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ABSTRACT

This thesis presents a monolithic silicon substrate for active integrated antenna. 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
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¥
dmFuat Tesda Trgiiad (Solid Solubility) veanesfludaneusziimgegalszinu

10”7 azaow/av.aw. saaalluzli 3.4

322 SEAUNGINUVBIBEABNNBIM IUTANDY
denezaeunoifasludineusiinssAUNGaIu deep donor level lavazey
o = o
M11991AUOLINAUTS (Valance Band) 0.35 eV 11aZifia deep acceptor level lanuauniy

(Conduction Band) 84311 0.54 eV 1M UTLAUNGINUV0INBIM IUFAABUNTN1IZAN 9
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=1

[4],[10] nana1dnasui 3.5
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—— e [ ] ® Be
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Nau +
-.--.—1‘-.--.--.--_.——.-—.--.--.--——}52
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v
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517 3.5 lavzunsuszAundanuvessaneuiignuniAsezABNN oI

} o o - d H " o s as ar
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‘ E, -E
Ny = ("00 +n, $ oL ]{] + exp[‘l £ ]} (3.2)
ny kT

L ANUHUMUUYDINDIM
ne  : AMUMU U UYDIBIANATOUADUMTUNINDIA

o : ATUHUUUYBIBIANATOUNAINITUNINDIM

n  AUMUMLUYBIAAUNTHBUNTUEN (Intrinsic carrier density)
E, : szﬁ'uwﬁ'u‘mpﬁ%'wﬂmmm (Acceptor-level of Au)

E, : 'szﬁ'mﬂaﬁi (Fermi level)

] s Cd 4
k - A1R9A2 TuansuuuY (Boltzmann constant)
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O =qu,n+qu,p (3.4)
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3.3.2 MIIAANIMAIUNMIUUAY (sheet resistivity p,)
4 o o o @ 1 cty [ o o ]
Tuaumspsdnininesdamiioue 9 msrzwiuamesn lvzuaasmsuns
L v '
mseu msnezaslhinzgaaeauiu F3A1¥fuNnNga AoTrswesyinsy Tau
vl Insuvesnszud 1 g uazdmiviaussausn 1 4

-
gasiugudmiumsiammsiannudumuuny ffe
p,=F(V/I) (3.5)

Taoa1ves F* ansanezn 1891015199 3.1
0 " v
w3va IS woon Insu Taona leedlunuuiFady vunoanuindy Iwsusie 4 19
=t o 1 ' o [T | o n’: EY '
TunuaaeIny szezvessninavumsuie s Taona ldudduaunudesndi 0.1 S

[ (- ] v ' 9 9
HASYIUNNNINVUNINNTT 20 (MU0 S 1A p, ‘H'ﬂﬂﬂ'lﬂ

p, =453V /1) (3.6)

H ' o ') I's 4 [ 1
M13197 3.1 A1 correction d MU IWSwoun Insy weldiaunuuia

Current probe | Voltage probe Correction factor F* for thin layer
1-4 2-3 (r/mn2)~4.532
1-2 3-4 27(In 4-1In3)~21.84
1-3 2-4 27(In3-1n2)~15.50
2-4 1-3 27(In3-In2)~15.50
3-4 1-2 27(ln4-1n3)~21.84
2-3 1-4 (7/In2)~4.532

" s " { ' vod ' IR o
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ps =228V /1) (3.7
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p = pStF(S) (3.8)
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M15197 3.2 Correction factor ¥84 p 110 ¢ laivioona1 S 10

w/S F(S)
<04 1.0000
0.400 0.9995
0.500 0.9975
0.555 0.9948
0.625 0.9896
0.714 0.9798
0.833 0.9600
1.000 0.9214
1.111 0.8907
1.250 0.8490
1.429 0.7938
1.667 0.7225
2.000 0.6336
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VA, +k’4, =0 (4.1)

& o
Fe9z Idnamavvosauns lugiin T

A, = (4cos(k,x)+ Bysin(k,x)) (Azcos(k X y)+ Bzcos(ky y))

(Ascos(k,z)+ Bjcoslk, z)) (4.2)

10N &, k, 102 k, AOMINUIAYAAY (Wave number) AULMIAY x, y UAT z AIWAIAY A5

y ¥
manyuzvosaumeluaIaiezd sadmuaveuivawe sauiy ez auelivannie

o o o

Ad’n& o o 4 w q"
11«1ﬂ'|'m PIVETUNUTNUANUIAADT 4, AU

e .5
E,=—j—|—5+k* |4, H, =0
WUE | ox
£ sl B 4.3)
¥ wue Oxdy V' u oz
2
E,:-LBA* y 104,
wue oxoz Cou oy
Tavoruidou Ty
E(x'=00<y'<L0<z' <W)
= y(x'=h,0£y'SL,0£z’.<.W)=0
H,(0<x'<h0<y <Lz =0) (4.4)

=H,(0<sx'<h0<y <Lz'=W)=0
H,(0<x'<hy =00<z'<W)

=H, (0<x'<hy =L0<z'<W)=0

ot

Toydnual () 15y ',y 2 enaavidiuaumiman IWfhiegnioluvesladidngsn
Taomsl9eulvwouann E,(v=00< y< L0<z<W)=0 uaz E,(v=ho<y

<L0<z<w)=0 141 B, =0 uaz

k. =

A m=0]2,.. (4.5)
h
ludnvazadiony Weldileulvvevivaiidn H (0<v<ho<y<Lz=0)=0 uaz

H,(0<xX'<h 0<y<Lz'=W)=0 921411 B, =0 uag

b

]
By
>[3

p=012,.. (4.6)
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uazgaiie Tasmsldieulvveuivn #,(0<x<hy=00<2<w)=0 uaz

