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Abstract

This thesis presents the design of microstrip patch antenna program which is fed
by microstrip line and using quarter — wave method to adjust the matching between antenna
and microstrip line. The measured result of the fabricated microstrip patch antenna are in
good agreement with the theoretical results. Therefore , this program confirms to used for

design of microstrip patch antenna .
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3o A= o

‘o (2.9)
refl ‘\lgreﬂ' (f)

& - A '
Bip /10 o ﬂ’J1uU1’Jﬂﬂu1u0’Jﬂ1ﬁ’J1~1

o W 4 ) a & g
dmFumsideuna (Phase shift ) HATUINAINIIVEIAY (1) Fam'lden

27l [e " 2rlle,,
,B=2/71[l= 7 T uie ,B=———-Aﬁ(f) (2.10)

o

vnANuimndeygy 1m1ﬁ"mﬁumqmﬂnmznn'luTﬂsﬁﬂ?ﬂ%zgnaﬂnaum &4
Wummaeinframniiididavessaih tazmsihTansveessiyadian s Mgy
Wladidnain Sufhunieuaasdutszdnilunsaaney Tnefl 2 setsznoy adafinils
Wumsqadoves ( a,) unzdnadieie msgaidovesiadidnadn ( &) aumsitoyeglugl

194 dB 719 MUIANNGT)

W
32-2e ,
= 1.384R, n;; de <1 (2.11)
hz, 32+—= h :
h
0.667W,
RZ 4
ac=6.1x10‘5A «Zobrey —IL+W h e K/->1 (2.12)
h h e 1444 h
h
iay
-1
=273-5c | fg — |tano (2.13)
£ —1 £ A
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A=1+i 1+L2—51n(2”W) ui"a Ks—l—- (2.14)
W, /4 t h 2r
h 1.25, (2h 4 W o1

A=14+—{1+—""In| = e —>— 2.
We{ 7 n(t)} h2n (215)

R = /”_f/‘_ (2.16)
(o)

& 1 ] ¥ o T

¥ o fio MANNINYeR N Tunae Siemens/meter ( S/m )
a %

waswdulszdnFlumsaaneussiiu a = q, + q,

fvsanvavesdyan ( Vo ) dludmudhuumeluTnsansy ndwniiniscy

nuldszuzna 1 dgygnaesiian

V=Ve%e (2.17)

o

P g ' o

mti‘lu"lﬂmunqyﬁﬁugmvmmumﬁq;tym nnaveIdyauIzgnanaslaoms

aaneu (gveusnTliuudoasauiy o) waz anuflumsdeumta (gveusnTuiGen
[} v 1 4 [ 4

fiu £ ) aiilu masflunisaanou uaz B Humnasfinada Aty luglues

Iy R 4 ’ ] 4 ' a [l 1ty
Ui y =a+jg SwniSunh dumafimsunsnszoe aolulnsansy aulngiia

v 1 4
3 v v

nsgafiod @iy ¥~ 8 &y nieudae Z, dumiieSiednuazvesmoldoon
auysel

udfhudneuss hiflnsedinefiniven  wadwilususniiilezgai 19 ume
TulnsanTyl A8uAUAIGA ( Lowest Order ) iy #Tnuandn ( Dominant Mode ; Gaihy
Tamnisne Jugli 5 ) ladidnainvesSangsesiifiunimd ( ondumelulasandy )
annsotimdan fisudu Fwnduiigmiifonds « afuauia  ( Surface Wave ) amlng
aumvesndumuianzeylulasidinasn Tnseadnvesaumnneduezasegluoameris
miloTagguIes c"maumiJ:ﬁfhaﬂa«mmﬁ'n'[ﬂtum%vmf';mnﬁiauﬁaaﬂﬁmmfaqgm-

o 4 a ddoe al o v w - v
soalunuade  Inuavesnduaiaflisududiiqadmsuiaggusewds aruddnesy
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(cut - off ) vzegiigud uavﬁ"«fummmgnns squldfinanidla q fnw FeideTnun ™,
ﬂaumnwﬂuTnnﬂau 9 ummnﬂnaaﬂ”lmi‘luﬂuu TunmiIihudaSaggusesiiivng
1ty Tnuﬂnuauﬁummmna"uﬂamnmmwﬂﬂnaaﬂl uaz hignnseduldie
Fygnawws lulasaasvamnsonszduaduaiia Tnus ™, nezeyludag-
§useq 1)1nwaamiu'nﬂmesﬁmmun1tm1u*utu'"nﬂaumuw'ail.,umsumni.,muaan
vnlulasandyl  aduandumsnszrvedwreides  sunseiamutunny Wasiawe
( Discontinuity ) 151 fiveuvesTaagiuses nie fenelyInsansuldy denduamuRmuiy
anwiiminaue adunuietnszmsnszasdm st e Fehidfdeansiin
ﬂnumumuunfaum"lﬂmmuf]mﬁuumanm nie mueime nsnszduveslnua T™,

nnmmaunmaqgmsmwmﬂmm1ﬂ llﬁ&’ﬂﬂﬂﬂﬂlﬁﬂﬂiﬂﬂ'l ?f'l‘l‘li'lJﬂ'lﬁﬂ'l'HLlﬁﬂﬂﬂE)-

-

lﬁﬂﬂﬁﬂ?ﬂJ‘WYlﬁ ‘Dzlﬂﬂﬂ‘ﬂ'lﬂﬂ'J'IIJQ'Q FNLI

h< (2.18)

4f\¢e, -1

P o [ a
F ¢ Wuanudewaeiiin 3x10° Was /1N

uaz £ Aeanuaniday

aunihegmeldmelulnsaasy dwanslugld s Hugedigfimidoutufives

AIBAWYIN 1ﬁommﬁn?amwn’5’1wmmmﬁm{uﬂuﬁmmsnﬁﬂznszﬁu'[numsTcx-
{UNTAMYIN ( Transverse Resonant Mode ) WY AueiAfidfguemylyTnsans)
milousins Tanunos ( Resonator ) fumsnszdunduiia ( Standing Wave ) amunnunhaves
o auwhithedingegaiivevvesaoning gud fiyanan uaz BoundulSengaaii
vovvssmuBndranils whildsad ubidhufidesmsmiloufumasnmiinielly Tnun
i msﬁmf"iyuwmﬁtytymmmsmﬁﬂﬁuﬁau msendaszuanoeniiy 2 Tnuafiduna
&wnrmuFfiddy dmdumsimuadaggiuses uaz anun¥evesaw , Anwddmesy

#1130 TMNARINYI ( Transverse Mode ) fimuaTay

(2.19)
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anunheveameiinniigaiiuezgnld su anwidneed fmualasaums (.18 )
P
Faozangamidonimniuiqgaga

2.4 yWinilned tazaums A q
2.4.1 MAINUNNTT918 ( Radiating Power )

1A laun158ufinga daue39ues Poynting Vecor sousoeilnfinszendn;

(2.20)

1
29

dmsvmeimalyInsansuns mml'Mﬁmqmnumuﬂmmmmanﬁ Furaiy

uNas tagsl h<< A
I
P=y2_1L__ 221
"% 240x? (221)
I = jsinz[f{;—w cos e] tan® @ sin 646 (2.22)
0

242 Mdsnudigeyme ( Dissipate Power )

szilsznevluiunmsgaudeludani ( Conductor loss P tay nsqaydiotuens '1as-
a . 4 v o v a a ; 4
(@nA3N ( Dielectric Loss P, ) P, 111401 IR Feduiudfy ms sufinse seufuiives
uRad tag seanuedia

P =R, || (T, J )ds (2.23)

Tagh R, dludusTavesduiiuaudiing
P, M 1dnnmsduiinsaenn ithawluTnsa cavity ) vesswemelulnsandy
seuTuas
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P, = (WTg) [[)&f av (2.24)
14

Taoi &" WudmSuaniwuesanineey ( permittivity )

243 wasnuiignifiuazan ( Stored Energy )

‘lu&hma1m?wwﬁ'w1u"lwﬁ1uazuﬁm5ﬂﬁqmﬁu1uTwsq selifuiiudinng
4
(5 19U ( resonance )
-2 -2
W,=W,+W=jjj(aE «u B )av (2.25)
14

A = LY
Faligmay

W, = (%)ah !ﬁzds (2.26)

244  Buiuawddnuduasusainunua gt

(Input Impedance and Input Admittance )

mwomaasiaiududesinluuad ( mateh ) fumeiloudamnp 9adeq
ﬁm’mm16uﬁuﬂu%ﬁmn’hmummﬁ"luTmﬂﬂ?ﬂmmsm’]auﬁmtymhuh’f’mﬂﬂuem%a

nie 1¥molulnsansy dmsuasfleudygrauuumelauendea ( coaxial ) aunse
fiamihdsauvdidein

Py =-[[[EJ.av (227)
vV

Tavii ¢ Mddduiouaaslfiiudumsileudygalasmslnuenden

diemwomelylasanTfiviianann q uaz nszualumelaueniea oy lutia
NN Z quns (2.27) wity
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h

Py == [E(xp, y,)I'(2)dZ’ (2.28)

0

Taedi (Xo , Yo ) ilusumisfloudoann

3
o o o 4

a o o9 9 (YK )
JUU 'VI?JIJWILﬂlJ‘]fﬂ'ml'll'lﬁ'lll'liﬂﬂ'lvlﬁ"l)'lﬂﬂ’l'lllﬁllwu‘ﬁ

Pc = Iln
m Zl"
Pc
z, =(_) A (2.29)
Iln Iln
=hE (x,, ¥, )1, ~(230)

dweeeme lulasansy #ldmededyanalulnsandy Wuddoudayana fid

Auvutheziiu

pr=|f H I,dv (2.31)
4

{ v v d
Taodi 7, dusrmmuuniunssumsimin

o L A L as -
m Wihidumeuandldidlunsfloudyeulaeld lulasansy

Fuiy Bufnaudanath vz
1 )% 2 ‘
Y, = [V—’:J J’z_{(xL, y, VY (Ddl (2.32)

Taoft 7' iy anundnvesdnirlulnsansy

[y ' d Jo
v du ussussuinuiagsussuuadiag
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dmsylulnsanduifinnauay vy Salnddesty Vin &1 b Senies q nszuah
Whevenireziin

1, = Wﬁ(xL’yL)

Y, = (II,] (2.33)

wazdmTuANUAUMUMNITURNSZ1WAAY ( Radiation Resistance ) a115011 18910
(2.34) Uz (2.37)

2 2
R, = Z’, = 12;)” (2.34)
r L
4 90R?
] W<<Z, R = = (2.35)
2
W>>2,, R, = lngf (2.36)

Tunsdinds AMUMUMUMSLRNTZAAUAINLIIA LB IR A o AT

Jlu
R =1204, Q (237)
d'l d' o 9 -! o [ aid 3/ [
mefvzihlndeyu dmsumeermefifinnumunios q nssnnumusolszuia
9 o dyﬂ
LD

_ 2
R, = 120/10[1——5’;—}’-)—] (2.38)
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Taoil Normalized Line Extention

e, +03) - +0264)
Al = 0.412h hW (2.39)
(&, + 0.25)(7 +0.8)
uaz Ainedaladidnasndse@nina ( Effective Dielectric Constant )
6, =&t & o) )y 12k (240)
2 2 w

'@ 4 ' 1 & 1 4 ' .
mmﬁwﬂuﬂum ( Susceptance ) YBlARZ¥DAA FAWNUAWY 1Ny ( Capacitance )
oo 4
fifuty

Z

C.

