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ABSTRACT

This thesis presents the characteristics of quasi-optical oscillator using patch resonator in
feedback loop which consist of patch resonator, double apertures and microwave integrated
circuit. The prototype circuits for this purpose were made in a laminated configuration to obtain
compact size and low cost and reduce spurious radiation from the circuit parts. The patch
resonator in feedback loop provide as a dielectric resonator and radiator simultaneously. Both
hybrid CAD approach and electromagnetic analysis (FDTD) approach are used for design and
analysis. As the results, the advantage of this structure not only obtain small size, but also provide
the frequency stable. In addition, the spatial power combining and beam steerable can be

obtained. Both theory and measurement are proposed in this thesis.
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AUS LA (velocity of light), 3 x 108 m/s

g I lusiemia x (electric filed in x-direction)
ey I Tunema y (electric filed in y-direction)

au I lunema z (electric filed in z-direction)
AR TUNTBBNILY (design frequency)
fhmmﬁwmqﬂﬂmf (device conductance)
f1A210111994 11aA (load conductance)
ANUYIVDIINAF U0 (substrate height), m
auuiman lufiamax (magnetie field in x-direction)
amnuivanlufisma y (magnetic field in y-direction)
ﬁummjmﬁn’luﬁﬂma z (magnetic field in z-direction)
9AN3A 1UNANY x (grid point in x-direction)

nszuale U‘f‘l"ﬂﬂ (general current)

sz luannziudy (initial current)

9An3A 1u#ANI9 y (grid point in y-direction)
‘i}ﬂﬂ?ﬂiuﬁﬁw}d z (grid point in z-direction)
anlsznounun el Inaa (loaded Q)

AL Iao2 1yl (general resistance)

: y s A ; : :
AnATUNIUYIgUNTolen W (active device resistance)

AN NUATUNIUYDS 11AA (load resistance)
WITABINIINTLY (4, j= ﬁm‘:mﬁn) (S-parameter)
us 98U Taena 11l (general voltage)
usefuluaniazEudu (initial voltage)

A3 MI M0 TR x (unit vector in x-direction)
Avsuenuaud Tasia 11l (general reactance)

AT ueNUAUTYDIgIATel (device reactance)
AT3ueNUALTYDI IMaA (load reactance)

NABTY ﬁcmi'm‘luﬁﬂmq y (unit vector in y-direction)

AuoaiiauaugyeIgUnsel (device admittance)



o d

Yyanuo! (Ao)

AneATALANTYD1 1Man (load admittance)

A Nitamiae TufiaMa 2 (unit vector in z-direction)
duuAuGYeIgUnsol (device impedance)
BuiuausueI Inan (load impedance)

=] o o

DUNUAUTAUANHULYBINWAITYYIU (= S0Q) (characteristic impedance)

b

~ ot

BuNuAUTNYAa10 (termination impedance)
duilszaAnsmIazfoundufinesadumna (input reflection coefficient)
anmpeuduing 1avna 1 (general permittivity)
Fi‘lmﬁ'lﬂﬁl.%ﬂﬂ?ﬂﬂi LANTHA (relative dielectric constant)
anue1nAulNeINIAIIN (free space wavelength)
anmaua 14 Taua ) (general permeability)
ANuEE i gats 1t (resonant angle frequency)

MR lufiema ¢ (x-direction increment)

13 w‘énffualuﬁﬂmﬂ y (y-direction increment)

2 241 —c=
M3 lunemI4 z (z-direction increment)
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91t 3.5 esmilszneuvesmumuuniAnssgnuAA

n+l/2 _ gpalia At
Hyyjdi2k+12 = He g je1/2,k4172 +7-

E ik =Eyijent  Ezijk — EZijeik
Az Ay

(3.11)
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112 At
3y i A k2 = Hy T2, k12 +-;-

Exijx —Ex i jiel * EF ik —EZ v gk (3.12)
Az Ax :

n+l/2 112 At
HIT 2, 0102k = HZ 172, j+112,k +?-

Eijik-Exigak  Eyijk —Ez ik
o (3.13)
Ay Ax

n+l At n+l/2
Ervys =B v (Hz :+lf2;+l/2k H; :’+1!2,j—1/2,k)
J pre

At

172 / ATl e41/2
'""‘_&Az'(H;:‘+lll,j.k+ll2"Hyr+112jkIIZ) = J;m (3.14)

n+l n n+
Eyijk=Eyijk +€Ay (H l_[+l/2k+[/'2 Hx!_;+l/2.k 1/2)