H,(0SX<hy'=L 0<z<W)=0 914N B, =0 uaz

k =mr

y —h- n= 0,],2,... (47)

U

Tuiigaez W hgduuuvesdndinnmes 4, melumiade
A = Ampcos(ky ¥')eos(k,z') (4.8)

Taoh 4, unuvnavesdulsz@nsluudas map Tua wanelauady i, ky k, 92

AU
k, = (ﬂ} m=0]2,
h
k, =(%} n=012,.. m=n=p#0 (4.9)

Tavi m,np Wuimviinaasinnunie anwen uazanuge ogluuuaunu xy,z

v
auaay uaziisutuswaumives 1/2 vensinil ke ok k, Baaansamideglugy

2 2 2
S £ R G R R

dlA o ad.yp
A3 IvuunYeInInmuua'ldain

S R CIR T N

wismmiuumuses 4, asluaums &, E,,E, %147

k2 —k,?
E, =-j . A,,,,,pcos(kxx’)cos(k yy')cos(kzz‘)
wus

k k : ’ H ! ’
E,=-j a;z: Apppsin(kx )sm(kyy )cos(kzz)

E,=-j koke ,,mpsm(k x)cos( )sm(lc z') (4.12)
wuE

H,= _% Ampcos(kxx')cos(kyy')Sin(kzz')

z

k
H, = 7’” A,,,,,pcos(k,x’) sin (k y y’)cos(kzz‘)



27

oy Tuandnfinads lauunidga ezdemsuanuds Tnmniey Tuadad
a3 Tnidiigases Wi Tuandn dmsvmoemalylnsansUfis s<cz uas
he<w §1 L>w >h Tuadaduanuidiga (Tuandn) fe Tz, Famnnuas Tantld
M0

(4.13)

(.f)OIO ZLJ_ ZLJ_

Tav v, dWunnudweadslueimeig uath 2>w>2/2>n willulua 75,

Taon1auds Touuust ldonaunis

(> Joor = = ,/— oo J— (4.14)

& L>L/2>w>h wlddulua vE, unulue v, Taominnuds o ld

VINTAUNT

(.fr )020 ]ﬂE L\/_ (4 15)

& w>L>h o2 1@ Tuandnidu g, Taomanuds Tsuuud 1dsnauns 4.14 v
l:; -~ o ]
w>w/2>L>h v TuaiaeamioTua 7ML, ofuaums 4.12 msurnszaevesany i
Tunndudamuvoumivvesadadmiviun g, TMY, . TME, uaz TML, Mmudidy
uaanalugin 4.3
ﬂ. L : : - =) dl — =y ﬂdy
1A ldnarunamumivezauud 1 liiinaioannauiunssismuveuvesniin
A L] " n‘: \ = =y 4 dl = s : U
Falildmanuanadiudissmsaund  SsaunmsildsumavesaumSedaiuldnaim
udaneunhildsauns 4.5 dmsuluandn v,
d ¥
wuusiaesnInzuesmemay lulasaasiinilu msladidnaSnniimiaauiy
{ = ' ' - i 2 '
Iifhiauysauvutlaegidmuunazdman dudn 4 St Feegamdszgnia
kY g/ Y [] =1 4 - : o a o Y a [ A s 3
deudmismuiman sawinuiesiiudimailfifamsusnszooniu daiumsez
MIANUNUILLUNIZIE  szdesfamilouimsdananieguammenioldusudnihd iy

laue
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(a) TM%gyo

(c) TM*ppq (d) TM* g

31N 43 TassadwvesauudmsvmoenalyTnsanslpdmaouiiui

¥ = 1 o & P w e A 1Y

inﬂmﬂwqy;]frumuumm (Huygen’s theory) 9¢@ I OUNULNUAIUINDYATU DY
9 " Aa b3 ] @ o acy ]
awanumuiunszud i U, Afduuuvearudni Tasdndlianumuivnszue

y ¥ [ b4

il , egdaldunudnidae udluiifieslinanty) uazidmdions 4 duszuaasld
¥ ' ' v o @ =
Awnnumuiniunszua i U, wazamumuniunszumniman m, duaaaluzili 4.4
(a) Tauh
(4.16)
naz

M, =-hxE, (4.17)

iesninmwemealu Insansuiisnsidiuvesnnugedennuniureudiados #a

n‘: = "y - Y A A [ “ VY U = an v = 0 ﬂ o

Uy J, Megauvueziinmieninniemouny J, fegaman Seauudldd o, dauiugud
' o a A4 o a9 ' d d a 4 a - ¢ A a Y

wazez liinnfia i Idaumwimdniivinavey Fuiann J, Saudugud mieiisnlos
9 ] 9 a a 9 9 & a ] g =t o [ q’: -

nn) A dawaln v, MuTnwdudn sufannauuimaniisduguion sniuszmie

" ¥ ¥ " [
mwiz M, MegamdlassevvesvuiiaesmIamnivi idhugud daaalugii 4.4 o)

913 19Mguiduue (Image Theory) 92 144
M, = 2axE, (4.18)

¥ -

v L) 1w o A A o =
58‘1]L’C'Tu‘ii]'l.f'Nﬂ'lu‘llN‘UENuNuﬂ’JN'IY]I&Nﬂ'SS‘i]’IUﬂﬁuﬂﬂﬂ11ﬁu€l1ﬂ1ﬁ ﬁﬂllﬁﬂ&1uzﬂﬂ 4.4 (c)