(]

(241)

Taof ¢ iy anuduaa

z, i Sufuaudnaidnuay ( Characteristic Impedance ) VLR RULRT TN
wuyluTnsansy

o 4 9 ] ] -
uaﬂummumﬁmm 'llﬂ\!ﬁ')ﬂllﬂﬂﬁz'ﬂ'lﬂﬂﬂulﬂu

{, + j(G + jB) tan B}
4 1
T G =
5 kole,
_T

p W AIMTNNITUNINTSIUAAY ( Propagation Constant )
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@

P L4 [ a a o Y 1Y [ Y o @ o 4
ﬂ')']llﬁliicmluuclf ﬁ?u“uﬂﬂ‘]weﬂﬂqUllwuﬂuclfﬂ']ul‘lnlﬂ']ﬂutfuﬂ ﬂquuﬂ?']llﬂﬁiqﬂluucn
il@Qd?ullwgﬂixﬁ']Uﬂﬁu ﬁ’]lrﬁﬂ"’]llﬁ’ﬂ'm

2Y B
t Ne—72 243
an (Bl) =2 — (243)

dnuealiauaudarudifidumistlonla q sy

Y;h (Z) = Gz B2 Zq 2 B . 2 (2'44)
COSZ(ﬂZ) + ( + )ZSln (ﬂZ) _ Sln( ﬂz)
Y, Y,
Taoft zifuszeznnvenvswmadluSwumislond -;;— <«<1
B
Uy —<<1
[ 4
2G

Y (Z)=—2 2.45
w(2) cos’(B1) (245)

é ' 1 v ”
Faermnsamaldyn q i ondun Bz = >

245  amNRIZSNIAMA Uas SA5 el ( Directivity and Gain )

de dnmeediamia fio A3 Id YRR UYBINAN IR Tudndn

ABANUNUMHUNS IR ATV TN NIDIZ N et ouilauans Tay

iRe(EosHy ~EsHo)|, . 2_2
D=2 i 5 =4W’2’ (2.46)
Pr ]Lz’o

47r?

Tay 1, uaasdweaums (2.22)

33912
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uazlunsdivessmeemalylasansy fidsznoudas 2 goulla efrefu 1 anm
191293918 T B - Plane vzt

W<<4i, D, =66 (2.47)
W>>4, D s% (2.48)

2.4.6 dns1venaUszdnBna ( Effective Gain )
G,=nD, (2.49)
Ty 77 fis Use@nEmwvesanseinina

24,7 ﬁaﬂsznanQmmwuazmsqnuuﬁﬂ ( Quanlity Factor and Loss )

o o o do g
ﬂ?ﬂizﬂﬂﬂf]ﬂlﬂﬂ‘i( Q; )‘Uﬂ\iﬁ'lUi]'lﬂ'lﬂﬁﬂ'J'lllmlw'UTJ'ﬂllﬂ’]'lllﬁ"luﬂ'luﬂ'liﬂiz%'l&ﬂﬁu

Fuwzannsontlden
2nf.W
Q= % (2.50)
2
W: = i’Ejh_L.u: (2.51)

C
Qf=“£

(2.52)
4f.h
L 4 o« o o = @ o ad <
Anummuauyaddmiumsgaudoludnii (R,) uazluladideaso (R, iy

o _ 000027107 F,
° W

(2.53)

R; =30tano hQ7 IWE, (2.54)
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laoh tano 1 unueuan sgeyde ( Loss Tangent )

£, fimioilu GHz

Quality Factor 3% ( Q, ) linuilu

_2O/R
== (2.55)

r

0,

248  uuuAIaN (Bandwidth)

Py a =Y P °
Tavn@AvzAAuUUAIANTA1 VSWR < 2 dnsefiuaa'ldeinaunis

BW = ____1 (2.56)

02

d 1 A a & °o Wy - o adde
LU MIANUUUAIAN mmmm‘lﬂTﬂumnwummnuwanﬁagwsanﬁuu
deidovarvosievs Witoyld

249  ANUNE (Beamwidth )

a4 44 :
anundedezAassniguindsauisyldanasndmils ( Half Power Beamwidth )

3o Afwesauinanns 2 vessnnfiqansuld exdszidiuaden

1 1/2
2.57
2+ kW' ( )
7.03 '”2
2.58
3k21% + k2 K? ( )

- e d o 44
Taohl @y, unz @, My anunhedifindsauanasnimitelussu B (H -

_ -1
D,y =2c0s

_ -1
D, =2c0s

o w o ' °
Plane ) 11a23¢U1VU E ( E - Plane ) A1uaAY i)'lﬂﬁllﬂ'l'ii)SLH'IJ'J'Iﬂ'J'IIJﬂ}J,Nﬁ'l\lﬁl\iﬁ'lﬂﬁl'lﬂ'l?'{'h.l-
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2.4.10 mszaninnvesaee s

fAszannimussmoeinid fie Msasidiuvesmdeniuiuninseag AR

3 & ¥ Ve
wwqmmmﬂﬂuﬁumwmmmmumuﬁuya vlﬂﬂf)

n %=%x100 (2.59)

T

2.5 msfFsumeyseninemanouuny uas lulasaansy

o ad a
Jaq ladiann3n

N
N\ \
N

AIMIAINAY

A
Y

v o ¥ vy
HOUAIUINTUYN

1N 6 dnvaizvesmounuuny

MenouunuszneuAIBLaUA N (strip) viANINEgEHhaHuEh Faiiy
szuadrandu B3 ladidinasn drlugit 6 ssuadrandnuenssimhi Fad
( shield ) Feygyrarhilfifanisurinsznendueenliuenmououuny anugduiienn
MIUANTENLARY ( Radiation loss ) swifinlugralawdegnidlaB3laelifinssadvosme
uovuny  meuouununou BsumeTausn@oaiigniIfuuy uaz uonurugninouen
pomuaesdutiud iy uaz frnds aum Inthezgauonsenniemilsiifmjatudn
uagdnnienitaaslumaduais anugydsiinsalnevesnudanifisnios azewia
Uawhuiudnimiovdorinll  meuounyieiassfirusoateunmslagidnasn

It o ' a J . . .
TdnmoguuuyTasld38ms Tunsiuruieesfiu (Printed Circuit Technique) MuloULAY
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Pl d [ o P . -~ Py = Py 9/ ] ]
UYUIAANIMBUINAY ( waveguide ) M50 lnuenmTun waztnouanunldameglugag
] ] 4 4
Uszinar 1 - 20 GHz 14eszninesdtsyney ( component Yluaaes wselfiduesmlsznou
- 4
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2.6 mitleudgyanaldmueimn
261 mtleudyanalaslfarsds (Transmission line )
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Uit 8 edalsfinmTnseadrviles hiliadsudinoeina nie Famuds maedeisuii
AN 9 mmzad1wmﬁng]'1fuﬁinﬁu muﬂ'nunmuﬁytfumaadnﬁawau 9 AUTEHINMS
sfuvesians f*ﬁamm’]auﬁiyiymnz1ﬁ11ws'nszmumﬂ‘v’imm°lﬁa1‘i1mumhaq MIUNS
nszowfi hiuRiiuseauyha ( side-lobe ) tag 13 Twar s ( polarization ) MY F4

wa ' 21 ' 4 Y o w
WAARUANUAYI@WOINAAY  Na12 1ADNBIINIINI A IWITONIIIUINANTENUYDIRIS
nunazaunwlduoulans (ransenuuuuIngg)

nstloudae

Microstrip line

Substrate

Ground plane

Y

i 8 urasmsigmudedyanauun i lnsaasdaedludtiouliawernme

262  mstleudygnaladlfmealnueniten

Dielectric substrate Cicular microstrip

Ground plane
Coaxial connector

Wi o wanamsl¥meTanendvaidudatlouliamueinis
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2.6.3 mateudeyanamuudls (Buried)

Microstrip line

Uh 10 waasmstleudyanauuuil i fuaoe s

acy ar dy ] " 1 ] 1
Pnsfloudygronwuiisslidoude  Tavaseszminawems  uazduilow
el é o Ll : Q 1 o | L l
dyga Fohldlas msnwovlans uasdwideudyanaiissdudeiu msumsnszag
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MaWwSU ( multilayer ) i
L) o] (4
27 madmazdlasfinsanninuuusiasa
2.7.1 ivusiaeamucadoyanal
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whiIsndeige udlinan higndeatnuazlienubangulos  usdstieem sy
AR 147 st ldunuiiaes Inssmoermely TnsaasUgydmdouiug 2N
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2.7.1.1 WaveaW3ana ( fringing )