At

+1/2 +1/2 At esl/2
(Hf'muz,jufz,k ~Hy T30, k)"_g— Yy, (3.15)

i+l » At ( n+l/2 a+1/2 )
Eije=Ez ikt T | Hyistia,j+ti2k+102— Hy i-172,jk+1/2

At ( AL 2 +1/ ) exli2
A HIM D a2 = HE Spaaaan —? L (3.16)

Taoit Ax, a4z nmewmunisnaounaslusdaziny uazmiomwmne (, k) 9
aoAnReas A x, y (0 z AWAIRY HIUIATBINI () Tuszaeandosfumsnldou
wlaa Ar

yenvImiu Tnssad1avesmueInAtagnIouRBNRIBBIMA (free space) LA Tum
ﬂﬁﬁﬁuﬁ'ﬂﬂsw%’wlﬁa'muﬂﬁﬁmmﬁ”uﬂzﬁmﬁms\hﬁmﬁie'lﬁmmmﬁwm'lumq
Jfia18e3e snfudewlvvoniuamsgandu (absorbing boundary condition) Segaiiunidlu
migandundufidunisesn luenunaiinesan l‘q‘au'lumsqnnﬁungu&uﬁaéﬂa1v
viln dsluswazBuaiuannsofnuldnnonmsdieds [44] dmiuliineriivusatuil
o2 Iorduidon lumsgandunuusiuadauugal PML (perfect matched layer) 3afitlszng

amlumsgandundulddnigea
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Valr) = -_fEU,y N (3.19)
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i Auduna (S] A mna
b 1 o =y
uvaama Tvan
1—5 I—in Iqam ‘FL
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g1t 4.1 TnssshomsuuaFeuiuaudidBuaiazo YA

4.3 9ANVNBMAI
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) @ e [ . o a = s
dmEusas1uoedIRve s Ve WA UL @501 1dNNITINABSNS
= 1 el o 1 e ~ =l A

aszawvesginsainoniiv ldmudeadumdlssneuanuiianssnm FalunsoanUUULE
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doudonauauiifvegnsailvimuzay a3 1ve1Uiiad (power gain: G,) HI0ILNAN
Sas1ue1IN12E91 (operating power gain) HaEdAT1UEAAI T 1A (available power

gain: G 4) GU‘IIJVlﬁﬁQﬁ [46]
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PAVS

Gp oS 43)
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G, - D (4.4)
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2 2
= i = ISzllz l_|rL| 3 (4.5)
|1 s FINF:' Il s SanI
L=t oot
G, = It =18, .| ; (4.6)
4 ll =iy, |1 = romrz.]
1 P T | B |2
G, =——I8,| ———————~ (4.7)
e e Sl = 8ok
1=t ;
o sl g, p ol s
|1 i .S”T"_“ 1= |rOUT
TS
= 9 LAt iaps 4.9
I (L2 " —_S-zz_r;‘ (4.9)
SoSanl/
Lour =385 + g ‘_2 Szll.l:( (4.10)

¢ s s
4.4 msa;umvasvnaaqa1unamzﬁmn‘u (simultaneous conjugate match)
0 L
dwsugnsaueniinlaovialludan s, vueziis hiviiugud dnlszantms
ioundudBunanazs oW Emnsan Idnnduns @.9) uag (4.10) uazitouluil

FY 4 e« Wik o o 8 -
ﬂﬂQﬂTiLW@I'ﬁ'ﬁTN’Iiﬂ'ﬂs‘"ﬂ“ﬂﬂ?'l‘llU’Iﬂﬂ'lﬁq‘lﬂf‘Nﬁﬁﬂﬂ

uay
Togr =Ly, (4.12)
gariuaz 14
I"; =Sy + —*_SHSJIFL (4.13)
uay
* D iniva b
o N 120211 5 (4.14)

b "
wdamnmsudaumsneaewds wldi T uay T, Adesmnil1Flumsuuas

a o a & w o Falq YA o o & ' d’.’
Sufiuauduuudayn Fedgdnuainldie T uaz Ty, awddy Srwmdiiioansomla

B, + B} -4’ (4.15)
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B, +B3 -4C,|* Sk