29

\\

(@) J;, M, Mwszuadiun

%
7 ///7/7//////

[
r

(b) J, =0, M, fwszured (©) M, Tavhifiszumadaun

l ¥ " v
3N 4.4 anumuiunszuaauyauud i 4 veamwomelu Insaadigd @imdeuiui

¥

TuuwuiraesmidzuesmeoimalylnsandihnlFoumiiousidesinsegdid

v v ' t " ¥
Tagsouns 4 Auvesmdn Tasivoshamailsziludurinsznonauoen’ly udgeaiiea 4
' Aw oMy A 9o ' P ' v @ d ' & ¥
¥o9i 1 ldurnszarendu1dng 4 se9 sziiifivs 2 Yeamniuiannsounnszaenduld dw
Bn 2 Yesnmdvsziiamsindniues lav 2 Fesiinamsindeiunevesiiogriafuii

1 L) ls' ] 4 LIl ar A =
TTOZNN W Audn 2 Fesnaunsaudnsznenau ldszegrinsiuiiuszozma L FaGun 2
' d’l L L] 4 " - ﬂ. ] 1 ¥ L) o o 4 &
¥091191 ¥ourinsE90AAY (Radiating slot) Taviiszndng 2 geailaeiiusudnigyun s
warasdunilouilundensas (Transformer) Minnudumud anwenves £ Yszualdh
Y 4, /2 e A, et nueaauidunludnmane Iimnuvesresinaa 2 &
] ¥ [ [
Arneasaduiy Awenlugli 43 @) vnvesians 2 Adludurnsznendueziga
] L4 J o ' [
wiiowilueusd 2 eanlsznoviiiszozvaninduiiu 2, /2
Vv
= o ad a
awudald wananmoluniadiulue v, oedsznevvesau i uazauw

Llijmﬁﬂ‘ﬂxﬂﬂﬁﬁﬂﬂﬂnﬂ'ﬁ 4.12 !.‘i'.']'u

L
(r
H, = Hosm[z-y’) (4.19)
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Tavhl B, =—jody, W02 H, =(z/uL)Ay, TnssadrevesounInihmoluiaggm
v o = ' A @ o Qs = 2 =1
JoAzIENINeTENULANTENEAIUALITUIUNT IRV LARIRSZUT 4.3 (a) Favziviu
NlaiimanasunlasnaeaginnuenmveuruseINe uAsTmAI AR IILIAIY
1 F
nveurumeIma msnldsunlasveunamuiuannueniiianusuiludmsvme
omaniiguantalumsunnszaeniulunisdumiii (Broadside)
1 4 ] [ n‘: a ' &
mMIrnszNeAINYeWazsoiuszgnavuAlddulaTnawimdn  Falianumun

Ll i = { é
wiunszuendu M, sazmdrldninaums 418 Tasinsanawgil 4.5 Feeziianwmn

] ] n’;’ v ' ] &
niunszuMBimanauyanneata 2 sea Tasudaziesiinnuniie w uazqe 2 Faflvinauas

- o ” & - s [ o 3 &£ a 1 oA

waideaiy dnfuseas 2 dzaeegiiuensduing 2 ssrllsznoudiiundsiuia (Source)
] b4 ¥
nilvnauazmadeain uazeianndudissz: L dnfuuvasiuianaeezurnszey

4 as = ¢ o i £ ' 4
aaulswduludieneusealsd dwaasluglil 46 @ Fadhuwozimsuinszaoady
vousngsoa luszinuanm i (E-plane) daunvugdlussuumnuiman (H-plane) 18

v 3 lugui 4.600)

7N 45 Sesdmivurnsznenduvesmvenaly InsansigUdmauiuduaznsziem]

=]
manauya

ANUnUIURsTUAaNYadIMIUTes 2 Seauudy 9 Tasiudazseaw1n L uazga A
H ¥
uansAszlin 4.7 Aniuanumuiunszuauumidasausziivia@efiuuaiinamans
a g ar = [ " 3 dyd w Y s 1 1
Autun auniudnszae lassesnsaestines ldvindedvauwou q lussuvauius
= ar q’: A - F) a =1 3 ar £ e 9 as A

man aniviiesosiegassiiuiussiimaunnadany 180° deeg lindeduauiudu q lu
£
ar = a1 L] v @
szinvau i dser lduaaslumsiinneiae i msudnszaevesauanmii

Vv -ﬂy IS A = o @ o v = =) ar ul: ' a’: ' ;d = 3 '
2 AMUUIZUAUBUMNNIWBINIUAUNIIDN 2 MUNMae ANiusIIreunaIivasund “509

Aﬂl 1 L
nlusinsusinszay”
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#1, #2, MM

=]

// i ' i

(@ 32U E (b) 55UV H

30 4.6 vy luszunueu tfhuazauusimdndmiuwivlu Tnsan3Useunouay

v
909309

3N 4.7 anumuiunszuauusesii hifimsudnsznentudmsvmeenelu Tnsansy

JUTmdLHuAN

INOMIMIUANIZNBVBITUININUARZTBY s aniusziilunas oS IV
d 4 ' s v ' v o ' cl’d = w
2 oandizney  dadazesndiznougnunudinies aniuseanariivananyuzilyluaw

QANAA uazdINIaMINIsUHNIzIBvesauIn 1 Taverdveusdurames (Armay factor)

s

FIMTVT092 999
1] 1 d‘ 1 1 L]
I9IMIuHNIZIEnaY Msurnszaevesaun Wi luszez lnavinusazsesauise

m ldTasordsnnumuuniunszuaauyasInaums 4.18 musodou1dh

E,~Ey=0 (4.20a)
-jkor . "
E,=-j k,hWE e {sin o sm}E'X ) sngz )} (4.20b)

mr

Tagh
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X= kgh siné cos¢ (4.20¢c)
k, W
Z ==2=cosf (4.20d)

nItinANUgIvesTagyIuseeliantovung (k4 <<1) duMs 4.20b 9ranaunie

kW
—— sin[ ‘;2 cosa)
E, =~j=¢° sind (4.21)
ar cosé

P
Tauh v, = hE,
o A s o o o - o ot = a
MUNERITIveINIsUnAmBIdMTUNsal 2 sendseneuntvinauaziiaifoaiu

