = ii

n=0 m=l

ke (Jk)a’ YaleP) ooty — ¢ NVH , o

k A —ch(q—x ) ]
¢ (k)22 cosfn(d ~ ¢ NH, 7
K, P

'l*;(’ "1)

4
1o
Eymp=Hy= | 22 sinfi(pf ~a+ Ddp (239
a-l p
Eopu=H,p = j' a(p:fo )sm[k(p —a+Dldp’ (2.39)
a-l

2.2.3 aumsmnuiviihscadlnag
arsmawy IMihiunsnsssivesnsinseullassisusnns R ITAIAAUNMAUNN
A a - a . & o & v daa H o '
+z dieRnsannngUn 2.6 Taoh 4 fonnmesnilamiioniinamesnindussuiusoulla
t 4 I
S Gzuz =c/2) uazdeudareguusesindass Annudenswauniwas
aumusiinSalunurduiafizvesssunseatla s #11dnnadenuds anumuiutuves

aszuenimanmuauaznssua ithauyafszannsom 1ddsaums (2.23) unz (2.24)

63271
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i 21 msRnssnaIIMIIniNYensTumimanmyauaznszud Tifhauya
M0 to2) = B0 )| ern % 5= BB )i X 2 (2.40)

TP ts2) = H (015 7)|smci X ) = H(P1 .8 2 (2) @.41)

v [} ¥
U 2.7 uarasgifInssafedausvndnvesseullauuunaninweguuyesindass Aniy
Py s ] A [
au Wfhszos inafim 1dnnnnmesysimsunsnseesadu uaas ldnsaums (2.24) uaz

(2.25)

\ ; prdgy

-

i 22 veudlauuunauiiweguutesindase
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ke‘f’"

Ey . (r6:9) % == —{L,0.)+ 7N, 0, #)} (2.42)

ke

E,..(r.6, ¢)~— —{L,6.)-7N,0.9)} (2.43)

<A

3 {a ' ' A - '
ﬂ‘lﬂZﬂﬁ 2.7 lﬁut’ﬁﬂlﬁw“‘lsm'ﬁfﬂ“gﬂ'niﬂguufsu'lﬂ 2= ouaziye z = cl/2 9311]0“1‘1“”
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2x a

N, = | [[J,cos(8)cos($—f)+J, cos(@)sin@—4) |e" 2= Rpd pdg,  (2.46)

2z a

N, = [ [[-7,sin(@-4)+J,cos(d—4) |e =P pd pdy, @47)

2z a

L, = | [[M, cos(6)cos@~4)+ M, cos(@)sin(@~) Je" =~ pdpdg, (248)

2z a

L= | [[-M,sin@-#)+M, cosg-4)]e" =P pdpdg, (2.49)
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+e ?

[L;,(0+7,8)-1N,,(6 +7,0)]
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iiesnnmsideauu 14 s9uns ar ganazAanI s IuAzAn (Caustics) ¥93IT AN

I ac o ﬂ w da 5 = J ° ﬂ y dAad o '
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MIANTIEMTUNIAIEITRAUYBITERIMAR IS RouIILNs JugnTloudRyg o
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710 3.1 veuwauSnasesret luszumuau Wil

v
vauwavsnasesaon luszuuauns Idthuaas lddat

=) 1 7[
YauauINUIBERBNI 1 (0<g9< Z -9, ‘)
2

ET = E\ -+ Ez + —Es -+ Ez 4 EdA.l + EdB,I + EdA,3 + Eda,z (3.1)
- ' ” ”
VBUIVAUILINITDYABII 2 (Z -, <9< i ®P43)

ET = El +Ei+ Ed+ —E‘dA,l + EdB_I + Ed,q,s + EdB,z (3.2)
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a 0 n
VOUIAUTIUTBIABIN 3 (-0, <¢ S%HPA 2)

e - —  —a —d —d o d

Er=E\+E:+E 2+ E g1+E 43+E B2 (3.3)
P J ﬂ 7;

