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ABSTRACT

This thesis presents a monolithic  patch antenna on silicon substrate for modern
wireless applications silicon substrate doped with pure gold at high temperature is a new
substrate enhancing the resistivity of the monolithic patch antenna. This substrate yields
good performance for the monolithic patch antenna and it is easy to fabricate with the
active integrated antenna. In addition, a small antenna having high permittivity {&,)
silicon substrate can be applied to monolithic microwave integrated circuit (MMIC).
Theory and the measurement for the dispersion characteristic of the fabricate antenna for

X-band (10 GHz) was show in the thesis. The measurement results compared with the

theoretical ones were demonstrated as well.
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TR Y (LI -
Ex_-qm(axﬁk),q, H,=0
PR N 7 o124
Ey = wie dxdy Hy = u 3z (4.3)
- jL 2 _ 19
E, = jm,uf axdz Hy = u dy
Tagordudou v

E(x'=00<y' <L0sz' sW)

=E,(x'=h0<y <L0<z SW)=0

H0<x'<h0<y <L,z =0)

=H,(0<x"<h0<y <Lz =W)=0 (4.4)

HO0=<x'<shy =00<z'sW)

=H{0<x"<hy =L0<z <W)=0

o a [] 4 f [ d 1 ] ] = =
adnwal () 1w x',y’, 2’ tenansiniuanimiman Tihiiegnioluvasladidnadn

]
S

Tasnisldidoulvveuaaiing £ =00<y <LO<zZ<W)=0 uay

E(x'=h0<y <L0<z <W)=0 31a18 =0uaz

ky = =% m=012,.. (4.5)

Tudnymzadonu dielditeulvvovwaiii M0 < x’ <h 0 sy <Lz’ = 0) uaz

HO<x' <h0<y <Lz =Ww)=09147183 = 0uaz
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k, =2 p=012,.. (4.6)

uazgaiy laons eu lvveuws H,0 <x' < hy =00<2 <W) =0 uaz

HA0<x' <hy =L0<z <W)=091aM82=01az
k, =22 n=012,.. (4.7)
tufigaez I hgluuuvesfndionned 4, muluaniane
Ay = Apppcos(kyy'Jeos(k,z') (4.8)

l:;. o - Qn‘ LI ) d‘
Taef Appptinuiiiaussduilsz @t luuday map 1A WINURYADY Kk, ky, k, 92

k= (%), m=012,. )
kyz(%n—), n=1012,.. ? m=n=p=0 (4.9)
k, = (i%) p=012,.. )
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Tauh m, 5, p iDUSNRVRUTAINANUAIE AW HAEANUFS of Tuuuaunu x, y,
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zawdwulisudiud e 52‘- WONNNT Ky ky, k, Seinsainideglugy
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E, = ~jU‘—:‘%")Amm,cos(kxx’)cos(kyy’)cos(kzz')
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¥ wye

E,=—j :::Am,,psin(kxx’)cos(k},y')sin(kzz‘)

H =— %Amnpcos(kxx’)cas(kyy’)sin(kzz’)

H, = k—:Amm,cos(kxx’)sin(kyy’)cos(kzz’)
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4.11)

(4.12)

gﬁ I :i A u’ql ¥ Aot LRl & o~
v luAnanAnLDS luuniigais1aeABIns IIANNR3 Isuuunnou Tuagal

a3 lsmuunadigases iiduluandnie dwmsumwenialylnsansUdill r « Luaz

¥ £ & o w & At Iy
h«w 81> w > hNuagaituanuiidiga (uandn) TME,, Fannnuis lsuuud 1dan

1 vy

(fr)010 = ZL\{IL_E- = ZL\{:E?