A 4 ¢ o v WYy v 4
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W oa=|Ze &+ & =150, 011 (2.78)
60V 2 g, +1 £,

uas B =Z,,,/s,,ﬂ (2.79)

e A finnieunid1 1.52 uaz B A nlesndt 89.91

W, 2] 31z [377x s, -1y . [ 377 039_0_.6_1
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3.1 §8nfu VBS ( Visual Basic 5.0)
3.1.1 3H0zBEAve VBS
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InFUUY Microsoft windows nsadauendinduiuaasmaluniiveuuusiuref (Web
Browser ) 18 sauvhiardaneouTnsy Activex 18ot1e390i8 unzaolu VBS ilindecilesu
lunsedhauerndinduegetrannig
nsahaenndindulasly ves euthMMudnocanduneuseld
* nesnuvutvesnsAndenudlFin Tufenmsneunsufineumueanisld
auiidenisasuumtoe Sadumia tnzuamANIMIE Y
e fmﬁ'wumt‘?ﬂﬂmnmﬁﬁ'aqnamuawiamamsﬁlﬁmfu 19U NISABUTUBIADY
19 dhdu (3uniims@ouTUsunsuivy Bven-driven) T VBS 11814017 BASIC
o‘i?«n'aﬁazﬁz1]uuuﬁﬂﬁ'wﬁuphmwmmm BASIC iusudy iffessinan Basic i
mmﬁaaﬂuuum&m“uﬁﬁ'uﬁ'u'l'ﬁnu uagansmmannsaluniseuewwindud
Aoams 1diiueded ,
3.1.2 winmslunswannuenwdiniuday vBs
maiaenndinduly vBs e limousumsdou T sunsufisunodou
winew TunnTulsunsuuuudug vu Dos ‘fl'h]sunmvzﬁmm‘?«wiﬁn?"msnwﬁqu‘;’qqﬂ
o derseriimaedonmuing uiemsien Tsunsudeenin
W vBs suiflumsdouTusunsuuuy Even-driven ms@ou Tusunsuuuyil
WumsdionTusunsuiidesnounuosdomanisel (Even, delihsrwzveldirh siud uny
mamsal) fiaduihumgnsela W 85U ( Bven ) Wy nssudormmdmindlen
don (nouTnsafindiiond) led1F1&ddonnmactyl sidamanidouutaamgnised
(8-+9ud )  voufindilendidoi Change Fusimunsadousidelysunsulneuauss
maiemvesdumin13ihdy
'i‘i"un0u‘lunnﬁ'wu1uoww3m§'uotn'na'weﬁnuf;"z"lﬂozﬂsznoud"m 3 Sumow o

o msWousvaTusunsy



39

o msaou'lna lsunsuy

® msnadousunsu

Tu vBs finfesdlefisaulinsmmsts 3 ﬁfummfuodadnmuﬁw iileus
nowInduenndindufin @doudhan dedadofanainiulumsneyng sremnsoud 1y
fdaTlsunsufidadoRananldiud  uaznonIndronindy 18 Tno hidewduduneyIng
TmimMisaunsonareumsiemveswenmindu|detnsada eswnmidunalums
noulwimisua

313 Wugniemidifeaiured uazaenTnsa
Tunis i Tsunsudeg vuduland mewssdunasiundosiled un

10 151 inFesfiofisudonimngldidendaiideensiiudu i3enduniesdieden maid

91 Aou Insa ( Control )

aou InsaiuinTeailon 1§ lunmsAndodug
4 al '
190 vBs sxfiuouniesiioNiduneuTnsasy 153onuay

i ad .
w3eailofid « yationd » (ToolBox) Aag1l 18

717 18

1 Y 1 a o & s ] de v o L4 P ¥
daumhanimmdnihnegdwnldnneunsaninyaiond 157500
4 \ . a L : - 4
“vosu» Fufludmdseneundnveatovmaindu  Taovaluwsulard Wlds@ndnit
- e d
aunsoll ldnatene sy uazisrause W Tsunsuveusisuoney lnufid
Wosy suifudsildnevaussmainmdugld  Taodldesmeusuaeunsa
] Py 1) 4 Y] ¢ da P9 .
A9 9 Aseguuresy msesnuuunstanouInsavuresuiaeyi i lysunsuves
15ROV AUBINIIN I AR tazaI891uAY
3.14 qmum‘ﬁl Hanen uaz'é'ﬁmf ( Properties, Method and Even )

3.1.4.1 AUUNIA (Properties )

Wudailussnednuazan g vesnoulnsn Wy guaudd Text vea



& a ) [ - - = 'Y . Y o - Lo -
wnanstduenansianubidmsumslynuiiensfinyimiu lueugalmilulydsslosuaunisen

lunsdllas visdu dnnamuillndnudadilemuaznese1daiaarvesenarsynasaminisinluly



& a ) [y - A = ] . ¥ o - o -
wnansiiduenarsianubidnsunislynuiiensfnwimtu lueugnlnilvlsdsslosuaunisan

lunsdllas visdu dnnanuilnsaudaaliemuaznesedaiaarvesenarsynasaminisintuly



wnansiidwenarsianulidnsunislanuiionsfinwimniu lueygnlnillsdsslosuaunisan

lunsdllag visdu Bnnamuilndaudadlienuasnesedatuaivetenarsynasaminisintuly



dy A - ) o N A = ' gj . N ) - o N
wnansiidwenarsianubidnsunislynuiionsfinwimtu lueugalnillsdsslosununisan

lunsdllas visdu dnnanuilusaudadliemuazneseadaiaarvetenarsynasaminisintuly



& a ) [ - - = 'Y . Y o - Lo -
wnanstduenansianubidmsumslynuiiensfinyimiu lueugalmilulydsslosuaunisen

lunsdllas visdu dnnamuillndnudadilemuaznese1daiaarvesenarsynasaminisinluly



& A ¥ o 9 N A =2 'Y i ¥ o N o N
wnansiidwenasianubidmniunislanuiionmsinwimnou lueygnlnilulsdsslosuaunisen

lunsdllas visdu dnnanuiilndaudadlienuaznese1adaiaaivesenaisynasaminisintuly



wnansiidwenarsianubidmnsunislynuiiensfnwimtiu lueygnlnilulsdsslosununisan

luansdllag visdu Bnnamuilndaudadlienuasnesedatiarvetenarsynasminisinluly



& a Yo [ N A =2 'Y i ¥ o N o N
wnansiidwenasianubidmmsunislanuiionsdnwimntu lueygnlnillsysslosununisan

lunsdllas visdu dnnamuiilnsnudadliemuaznese1idaiaarvetenarsynasaminisintuly



wnansiidwenasianubidmnsunislynuiiensfnwimniu lueygnlnilulsdsslosuaunisan

lunsdllag visdu Bnnamuilndaudadllenuasnesendaduarvetenarsynasaminisinluly



& a Yo [ N A =2 'Y i ¥ o N o N
wnansiidwenasianubidmmsunislanuiionsdnwimntu lueygnlnillsysslosununisan

lunsdllas visdu dnnamuiilnsnudadliemuaznese1idaiaarvetenarsynasaminisintuly



wnansiidwenasianubidmnsunislanuiionsfnwimtiu lueygnlnilulsysslesununisan

lunsdllag visdu Bnvamnuilndaudadlienuasnesedatuavetenarsynasaminisintuly



& a ) [y - A = ] . ¥ o - o -
wnansiiduenarsianubidnsunislynuiiensfnwimtu lueugnlnilvlsdsslosuaunisan

lunsdllas visdu dnnanuilnsaudaaliemuaznesedaiaarvesenarsynasaminisintuly



wnansiidwenasianubidmnsunislanuiionsfnwimtiu lueygnlnilulsysslesununisan

lunsdllag visdu Bnvamnuilndaudadlienuasnesedatuavetenarsynasaminisintuly



& A ¥ o 9 N A =2 'Y i ¥ o N o N
wnansiidwenasianubidmniunislanuiionmsinwimnou lueygnlnilulsdsslosuaunisen

lunsdllas visdu dnnanuiilndaudadlienuaznese1adaiaaivesenaisynasaminisintuly



& ~ Yo [ - - = 'Y . ¥ N Lo -
wnansiidwenasianubidmnsunislanuiionsinwimntu lueygnlnilulsdsslesununisan

lunsdllag visdu dnnanuillndaudadilemuaznese1daiaaivesenarsynasaminisintuly



& a ¥ o [ N A =2 'Y i ¥ o - o N
wnansiidwenasianubidmnsunislanuiionmsinwimniu lueygnlnilulsdsslosununisen

lunnsdilag Medu BnviamuiilvdauUaailenuaznetersdafiaavesenarsynasaminisiiluly



& A ¥ o 9 N A =2 'Y i ¥ o N o N
wnansiidwenasianubidmniunislanuiionmsinwimnou lueygnlnilulsdsslosuaunisen

lunsdllas visdu dnnanuiilndaudadlienuaznese1adaiaaivesenaisynasaminisintuly



& a ¥ o [y - A = ] . ) N o -
wnansilidwenarsianubidnsunislynuionsfinwimtu lueugslnilvlsdsslosununisan

lunsdlla visdu dnnanuiilnsaudadlienuaznese1adaiauaivetenaisynasaminisintuly



& ~ Yo [y - o = 'Y . ¥ - Lo -
wnanstduenansianubidmsumslynuiiensfinwimiu lueugalmilulydsslosuaunisen

lunsdlla visdu dnnamuiilndaudadiieuaznese1adaiaaivetenaisynasaminisinluly



& a ¥ o [y - A = ] . ) N o -
wnansilidwenarsianubidnsunislynuionsfinwimtu lueugslnilvlsdsslosununisan

lunsdlla visdu dnnanuiilnsaudadlienuaznese1adaiauaivetenaisynasaminisintuly



wnanstduenansianubidmsumslynuiiensfinwimiu lueugalmilulydsslosuaunisen

lunsdllag visdu Bnvamnuilundaudadllenuasnesendaduaivetenarsynasainisintuly



& a ¥ o [y - A = ] . ) N o -
wnansilidwenarsianubidnsunislynuionsfinwimtu lueugslnilvlsdsslosununisan

lunsdlla visdu dnnanuiilnsaudadlienuaznese1adaiauaivetenaisynasaminisintuly



& a ) [y - A = ] . ¥ o - o -
wnansiiduenarsianubidnsunislynuiiensfnwimtu lueugnlnilvlsdsslosuaunisan

lunsdllas visdu dnnanuilnsaudaaliemuaznesedaiaarvesenarsynasaminisintuly



——

T S

UNA 5

unagy

ﬂ?tytmﬁwuﬁnﬁuﬁﬁmutﬂﬂsunsmiwaammumua1mﬁuviuuuu‘lu‘lﬂsﬁm?ﬂzﬂ
niedvasuiug  nnsmansas1idfinad 10 GHz wafi ldennisanudas Tusunsy
aoufaaed T q Tehaiiumoeimmazraiildnnsaiinldavemefinni
9.8 GHz Tauuuud3min1414 775 MHz Aefinawd 9.43 GHz - 10.205 GHz Fanwaniad
qa fio AT 9.8 GHz Fimlndifvetuanufildlumsesnuuy

dmiuilaymifing fe nannmssnoad dhidnnadnduy Fadoa ldams
ademueimadas masasadmemainmdgai sufemshnnaaidiesninmsld
vhodaurumeastinam hinivey Fiorwziiveuvesasnimevguss SuRamsidos
wumend e

druveaTdsununinldwanennm® Taold visual Basic iel¥amnseldan
viduTaad1d saily msldaudi uazazaandenstlousidie q isudlu uazmatess