VOUNALTIUTOUABNT 4 (- + P, SP S+ 00)

Er=Ei+ EdA,l +Ed3,| + Ed,q,s + Eda,z 34)

- y 3
YOUIUALSIUTOUABIA 5 (%wp,,,1 <g< —4£)

~Er= EdA,l + Edu (3.5)

VDUIVALS I TBUABII 6 (3—:- <p<7)
S Er= -EdA,l + EdB,l +EdA,3 + Eda,z (3.6)

3.2.1 qumsnsunsnszamaaussnuanyinvh

11/t 3.2 mavinsanTaseadheveseeemaluszinuaunvih
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ssuay It (0<¢<7,0=0)

R=-1,E, =[E,0 +E,$] (.7)
EOQ+Eg) EQ+E,¢
El = _(_._g___de'-’bi ’Ez — .(__o___‘_)e"bl (38)
h $
Eé+E$ . Eé+E$ ‘
E3-"—"( 0 ¢ )e‘lb'l’E‘:.(_..o__L_)e_jh‘ (39)
n T
r, =r-lcos(%-¢),r8 =r—Icos(%+¢) (3.10)
r‘=r—-Spcos¢,r2=r—Spsin¢,r3=r+Spsin¢,r4=r+Spcos¢ (3.11)
M3auAVY
ss’ n
; < ¥ 3.12
o e Y i
1 _ Y RS (3.13)
. A lafsin’ B,
71_=}1—=‘17’pc=s' (314
p. 1
Ap,,9)=,|—L—  =={p. (3.15)
P2 s(pe+5) ., s\/p—
A(s)=——§-=—§l— (3.16)
s h

- d' ¥ o - ' o - 7[
fnsandiven A Taofiunasduiia 1 Whumdsdudaguy (4= Z+ @41,0=0)

‘. . I o ° ' a o v A o J
llﬁﬁQﬂ"ﬂ'\nﬂlﬂﬂiﬂuT1ﬂﬂ1ﬂ')ﬂlﬂ'\ﬂ'\l’)ﬂlﬂﬂﬂﬂi%ﬂﬂﬂﬂﬁﬂiﬂ'\Yl‘\lt)ll‘lé’ﬂiu
é=3,5=%cos(g)+ Psin(g) 3.17)

aA=7-+¢ (3.18)
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undadiuilait 1 (4= —Z—+ @,,,0=0)

é=2,8= j‘zsin(%—ﬂo;',)--r icos(%+¢;,l) ,§ = X cos(g) + ysin(g) (3.19)
" —2x(ﬁsin(£+¢;J)+fCOS(£+¢;n))
Ay —€EXS _ 4 -+ : / (3.20)
éx5'| A A% ;T8 ’ ~ V3 ]
ZX ysm(z+¢A,|)+x°°5(z+¢A,|)

=-0

5= éxs _ 2x(%cos(g) + ysin(g)) G21)
ex3|  [2x(%cos(d)+ Psin(g))

=6
0 Ap A1 A ’ A a »
By =@’ x$ =(xcos(-Z—+¢A,,)—ycos(z+¢A_,))x

(3.22)
A . (] A T ’

ysm(%-+¢t,,,)+xcos(—4—+¢“))

=¢
B, = px§ =(Pcos(¢) - Esin(g))x (% cos($) + ysin($)) (3.23)

L
E'=E,B+E$ (3.24)

_ .. (E6+E$) . . E(p=nl4+¢,,6=0) _
E,=E-p =£__”___*__)e-f*' p= ¢ . #40=0) e (329)
1
EQ+E,g o E(¢=nlb+¢,,0=0) _
E. = 'E'i."___Me—jb.(_a):_ o($=7 ,¢"' )e‘f"‘ (3.26)
'3 S]

E4,=E'-D=[Eyf+Eué' | -AAD.-$9D,] (3.27)