Fa = 9,

“ B, =1+|s,|* -|Sxnl* - A (4.17)
By =1+|Sy|* —|Su|” -[al* (4.18)
Cy =8;; - ASy (4.19)
Cy =855 ~ Al (4.20)

as o ot 5 " Y
Sas1u010Rd 1ed1AIg e (maximum transducer power gain) Mo 10w lums

uuavuuudagn aunsontidnn

b=l s 1) @aD)
(1= 871 s ) (= ST wy )- SIZSZIFMLFMslz

GT,max =

dounuaums @.15) uas (4.16) asluainms @.21) weninioeundmudniug v 1

- R/ g |2"(1{ N2 ) (4.22)

[S12|

L = \ 3 I a o & &
UAZBATIVUA BT AINGIRR (maximum stable gain) WHOWIANN G gy 10O K =1 F92
mldlé
1S 2]

Rl (4.23)
AP

Guse =

= &

" ¥ . 1 .
a7l G55 Mo AUT AR Gy MIAMNAAGATD T THAANTAUAIMMUTUTASS

118 2 wosamemli K =1

a d 4 d
4.5 POATAIAINBSUVURHINDIA
' " ¥
poaFaiameinilugUnsal ladamanlaoia hihiuszannsoueenldidly 2
Yszianldun Uszaniidmsdloundy (feedback) nazUszamANUMUNIUTIAY (negative
i u’ A o ! o o 1 & o 3/
resistance) Juilszinnusniudiedasveisvesises ludwmdlounduiinuminuniis seilv
¥
@ =) s - L L% & o =) -
Saswesmveseeadammedszamilounduiiiaudrgeriud Fauihldiianmseoadaan
TUAN1IZAIR (steady state oscillation) HIUBOATAUAINDI NOIFEUANNITVBIANATUNIUIT

n‘: a'.r @ o 9 as =) o £y = A o e
auiu Taona lihinezgniir Iy 14fvesadaimmeianuaimuiFaunuunianeinauiaas
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3 ¥ - ' o
Plugilit 42 desmifidamsesadaanluaniizadaniu mnasuussdunulugl (oop)

' & a a a ¢ o -
n:'g'mﬁmnﬂuquﬁ [46] Fseunsoefuioiuaums laverdowmisiimosndmualuglin 4.2

v

Tanail
~ R, (I, @)+ jX 4 (I,0)+ R} (@) + jX,;(@)=0 (4.24)
R4(I, @)= Ry(o) (4.25)
X,(1,0)=-X,(o) (4.26)

AT ‘ & = - =
lunsaifiveduna’ldi R, uaz X, dusziuegiuvaazaud laverde
= o % 4
FuilszAnmIaiounay (reflection coefficient) 9z e sallsy UM IIAAUIDU lun15D0M
Faanluannendaldniy

R A XN 28) = R+ 8-

T, -Ty=

“ R+ X =2y (R + X, +7;)

= =1 (4.27)
R+ Xy + 2 (R + [X1=2))
Xd(I:w) X,(a))
v
N— PP 4
gilnseiueniiv ry I Tnan
rdrl = 1

a a ¢ ) a & ¢
z‘llﬂ 4.2 99aHALAWMDIAIUATUMIUFIAVUUUHRUINDIA

Taoiluda R, (@) sziimaanuiloviiaves 7 fifuiutu dnfuiemldiees
Aamseeadaian M1 R, sxdesdaniosnhimisuduves R, (1, o) Wanaaslugi 4.3)
Fameanuineesszegiuaniog himdesnn (unstable) aunndmusnves 29
sadiauiluay (- R, (7,)+ R (@) <0) w3alumanduniu lunsdindlusesuvnung &

A ' - g A ¢
uanalugii 4.4 m G, (7, 0) swiimoaouiie Vv IAunuiu
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- | o o« o o d; = o
wlavunlasduiiuauduesginssiuazTvaa [47] dwmiulunsdiiminiinsanaumanns
1 4 ' 1
404 Kurokawa [48] wusswuhilyafiadosnmey 2 gasngaivildifiansesadaanly
o ' a 1 :iv 1 & o - = o
annzasiaeg 3 90 Miduruiinezing ¢ FeiamnuBnninmn z,(4, o) i Z,(w)
¥ . .
Fusednalidwnnnd 0° uazezdeaieandn 180° e ltiamshinuntiedesnn uay
1 . b .
WomldiRanssuniuesiiqa Aum @ findsesiial 90° deulumsveadaan edal

£
ae A sauaaadiuauns 1dn

d
Rd_dX, +dXd‘dR,<0
d4 da d4d . dw

(4.28)