[ 4
msﬁﬂﬂsumnﬁ‘lﬂﬁmm 'lv’fmmsnaammu fT‘IUtTIﬂ‘lﬁ‘hl.[ﬂiﬂﬂ?ﬂll‘ljljﬂ‘l{lié YELIL

a1 q 14



- el vy

—

(1]

(2]
(3]

[4]

[5]

(6]

(7

(8]

[9]

VISINYNITH
a a o @ o . . @, g
nad AnAdauzna uazdaes AggaaIMe . Visual Basic 5 v Tusunsuwed , » nen.-
InueSgymsiu : annuaady $18a 2521 .
us qafanillygn ©msdnnauddiaudae Basic , » Fidagiadu : agunn 4, 2521 .
5154 ANTHITNYS LmZﬁﬁﬂlﬁ'ﬂ s‘hmﬁﬁnﬁ , “ Microsoft Visual Basic Version 5.0, ”

a o LY A A 0w s o @

UIHN Faurd Who 9100 : Fdagndu 2521 .

a o U4

vadia Tsndosenuu |« Sennssuaseinia .7 dninfusigwiasnsaiumineds
Tadia Tsoforsonud, “Smnssululnson, » dulniuipnasnsaiun inede
158 AuATnAu uaz unaa MgFszey | « meBouTdsunsuuiulnddas Visual
Basic MAURIR , » Sidagindu : ngamw +, 2537 .

qw%ﬁ’nﬁ' WIFFUINTY | “ Visual BASIC 4.0 Professional c‘fué‘ﬂgm?u : ATUNN 4 |
2539,

Constantien A.Balanis ,“Antenna Theory Analysis and Design ,” John Wiley & Sons ,Inc.
1982

L. J. Bahl and P. Bhartia , Microstrip Antennas , ” Artech House Inc. , Massachusetts ,

1982 .

[10] Manfield ,Richard . ,“ Visual Basic power toolkit : cutting — edge, tools and techniques

for programmers ,” John Wiley & Sons , Inc. 1992 .

[11] Torgerson , Thomas W. , ““Visual Basic Professional 3.0 Programming ,” New York :

John Wiley & Sons , Inc . 1994 .



AMARUIIN N



L

TR TR TR R

Private Sub cmdBack_Cliek(}
ChooseCoor.Hide
Design.Show

End Sub

Private Sub cmdCircularCoor_Click()
ChooseCoor.Hide
CircutarCoor.Slow

End Sub

Private Sub cmdRecCoor_Click()
Choose€Coor.Hide
RecCoor.Show

End Sub

Private Sub mnuEnglish Click()
mnuFont Caption =" &Font "
mnuThai.Caption =" &Thai "
mnuEnglish.Caption = " &English."

Labell.Caption =" Choose Coordinates "
emdCireulgrCoor.Caption=" 1. Circylar Coordinates "
cmdRecCoor.Caption =" 2. Rectangular Coordinates. "
cmdBack.Caption =" << &Back "

End Sub

Private Sub'mnuThai_Click()
mnuFont.Caption = " Lﬂ?;uu&mm "
mnuThai.Caption = * f1M11&NY
mnuEnglish.Caption = " MMIKGINGY "

Label] Caption = " 13en Insajatun *
¢mdCirculatCoor.Caption =" 1. 1aifias Insesaua”

cmdRecCoor.Caption=" 2. I3AUNANA1S Inoaiaiun "
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cmdBack.Caption =" &Na}"

s e e

End Sub
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Private Sub Form Paint()
Dim n As Integer
Dim r As Single, stt As Single, stp As Single
Dim Add As Single, ShVal As String
Dim Cx As. Single, Cy As.Single

Picturel.Cls

Picturel.ScaleMode = 3

Cx = Picture}.ScaleWidth / 2

Cy = Picturel.ScaleHeight / 2

Add=-30

Forr =30 To 230 Step 40
Picturel.Circle (Cx, Cy), r, QBColor(0)
Add=Add+5
ShVal = Format(Add, "#0 dB ")
Picturel.CurrentX = Cx + 2
Picturel.CurrentY =Cy - (r + 15)
Picturel.Print ShVal

Nextr

Picturel.Cirele (Cx, Cy), 210, QBColor(12)
Picturel.CurrentX = Cx

Picturel.CurrentY = Cy - (226)
Picturel.Print " - 3 dB"

Picture}.CurrentX =275
Picturel.CurrentY — 1
Picturel.CurrentX —~Cx - 25
Picture}.Print " dB Relative "

Picturel.CurrentX.= 5
Picturel.CurrentY = 370

PictureI.Print " Normalize with "



Picturel.CurrentY =400

Picturel.Print " Gain = dBm "

Picturel.CuarrentX = 2
Pictore}.CurrentY =5
Picturel.Print " Maximum Power =

Pieturel.CurrentX = 1
Picturel .CurrentY =35

Picturel.Print " At Degree "

Picturel.CurrentX =- 1
Picturel.CurrentY = 65

Picturel.Print " Minimum Power =

Picturel.CurrentX = 1
Picturel.CurrentY = 95

Picture] Print " At Degree "

dBm "

(Bm ”

Picturel.Line €10, Cy)-(45, Cy), QBColar(13)

Picturel.CurrentX =5
Picturel.CurrentY — Cy + 10

Picturel Print" E - Plane "

Picturel.CurrentX = 560

Pictyre}.CutrentY =370

Pictyrel.Print " Narmalize with "

Picturel.CurrentX = 560
Picturel.CwrrentY =400
Picturel Print " Gain =

Picturel.CurrentX = 505

dBm "
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Picturel.CwrrentY = 5

Picturel Print " Maximum Power = dBm"

Picturel.€CurrentX = 550
Picturel.CurrentY = 35
Picturel.Print " At Degree "

Picturel.CurrentX = 505
Picturet.CurreptY = 65

Picturel.Print " Minimum Power = dBm "

Picturel.CurrentX = 550
Picturel.CurrentY =95
Picturel.Print " At Degree "

Picturel.Line (640, Cy)-(675, Cy), QBColor(9)
Picturel.CurrentX = 630
Picturel.Current¥ = Cy + 10

Picturel.Print " H - Plane "

Picturel.CurrentX = 585
Picturel.Current¥ =Cy - 15
Picturel Print * 90 "

Picturel .CurrentX = Cx - 10
Picturel.CurrentY = 485

Picturel.Print " 180 "

Picturel.CurrentX =85
Picturel.CurrentY = Cy - 15
Picturel.Print " 270 "



stp="Pi
Forn=1To 6
stt=stt+Pi/6
stp=stp+Pi/6
Picturel.Circle (Cx, Cy), 230, QBColor(0), -stt, -stp
Nextn
End Sub

Private Sub mnuBack_ClickQ
CircularCoor.Hide
ChooseCoor.Show

End Sub

Private Sub mnuBoth_ClickQ
Call mnuEplane Click
Call mnuHplane Click

End Sub

Private Sub mnuNew_Click()
Call Form_Paint
End Sub

Private Sub mnuRecCoor_Click()
CircularCoor.Hide
RecCoor.Show

End Sub

Private Sub mnuEplane_Click(Q
Dim Phi As Single, Phir As Single
Dim Arg As Single, Sinc As Single
Dim Eth(0- To 361) As Single, level As Single
Dim Ethval As Single, Ethmax As Single

Dim xp As Single, yp As Single, g As Single



Dim span As Single, n As Single, k As Single

Dim Max As Single, Max1 As Single

Dimr Min As Single, Mipl As Single
Dim e(0 To 360) As Single, f{0 To 360) As Single

Dim Cx As Single, Cy As Single

Cx =~ Picturel.ScaleWidth / 2

Cy = Picture}.ScaleHeight / 2

-~

Wavelength=c / fx
Width _rec = (Wavelength / 2) * Sqr(2 / (Er + 1))

Ereff = ((Br+ 1}/2) + ((Er- 1)/ 2) * (1 / Sqr(1 + (12 * height_rec) / Width_rec))
Delta I = (0.412 * height rec) * ((Ereff + 0:3) * (Width_rec/ height rec)+0.264))/ _
((Ereff - 0.258) * ((Width_rec / height: rec) + 0:8))

Leff = Wavelength / (2 * Sqr(ErefY))
L=DLeff- (2 *Delta 1)
kO =2 * Pi / Wavelength

Ethmax = Sin((1 / 2) * kO * height_rec) / (1 / 2) * kO * height rec)

For Phi = 0 To 360
Phir =Phi * Pi/ 180
If Phi > 90 And Phi < 270 Then
Eth(Phi) = -30
Else
Arg = (1#/ 2#) * k0 * height_rec * Cos(Phir)
If Arg = 0# Then
Sinc = 1#
Else
Sinc = Sin(Arg) / Arg
End If

Ethval = Sinc * Cos((1#  2#) *40 *1eff * Sin(Phir)) / Ethmax

level = 20#* Logl 0(Ethval)
If level <-3G# Then

-
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Eth(Phi) = -30#
Else

Eth(Phi) = level
End If

EndIf

Next Phi

Max
Min

= -30#

For Phi = 1#To 359%#
g = (Eth(Phi - 1#)) + 30#

xp=(1# / 30#) * 230# * g * Sin((360% - (Phi - 1)) * Pi/ 180%)
yp—(1#/ 30#) * 230# * g * Cos((360% - (Phi - 1)) * Pi/ 180#)

e(Phi) = Cx - (CInt(xp))
f(Phi) = Cy - (CInt(yp))

If Phi = 1# Then
Picturel.Line (e(359#), f{359#))-(e(0), f(0)), QBColor(13)
Else
Picturel.Line (e(Phi - 1), f(Phi - 1))-(e(Phi), f{(Phi)), QBColor(13)
End If
Next Phi

Picturel.CurrentX = 50
Picturel.CurrentY — 400
Picturel.Print Max

Picturel.CurrentX = 128
Picturel.CurrentY =5
Picturel.Print Max
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Picturel.CurrentX = 70
Picturel,CurrentY = 35

Picturel.Print k

Picturel.CurrentX = 120
Picturel.CurrentY =65
Picturel.Print Min

Picturel.CurrentX = 70
Picturel.CurrentY = 95

Picturel.Print n

End Sub

Private Sub mnuHplane Click()

Dim Ephmax As Single, Ephval As Single
Dim Eph(0 To 181) As Single

Dim Arg} As Single, Arg2 As Single
Dim Sinct As Single, Sinc2 As Single
Dim Th As Single, Thr As Single

Dim n As Single, k As Single, j As Single

Dim Max As Single, Max1 As Single

Dim Min As Single, Mint As Single

Dim span As Single, g As Single.