~[Exb+ E,é' [ -BBD, 49D, ]
= _E;g BOD: w E;’é’Dh
=E,D¢-E,D,0

‘E:A (r,0.9)= E:,I,A + E:,I,A (3.28)
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_ El¢=n/4+¢, ,0=0)
E,,= oA = L )e""' D, A(s) (3.29)
1

_ E(¢=nl4+¢,,0=0)
E ,= A i )e"‘"D..A(s) (3.30)
8 :

_ i (B (p=nl4+9,0=0)D,(L =5"9,,0.,n=2)8| s _
’ 1 E;(¢=7r/4+¢]',0=0) D,(L' =s',¢p¢|',n=2)¢ r,
o o
HWAAND
_ i (B (p=n14+0,0=0)D,(L =s9,.0n=2)0 iHoos{ =0
Eld‘(r,a,¢)=e—'—- 9(¢ ? ) D,( ' $1:@ 4P ). \/;‘;e ""‘(4 ] (3.32)
v 1 E;(¢=ﬂ'/4+¢{,0=0) D_‘(L’ =s;’¢4,¢;,n=2)¢

s = \[(7%)2 + (% 8 T 0| =%— tan™ (l 4 ﬁls” } (3.33)

o H 0 Y o e/ T
finsanfiveon A Taofiunasdnia 3 iWuunasduiaguiu (¢=-4—+q)j1 5,0=0)

o dd o ° ' P - o v e s af
ll’dﬁ‘iﬂ‘lﬂ'll’lﬂlﬁﬂi‘Vl'u‘\.h]ﬂ'l'u’mlﬂ‘Iﬂ‘ll’]ﬂlﬁﬂ‘i‘luSS‘UUWﬂﬂﬂQﬂ'IYHIOU‘lﬁﬂQH

unasduiiaf 3 (4= 14’-+ @,5,0=0)
5 =ﬁsin(%+¢:,,3)+icos(%+ ¢;_3) (3.34)

é=2,5=xcos(d)+ psin(d) (3.35)

—zx| psin T+, |+%cos Zio
(,3'_-5*5'_ y 4 Pas 4 Pa3 ,

_|é><§'_r .. (7 . T,
x| psin| 7+ [+icos| S+,

~

-0

(3.36)

N>

éx§ _ 2x(xcos(¢)+ ysin(p))
|ex35| |z (%cos(g)+ ysin(g))
=6

(3.37)

Q=
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~ Aj. AP — ’ A V4 J
By =@'x§ =(xsm(—4—+¢,,_,)—y008(z+%,;))X

(3.38)
. (7, p ®.
ysm -Z+¢A'3 + XCOS Z+¢A‘3
=¢
B, = x5 = cos(g) - £sin(#))x (£ cos(¢) + ysin(¢)) (3.39)
=—¢
i (El(p=nld4+0,.,0=0)D,(L =s.,0,,@.n=2)8| [s _
E;_A (r, 0’ ¢)= e ; 0(¢ /2 +¢A,3 ) h( 83,P4,P5,0 )? £ e""A (3‘40)
53 E;(¢=ﬂ/4+¢f,3,0=0)D,(lf=s;,¢A,¢;,n=2)¢ P
HOAWD
_ iy (B (d=n/4+0,.0=0)D (L =5.,0,,¢\sn=2)8 kool =
E:A(r,9,¢)=e : (@=7/4+0;; ) Dy (L =53,@,4:95:7 )f \/g e"“"‘(f") (3.41)
s, |E$=x/4+0,,,0=0)D,(L =s},0,,0,,n=2)p
s 2
' l I T -1 l
o = Bl Al flitig AL St I\ o 1015 (3.42)
3 \[(Ji) (ﬁ ”) 518 (1+~/§s,,}
finsanivey B Taoliunasmitia 1 duundsfuiiaau (4= —(3‘:-+¢; A ),0 =0)
saasnnas i W nnamannmes lussuuRtanssfiven 18l
a,,=£—¢ (3.43)
4
" o a a w '
uvaInNUUAN 1 (¢ = -(—4—+¢B’, ),0 =0)
1Y (1 :
rl=r“'SpCOS¢,S| =J(7_£-) +($—Sp) (3.44)