Taoi lavimsvniouWusteu (partial derivative) NANIMUY 4 1Ag o,
offouuuiaonnsutuaynrua e 13zt 42 mansodeaimsilivuas
i K o o 5 é © b
ANUE (frequency tuning) 18 Taevmsnlaoumnlasvessuenuaus 3 18 Tasmsmeyius

o @ el dv
X mouny @ A9U

, I
X = joL + ——— (4.29)
J 3 ja
daXx 1
—=F 4 (4.30
da i & ;

Taoh X, =1/aC uas X, = ol 010 wy =1/JLC 10z @, =@ L/ R

X 2RO, @431)
do @y

Tﬂﬂ‘ﬁ R = Rd e 3 R.r
dy o 1 — = z @ e
vnauNs @.31) ez ldhnsdesuunnudsougas Tsuuudivesduius lay
[ Lol
ﬁ‘semjmsmuamuummmammwf ﬁqﬁ'unz'lé"h

i
Af—-—ZRQ’ AX (4.32)
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I, xT; =1 (4.33)

14
° o = g ' d - 1 T '
Fmiumseoadaanluanizaidi minlasaioreseiaiignasegiy z, sx1dn

5 r
[, =5y, + 2222 (4.34)
- Spl;
Tagit T, =2 %0
Zy Ty
INANUNTT (4.34)
1 =851
I L (4.35)
rin Sll - Ar{
Tﬂﬂﬁ A :S”SZZ 4 SlZSZI
INAUNII (4.35)
1-8,T
L=l (4.36)
Sqy = AL
Tuvasavaiuazld
Sh, <AL
Py = 2ok S (4.37)
o ﬂ.l‘ 9
AuTUINANNT (4.36) 1o (4.37) 9218
I, %Iy =1 (4.38)
o ¢ on
naingataw NOTRDUNA
Tnsate gunssiueniiv :
= Tassvwivan
yAane 2 r HULTBINBIA ‘—| r
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v Ed 0 ¥
as o ar 1 = S 1 a 3/ o e
Siildet v 3ud luradenounthiin win R, Tmasaannausudy aniulu
P e s & e B 1 g
mseenuuusnlsee nuuu A hmluanznidd Feziisnniumnnuauniy
4 ar = o o -
Tnaa R, tileo1fowiniinesnInTze10vesdyaInvLIAAN (small signal S-parameter) 1A%

" o = z:icg 1 e — a 3 9/ o o d ﬂ
AR NHUUBIADNYUY @gﬂﬂﬂlu’lﬂﬂlﬂuﬂﬂlﬁu lehlﬂﬂ']'ll!ﬁuwu5l H
Ry (I, @0)=3R,(w,) (4.39)

Tﬂﬂﬂnﬁué’aféau"lmf':wgnﬁ'aénwmﬁwagm'ﬁ'jl 0 (= w,C1G(V,,@,)) BF1N
fvanaiile R, fidneii uath R, fin linafiudrnzmunson Iy R, Sanfosnd 38, 18 B
iU R, f:ﬂsiuagﬁuamﬁuﬁﬁmamm?immaaﬁc’ﬁmamafﬂmm’humuﬁmanm%
FET sawdamsn/avuilasuesTuaadae Tunsap i fumeemeuuondiviiy 1
anuduiiutaldnnntsnaaey [12] e lg

Rj=axR, (@=1+12) (4.40)
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=l

TaoiifiazgninniFlunseentuymesimalylasanitidoudososouta (l

a ¥ a = ¢ A e 9 = e, ¥ o o @ ] A W
uni 3) saudunsesesadamnesemliinanisd shiidsen hldsdaudnss nenauly

WINNYA

I
4.7 FET ooadaiaiaes
o s = o 9/ = - 9 : 9/ s @
FmSueodsaamosaudumuFann 19 FET tuaninsoadin 1@l 3 anyuzas
warmelugiil 4.7 na1afe ¥ilannIan (common-gate) HAIATUI I (common-drain) UAZTUA
v
1 a =Y 4 = T o o
040371 (common-source). 1AUUAALAIWIANNIIMUAZFTIAYDS A3 INUUIZABDINITOMN
a T o [ | | a " [ = t °
ﬂiznﬂumi‘]uﬂ1%‘uammw1mqﬂmmmﬁamnmm”lmﬁﬁmmw AustiansusINIZgM
H 1 o A 1 s ar 1
11411 Tns ety so enundy (everse channel) azaous sy Iuanldiugase
1 4 o Y a aa ar a - = ' 4 = 1
saefa dmduriiantouldfunniigafeviiageiason iewinlasdndudims
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Termination
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(4) WUAATUIIN