THNAUAIWTZOLN L, MURANIUNY y

(4F), = 2cos( "02"" sin 9sin¢J (4.22)

] v
Taoh £, Wlusnnuenise@ninamuaums 4.3 doiuauniwihudmivses

v
nages (dmsvawomd lulasansy) Ao

E - Jkor H 1
Eyj=-j 2k, hWE ¢ {siné’sm(X) Sm(Z)}cos koLe siné sing (4.23)
o X Z 2
Taoh
X = %sin & cosg (4.23a)
Z= Icon cos@ (4.23b)

o = 1

dmFunsain & Ianfeonn q (k,h <<1) aums 4.23 wwanauily

(kW
a5 o sin 5 cosd kL
E; ~—j—2 sin@ cos[ e sin@sinqﬁ] (4.24)
nr cos@ 2

Taui v, = hE, Whunssduanasonssnineses
dmiveneemalulnsansdIuseuin xy (0=90°0°< 4 <90°, uaz 270° <4 <360°)
¥ ]
1i'fluszmuamn'lﬂﬁ1 ﬁmm1u55u1nﬂ ﬁllﬂ'l'iﬁ'lﬂgﬂﬂ'lﬁu'lﬂﬁllﬂﬂTz‘ll'wil'lﬂﬁllﬂ'li 4.23-

4.23b 92AAAUNAD
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(K
e e s | T
By mf e s co{ 22sing (4.25)

r k,
—°_cos
3 ¢

sznuauim anvesmeemeluTasandilfossuny xz (4=0%0°<o<180°)

HAZAUMITIMTUNISUANTZIVVDITUINAINAUMST 4.23 — 4.23b ﬁgﬁﬂﬂﬂlﬂ‘u

h
T sin(% sinB) sin[k"zw cosﬂ)
e jsine— kW
i °—sin@ ——"2 cosd

(4.26)

E‘=

MIUANTENYBITIAILT RIS UT N Neah hifimsurnsznoady anwelse
antwa L, uarAnuge h veudazsesannsont 1d laoldismsdeanusesniinsud
nsznenan Taserdumnui ldnnaums 4.19 anumuumivnszuamimanauyayesseai

TuimMIurnIZEAAUNIIVULNY z AD

e

M, =-2nxE, =a, ZEocos[Liy‘J (4.27)

d' 1 = 1 é L ar ﬂ’l’ @ ' ﬂ'ﬂ
uazlAuana 13 lugin 4.7 daudnseaniisszieeguuszi — ofuvunowRuIfuI0 N

' A o a0 ' '
NTUNATETIUAAU ﬁNmJ’izﬂ’B‘IJ‘II'ENfTu‘u.I"Mﬂ’lizuz1ﬂﬁwllwﬂﬁ$inUE)EJmJﬂﬂULLGIi‘lz‘im

anson ldan
E, = k hL,E e " - sin(X)  cosY (4.282)
¢ Amr X (YP-(zs2¢ '
= jkor 3
E, = W Al cosd sing i 2 soe¥ = (4.28b)
4nr X (¥) -(=/2)
Taen
X= k;h sin@ cosg (4.28¢)
V= k"zL" sind sing (4.28d)

A 3 dy o o & o - s =) )
qu)SEN'I‘NﬂBQNﬂzlﬁuﬂ'lliﬂ'llu'lﬂ 2 oendszney FAUUIARINUUATIN TR TINY

[ o d
911 Nasneanniu Ny z drwszoenie w e ldousouramesiiy

(4F ), =2 jsin[k‘;W cosBJ (4.29)
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ﬁ'mfuﬁmu'lﬂﬂnﬁﬂ“lmzﬂ:"lﬂami‘luwaﬂmmmﬂums 4.28a UnE 4.28b NUBUIH
U MNTANT 4.29

Tuszunuaunnih 0=90°0° <4 <90°1ag 270° < 4 <360°) AU 4.28a Lag 4.28b
veilanfugud u’faamnﬁu‘|uﬁmiﬂszmv'lﬂﬂﬁafhuﬁiawmuﬁazﬁ'mnzqnﬁnﬁnmﬂ
NIz nenIild ooy 9 uaz luanyuzPeddulussunvaunuutivan
(¢ =0°0° <0 <180°) muusmezdinuduguiinsrzhauns 420 hifish dnfuueaasiou
‘ﬁuw'nszmumﬂuv-iazi'awzgnﬁﬂﬁiﬂﬂuﬂmu'ﬁuﬁmzmtmﬂs'méu q mshseeaaeel
annsouinszarenan 181 suumdminldnan1¥udr luneuduuas 1duansnammun

uruvenszua 3lugili 4.7

= ¢ Y o 3
4.3 MIUNZHAWIBIUUA
9/ = w kY @ o o
Tnssaravesme lulas ansduazdagguseswussuuadrandniauysaluaas
[ 3 ] v
Aagiln 4.8 auudld lulasansdgndmuadioniuia S vusey xy Adwmis 2=z dle
2 <d miudilynuFauay (Numerical Solution) vesmweima'lulasansuUi 1953 Tumudi
a 4 yyo [ ) " w 1 d W
1du3S Galarkin #4ldfmuaileidunIns1gIM (Basis Function) tasilafauginimin

v
(weighting function) Ygymitiansofmualasnie lonTuieney (quasi-Green’s function) [7]