Dim xp As Single, yp As Single

Dim e(0 To 360) As Single, {0 To 360) As Single
Dim d(0 To 360) As Single

Dim Cx As Single, Cy As Single

Cx =Picturel.ScaleWidth / Z
Cy =Picturel.ScaleHeight / 2
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Wavelength = ¢ / fr
kO = 2# * Pi / Wavelength
Width_rec = (Wavelength / 2#) * Sqr(2# { (Er + 1))

Ephmax = Sin((1# / 2#) * kO-* height rec) / ((1# / 2#) * kO * height_rec)
For Th=0To 180
Thr=Th *Pi /180

Argl =(1/2) * kO * height_rec * Sin(Thr)
Arg2=(1/2)* k0 * Width_rec * Cos(Thr)

If Argl = 0 Then
Sincl =1
Else

Sincl — Sin(Argl) / Argl

End If
If Arg2 = 0 Then
Sinc2 = 1#
Else
Sinc2 =Sin(Arg2) / Arg2
End If

Ephval = Sin(Thr) * Sincl * Sinc2 / Ephmax
I Ephval < 0.031622776 Then
Eph(Th) = -30
Else
Eph(Th) = 20# * Log10(Ephval)
End If
Next Th

Max = Eph(0)
Max? = Eph(0)
k=0
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n=0
Min = Eph(0)
Minl = Eph(0)

For Th=0To 180
If Eph(Th) > Max Then
If Eph(Th) > Max Then
Max = Eph(Th)
k=Th
Else
Max1 = Eph(Th)
End If
Else
If Max1 > Max Then
Max = Max}
k=Th
Else
Max1 = Eph(Th)
End If
End If
1f Eph(Th) < Minl Then
} Eph(Th) < Min Then
Min = Eph(Th)
n=Th
Else
Mint =Eph(Th)
EndIf
Else
If Minl <Min Then
Min = Mint
n=Th
Else
Mint = Eph(Th)
End If



End If
Next Th

span = Max - Min
If span > 30# Then
span = 30#
Min = Max - 30#
EndIf

ForTh=0To 179
If (Max - Eph(Th)) > 30# Then
Eph(Th) = Max - 30#
End If
Next Th-

ForTh=1To179
g = (Eph(Th - 1#) - Min) + (30# - span)

xp = (1#/30#) * 230# * g * Sin((90 - (Th - 1)) * Pi/ 180)
yp = (1#/ 30#) * 230# * g * Cos((90 - (Th - 1)) * Pt/ 180)

¢(Th) = Cx - (CInt(xp))
ATh) = Cy - (CInt{yp))

If Th=1 Then
Picturel.Line (e(359), f{359))-(e(0), f{0)), QBEolor(9)
Else
Picture}.Line (e(Th - 1), f(Th - 1))~(e(Th), f{Th)), QBColor(9)
End If
Next Th



Picturel.CurrentX = 610
Picturel.CurrentY = 400
Picturel . Print Max

Picturel.CurrentX = 631
Picturel.CurrentY =5
Picturel.Print Max

Picturel.CurrentX = 619
Picturel.CurrentY = 35

Picturel.Ptint k

Picturel.CurrentX = 624
Picturel.CurrentY = 65
Picturel.Print Min

Picturel.CurrentX = 619
Picturel.CurrentY = 95
Picturel. Print n

End Sub

Sub PrintHeader(header As String)
Printer.CurrentX = Printer.ScaleLeft

Printer.Print Date$;

Printer.CurrentX = (Printer.ScaleWidth - Printer. TextWidth(header)) / 2
Printer.Print header

pageNumber = "Page: " + Format$(Printer.Page, "##")

Printer.CurrentX = Printer.ScaleWidth. - Printer. TextWidth(pageNumber)
Printer. Print pageNumber
Printer.Print

End Sub



T R e e o wg

Sub PrintFooter(}
Printer.Print

pageNumber — "Page: " + Format$(Printer.Page, "###")

Printer.CurrentX = (Printer.ScaleWidth - Printer. TextWidth(pageNumber)) / 2
Printer Print pageNumber;
Printer.NewPage

End Sub

Private Sub mnuPrintForm_Click()
PrintFornr
End Sub
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Private Sub cmdExit_Click()
End
End Sub

Private Sub emdShowRad_Click(Q
Design.Hide
ChooseCoor.Show

End Syb

Private Sub mnuEnglish Click()
mnuFont.Caption =" &Fant"
mnauThai.Caption = " &Thai "
mnuEnglish Caption =" &English "
Labell.€Caption = " Microstrip Patch Antenna "
Label2.Caption = " frequency (fr)"
Label3.Caption = " Diglectric cqnstant. of the substrate "
Label4.Caption =" height of the substrate (h)"
Label5.Caption = “ Position of the recessed feed- point (y0 )"
Label6.Caption = " Input Impedance (Zin }"
Label7.Caption =" GHz "
Label8.Caption =" mm "
Label9.Caption =" mm "
Label10.Caption =" Ohm "
cmdShowResult.Caption = " Show Re&sult "
cmdShowParam.Caption = " Show &Parameters "
cmdShowRad.Caption = " Show Radiation &Pattern "
cmdExit.Caption = * E&xit "

End Sub

Private Sub mnuThai_Click()
mmuFont.Caption =" Lﬂ‘auu&mHT "

mmuThaj.Caption =" amn'lene”
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mnuEnglish. Caption =" ANH1&0INGY "
Label}.Caption = " eaenpeusuuy by Insansy »

Label2,Caption = * A10a0 14ame (&) "
Label3.Caption ~ " M1nefi lndianaSnvesduaasn
Label4.Caption =" A3 QRYBIFUAATN (h) "
Label5.Caption =" dmmisfloudamna (yo)"
Label6.Caption = " ATIEWMUBUWN (Zin ) "
Label7.Caption =" InzBTAY "
Label8.Caption =" 13 "
Label9.Caption = " {1 "
Label10.Caption =" Tor
cmdShowResult.Caption = " {FTAR&AANITOONIVY °
cmdShowParam.Caption = " HAASEWIS1HIADIVBITIBDIMSA *
cmdShowRad.Caption = " WerAuMNAT UM UEHNSE0ARY *
cmdExit.Caption = * &oonv10 1usunsu

End Sub

Private Sub Textl Change()
If Text}.Text =" " And Text2.Text =" ¥ And Text3.Text="" And Text4.Text =" " And Text5.Text =

cmdShowResult.Enabled = False
cmdShowParam.Enabled = False
cmdShowRad.Enabled = False
cmdExit.Enabled = True
Else

cmdShewResult.Enabled = True
cmdShowParam.Enabled = True
cmdShowRad.Enabled = True
cmdExit.Epabled = True

fr = Val(Textl.Text)

Er ~ Val(Text2.Text)

height rec = Val(Text3.Fext)

y0 = Val(Text4.Text)

Zip lin = Val(Text5.Text)
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End If
End Sub

Private Sub Text2 Change()
€all Textl Change
End Sub

Private Sub Text3 Change(y
Call Textl_Change
End Sub

Private Sub Text4_Change()
Call Textt Change
End Sub

Private Sub Text5_Change()
Call Textl Change
End Sub

Private Sub Text} LostFocus()
If Val(Text1.Text) < 0 Then
Call Error
Text]l.Text=""
End If
End Sub

Private Sub Text2 LostFocus(
If Val(Text2.Texty < 0 Then
Calt Error
Text2.Text=""
End If
End Sub

Private Sub Text3 EostFocus()



If Val(Text3.Text) < 0 Then
Calt Error
Text3.Text=""

End If

End Sub

Private Sub Text4 LostFocus()
If Val(Text4.Text) < 0 Then
Call Error
Text4. Text=""
End If
End Sub

Private Sub Text5_LostFocus()
If Val(Text5.Text) < 0 Then
Call Error
Text5. Fext=""
End If
End Sub
Private Sub Error()
Beep
MsgBox " Your value not right {1, It must greater than Q.", vbOKOnly, " Error "
End Sub

Private Sub cmdShowResult_Click€)

Dim Xi As Single, Theta As Single

Dim F1 As Single, F2 As Single

Dim Resl As Single, Res2 As Single-

Design.Hide

Wavelength =c / fr
Width_rec.— (Wavelength / 2#) * Sqr(2#/ (Er + 1))
Ereff = ((Er+ 1#) / 2#) + ((Er - 1#) / 2#) * (1#/ Siyr(1# + (12# * height _rec) / Width reg))
Wavelength g = Wavelength / Sqr(Ereff)
Delta L = (0:412 * height rec) * ((Ereff + 0.3) * ((Width rec/
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height rec)+0.264)) / ((Ereff - 0.258) * ((Width_rec / height rec) + 0.8))}
Leff = Wavelength / (2# * Sqr(Ereff))
L =Leff- (2#* Delta L)
kO — 2# * Pi / Wavelength
Theta =Pi/ 180#
Resl =0
ResZ =0
ForI=1To 180
Xi=I*Pi/ 180
F1 =FNI1(Xi)
Resl =Resl + Theta * F1 * Sin(Xi)
F2 = FN2(Xi)
Res2 = Res2 + Theta * F2 * Sin(Xi)
Next 1
Gl=Rest/(120#*Pi~2)
G12=Res2/(120# *Pi~ 2)
Gin=2*(G1+G12)
Rin ant=1/Gin
Rin_y0=Rin_ant * Cos((Pi *y0) /L)~ 2

L0 = Wavelength g/2#

L1 =Wavelength g/ 4#

Zol = Sqx(Zin_lin *Rin. ant)
200 =Zin lin

w0 = DetW(Zo0)

wl =DetW(Zol)