A

é=2,5=-y sin(% +@ ) +X cos(% +¢},),8 = Xcos(¢) + ysin(gp) (3.45)
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~ A e ” » A 7[ ’
" —ZX (— ysin(—+@; )+ xcos(z + @y, ))
(3.46)

~

—- = -
2x(—j"sin(f—+¢),',',)+ icos(% + q);“))

ol |

=-9
(3.47)

éx§ _ 2x(#cos(8)+ jsin(6))
lex3|  |2x(%cos(8) + Fsin(6))]

=0

p=

a, ) Ar A e /4 1] ~ T ’
By=9'x§' = (—xsm('z*'¢B,|)’ycos(z+¢a,l))x
(3.48)

A . ” (] A ” r
(— y sm(-Z +@5)+ xcos(—z + @ ))
(3.49)

=¢
By = 9x5=( cos(g)~Esin(¢))x (% cos(9) + Fsin())
=—¢

(3.50)

E'=E, B +E, '
(3.51)

3 (Eﬁ+E¢¢)e_jb.$=E,(¢=7r/4+¢,’,0=0)e_jh;
5 ,

Eg =B -fi="——""
_E($=7/449,0=0)

8 =
B8 e abre

(3.52)

E;,' - Ei .él = : e_
(3.53)

Ei, =E'-D=[Ey A+ Eyé' | [-AAD.-99D,]
[E 3+ B9 )| -BBD. 6D, ]
=—Ey B,D, - E,¢D,

=E, D,¢-E,D,0

(3.54)

(3.55)

E-g,, (r,0,4)= E—g,l,B H E—:,I,B
Ej\p=7/4+¢;,,0=0) .
s (¢ - ) e M D, A(s)
(3.56)

Si
E,(¢=n/4+9},,0=0)

E-d i
B
¢.8,1 S:

d
6,81 —

e D A(s)




o i (B (d=—(n14+0').0=0)D,(L' =s",@,,0,n=208| 5% . -
Ed\(r0.9)="— ‘;’“ ( 'p',) ) "(i i 5 = o as7)
E\(¢=—(n/4+9]),0=0) D(L =5',@p,9{,n=2)¢

’
8, Ty

HOAWT
B 0y =S Fe@ = (el 420).0=0 DL =500 B =20} )
' S| |Ej¢=—(n/4+9{),0=0) D(L =5",0;,0,n=2)¢
1Y (1 3
n=r—=S,cosd,s’ =\/(7_2—) +(—J—£—Sp] (3.58)
2S
@ =%—tan" (1__‘[1_1] (3.59)

a - - ) a v a V(4
finsaniiveu B Taofiuvasduiia 2 Huunasdutiacuiu (4= —(:+¢;),0 =0)

uﬂmn’mnmas’ﬁﬁﬂﬂﬁmmn1fhnnmas"luszunﬁﬁamdﬁhau'lﬁé’eﬁ
. a\=
UNAINUUAN 2 (g = -(—Z+¢2),9 =0)
7 P Vo [£°] ]
§ =—psin| =+, |+xcos| =+, |55, = | - 3.60
S 4 (4 ¢B,2) (4 ¢B,2)' 2 J(Tz’) (\/’i p) (3.60)
A A . /2 ’ 2 T ’
. . —Zx|=psin| —+@p, |+ XCOS| —+ @
n  —€XS ( (4 ) (4 ;)