4.3.1 awlwnsuanyu
. > T 4 A
Tupszumuvimaninmie iy sunuiudnszoeluveuwai 1 tazvevwah 2 fia
é‘ _—y 4 -y ] o
YUNINNSTUANFINUAD J, DuuHEseImAgnsmua lasaums

H:—]—VXA
7

E=—jod+ V(V-4)

Jjoen

(V2 + 42 )a=-w, (4.30)

nszuaveaunasiuila J, Aeunasduianadn J, uazdenszualihuumeds

luTnsansy Fegnimualay

J, = 1,% (4.31)

dwmsvmedauy lulasansy 51914
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A
wiv TuTasam3y
Ui 2
)
z=d
vinw 1 /
— z=2
E=§g8,
WW,W X
Anbauysel

710 4.8 TnssafrevesmeemaluTnsanduas Taggiuses

¥ = i(wz') 2 (4.32)

A.I a o 1 o o Yt
e w Wunnunhalszinravesmods dmsuiaagusonnd@insdsznm w,
i w = w22 1ile w duanunivesmods Ty TasanTuiitlouquriuaveins

Tuveuahn 1 15MvuannauMms 4.30

A=A sk =kole, )2 (4.33)
Tuvouvan 2 9214

A= 42 sk =k (4.34)

w o o a { o o o o
ﬁﬂﬂljﬂlﬂﬂ‘; A' uaz 42 ﬂ"l'r’l‘.i']Jﬂli’J'Uﬁlﬁﬁ 1 1ag 2 auaauy ﬁ'ﬁll'ﬁﬂllﬁﬂ\iiﬁﬂﬁﬂﬂ

namosne lenuiladiu G! waz G2 muddu awld
A‘(r)=ﬂL54(r.r')-J,(r'hs' (4.35)

INTUNTZUANUHUTIOINA J, VUSSUIL z=2' 11D i=1 N30 2

Tunassiud G} Aemsudilymaums

(V2 +k2 |G r ) =-15(r,r') @MTvvOUWAT 1 (4.36)

(V2 4k Bi(rr)=-T8(rr)  dmivveuwaii 2 4.37)

&4 Vo A - o o '
Tavvuegiuidou lvveuwaimunz andmivudazveuiva
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Weudaumsm G} uaz G2 151 1¥msurlasdiSes (Fourier Transform) Minaunis
- o o o = d =1 =2 °
4.36 uaz 4.37 1ALUNY x uaz y waanimsulaafSesves G} uaz G2 gadmualay

¥ ] v
mstfanu iy lumudeu lvveuwauussdilsenouiidatuvesauiugail

E Nk, k) 0)=0 - (4.38)
E)k, .k, d)= B2 (k. k, d) (4.39)
1 (ke by d)= 2 (K, &, d) (4.40)

o = o ar o -
Andnmesvesnsuilsnsudmivveuwait 1 uaz 2 wldnnmslensuas
=t ar " — — ) o ad -
ﬂﬁu{nnnu (inverse Fourier transform) 84 G} uag G2 dmivveuwam ladanasn 1

]

1 T A aa ’
o7 -L;[dkxdky[(xx+ 75)G, (ks k,,2,2') dih

- (_7’;5,]:5r +yzk, bb (kx N ')]e ~tkelxx) by (v-¥)

Galr.r)=

g kale-) _ jihalz—2]
2j!‘:zl
& sin(k,,z)

% T {kzlcos[kzl (d = 3’)]"' jkzZSin[kzl (d = Z')]}
zl4e

Gk ky,2,2)= -

Gb (kx,ky'z‘zf): (gr - 1)5111(;‘;2 kos(kz[z)

T, = kycos(k.yd)+ jk psin(k,,d)

Ty = ErkzZCOS(kzld)+jkzISin( zld)

luaumsnnanudedu

1/2
k — (‘c“rko2 _klz) ;k.rz Sgrkg (4 42)
zl = .
e j(k,z -—srkg )1/2 ; otherwise
2 22 oy
k. = (e -#?) " Gl (4.43)
- k2 -x2) ;othewise

k) k? =k +k2
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4.4 mgauasluiaggiusesdaneulanesi

qmﬁuﬁﬁmaﬁﬁqmusm'uaqmummmfuﬁniui'lu’i]ﬁ%‘vﬁﬁmmﬁﬁmnﬂuadn?}a
AoRmaNA InosmvesmueIma miniaggiusesiildadaoomenunlylnsaniins
quidy (Loss) luaggiusosnnszdawaliilszanimmlumsuinszaionduvesaivennms
Kovas Anfunmmuiavesiaggmsestufiulssiuniliitzdosinrsanitonumnza
Tuineiiwusii e anmoeimauiuuuy Ty Tasaadiisingg TsuuuedluTua
My TAoms3insziuuuiiasnindeesdisenons 0 TMYBUHUMEBIMMIUIE
Usznouday

o, ilusm o n‘i"mi:1ﬂmmqtyt?ru’lummrinszmu

0, i 0 ifleannanugadelugni

0, s o u‘:"mmﬂmmqq;l?m‘lﬂﬁtﬁnm?ﬂ

Taen g, aunsomldninaives 9,0, uaz g, Aeaums

1 1 1 1

ol 3 (4.44)
QO Qr Qc Qd

o o o a a "
tazamNInRBUANUTUNUSYeS 0, uazlszaninm » 1

QO
= =0 (4.45
T] QI‘ )
P . ’10
Taon 0, =36

3
—-&
8

h
Qc_é-s

1
tan &

Oy =

y 1 @ o [y o

{0 &,,h 10z tan 5 1umineiITaggMI0s, Anmmvesagg e HAZUNUIIUAN Y
({@oveeiangIues MuaRy du 6, Wuanumuvenuani

nmsidsunlaes g, uar g, nisufisuiuanwanudmmi () veaiaggu

a a Qs =1 1y ' Y 9 ' o o d.. o ] 3

309 uaAenagUin 4.9 dunamiu ldiudulAsvesr o, uaz g, Aaruiidumus p, =5x10

[Q-cm] Tavi o, vzilinnudAyile p<p, uazildguauidvesavenadosas uad

o o 4 o o
p>py i linnuguydsiuiaggusesamioras dahlildmeomaniiguauialae

dJ } 4
sawavuau ldae
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10000 . ,
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319N 4.1 ANVTUAUTICHINOUNADUNLAUY ﬁuﬂszfmﬁmiﬁznauﬂammzmmn