ShowResult.Show

ShowResultLbl_fr.Caption = Format(fr, "#00.00#44")
ShowResult.Ibl_h.Caption = Format(height _rec, "#0.00##")
ShowResult.Lbl_FEr.Caption == Format(Er, "#0.00#4#")
ShowResult.Lbl Zin.Caption = Format(Zin_lin, "#00.00###")
ShowResultIb} Zo0.Caption = Format(Zo0, "#00.00Q##")
ShowResult.Lbl_Zot.Caption = Format(Zol, "#00.00#H"y



ShowResult.Lbl Zant Caption = Format(Rin_ant, "#00.00000")
ShowResult.Lbl Zanty0.Caption = Format(Rin_y0, "#00.00600")
ShewResult.Lbl w0.Caption = Format{wO0, "#0.00000")
ShowResult.Lb} wl.Caption ~Format(w]1, "#0.00000")
ShowResult.Lb} W.Caption = Format(Width rec, "#0.00000")
ShowResult.Lbl_L0.Caption = Format(L0, "#0.00000")
ShowResult.Lb! L1.Caption = Format(L1, "#0.00000")
ShowResult.Lbl L.Caption = Format(L, "#0:00000")

End Sub

Private Sub cmtdShowParam_Click(

Dim Theta As Single, Phi_Dir As Single

Dim Prad As Single, Umax As Single

Dim Xa As Single, Xb As. Single

Dim F3 As Single, Ua As Single

Dim A As Integer, B As Integer
Wavelength=c / fr
Width rec = (Wavelength./ 2) * Sqr(2 / (Ex + 1))
k0 =2 * Pi/ Wavelength
Ereff= ((Er+ 1)/ 2)+ ((Er- 1) /2)* (1 /Sqr(t + _

(12 * height_rec)/ Width: rec))

Leff'=Wavelength / 2 * Sqr(Erefl))

Design.Hide

ShowParameters.Show

maladaain

Theta = Pi/ 180

Phi_Dir = Pi / 180

Prad=0

Umax =0

For A=1To 180
Xa=A *Pi/180
For B =1To 180
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Xb=B*Pi/180
F3 = Urect(Xb, Xa)
It F3 > Umax Then
Umax =F3
EndIf
Ua = Theta * Phi_Dir * F3 * Sin(Xb)
Prad = Prad + Ua
NextB
Next A
Directivity = 4 * Pi * Umax / Prad
Directivity dB = 10 * Logl0(Directivity)

ShowParameters.LLbl_Dir.Caption = Format(Directivity, " ##0.0000 "}
ShowParameters.Lbl_DirdB.Caption = Format(Directivity dB, " ##0.0000 ")

' U84 E - Plane HPBW
Dim1 As Integer
Dim Phi As Single, Phir As Single
Dim Arg As Single, Sinc As. Single
Dim Ethval As Single, Ehpbw As Single
ForI=1To 901
Phi=(k-1)/10
Phir ~Phi * Pi/ 180
Arg=(1/2) * k0 *height rec * Cos(Phir)
If Arg = 0 Then
Sinc=1
Else
Sinc = Sin(Arg) / Arg
End If
Ethval = Sinc * Cos((1 / 2) * k0 * Leff * Sin(Phir))
If Ethval < 1 / Sqr(2) Then
Ehpbw = Phi
Go¥o Placel
End If
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Next1

ShowParameters.Lbl_Ehpbw.Caption = Format(Ehpbw, "##0.0000")

'8 H- Plane HPBW
Dim Th As Single, Thr As Single
Dim Argl As Single, Arg2 As Single
Dim Sinc] As Single, Sinc2 As Single
Dim Ephval As Single, Hhpbw As Single
ForI=1To 901
Th=90+(T-1)/10
Thr—Th *Pi/ 180
Argt = (1/2) * kO *height rec * Sin(Thr)
Arg2 = (1/2)* k0 * Width_rec * Cos(Thr)

If Argl = 0 Then
Sinct=1
Else

Sincl = Sin(Argl) / Argl

End If
If Arg2 =0 Then
Sinc2 =1
Else

SincZ = Sin(Arg2) / Arg2
EndIf

Ephval = Sin(Thr) * Sincl * Sinc2
If Ephval < 1/ Sqr(2) Then
Hhpbw — Th - 90
GoTo Place2
End If
Next I

ShowParameters.Lbl_Hhpbw.Caption = Format(Hhpbw, "##0.0000")
End Sub
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Private Sub mnuBack_Click()
RecCoor.Hide
ChooseCoor.Show

End Sub

Private Sub mnuBoth_Click()
Call mmuEplane Click
Call mnuHplane Click

End Sub

Private Sub mnuNew_Click()
Call Form_Paint
End Sub

Private Sub mnuCircularCoor_Click()

RecCoor.Hide
CircularCoor.Show
End Sub

Private Sub Form Paint()

Dim Cx As Single, Cy As Single
Dim Th As Integer, k As Iuteger

Picturel.Cls

Picturel.ScaleMode < 3

Cx =Picturel.ScaleWidth / 2
Cy — Picturel.S¢aleHeight / 2

Picturel.Line (80, 5)-(80, 445)

Picturel.Line (80, 445)-(620, 445y

Th=-180
k=0



ForI=80To 620 Step 15
Picturel.Line (I, 440)-(1, 445)
Ifk Mod 3 =0 Then
Picturel.CurrentX —1-5
Pictarel.CurrentY = 455
Picturel.Print Th
Picturel.Line (I, 445)-(I, 450)
Th=Th+ 30

End If

k=k+1

Next1

Th=10

ForI1=135 To 445 Step 88
Picturel.Line (75, D-(80, 1)
Picturel.CurrentX = 52
Picturel CurrentY =1
Th=Th- 10
Picturel.Print Th

Next1

Picturel.CwrentX = 5
Picturel.CurrentY — 20

Picturel.Print " dB "

Picturel.CurrentX = 630
Picturel.CurrentY =425

Picturel.Print " Degree "

Picturel.Line (520, 40)-(550, 40), QBCOlor(I 2)
Picturel.CurrentX = 555
Picturel.CurrentY = 25

Picturel Print " H - Plane "
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Picturel.CurrentX = 510
Picturel.CurrentY = 70

Picturel.Print " Maximum Power = dBm "

Picturel.CuarrentX =.520
Picturel.CurrentY = 100

Picturel.Print " At Degree "

Picturel.CurrentX = 510
Picturel.CurrentY = 130

Picturel.Print ¥ Minimmum Power = dBm "

Picturel.CurrentX = 520+
Picturel.CurrentY = 160

Picturel.Print " At Degree "

Picture1.Line (520, 230)-(550, 230), QBColor(9)
Picturel.CurrentX = 555
Picturel.CurrentY — 215

Picturel.Print " E - Plane "

Picturel.CurrentX = 510
Picturel.CurrentY = 245

Picturel.Print " Maximum Power = dBm"

Picturel.CurrentX = 520
Picturel .CarrentY — 275

Pictarel.Print " At Degree "

Picturel.CurrentX = 510
Picturel.CurrentY = 305

Picturel Print " Minimuhr Power = dBm"
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Picturel.CurrentX = 520
Picturel.CurrentY = 335

Picturel.Print " At Degree "

End Sub

Private Sub mnuEplane Click()
Dim Phi As Single, Phir As Single
Dim Arg As Single, Sinc As Single
Dim Eth(0 To 361) As Single

Dim Ethval As Single, Ethmax As Single

Dim Max As Single, Max1 As Single
Dim Min As Single, MinI As Single
Dim dmx As Single, dmn As Single
Dim span As Single

Wavelength = ¢/ fr

Width rec — (Wavelength / 2) * Sqr(2 / (Er + 1))

Ereff=((Er+1)/2)+((Er-1)/2) *(1 /Sqr(1 + (12 * height_;ec) / Width rec))

Delta_L = (0.412 * heighit_rec) * ((Ereff + 0.3) * (Width_rec / height _rec). _
+0.264)) / ((ErefT - 0.258) * ((Width_rec / height rec) + 0.8))

Leff = Wavelength / (2 * Sqr(Ereff))

L=Leff-(2*Delta L)

k0 =2 * Pi / Wavelength

Ethmax = Sin((1 / 2) * kO * height rec) /{(1/2) * kO * height rec)
For Phi = 0 To 360
Phir = Phi * Pi / 180

If Phi > 90 And Phi < 270 Then
Eth(Phi) = -50
Else

Arg=(1/2) * k0 * height_rec * Cos(Phir)
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If Arg =0 Then

Sinc=1
Else

Sinc = Sin(Arg) / Arg
End If

Ethval = Sinc * Cos((1 / 2) * kQ * Leff * Sin(Phir)) / Ethmax

level =20 * Logl0(Ethval)
I level < -30 Then
Eth(Phi) = -30
Else
Eth(Phi) = level
End If
End If
Next Phi

Max = Eth(0)
Max] = Eth(0)
Min = Eth(0)
Minl — Eth(0)

dmx =0
dmn =0

For Phi =1 To 359
If Eth(Phi) > Max1 Then
If Eth(Phi) > Max Then
Max = Eth(Phi)
dmx = Phi
Else
Max1 = Eth(Phi)
End If
Else
If Max1 > Max Then
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Max = Max1

dmx = Phi
Else
Max1 = Eth(Phi)
End if
End If
If Eth(Phi) < Minl Then
If Eth(Phi) <Min Then
Min = Eth(Phi)
dmn =Phi
Else
Minl = Eth(Phi)
End ¥
Else
If Minl <Min Then
Min = Minl
dmn = Phi
Else
Min! = Eth(Phi)
End If
End If
Next Phi
span = 50
Phi=0

For Phi =0 To 360
Eth(Phi) = Eth(Phi) - Max
If Eth(Phi) <-50 Then
Eth(Phi) = -50
EndIf
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Eth(Phi) = ((Eth(Phi) + 50) / span) * 440
Next Phi

For Phi =0 To 180
Picturel.Line (CInt(1.5 * (Phi + 180)) + 80, CInt(445 - Eth(Phi))) _
-(CInt(1.5 * (Phi + 181)) + 80, CInt(445 - Eth(Phi + 1))), QBColor(9)
Next Phi

For Phi = 180 To 359

Picturel Line (CInt(1.5 * (Phi - 180)) + 80, CInt(445 - Eth(Phi))) _

~(CInt(1.5 * (Phi - 179)) + 80, CInt(445 - Eth((Phi + 1) Mod 360))), QBColor(9)
Next Phi