Xy
Termination jX d
IX
Rl

= d [k
(7) ¥UAYDIAIIU

" = o - a1
711 4.7 FET spadammoinnudumuidianuyiiaaie

o = d 9y o ' ¥ = el 9 n’; r=1 a‘\
M dinseidedoyy wvinalngudmuiesadammesn ldeenuun Tiiuiinnwdly
msooadamnluanizasii liaswuidesnsud maunsosenuuuesagaames IHon
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af1 Tasordowisiinesvesduaaunadn dmsumsinssidsdygavinalnghiv
Taowdng udaannsovilded 2 35Ae mslinszyidiuItauqaders lutin (harmonic balance)
19191 Libra 130 Voltaire XL tagmsinsizy luTawunan iwu lulasiovl SPICE dmsy
¥ ]
Tuineriinuiaiivil ldden 143535 121d0 Voltaire XL [49] Tugih 4.9 usawuuuiiaes
o s s 1 A ul:

dmiulFlumsimneidodyanavinalng  [46] ¥aums 4.38) Wuaunsnldlums
= - a o 4 & 1 o o o -
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sasdudunadeiminavesilnlasiiuniifianalugaund (ideal directional coupler) &3
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4
\03
édy as T = o A'q 9/ & = =
luftiozuoundlee192995 FET eoagaamesine ldiluunasiutiauuuueniv
< o a at Y A ] o
(active source) dmiuarwomasnuvuueniin lumsesnuuulaenly FET wes
aw a aa & = o a -
MGF4314D (GaAs MESFET) v83u3tiniingiid deliwiniimesmanizneauaailuaisieh

v o -
4.1 Taoms I ludan vy, = 20 Hae- 1, = 10mA

Vds E} L.r_.:I]
Termination D
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15197 4.1 W3R NIINITIAZAIATRYTATNUDI MESFET 1U83 MGF4314D

-
e Si1 S21 Si2 S22

(GHz) | Mag | Ang° | Mag | Ang,° | Mag | Ang,° | Mag | Ang,®

10 0.649 | -163.3 | 3.129 | 30.8 | 0.089 | -9.8 | 0436 | -128.1 0.79
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dmluasen 53 dudlumsdiudsumissesdmsutloundudyana (ab) Taw

¥
fMUAR W, = 10924 mm, L, = 9.147mm, L, = 4.5 mm. #ag #, = 1.39 mm. Tudunouas 1y
it muadumisdmivnszdudyapuegidumia (2.35,235) wagdumisvessesntlow

¥
s ar ar 1ed o ] o Al A s
naudygauogRA ML (-2.35,2.35) udmanoadiva w, Feezldnadaaaslumsa
54

.
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! o e o 1 - a L4 ° 1
C‘I'ITNﬁ 51 ﬂ'J']llﬁlJ'W'u‘E5311'TNi]u'b!ﬂﬂnﬁilﬂu‘lﬂlﬁ%ﬂ']&lﬂ‘lN‘llﬂﬁﬂTiﬂiSé’UﬁﬂJﬂﬂﬂlmﬂ L=

o

4.5 mm. I W, = 1.39 mm.

(a,b) mm. VAUV TIUIUTANIN
(2.00,2:00) 27.051 -4.5107
(2.30,2.30) 34.646 -1.2518
(2.35,2:35) 36.072 40.23416
(2.50,2.50) 40.563 4.0460

. w oo ' = Bl a o o ' a y
M3197 5.2 ANUTURUBSEHINUNADUNLAUFIOZAWNIIVOINITNTEAUT YD

0JAeun1We13309310 4.5 ram (U 5.0 mm

(a,b) mm. 1IN VIUIUIAN TN

(2.35,2:35) 30.319 -8.0728

as

M13190 5.3 ANUFURUTIzMINdURdURtALFazdunisTesdmSuiloundudya w

(0 w,=10.924mm, L, = 9.147mm, L, = 4.5 mm. 40 W, = 1.39 mm.

(a,b) mm. Sy IUIUIANN
(-2.35,-2.35) 9.4792 17.159
(-2.38,-2.38) 8.1690 17.089
(-2.38,-2.35) 6.9262 16.215
(-2.38,-2.00) 6.0995 17.933




48

- Py - a a - ° ¥ a P
viowalumsei 5.4 1 lduaasliuimaliv w, duezilistuanmuesdduna
- o 1 J 3 @ [l 1 @ o at 9 s 1 []
BuiiuaudgNmgaiy Bnvieds lulinamsn/aounlasvesdulsza@nimsaztoundui Lid
4 3 o ' o
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Y v o & e & o
Husanuenvesmoveudunuuilaiws Faladvzliaeginlszana A4 $3910A15190 5.5

b . ) ll
fimuna L, M dmiuanwyesdunadsfiuausndigafo 4.7326 mm.