Frequency Real(Zin) Img(Zin) dB(S,,)
8.000 e+09 1.397 -158.450 -0.044
8.080 e+09 0.826 -117.555 -0.044
8.160 e+09 0.557 -91.706 -0.044
8.240 +09 0.411 -73.584 -0.045
8.320 e+09 0.324 -59.936 -0.046
8.400 e+09 0.268 -49.170 -0.047
8.480 e+09 0.220 -40.168 -0.047
8.560 e+09 0.199 -32.452 -0.049
8.640 e+09 0.187 -25.631 -0.051
8.720 e+09 0.180 -19.439 -0.054
8.800 e+09 0.178 -13.680 -0.058
8.880 ¢+09 0.181 -8.203 -0.061
8.960 e+09 0.185 -2.880 -0.064
9.040 €+09 0.199 2.405 -0.069
9.120 e+09 0.219 7.770 -0.074
9.20 e+09 0.249 13.338 -0.081
9.280 e+09 0.294 19.263 -0.089
9.360 e+09 0.265 25.742 -0.100
9.440 ¢+09 0.488 33.067 -0.118
9.520 e+09 0.756 41.686 -0.155
9.600 e+09 1.532 52.494 -0.253
9.680 e+09 4.269 64.002 -0.561
9.760 e+09 2.755 48.735 -0.247
9.840 e+09 10.327 126.777 -0.481
9.920 e+09 182.496 243.704 -1.686
10.00 e+09 51.092 -1.848 -33.461
10.08 e+09 20.398 75.205 -2.107
10.16 e+09 19.761 144.252 -0.726
10.24 e+09 36.942 275.346 -0.403
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319N 4.1 (10)

Frequency Real(Zin) Img(Zin) dB(S,))
10.22 e+09 285.765 897.304 -0.279
10.40 e+09 145.077 -742.208 -0.219
10.48 e+09 17.612 -281.538 -0.186
10.56 e+09 6.155 -171.743 -0.167
10.64 e+09 3.090 -121.619 -0.155
10.72 e+09 1.831 -92.214 -0.145
10.80 e+09 1.253 -72.446 -0.140
10.88 e+09 0.937 -57.904 -0.139
10.96 e+09 0.749 -46.497 -0.140
11.04 e+09 0.633 -27.094 -0.142
11.12 e+09 0.560 -29.021 -0.145
11.20 e+09 0.514 -21.844 -0.150
11.28 e+09 0.489 -15.264 -0.155
11.36 e+09 0.479 -9.055 -0.161
11.44 e+09 0.475 -3.039 -0.164
11.52 e+09 0.496 2.953 -0.172
11.60 e+09 0.532 9.086 -0.179
11.68 e+09 0.586 15.542 -0.186
11.76 e+09 0.666 22.547 -0.192
11.84 e+09 0.782 30.408 -0.198
11.92 e+09 0.954 39.577 -0.204
12.00 e+09 1.222 50.772 -0.209

4.7 aql
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5.1.10 D3zUIUMIAeNAN (Resist Removal Process %39 Lift off Process)
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Characteristics of Gold doped Silicon Substrate for
Monolithic Microstrip Patch Antenna

S. Promwong, P. Rawiwan, N. Chinda, U. Sritheeravirojana,
P. Tangtisanon and S. Kawasaki'

Department of Industrial Technology, Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang Chalongkrung Road,
Ladkrabang, Bangkok, Thailand 10520
Email: kpsathap@kmitl.ac.th

"Department of Communications Engineering, Tokai University
1117 Kita-Kaname, Hiratsuka, Kanagawa 259-12 Japan

Abstract

Characteristics of gold doped silicon substrate for a monolithic microstrip patch
antenna (MMPA) are presented. The semiconductor process is used for fabrication. This
process leads to the high resistivity of the substrate which is the desired property for the
antenna substrate. In this paper, analysis and experiment of the antenna are proposed. It is
found that the measured radiation patterns are in good with the computed radiation
patterns. Therefore, the silicon doped gold substrate which has good characteristic can be
used for the small antenna.

Introduction

Telecommunication has become increasingly importance to develop the country,
almost all departments use communication system, such as a personal communication
system, a mobile telephone system and a multi-media system, for convenient. In order to
realize these systems, technologies for multi-function, namely, high performance, small
size, light weight and low cost are requested. An antenna is also importance in the
communication system, therefore the characteristic of the good antenna is required and
the first one which should consider is the suitable and good material.

For developing to high performance structure, circuits and antennas, such as
MMIC (Monolithic Microwave Integrated circuit) and active integrated antenna are
combined together.