—Iéx§'|—r, A.(n ,) 4 (n ,)
2x| —psin| =+, |[+Xcos| —+@;,
4 : 4
=P

o' Ar A A | & ’ ~ v/ 4 '
By =9'xs =(—xsm(z+¢m)—yoos(z+¢B_2Dx
(—}‘:sin(%+ P52 ) + icos(%ﬁ» @5 D (3.62)

=4

(3.61)




41

(3.63)

(4
2 g

E; ,(r.0,9)= ™ | Ey(#=~(n14+9;),6=0) D, (L = $}, @, @1 =2)0 \[ge—ibn
2,B\" 2% =— ; ) ,_ ' ' ’ V52
Ey(¢=—(n/4+¢}),0=0) D,(L =},0,,0},n=2)p

WOANT
s [El(¢=—(n14+0.),0=0)D,(L =5.,05,0,,n=2)0 L
B o= [B= (/4 el OO DL =Lpntln=20) o efi
52 E:(¢=_(”/4+¢2)’0=0) D,(L = 53,05, 0.0 =2)¢
: % (1 )’ r 4 1
s =l o= |+ =+S, | =7t | —=— (3.64)
’ \Kﬁ) R ;M) Bgda 1428,
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A2023UNIUNINANUY ezm‘nmtfmuuumﬁn'lmzmu xz Tﬂummmuﬁwaunm'lﬁ
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Vﬂﬂﬂlﬂlﬁnﬂﬁ0UﬂﬂN'ﬂu73“111ﬂu‘l”luﬂ"ﬂﬂllﬂﬂq‘lgﬂ‘:ﬁ

- ‘ /4
YaulAvsINUITEIABI 1 (0<0< i Pe, P
—_ — —_ o = —d —d —d —d
Er=Ei+Er+E3s+Es+E cy+E py+E c3+E b2
a ' n /4
VDUIVALITIIUTOUABI 2 (Z—q)c’, <0< —4——¢C 3)
- - — — —d —d —d —=d
Er=E\+E3+Es+E ci+E py+E c3+E p>2
o 1 ” ”
YBVIVALSNIUITDUADIA 3 (Z-—(pc 3 <0< Z+ Pc3)
— _ = —=d —d —d —d
SEr=E\+E3+E ci+E py+E c3+E p2
a ' V(4 7
YOUIVAUITNIUIDIABIIN 4 (z+¢pc 3.8 05—4—+¢C 1)
— -  —d —d —d —d
SEr=E\+E cy+E pp+E c3+E p2
- ) n 3z
VBUIVALIIUIBDYABIA S (Z+ Py SO< —4—-)

_Er = —EdC,l + Edcg

& ) kY 4
YDUYALTNIUITVUADI 6 (T <0<m)

EP—— —nd My ¥
Er=E ci+E pp+E c3+E p2

42

(3.65)

(3.66)

(3.67)

(3.68)

(3.69)

(3.70)
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A
33.1 AUNIINITUNIATTOBATUISH AU INININAN

91t 3.4 msfvisan Tnsendwvesmeemealuszu e usivan

szwaiman (0<0<r,4=0)

R=-1,E, =[E,0+ E,$]4BC (3.71)
EO+E$) E0+Eg$)
E|=-——-——( ¢ d )e" ',Ez=———-——( ) )e""’ (3.72)
h L
E,0+E,g EA+Eg)
 (E8ED) (605
n A
e =r—Icos(—Z——0),rD =r—lcos(%+9) (3.73)

r=r—S8,c080,r,=r—=S,sin@,r,=r+S,sinb,r, =r+S,cosé (3.74)



MIReAUY
: ss’ , V3
sy b=
(s+5)),,,
L_1_A-G=9)  _
P Pe ae|Sin2 ﬂo, )
11 1 ,
PR
P, 1
A(p,,s)= < =—p,
(Pors) =, b SJF
A=Y i
s h

(3.75)

(3.76)

3.77)

(3.78)

(3.79)