1
=y

H = i 1o = o o o &
ﬂ'l‘i'lﬂﬁ 5.4 Nﬁﬂ’l'ﬂﬂaﬂuuﬂﬁﬂﬂ’l Wp ﬂnﬂﬂﬂu‘ﬂﬂﬂﬂﬁikﬂumlmzw1i'Illlﬂﬂiﬂ'liﬂ‘j$i]'lﬂ°1ﬂ

AR U sE NI NI TN DUAA VRS AN

W, MMINATT | PIUIANIN S, S5y
9.170 8.6224 13:677 - -
9.150 9.458 13.157 = -
9.130 9.9392 12.614 : 3
8.900 22.745 5.5529 -8.2141. | -4.7519
8.885 24.310 5.2374 83422 | -4.7117
8.870 25.923 5.0131 -8.3180 | -4.6810
8.820 31068 5.0677 84302 | -4.6571
8.800 35.7626 5.7665 -8.3373 | -4.6064
8.700 51.821 17.865 -7.0643 | -4.8928

" o ] q,: i 1 - - o = (4
@13191 5.5 waveamsdFumevieudutuulalwsnidedunaduRuALF AT NI NNDS

MINTLNY
Mmevieudu | = $1uu
Imauese | Sit $5)
(mm.) NN
5.2000 23.987 7.3688 -8.0964 | -4.8953
5.0676 25932 5.0131 -8.318 -4.681
4.7326 24.959 -0.2050 -8.9208 | -4.3093
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o o e e s = 3/ = o

nasnnimsuuageuiinaud iiumeoimalulasaasdudies ldwnimeives
' - & <4 o 4 & d Yy o ow

moveudunuudlalnsiazmsvimesous awaadlugiln 5.5 Fezmulddimaninms
LR = z o e Idé‘ ' s - n‘ al H
unasduiuauFudniussi I ldguaulidanadu nanfe dnlsz@ntmsazioundui

o o a1 e < ~ = as =
WO 1 uazwesa 2 wiliiiasie -40dB Tavilszanaiinud 10 GHz Awaaalugii 5.6
uazsvi liouinaugveseeoimeainlszina 50Q dwaaslugiin 5.7 delagueauia

" L4 ¥

yosmwomaeai ldeTueliudnin  luduaeude livziilunsesnuuuludiuvesases

DOATAUAUADS

{Scattering Parameter of Double Apertures Coupled Microstrip Patch Antenna)

f sl1 s21 sl2 s22

8.0 -0.135378 -0.949648 -0.240695 0.039212 -0.240695 0.039212 -0.117819 -0.948171
8.2 -0.321604 -0.886939 -0.220277 0.122600 -0.220277 0.122600 -0.311063 -0.892905
8.4 -0.516727 -0.804868 -0.203011 0.178391 -0,203011 0.178391 -0.510373 -0.805880
8.6 -0.672448 -0.647901 -0.157088 0.253706 -0.157088 0.253706 -0.668044 -0.646721
8.8 -0.767981 -0.457100 -0.078167 A 0.315793 -0.078167 0.315793 -0.764503 -0.451660
9.0 -0.797201 -0.254947 0.028633 0.352957 0.028633 0.352957 -0.791366 -0.243735
9.2 -0.758622 -0.066625-0.158328 0.353202' 0.158328 0.353202 -0.745609 -0.050132
9.4 -0.659531 0.078011 0.302263 0.299715 0.302263 0.299715 -0.633899 0.095920
9.6 -0.526018 0.144350 0.436523 0.168440 0.436523 0.168440 -0.484079 0.154736
9.8 -0.423044 0.112170 0.498541 -0.053107 0.498541 -0.053107 -0.368866 0.101252
10.0 -0.437401 0.040690 0.402413 -0.296339 0.402413 -0.296339 -0.389081 -0.000053
10.2 -0.546266 0.065809 0.178021 -0.411709 0.178021 -0.411709 -0.523663 0.007034
10.4 -0.612360 0.209348 -0.021011 -0.371665 -0.021011 -0.371665 -0.616448 0.153152
10.6 -0.581450 0.379937 -0.128681 -0.272705 -0.128681 -0.272705 -0.601448 0.336418
10.8 -0.483200 0.518738 -0.170358 -0.179106 -0.170358 -0.179106 -0.509712 0.488597
11.0 -0.352602 0.:613031 -0.179038 -0.106428 -0.179038 -0.106428 -0.380291 0.593793
11.2 -0.210385 0.666652 -0.173678 -0.052344 -0.173678 -0.052344 -0.236686 0.655552
11.4 -0.067224 0.686029 -0.163204 -0.011346 -0.163204 -0.011346 -0.091080 0.680799
11.6 0.071342 0.676506 -0.151472 0.021484 -0.151472 0.021484 0.050205 0.675467
11.8 0.202148 0.641760-0.139915 0.050117 -0.139915 0.050117 0.183603 0.643764
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Abstract