In this paper, the characteristic of the gold doped silicon substrate for the
monolithic microstrip patch antenna using the semiconductor process is proposed. Owing
to the high resistivity of the silicon doped gold substrate, the monolithic microstrip patch
antenna used this substrate is high performance and it can be develop to MMIC and
active integrated antenna.
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Configuration and Design

An n-type silicon (111) wafer which resistivity is 100 Q-cm used as a starting
material. Then gold was diffused into the silicon wafer. Diffusion temperature was 1025°
C and diffusion time was 6 hour. Sample structure is shown in fig. 1

v

0.0002 mm

T

Gold electrode—»

0.38 mm Gold doped silicon

3

«—— 25 mm ——-—‘/

Fig.1 Sample Structure.

It is well known that gold atoms doped in to silicon simultaneously form a deep
acceptor level. Figure 2 shows a schematic sketch of energy band diagram when gold is
doped into n-type silicon. Since electrons in the shallow donor level are compensated by
gold acceptor level, the conduction band is decreased so that resistivity of the sample
becomes high by gold diffusion.

n
7&‘%& = £ £ £ £ E EC
0.54eV Np
306000600 ———F
1.12eV N. Au Acceptor
@ 0,0 0000000+
Donor
0 3‘? eV
A

Fig.2 Energy band diagram of gold doped silicon.

As shown in fig. 3, the dimension of the designed microstrip patch antenna with
an operating frequency 10 GHz is demonstrated. The input impedance of the antenna at
the feeding points is 50 Q to match the input and output. The return loss of the
microstrip patch antenna was calculated by the electromagnetic field simulator at 10
GHz.



Ground plane

Substrate Design
g, =118, 0 =4.513x10" (S/m) L1=42920 (mm)

h =0.38 (mm), t=0.2x10> (mm) tg - ;gﬁ? Eﬁ;

L4 =10.0000 (mm)

Characteristics

W1=5.3240 (mm)
f _=10 (GHz) _ W2=0.3061 (mm)
Zin = 50.770 - j0.677 (Q) W3=0.3061 (mm)
' =-39.847 (dB) W4=0.3061 (mm)

W5=2.50895 (mm)

Fig.3 The dimension of the microstrip patch antenna.

The computed S-parameters are shown in Fig. 4.
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Fig.4 The S-parameter characteristics of microstrip patch antenna.

Experiment and results

The monolithic microstrip patch antenna was designed by using the gold doped
silicon substrate, which has the resistivity p =100 Q-cm. When gold is doped into n-
type silicon by using semiconductor process, so that resistivity of the sample becomes
highly change to 10° Q-cm by gold diffusion. The monolithic microstrip patch antenna
has specification as:

Relative permittivity (&, ) = ]11.8
Thickness of the substrate (k) = 0.38 mm
Thickness of the conductor (1) = 0.2x107 mm

Conductivity (o) = 4.513x10” S/m

80



Fig.5. The MMPA on a silicon substrate

An experimental set-up for the measurements of the demonstrated microstrip path
antenna characteristics are shown in fig.5. The measurement was carried out in an
anechoic chamber. The radiated electric field from the fabricated microstrip patch
antenna settled on the turn table was received by the standard gain horn antenna. The
distance between the microstrip patch antenna and the standard gain horn antenna was
about 1.5 m . The received signal was observed using a spectrum analyzer.

= ;
% et
B —
5. 5
%*i%‘ i, E b, ‘
Pl Control
Analyser

Fig.6 The experimental set-up.

As shown in fig. 7, the spectrum of the received signal from the spectrum analyzer
with the center frequency of 10.65 GHz is demonstrated.

As shown in fig.8, the measured E-plane radiation pattern and the calculated
pattern of the microstrip patch antenna were compared. The dot line shows the measured
value and the solid line shows the computed value.

As shown in fig.9, the measured H-plane radiation pattern and the calculated
pattern of the microstrip patch antenna were compared. The dot line shows the measured
value and the solid line shows the computed value.
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Fig.7 Observed spectrum of the MMPA on a silicon substrate.
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Fig.8 The E-plane radiation pattern of the MMPA
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Fig.9 The H-plane radiation pattern of the MMPA
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ABSTRACT

In this paper, an active integrated antenna consisting of a parallel feedback FET oscillator and a patch
antenna is reported. In this case, the patch antenna as a resonator was incorporated into oscillator feedback
loop to enhance stability of an operation frequency, namely for the high Q status. Two slot apertures were
embedded in the bottom of the patch resonator and electromagnetically coupled with microstrip feed lines.
An observed spectrum and an antenna pattern were also shown and discussed in the text.

Introduction

In the microwave and millimeter-wave engineerimg, a personal communication system and a multi-media
system are growing interest. In order to realize these systems, technologies for multi-function, high
performance, small size, light weight and low cost are requested. Among many technologies, the quasi-
optical technique is one of the most suitable technologies for coping with these requirements.

Essentially, the quasi-optical and active integrated antenna techniques are demonstrated for high power
generation by power combining from solid state devices which only have small capability of generation of
millimeter-waves[1]. Recent research works seem to be focused on this topic on behalf of military-use
oriented application. However, for civil-use oriented applications such as an indoor wireless LAN system
and an automobile collision avoidance radar[2], relatively medium output power is requested. Due to the
advantage of the active integrated antenna[3], the small-sized and light-weighted system with the medium
power can be realized with low cost. In addition, from the view point of the executive application, the quasi-
optical and active integrated antenna techniques are strongly required to realize a beam control and high
stability of operation[4].

For the beam control, adjacent oscillator circuits in the array should be desired in the condition of constant
phase progress. In order to obtain this situation, the external control signal is inserted into the array circuit
as with a simple configuration as possible. When the parallel feedback type oscillator in the active
integrated antenna with appropriate injection mechanism is used, the control signals can be inserted without
a complex circuit topology.