- ni' ' - g L3 = ”
fssaniivey ¢ Taeliuvasduila 1 iuundsdwiiamu (0= -Z+ @19 =0)

' det o ° ' ao v ol
llﬂﬁ‘iﬂ'\nﬂlﬂﬂi“u11ﬂﬂ1u')ﬂl"Tﬂ'\r]ﬂlﬂﬂﬂﬂs:nu“mﬂ*‘ﬂ"ﬂ\’ﬂu“ﬂﬁu

~ A

= 3,8 = xcos(6) +zsin(8)

&, =i47£-+9

undaduiiaii 1(0 = %+¢;_,,¢ =0)
NS A, o~ ol
=y,8 =zsm(z-+¢c,l)+xcos(z+¢c,l),s = X cos(@) + zsin(0)

A A 4 y A a y
. —exd B "yx(zcos(z-q’c,n)"’xcos(z+¢c,1))

A A ” r A ” ’
P x (zcos(—4——¢c,l) + xCOS(Z"' ¢c.|))
=-0

éx§  px(xcos(@)+zsin(@))
|e x §| ] P x(%cos(@) + zsm(a))l

=0

(3.80)

(3.81)

(3.82)

(3.83)

(3.84)



N Ar o Ar A /4 ) A /4 ’
By='xs =(xcos(—;—fpc,.)—zoos(zwc,.)]x
i x " T,
(z cos(—— @ ;) +xcos(—+ @, ))
4 -+
=¢

B, = px§ = (2cos(8) - Zsin(6))x (£cos(6) + Zsin(9))
-4

E'=E, B +E.¢

. (E6+ES) . . E,(0=nl4+g,$=0)

E{% =Eli.ﬂ(;=-——7————e-1 -¢= s'
1

E,(0=n14+0,,$=0)

- (Eb+E$) ., .
E;.=E'-¢'=( G : ¢ )e"*’-(—O):—- 7

Eg.l = E‘ i 5 = [E;laﬁt’) ot E;Vé'] \ ["gﬁoDs T é'é'Dh]

~[Ex B+ £, [ -AbD. - 99D, |
=~Eg B,D, ~E 9D,

E,(r,0.9)=Eg o+ Ej

E,,(0=7r/4+¢('3_‘,¢=0)e
5|

E,(0=x/4+9¢,$=0)

’
Sl

—=d _
8,1,C —

D, A(s)

E) .= 5D A(s)

ikt

E‘l‘,’c(r’os¢) =_‘{

’
Sy

EN@=n/4+0,$=0)D,(L =5',0c,9,n=2)0
E,(0=nl4+9/,$=0)D(L =500, Phn=2)p

v &
HAOOND

o i

E'l'fc(r993¢) =T{

|

E\@=n/4+0,$=0) D,(L =5,0c,¢,n=2)0
E\(0=n14+¢,$=0) D,(L =s,0.,¢/,n=2)¢
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(3.85)

(3.86)

(3.87)

(3.88)

(3.89)

(3.90)

(3.91)

(3.92)

(3.93)

(3.94)

(3.95)

} 7
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5 = \/(7’_5)2 +(%-sp)z 0 =% —tan (1-‘/518"] (3.96)

a < ' a ' a n
fivsanfiveu ¢ Tasliunasduiia 3 Wluunasduidaaui @ = Z+¢g 3$=0)

' Jd o © ' a o y_a v o
HAANANINIADT 'nm'hlmmtu'n1ﬂmmnoﬂus:uuwnnmmmau‘Hmu
5w s d .
unasiuian 3(0 = z+ P59 =0)
A ~ - ” ~ ”
5 =zsm(:+¢éﬁ)+xcos(-;+¢éj) (3.97

é=y,§=xcos(8)+Zsin(f) (3.98)

A A | T ' A " ’
—ox§ —yx(zsm(z+¢cy,)+xcos(z+¢w))