Picturel.CurrentX = 635
Picturel.CurrentY = 245
Picturel .Print Max

Picturel.CurrentX = 600
Picturel.CurrentY = 275

Picturel.Print dmx

Picturel.CurrentX = 630
Picturel.CurtentY =~ 305.
Picturel.Print Min

Picturel.CurrentX = 600

Picturel.CurrentY = 335

Picturel.Print dmn

End Sub

Private Sub mnuHplane Click()
Dim Ephmax As Single, Ephval As Single, Eph(0 Te 361) As Single
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Dim.Argl As Single, Arg2 As Single
Dim Sincl As Single, Sinc2 As Single
Dim Th As Integer, Thr As Single

Dim Max As Single, Max1 As Single
Dim Min As Single, Minl As Single
Dim dmx As Single, dmn As Single

Dim span As Single

Wavelength=c /fr
kO =2 * Pi/ Wavelength
Width rec = (Wavelength /2) * Sqr(2 / (Er + 1))

Ephmax = Sin((1 / 2) * k0 * height_rec) / ((1 / 2) * kO * height_rec)
For Th—-0To 180

Thr=Th*Pi/ 180

Argl = (1/2) * kO * height_rec * Sin(Thr)

Arg2 =(1/2) * k0 * Width_rec * Cas(Thr)

If Argl — 0 Then
Sinct =1
Else

Sincl = Sin(Argl) / Argl

End If
If Arg2 =0 Then
Sinc2 =1
Else
Sinc2 = Sin(Arg2) / Arg2
End If

Ephval = Sin(Thr) * Sincl * Sinc2 / Ephmax
If Ephval < 0.0316227766 Then
Eph(Th) =-30
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Else
Eph(Th) = 20 * Log10(Ephval)
End If
Next Th

Max = Eph(0)
Max1 — Eph(0)
Min = Eph(0)
Min1 = Eph(0)

dmx =0
dmn — 0

ForTh=1To 179
If Eph(Th) > Max1 Then
If Eph(Th) > Max Then
Max = Eph(Th)
dmx = Th
Else
Max1 = Eph(Th)
End If
Else
If Max1 > Max Then
Max = Max1
dmx =Th
Else
Max1 = Eph(Th)
End If
EndIf

If Eph(Th) < Min1 Then
If Eph(Thy < Min Then
Min = Eph(Th)
dmn =Th
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Else
Min1 = Eph(Th)
End If
Else
If Minl < Min Then.
Min =Minl
dmn =Th
Else
Minl = Eph{Th)
End If
End If

Next Th

span = 50
Th=0

For Th=0To 180
Eph(Th) = Eph(Th) - Max
H Eph(Th) < -50 Then
Eph(Th) =-50
End If

Eph(Th) = ((Eph(Th) + 50) / span) * 440
Next Th

For Th=0To 180
Picturel.Line (CInt(1.5 * (Th + 96) + 80), CInt(445 - Eph(Th))) _
~«(CInt(1.5 * (Th + 91) + 80), CInt(445 - Eph(Th + 1))), QRColor(12)
Next Th

ForTh=180To 181
Picturel.Line (CInt(1.5 * (Th - 90) + 80), CInt(445 - Eph(Th))) _
-(CInt(1.5 * (Th - 89) + 80), CInt(445 - Eph((Th + 1) Mad 360))), QBColor(12)
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End Sub

Next Th

Picturel.CurrentX = 635
Picturel.CurrentY — 70

Picturel.Print Max

Picturel.CurrentX = 600
Picturel.CurrentY = 100
Picturel.Print dmx

Picturel.CurrentX = 630
Picturel.CurrentY = 130
Picturel.Print Min

Picturel.CurrentX = 600
Picturel.CurrentY = 160
Picturel.Print dmn

Sub PrintHeader(header As String)

Printer.CurrentX = Printer.Scalel eft

Printer.Print Date$;

Printer.CurrentX = (Printer.ScaleWidth.- Printer. TextWidth(header)) / 2

Printer.Print header

pageNumber =~ "Page: " + Format$(Printer Page, "##4#")

Printer.CurrentX = Printer.ScaleWidth - Printer. TextWidth(pageNumber)

Printer.Print pageNumber

Printer.Print
End Sub
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Sub PrmtFooter()}
Printer Print

pageNumber = "Page: " + Format$(Printer.Page, "##H#")

Printer.CurrentX = (Printer.ScaleWidth - Printer. TextWidth(pageNumber)) / 2
Printer Print pageNumber;
Printer.NewPage

End Sub

Private Sub mnuPrintForm_Click().
PrintForm

End Sub
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Private Sub cmdBack_Click()
ShowParameters.Hide
Design.Show

End Sub

Private Sub mnuEnglish_Click()
mnu¥Font.Caption =" &Font "
mnuEnglish.Caption = " &English "
mnuThai.Caption =" &Thai "
mnuFile.Caption = " Fi&le "
mnuPrintForm.Caption = " Print For&m "
mnuPrintGraphics.Caption = " Print &Graphics "
mnuBack.Caption = " &Back "

Labell.Caption = " Parameters "

Label2.Caption = " Directivity ( dimensionless) "
Eabel3.Caption = " Directivity "

Label4.Caption =" E - Plane HPBW "
Label5.Caption ~ " H - Plane HPBW "
Labell0.Caption="dB "

Labell1.Caption =" in degrees "
Labell2.Caption =" in degrees "
cmdBack.Caption = " << &Back"

Labe}6.Caption = " Date Design "
Label7.Caption =" Time Design "

End Sub

Private Sub mnuThai_Click()
mnuFont.Caption = " (/uu&niu "
mnuEnglish.Caption = " ATH1&YINGH "

mnuThai.Caption = " i l&ne
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mnuFile.Caption = " l&#d *
mnuPrintForm.Caption =" ﬁnﬁ&m "
mnuPrintGraphics.Caption = " RuWnI HEHA "

mmnuBack.Caption = " &na1 *

Labell.Caption = " W3 Wiinesvasase e "
Label2.Caption =" "lm%‘ﬂﬁ‘i?: "
Label3.Caption = " Tndn "
Label4.Caption =" E - Plane HPBW "
Label5.Caption =" H - Plane HPBW "
Label10.Cuption =" %y *
Labell1.Caption =" 9371 "

Label12.Caption =" 84f1 "

cmdBack.Caption = " << &A1Y "

Label6.Caption = " Juioonuuy "
Label7.Caption =" s3a 00wy "

End Sub

Private Sub Form_ILoad()
Dim MyDrate As String
Dim MyTime As String
MyDate = Format(Now, " dd/mm/yy")
MyTime = Format(Now, " hh:mm:ss")
Text}l.Text = MyDate
Text2.Text = MyTime
End Sub

Sub PrintHeader(header As String)
Printer.CurrentX = Printer.ScaleLeft
Printer.Print Date$;

Printer.CurrentX = (Printer.ScaleWidth - Printer. TextWidth(header)) / 2

Printer.Print header
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pageNumber = "Page: " + Format$(Printer.Page, "###").

Printer.CurrentX = Printer.ScaleWidth - Printer. FextWidth

(pageNumber)
Printer.Print pageNumber
Printer.Print
End Sub
Sub PrintFooter()
Printer.Print

pageNumber = "Page: " + Format$(Printer.Page, "#H")

Printer.CurrentX = (Printer.ScaleWidth - Printer. TextWidth
(pageNumber)) / 2

Printer.Print pageNumber;

Printer.NewPage

End Sub

Private Sub mnuBack Click()
ShowParameters.Hide
Design.Show

End Sub

Private Sub mnuPrintForm_Click(Q)
PrintForm

End Sub
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Private Sub cmdBack Click()
ShowResult.Hide
Design.Show

End Sub

Private Sub mnuEnglish Click()
mnuFont.Caption = " &Font "
mnuThai.Caption =" &Thai "
mnuEnglish.Caption = " &English "
mnuFile.Caption = " Fi&le "
mnuPrintForm.Caption — " Print For&m "
mnuPrintGraphics.Caption= " Print &Graphics "
mnuBack.Caption =" &Back "

Label6.Caption = " Date Design."
Label7.Caption =" Time Design "

ShowResult.Caption = " Result "

Labell.Caption — " Microstrip Patch Antenna "
Label2.Caption = * frequency (fr)"

Label3.Caption = " height of substrate (h)"
Label4.Caption — " Dielectric Constant of Substrate "
Label5.Caption =" Input Impedance (Zin) "
Label10.Caption =" GHz "

Labelll.Caption =" mm. "

Label12.Caption =" Ohm "

Label!3.Caption =" Characteristic Impedance (Zo0)"
Labell4.Caption = " Characteristic Impedance (Zel )"
Labell5.Caption =" Antenna Impedance "
Label16.Caption =" Antenna Impedance at Recessed Feed "
Labell7.Caption =" Width of microstrip line (w0 )"
Label18.Caption =" Width of microstrp line (wl)"
Label19.Caption =" Width of antenna (W) "



Label20.Caption =" Length, of microstrip line (1.0)"
LabeR21.Caption =" Length of microstrip line (Lt)"
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Label22.Caption =" Length of antenna (L)"
Label33.Caption — " Ohm "
Label34.Caption =" Ohm "
Label35.Caption =" Ohm "
Label36.Caption ~ " Ohm "
Label37.Caption =" mm. "
Label38.Caption =" mm:. "
Label39.Caption =" mm. "
Label40.Caption =" mm. "
Label41.Caption =" mm. "
Label42.Caption =" mm. "

Label44.Caption =" Input "
Label45.Caption =" Output "

Label43.Caption =" Top View "
Label56.Caption = " Side View "

cmdBack.Caption= " << &Back "

End Sub

Private Syb mnuThai Click()

mnuFont.Caption =" lﬂéﬂu&ﬂ‘l‘y'l "
mauThai.Caption =" 5181 1&NG "
mnuEnglish.Caption = " 1¥1&8INgY "
mnuFile.Caption =" laxld -
mnuPrintForm.Caption = " Run&na "
mnuPrintGraphics Caption ~ * fninsm&ila

mnuBack.Caption =" &A1 "
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Label6.Caption = " Jufineniuy

Label7.Caption = " 1anfioenuu"”