This peper presents the eifects of the source reactance insertion on
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Abstract

A numerical analysis of double apertures coupled
microstrip patch antenna is presented. The input
impedance and scattering parametérs are carried out by
using Finite-Difference Time-Domain (FDTD) method.
The PML absorbing boundary condition (ABC) is used
for the numerical analysis. Numerical results for antenna
input impedance and scattering parameter are verified by
experiment.

1. Introduction

Aperture coupled microstrip patch antenna was
introduced in 1985 by D. M. Pozar [1] and fast becoming
popular because of their reliable electrical performances
and attractive mechanical features. Some of the useful
features related to aperture coupled microstrip patch
antennas yield optimal array performance and eliminate
the competition for surface space between the antenna
elements and the feed network [2]. o

One of the aperture coupled microstrip patch
antenna applications involved the use of microstrip
antenna for active integrated arrays, as the printed
technology of microstrip anténna seemed perfectly suited
to low-cost and high-density integration with active MIC
or MMIC circuitry. In order to integrate the aperture
coupled microstrip patch antenna and active circuit as
described in [3]-(4]. The parallel feedback loop is
suitable to realize by utilizing double apertures coupled
microstrip patch antenna. In this case, one aperture is
used to excite the patch antenna while other is used to
terminate as shown in Fig. 1.

In this paper, the double apertures coupled
microstrip patch antenna is analyzed by using Finite-
Difference Time-Domain (FDTD) method. The FDTD
method was introduced by K. S. Yee in 1966 [5], it has
been extensively used as a flexible, accurate way to
predict the electromagnetic behaviors of various guided
wave and radiation structures. Another theoretical
analyses of single aperture coupled patch antenna in
spectral domain are given in [6]-[7].

The objective of this paper is to determine its input
impedance and scattering parameters of microstrip line
fed aperture coupled microstrip patch antenna. Design
data are provided by means of parameter studies that
have been performed using the computation and verified
experimentally.

L
5

(®)

Fig. 1 Geometry of double apertures coupled
microstrip patch antenna

2. Numerical Technique

The geometry of the double apertures coupled
microstrip patch antenna considered in this paper is
shown in Fig. 1. The FDTD method used for this
computation is based on the Yee's algorithm [5], where
the time domain Maxwell’s equations are solved on a
cubical grid. In the rectangular coordinate system with
the constitutive parameter (&), is equivalent to the
following system of scalar equations:
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Once the excitation signal is specified at port 1 of
the structure in Fig. 1, the field update equations can be
derived from Eq. (1) through (6). These equations are
discretized with respect to the time and spatial variables.
To summarize, the resulting difference equations for the
electric and magnetic field components in 3-D are as
follows:

n+l/2 A‘
o L2 ksll2 = HyY ..pm hali2 +7

{E; ik~ Ey ijan
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where Ax,Ay,Az are the spatial discretization and the
indices (&, j,k ) comrespond to the x,y,and z directions,
respectively. The index ( n) corresponds to the temporal
discretization At.