=T~ v (3.99)
lexsl 1 K. s VG &k (WE-R
yX| Zsin z+¢CJ +XCOS —4_+¢C,3
=-0
p=231 52 (et Sl (3.100)
lex 3| |yx(xcos(0)+zsm(0))|
=0
7 - an o T ’ a /4 ”
By =9’ xs =(xsm(-:‘-+¢c’3)—zoos(—4-+¢c'3))x
(3.101)
. (T, A %o 2,
(ZS]H(Z+¢CJ)+XCOS(Z'+¢C'3))
=¢
B, = px§ =(Zcos(8) - sin(6)) x (% cos(6) + Zsin(6)) (3.102)
-
_ e [Ey@=n/4+0,,,4=0) DL =s},0..¢,,n=2)8| & .
El .(r,6,4)=— : e (3.103)
Sy |E,@=n/4+¢.,,4=0)D,(L =5,,0.,0,,n=2)p| T4
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E e Ei O=n/4+g, ’ =0) D, E"—‘-S'y ’ ',n=2 ) K cos| X-0
E;C(r,9,¢)=e { o P38 =0) D,( 13PcrP3 )9} \/.—9_;- el u,{‘ )

E\(0=7/4+0,,,=0)D,(L =s,,0.,0;,n=2)p

’ l ; ( / )2 /4 -1 l
sy =l —=| +| —=+8, | ;@i =——tan (3.104)
’ \/( 2) B )BT 1428,

P P - 1 o a v o a w
fivrsaniiveu D Tauliundsduiia 1 dhuumdsdutiacum @ = —(z+ @b, ),¢ =0)

53
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A ngs X ’ A 3 r
5. nd —yx(—zsm(j4—+(p,)',)+xoos(z+¢m))

I I (3.108)
exs a2, pllexy ',
yx(zsm(z+¢p,,)+x005(z+¢m))
=-0
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A Af. A§ A s B ' A T ’
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(-—2 sin(% +@p)+X COS(% +@p, ))

=9
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4
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¥ ¥ r 4

Fi o Me—fb.(..9‘)=_E0(9=”/4+¢"’¢=0)e‘f"“ (3.114)
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1
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r,o, =— ’ ' oL st
D, E:(0=-—(7(/4+¢"),¢=0) DJ(L' =s’¢D,¢“n=2)¢

o o
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ik’ i - ’ = i of y =2 0“ xz,
Eg,(r,0,¢)=£- E,(0=—(n/4+¢]),$=0)D,(L =5',0,,0,n ). \/;'7 elﬂcn{‘ a) i
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s
2 2 \IES
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n .. (7 & l
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" .s l® !
_.yx(—zsm(z—+¢m)+xcos( +¢D))

XS (3.123)

lexs| j)X ésin(£+¢p' )+£OOS(—+ ) )

D2 Pp2
4 4
=-0
AL At A [ ’ a V4 X
Bo=¢'x5s =(-—xsm(-;+%,,)-—zcos(z+¢m))x
(—2sin[%+¢;,2)+£cos(%+¢;u)) (3.124)
=4
(0.6 e | Ey(@=—(n/4+0}).=0) D (L =5,,0,,0,,n= 2)6 i_s—;-e_h S
Fo 5 |E@=—(n/4+0]).6=0) D' =5}.0,9}.n =208 | T

o o
HAONS
Ed (r’o ¢)_ ' E'(a__(”/4+¢2) ¢ O)D (t sz,¢D’¢2,n 2)0 s; e‘u%%"")

s, |Ej@=(x/4+0}).6=0) D,(L =s,0,.05,n=2)¢
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Fig. 2 A conical reflector fed by circular ring with

face-directed to vertex

4

Fig. 3 A conical reflector fed by dipole

Table 1 shows the antenna parameters of all three
structures. The antennas are designed to operate at 2.45

center frequency.