(4.13)



40

-1 1 1 3
Tae vy iuanud waaluomeahawdath L > w > Z>h wldlvue ML, Taom

A3 IBuuuY [ Inauns

1 vy

(fr)001 = 2w JHE = 2w e,

(4.14)

1> w>nawldlua ™My, unulua T, Taora103 Tud 1dnauns

Yy

— 1 — r—
(fidozo = T e (4.15)
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E.=Eg=0 (4.20a)
—Jkgr . .
Em = kghwﬁ:re ¢ {Siﬂe smx(x) smz(z)} (4.200)
Tatsin
Koh .
X = -z—smecos(b {4.20c)
Z = %% cost (4.20d)

1 w ot 9
NIUNANUYIVDITARFINIDALMTBUNING (koh <« 1) TUNTT 4.20b ITDADAUKTD

. . koW
_aWpeTtkor | sm(—%—cosﬂ)
Ey=—j — [sm@ - {4.21)
Tasd v, = hE,

A o d a ar o o ey = ar
Gl'li.l‘i’li]‘ﬂg]ﬁBQ‘UBQEHEU&WJ‘EWF!B‘S?\'WWE‘Uﬂ‘im 2 ﬂﬁﬂ‘ﬂ‘i:ﬂﬂﬂﬂljﬁju’]ﬂuﬁmﬂﬁkﬂﬂ’lﬂu

MHNAUAWIZOZNI L, AT07iem 19unu y
kaLe . .
(AF)y = 2cos (—-2-— smﬂsm@) (4.22)

Taod L, Wuainnuemdssdntraaiuauns 4.3 aaiuauinihsudwmsuses

yaaes (Fmsuawenielulasansilio)

. 2kghWEqe~f*a™ ¢ sin(x) sin(z
~j 0 ”: {smﬂ (x) sin(z)

Ey= } cos (&;—esinﬂsinqj) {4.23)

z
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Taon
koh .
X = Tschosfb {4.23a)

Z= ’("Tw cosh (4.23b)

FMFVNIEN b BToouIng (keh « 1) AuM3 4.23 vzanaaiiy

nr o0s8

L avge~tkor { sin(k—ow-cosﬂ) kole . .
Ep ~ —j ———{sind —2———=tcos (—-Z—ﬂnﬂsm@) (4.24)

1AUh V, = hE, HHIEUANAToUSEHI1NT B4

dnsumeoinialylasaasdlussuiy x-y (0 = 90°,0° < ¢ < 90°) wag (270°< 6 <
W .
360°) Whiszunvaut i dmsulussnud aum s M umE N ENEHNTE I INANTS

4.23-4.23b 22AARAYAD

nr cos®

2k WVge Tkom sin(Mcos@) KoLe .
Ep=-— o ko,f cos (Lzm st)) (4.25)

2

1 o b =
sTuLananvasmeatn v lu lasansiszuio x-y (@ = 0°,0° < 180°) uAZAUMS

FIMTUMIURNTEBUDITUILA N AUNT 4.23 - 4.23b ﬂ$ﬁﬂﬂﬁﬁju

£y = siné

—jkor
—j e { ‘ 4.26)

. fkgh . ) . (kow
sm(——2 sin ) stn{—=— coséi)
P koW

koh .
2 Sin S cosB
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(weighing function) Yy 1iiainseivualasade lanufeddu (quasi-Green’s function) (7]
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Ji =low (4.31)
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A=At vk =ko(e, )z (4.33)

tuvouwean 2 3214

k=ky (4.34)
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Ay =pf, Gl j(r")ds’ (4.35)

ST uNTTuaRUAUEISRINIA f, UUTIMIN z =2 D i= 11392
Tumanssdudhy 61 Aenaudilamiauns
(V2 + kDG, ) = —L8(r,r) @ miuvouai | (4.36)
(V2 + ko)Gi(r, 1) = —L6(r,¢)  @WMTUVOUIUAT 2 (4.37)
g LIS d‘ lﬁ' -3 o 1
Tavdueginiou lvvenwafiinzauimiuuaozvetun

. ) B . .
(Woufaumsvl 61 uaz 62 1511¥msutlasdiSos (Fourier Transform) 91naun1s 4.36

~ o ar o s o =1 =2 a W e 3

LOY 4.37 MBUAU x uag y madwsnudaadiTesves G} uay 62 goimualasmistieduld

q o d‘ L) ar H
du llauSeu lvvevwaueadlsznouadanuvo s s sil

El(ky ko, 0) =0 (4.38)
E}(kye ky.d) = EZ(ky Ky, d) . (4.39)
(ke by d) = B (ko kyo d) (4.40)
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4 d o . . = = o [ a d = »
iU HNEU (inverse Fourier transform) 193 61 ey 62 dwmivveuvaladianainoz 1a