In addition, the antenna configuration is to be
surrounded by free space, the calculation volume must
be truncated at a suitable place. Thus, the absorbing
boundary condition (ABC) [8]-[9] is needed to absorb
the outgoing wave. In this paper, PML absorbing
boundaries are used. Then, the frequency-dependent
scattering matrix coefficients are defined as [10]

v =[sliv} (13)

where [V]" and [V]* are the reflected and incident
voltage vectors, respectively, and [S] is the scattering
matrix. Since the scattering parameters, S, can be
extracted from the time signal by use of Fourier
transformation. For example, S, at ﬂ-cquency [ is
computed by
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oH aE BE )
ot By oz
- 9&_9_3___63 @)
ot oz ox
oH, OE, JE,
e (3)
oE, _.‘?&_ﬁl_,j’ (4)
ot oy oz
oE
_y=ﬁ¥__?£_=__Jy (5)
ot oz ay
BH
(OB _OH, oM, ®
ot ox ay

va(f)
Su{f)=2
where V,(f) is the Fourier transform of the observed
signal at port n and related to the E —field as

Valr)= - (B = ya.2)-dz

where E(f,y.2) is the observed electric field with the
same polarization as the input signal and y, is the

observed location. The integration is carried out from the
ground plane to the microstrip line.

(14)

(15)

Using relation of scattering and impedance
parameter, input impedance can be written by
1+8,,82%
A (16)
b a 1- SI |efsz

where k is wave number on microstrip, L is the
distance from the edge to the reference plane, and Z; is
the characteristic impedance of the microstrip line.
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3. Numerical Results and Experiment

By using the FDTD algorithm as described in [5]
and termination of the simulation space is implemented
via the 4-layers Berenger’s PML ABC [11], the aperture
coupled microstrip patch antenna shown in Fig. 1, is
analyzed. The simplified field distribution [12]-[13] is
used as the excitation. Both upper and lower substrates
are Duroid 5880 with &£, =2.17 and thickness of 0.762
mm. The conductor thickness assumed to be zero. Input
impedance and scattering parameters were measured
using an HP8510C network analyzer, which is calibrated
in the frequency range of X-band.

The aperture coupled microstrip patch antenna was
designed according to the criteria established by [3],
which is the symmetry configuration and have actual
dimensions are as follows: W, =10.924 mm,L, =
9.147 mm, W, =139 mm, L, =4.5 mm, W,=2.36
mm, Ly, =4.73 mm, a=2.42 mm, and b=2.5 mm,

The space steps have been chosen to be Ax=
0.3412 mm, Ay =0.2860 mm, and Az = 0.2640 mm and
the total mesh are 80x120x16 in the x, ¥, and z
directions, respectively. The reference planes for ports 1
and 2 are 10Ay from the edge of the substrate.

The time step used is At =0.192 ps. A Gaussian
pulse excitation is used at port 1. It is uniform under the
strip and had only the E, component which is specified

as [13]
E,(t)=exv[—g-¥:l}

where t, =900dt and T =300dL; else where on the
ground plane, set E, = E, = 0. The frequency spectrum
of this pulse is from DC to 12 GHz.

(17)

5 —r T T

o Pt N ]
Y -5 e ‘\‘\;“" o /
5 o
B 4
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] S,,(FDTD)
? : 83, (FOTD)
g -+ 853(FOTD)
3 .25
i i Sy ; (Eaperiment) 4
:' === |52, (Experiment) |
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35 ey PO T e dicd
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Fig. 2 Return loss and transmission coefficient of the
double apertures coupled microstrip patch antenna

—~— (FDTD) —— (Experiment)

~— (FDTD)

——— (Experiment)

Fig. 3 Input impedance of the double apertures coupled
microstrip patch antenna at port | and 2 respectively

The scattering parameter of double apertures
coupled microstrip patch antenna, shown in Fig. 2,
shows good agreement with the experimented data. The
operating resonance at around 10.18 GHz is very close to
the numerical results. The maximum transmission
coefficient, S,,, occurred at the operating frequency and
agreement with the calculated results. Fig. 3 shows
measured and calculated results for the input impedance
at port | and port 2 as shown in Fig. 1. The agreement
between measured and calculated results is good near the
resonance frequency.
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There are several reasons to explain the small
discrepancies in the results. In general, the modeling
error occurs primarily in the inability to match all of the
antenna dimensions. Then, the computed antenna
dimension may be smaller than design dimension
depends on chosen the space steps, Ax, Ay, and Az
This causes the measured scattering parameters to be
shifted up from the calculated data. Another error is
caused by measurement procedure, microstrip-to-coaxial
transitions is not de-embedded in the measurement.

4. Conclusion

The scattering coefficient and input impedance of
the double apertures coupled microstrip patch antenna
have been calculated using Finite-Difference Time-
Domain (FDTD) method. The FDTD algorithm is
implemented via the 4-layers Berenger’'s PML ABC
coupled with Gaussian pulse excitation. The numerical
results have been verified by comparison with measured
data. The calculated and measured results show good
agreement around the resonance frequency at 10.18
GHz.
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