Table 1. Antenna parameters
Parameters Electrical size Physical size

Ve 90 deg 90 deg

D 4.001 48.98 cm
L 2.80A 34.63 cm
/ 2.001 2449 cm
d 0.291 3.50 cm
a 0.351 425cm
La 0.70A 8.50 cm
by 0.16X1 2.00 cm
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3. Antenna Characteristics
The radiation pattern of the side-directed and face-
directed to vertex of the circular ring feeder and dipole
feeder in E-plane and H-plane are illustrated in Fig.4 and
Fig.5, respectively. It can be seen that the ring fed with
the side-directed to vertex possesses the narrowest
beamwidth both in E-plane and H-plane. The beamwidth
of dipole fed is narrower than that of the ring fed with
face-directed to vertex. These radiation patterns are
corresponding to the reflected wave from the conical
reflector with different feeders.
e

Fig. 5 H-plane pattern with /=2



From the results of the radiation patterns, it is evident
that the side-directed to vertex is the suitable structure to
realize the narrowest beamwidth.

In order ot know the maximum beam peak of the antenna
that directs to the destination, the beam peak in both
elevation plane (E-plane) and azimuth plane (H-plane)
are illustrated in fig.6 and Fig.7, respectively. The beam
in E-plane will be slightly shifted from the broadside
around 5-10 degrees. This beam shift is due to the
orientation of the probe in vertical direction. The beam
peak in azimuth plane is 90 degrees due to the
symmetrical structure in horizontal direction.
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Fig. 6 Benmpeak in E—Plane
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Fig. 7 Beampeak in H-Plane

The half power beamwidth of the antenna for various /
us shown in Fig.8. It is obvious that the narrowest
beamwidth in E-plane and H-plane will be occurred at
1=0.8754 and 0.74, respectively. The front to back ratio
and directivity of the antenna for various / are also
shown in Fig.9. It is obvious that the optimum front to
back ratio and directivity will be achieved when /=0.554
and /=0.504, respectively. This result of the analysis is
very useful for further antenna design.
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Fig. 8 Half power beamwidth (deg)
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Fig. 9 Front to back ratio and directivity

4. Experiment
The antenna prototype is fabricated and its photograph is
depicted in Fig.10.

prototype

Fig. 11 Compared E-plane pattern with D=4A,
L=28)\,=0.7A



The radiation pattern in E-plane and H-plane are
measured and compared with the theoretical predictions
as illustrated in Fig.11 and Fig.12, respectively. It is
found that the results are in good agreement. However,
the discrepancy is due to the diffracted field that has
pronounced effect in the experiment while this influence
is ignored in the simulation. The obtained beamwidth in
E-plane nad H-plane are 25 and 20 degress, respectively.
The directivity is 15.6 dBi.

Simudation

Fig. 12 Compared H-plane pattern with D=4\
L=28 A, I=0.7A

The input impedance and standing wave ratio of the
antenna are also measured. The results are shown in
Fig.13 and Fig. 14, respectively. The input impedance at
the operating frequency is 51.54-j9.86 Q and the
standing wave ratio is 1.22:1. The bandwidth of the
SWR less than 1.5:1 is from 2290 to 2610 MHz, which
is equal to 320 MHz or 13.06%.

20 Jun 2004 ATISIIOR
134.539a -289% o 638087 2430000 900 Nix

SPAH 400.000 900 Nk

CEMTER 2 450.000 008 Mix

Fig. 13 Input impedance
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5. Conclusions

A wideband antenna radiating unidirectional beam is
proposed by using a conical reflector excited by a
circular ring. The radiation characteristics such as
radiation pattern and directivity are simulated using
Numerical Electromagnetic Code based on Method of
Moments. The impedance characteristics are measured
to clarify the impedance bandwidth. The experimental
results of radiation pattern are compared with the
theoretical results. From the results of the investigation,
it is obvious that the efficient directivity with wide
bandwidth is achieved. This antenna is very useful in the
case that the wide bandwidth applications are necessary
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