Ga(r,r") = [0 [, dhydky[(R2 + 99)Galkn, ky, 2,27) (4.41)

—[(R2ky + P2k,)Gp(ky, Ky, 2,2"|e ke =X )= Jley=¥")
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e~ Jkz1(z—20) _ g=ikz1lz-2!|

Golky ky,2,2) = — . (4.42)
+ 288D (1 cosllens (d - 2)] + jhgasinlkan(d - 2)])
Gy (Ko Ky 7,2) = (Er—l)sin(::;:)cos(knz) @.43)
T, = k,ycos(kpd) + jk,osin(k,d) (4.44)
T = £koacos{l, d) + jk,ysin(k, d) (4.45)
Tuaumsiinandiedu
e e T ol (640
bz = {— j((kkgf_—lfﬁ))lllfz 2 i:tghj\ﬁse (447)

10 k2 = k2 + k2
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Wl 4,78 VSWR {Voltage Standing Wave Raiio)
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DesignFreq. (GHz)

Resonant Freq. (GHz)

S11 (dB)

Zin (Ohm)

VSWR

10

10.01

-30.210

51.092-j1.848

1.064
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Frequency Real(Z, } Img(Z. ) dB(S, )
8.000e+09 1.397 -158.450 -0.044
8.080e+09 0.826 -117.555 -0.044
8.160e+09 0.557 -91.706 -0.044
8.240e+09 0411 -73.584 -0.045
8.320e+09 0.324 -59.936 -0.046
8.400e+09 0.268 -49.170 -0.047
8.480e+09 0.220 -49.168 -0.047
8.560e+09 0.199 -32.452 -0.049
8.640e+09 0.187 -25.631 -0.051
8.720e+09 0.180 -19.439 -0.051
8.800e+09 0.178 -13.680 -0.058
8.880e+09 0.181 -8.203 -0.061
8.960e+09 0.185 -2.880 -0.064
9.040e+09 0.199 2.405 -0.069
9.120e+09 0.219 7.770 -0.074
9.2002+09 0.249 13.338 -0.081
9.280e+09 0.294 19.263 -0.089
9.360+e09 0.265 25.742 -0.089
9.440¢+09 0.488 33.067 -0.118
9.520e+09 0.756 41.686 -0.155
9.600e+09 1.532 52:94 -0.253
9.680e+09 4.269 64.002 -0.561
9.760e+09 2.755 48.753 -0.247
9.840e+09 10.327 126.777 -0.481
9.920e+09 182.496 243704 -1.686
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Frequency Real(z, ) Img(z, ) dB(S,))
10.00e+09 51.092 -1.848 -30.210
10.08e+09 20.398 75.205 -2.170
10.16e+09 19.761 144.252 -0.726
10.22e+09 285.765 897.304 -0.279
10.24e+09 36.942 275.246 -0.403
10.40e+09 145.077 -742.208 -0.219
10.48e+09 17.612 -281.538 -0.186
10.56e+09 6.115 -171.743 -0.167
10.64e+09 3.090 -121.619 -0.155
10.72e+09 1.831 -92.214 -(.145 ]
10.80e+09 1.253 -712.446 -0.140
10.88e+09 0.937 -57.904 -0.139
10.96e+09 0.749 -46.497 -0.140
11.04e+09 0.633 -27.094 -0.142
11.12e+09 0.560 ~29.021 -0.145
11.20e+09 0.514 -21.844 -0.150
11.28e+09 0.489 -15.264 -0.155
11.36e+09 0.479 -9.055 -0.161
11.44e+09 0.475 -3.039 -0.164
11.52e+09 L 074967‘_ 2.953 -0.172
11.60e+09 0.532 9.086 -0.179
11.68e+09 (.586 15.542 -0.186
11.76e+09 (.666 22.547 -0.192
11.84e+09 0.782 30.408 -0.198
11.92¢+09 (.954 39.577 -0.204
12.00e+09 1.22 50.772 -0.209
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