In this paper, an active integrated antenna with a patch radiator resonator in the oscillator parallel feedback
loop is described in the stacked fashion. The oscillator feedback loop is coupled through two slot apertures
with the patch antenna, and has the adequate circuit pattern to incorporate a coupler for the injection signal
from the external source. The design method and experimental results are discussed in the text.

Configuration and Design

The structure of the active integrated antenna demonstrated here are shown in Fig. 1. [t consists of the
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circuit part, the coupling slot part and the antenna part. The parallel feedback loop of the oscillator couples
with the patch antenna through the two slot apertures. Therefore from the other view point, the patch
antenna improves the stability of the oscillation frequency and radiates the RF power into the free space, due
to the nature of a resonator with radiation loss.

The equivalent circuit of this structure is shown in Fig. 2. The demonstrated active integrated antenna is
constructed by the parallel feedback type oscillator across the patch antenna in the oscillator loop. The
patch antenna is equivalent to the L-C parallel resonator circuit with the radiation loss, Rrad. Therefore, it
works two functions of the stabilizer for the oscillation frequency and the radiator.

In order to design the active integrated antenna with the parallel feedback, the design procedure was divided
into two steps, the antenna design and the oscillator design. At first, the patch antenna was designed with an
operating frequency of 10 GHz, and as a part of the parallel feedback type active integrated antenna with
two feed points. The input impedance of the antenna at the feeding points should be 50 Q to match the
input and the output of the FET parallel feedback oscillator and-the transmission coefficient between the
two feeding points via the patch antenna should be settled with the value in which the oscillation is started.
In Fig. 3, the dimension of the designed patch antenna is indicated. The return loss of the patch antenna
was calculated by the electromagnetic field simulator with 9 dB at 10 GHz. Therefore, the matching network
for the 50 €2 load was added in the antenna feed circuit. The computed S-parameters are shown in Fig. 4.

As the second step, using the S-parameters of the antenna part, the oscillator design was carried out. The
electrical length of the feedback loop included the length between the two feeds of the patch antenna was

settled to the nlg(n is integer). In order to start up the oscillation, the small signal operation was

investigated. The amplifude and the phase characteristics of the ideal directional coupler at the reference
point are shown in Fig-Z -From Fig. 5, it is found that the amplitude is more than 0 dBm at 10 GHz and the
phase is zero at 10 GHz. Therefore, including the result from the step one of the antenna and feed line
configuration, investigated the parallel feedback type active integrated antenna can operate at 10 GHz.

Experiment and Consideration

According to the design concept described above, the active integrated antenna with the parallel feedback
was fabricated. The substrate used was a glass crossed Teflon substrate (ARLON Inc. DICLADSS0-
0303317) with the relative permittivity of 2.17 and the substrate thickness of 0.762 mm. The FET used was
a package-type low-noise HEMT (MITSUBISHI MGF4314D).

The photographs of the fabricated active integrated antenna are shown Fig. 6. In Fig. 6, (a) is the oscillation
circuit part, (b) indicates the coupling slot part which is reverse side of the circuit part, and (c) shows the
antenna part of the patch. The reverse side of the antenna part has no conductor because the conductor
embedding the two slot in the circuit part works as the commen ground plane of the patch antenna. As one
of good features, the common ground plane separates the unnecessary radiation of the circuit part from the
radiation of the aritenna part. The substrates of the circuit and t}lat of the patch were stacked by the glue as
shown in Fig. 6(d).

An experimental set-up for the measurements of the demonstrated active integrated antenna characteristics
are shown in Fig. 7. The measurement was carried out in a anechoic chamber. The radiated electric field
from the fabricated active integrated antenna settled on the turn table was received by the standard gain
horn antenna. The distance between the active integrated antennp and the standard gain horn antenna was
about 1.6 m. The received signal was observed using a spectrum anafyzer.

The fabricated active integrated antenna operated at 9.5 GHz with the gate-source voltage (Vgs) of -0.15 V
and the drain-source voltage (Vds) of 2.0 V and the drain current (Ids) of 10 mA. The receiving power
from the active integrated antenna was -35 dBm including the cable loss. The causes of the low receiving
power may be due .to the unexpected radiation from the circuit and the coupling loss at the two slot
apertures. It is believed that the receiving power of the parallel feedback antenna can increase due to solve
these problems.

In Fig. 8, the spectrum of the receiving signal from the spectrum analyzer with the center frequency of

9.498 GHz and the frequency span of 10 MHz was shown. It seems that the stability for driving is good
because of the phase noise decrease by the resonator function of the patch with the quality factor Q of 170
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at 10 GHz. The maximum tuning range of the operation frequency was -10 MHz by the gate bias tuning
with the Vds of 3.5 V. Therefore, it is believed that the patch antenna works as the frequency stabilizer for
the active integrated antenna with the patch resonator in the parallel feedback loop.

As shown in Fig. 9, the measured E-plane radiation pattern and the calculated pattern of the active
integrated antenna were compared. The plots indicate the measured value and the solid line shows the
computed value. From its observation, the measured pattern didn't good agree with the calculated pattern
from a typical patch antenna. Because of the radiation power from the patch antenna didn't separate from
the unnecessary radiation power from the circuit by the common ground plane. In order to avoid this
problem the common ground plane should be larger than the present structure.

Conclusion

In this paper, the design method and the experimental results of the active integrated antenna with the
radiating patch resonator in the parallel feedback loop was demonstrated. The design was carried out using
both electromagnetic simulator and circuit simulator. The fabricated active integrated antenna operated at
9.5 GHz and its measured receiving was -35 dBm. The measured radiation pattern from the active
integrated antenna showed good agreement with the computed antenna pattern. It is believed that the active
integrated antenna demonstrated here is used to realize the small sized active integrated antenna array.
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