ShowResult.Caption =" UEAIHATNT
Labell.Caption = " eoo1msruuuy Tu Insansat -
Label2.Caption =" aian 1den (fr)"
Label3.Caption — " AamIgavediumasn (h)"
Label4.Caption = " ﬂ'maﬁ"lﬂ&?mm?ﬂwﬁummw "
Label5.Caption = " mmﬁmmuﬁuvm (Zin) "
Label10.Caption =" 'ﬁnmg; n"

Label11.Caption = " 33/. "

Label12.Caption — * Tog "

Label13.Caption = " anugumuene lulasaasy (Zo0)"

Label14.Caption = " swdiumume hlasansy (zo1) "

Label15.Caption = " AYMAIUMUE WA (Zant)

Y 4
Label16.Caption =" mmé’ﬁumumammﬂ TATNVOUINRNAN

W T hunding -
Labell7.Caption = * anuninaalulasansy (wo)"
Label18.Caption =" aAnuneeeluInsansy (wi)"
Label19.Caption = " A3AN9@00108 (W) "
Label20.Caption = " anuenamalulasansy (1o)"
Label21.Caption =" anuemias luInsaasy (L1)"
Label22.Caption =" AMYU1IAIY0INIHN L) "
Label33.Caption =" To¥iu "
Label34.Caption =" 1937y "
Label35.Caption =" Tevty "
Label36.Caption — " e
Label37.Caption = " W%,
Label38.Caption =" 13). "
Label39.Caption = " 334. "
Label40.Captiorr =" 3. "
Label41.Caption =" 334, "
Label42.Caption =" 1. "
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1abel44.Caption = " fiTfitlou "

Label45.Caption = " WAAWTH 14 *

Label43.Caption =" §14HM "

Label56.Caption =" 4114418 "

cmdBack.Caption = " << &NaU "

End Sub

Private Sub Form _Load()
Dim MyStr As String
Dim MyTime As String

MyStr = Format(Now, " dddd d mmmm yyyy ")
Textl.Text = MyStr
MyTime = Format(Now, " hh:mm:ss ™)
Text2.Text = MyTime

End Sub

Sub PrintHeader(header As String)
Printer.CurrentX = Printer.ScaleLeft

Printer.Print Pate$;

Printer.CurrentX = (Printer.ScaleWidth - Printer. TextWidth _
(header)) /2
Printer.Print header

pageNumber — "Page: " + Format$(Printer.Page, "###")

Printer.CurrentX = Printer.ScaleWidth - Printer. TextWidth _
(pageNumber)

Ptinter.Print pageNumber

Printer.Print

End Sub
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Sub PrintFooterQ)
Printer.Print

pageNumber — "Page: " + Format$(Printer.Page, "###")

Printer.CurrentX = (Printer.ScaleWidth - Printer. TextWidth _
(pageNumber)) / 2
Printer.Print pageNumber;
Printer. NewPage
End Sub

Private Sub mnuBack_Click()
ShowResult. Hide
Design.Show

End Sub

Private Sub mnuPrintForm_Click()
PrintForm
End Sub
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Private Sub cmdEntrance Click(}
Title.Hide
Design.Show

End Sub
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Public Function Logl (P As Single) As Single
Logl0=Log(P) / Log(10)

End Function

' Function of Directivity

Public Function Urect(ByVal x1 As Single, ByVal x2 As Single) As Single
Dim Sincl As Single, Sinc2 As Single
Dim Argl As Single, Arg2 As Single, Arg3 As Single

Argl = (1/2) * k0 * heigltt_rec * Sin(x1) * Cos(x2)
Arg2 — (1 /2) * k0 * Width_rec * Cos(x1)
Arg3 =(1/2) *k0 * Leff * Sin(x1) * Sin(x2)
If Abs(Argl) < Tol Then
Sincl -1
Else
Sincl = Sin(Argl) / Argl
End If
If Abs(Arg2) < Tol Then
Sinc2 — 1
Else
Sinc2 = Sin(Arg2) / Arg2
End

Urect = (Sincl » 2) * (Sinc2 # 2) * Sin(x1) » 2 * Cos(Arg3) ~ 2

End Function

Amuaiteiduiy FN1 iie 1 luasdufinsa
Public Function FN1(Fhl As Single) As Single
Dim Sil As Single, Arl As Single

Arl =(1/2) * kO * Width_rec * Cos(Fhl)
If Abs(Arl) < Tol Then
Sil=1
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Else
Sil =Sin(Arl) / Arl
End If

FNI = (k0 * Width rec/2)~2 * Sil ~2 * Sin(Th1) ~ 2
End Function

sSnuadensusiu IN2 el lunsduiinsa
Public Function FN2(Th2 As Single) As Single
Dim Si2 As Single, Ar2 As Single

Ar2 —(1/2) * k0 * Width_rec * Cos(Th2)
If Abs(Ar2) < Tol Then
Si2=1
Else
Si2 = Sin(Ar2) / Ar2
End if

FN2 = (kO * Width _rec/2) * 2 * Si2 A2 * Sin(Th2) _
A2 * BessIO(kO * L * Sin(Th2))

End Function

Lo ol
weneradendun Jo
Public Function BessJO(x0 As Single) As Single
Dim Y As Single, Ax As Single, Z0 As Single, XXX As Single

Dim Al As Single, A2 As Single, A3 As Single, A4 As Single, AS As Single
Dim Bl As Single, B2 As Single, B3 As Single, B4 As Single, B5 As Single
Dim C1 As Single, C2 As Single, C3'As Single, C4 As Single, C5 As Single
Dim C6 As Single, C7 As Single, C8 As Single, C9 As Single, C10 As Single
Dim C11 As Single, C12 As Single, C13 As Single, C14 As Single

Const P1 =1
Const P2 = -0.001098628627
Const P3 = 0.00002734510407
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Const P4 = -0.000002073370639
Const P35 = 0.0001430488765
Const Q1 = -0.01562499995
Const Q2 =0.0001430488765
Const Q3 =-0.000006911147651
Const Q4 = 7.621095161E-07
Const Q5 =-9.34945152E-08
Const R1 = 57568490574#
Const R2 = -13362590354#
Const R3 = 651619640.7
Const R4 =-11214424.18
Const R5 = 77392.33017
Const R = -184.9052456
Const S1 = 575684904 11+#
Const 82 —- 1029532985
Const S3 = 9494680.718
Const S4 = 5927264853
Const S5 = 8532712
Const S6 =1
If Abs(x0) < 8 Then
Y=x0/2
Al=R5+Y *Ré6
A2=R4+Y * Al
A3=R3+Y*A2
A4=R2+Y * A3
AS5=R1+Y*A4
Bl1=S5+Y *S6
B2=84+Y *Bt
B3=83+Y*R2
B4-=S2+Y*B3
B5-SI+Y*B4
BessJ0 = AS /BS
f Else
Ax = Abs(x0)
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Z0=8/Ax

Y=20"2

XX = Ax - 0.785398164
C1 = Sqr(0.636619772 f Ax)
C2 = Cos(XX)
C3=P4+Y*P5
C4-=P3+Y*C3
C5=P2+Y*C4
C6=P1+Y*C5
C7=70* Sm(XX)
C8=Q4+Y*Q5
C9=Q3+Y*C8
Q10=Q2+Y*C9
Qll1=Ql1+Y*Cl0
Ci2=C1*C2
C13=CI12*C6
Cl14=C7*Cl11

BessJ0=C13 - C14
End If
End Function

Public Function DetW(Zo As Single) As Single
Dim Aw As Single, Bw As Single, Cw As Single
Aw=(Zo/60)* (Sqr((Br+ 1) /2) + ((Er- 1)/ Er+ 1)) * _
(023 +0.11/Erx)
Bw = Zo * Sqr(Ereff)
If Aw > 1.52 Aud Bw > 89.91 Then
DetW — (8 * height_rec * Exp(Aw)) / (Exp(2 * Aw) - 2)
Elself Aw < 1.52 And Bw < 89.91 Then
Cw = (377 *Pi) / (2 * Zo * Sqr(Er))
DetW == (1 /Pi) * 2 * height rec *(Cw-1-Log(2*Cw-1) _
+((Er-1)/(2*Ern) * (Log(Cw - 1) + 0.39 - 0.61-/ Er))
End If
End Function
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Global fr As Single

Global Er As Single

Global height rec As Single
Global y0 As Single

Global Width_rec As Single
Global w0 As Single

Global wi As Single

Global L. As Single

Global LO As Single

Global L1 As Single

Global Leff As Single

Global Ereff As Single
Global Delta_L As Single
Global Wavelength As Single
Global Wavelength g As Single

Global Rin_ant As Single
Global Rin_y0 As Single
Global Zo As Single
Global Zo0 As Single
Global Zo} As Single
Global Zin_lin As Single
Global Gir As Single
Global G1 As Single
Global G12 As Single

Globat kO As Single
Global Directivity As Single
Global Directivity dB As Single

Global Const Tol=1 * 10 ~ -6
Global Const ¢ = 300

Global Const-Pi = 3.141592654
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R1/duroic

mictowave laminates

RT 1.5800

RT/duroid® 5880
Glass Microfiber Reinforced
Polytetrafiuoroethylene Composite

RT/duroid® 5880 glass microfiber reinforced PTFE
composite is designed for exacting stripline ‘and
microstrip circuit applications.

Gilass reinforcing microfibers are randomly oriented
to maximize benefits of fiber reinforcement in the
directions most valuable to circuit producers and in
the final circuit application.

The dielectric constant of RT/duroid 5880 laminates
is uniform from pane! to panel and is constant over
a wide frequency range. Its low dissipation factor
extends the usefulness of RT/duroid 5880 to Ku-
band and above.

RT/duroid 5880 laminate is easily cut, sheared and
machined to shape. It has excellent dimensional
stability and is resistant to all solvents and reagents,
hot or cold, normally used in etching printed circuits
or in plating edges and holes.

Normally supplied as a laminate with electrodepos-
ited copper of 1/4 to 2 ounces/ft.2 on both sides,
‘RT/duroid 5880 composites can also be clad with
rolled copper foit for more critical electrical applica-
tions. Cladding with aluminum, copper or brass plate
may also be specified.

When requested copper-clad, RT/duroid 5880 com-
posite can be certified to MIL-S-13948 Type GAN or
Type GPN m|crowave material specifications.

When ordering HT/duro«d 5880 laminates, it is im-
portant to specily dielectric thickness, tolerance,
rolled or electrodeposited copper foil, and weight of
copper foil required.

(See reverse for product data)
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