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This project aims at developing the microstrip-fed slotline antennas and
establishing the required analysis approaches. The research topics
systematically cover the transition from the microstrip line to slotline, the
propagation along the slotline, and the radiation from the tapered slotline
antennas. To the end, the project will start up the researches on slotline in the
local community and exploit its applications in the millimeter wave spectrum.

At first, we propose the equivalent lumped circuit model of the
microstrip-to-slotline transition to get better prediction for transition
characteristics. This transition structure consists of the microstrip discontinuities
and the slotline radial stub. Using the mixed potential integral equation and the
moment method, we can get the input impedance values of the microstrip
discontinuities and the slotline radial stub. Then, the input impedance values are
incorporated into the equivalent circuit model. The ABCD matrix and
S-parameters are derived to obtain the simulation results of single and
back-to-back transitions. In addition, full-wéve analysis is employed to analyze
the whole transition circuit. The good agreement between simulation results and
experimental data justifies the design procedure and validates the present
analysis approach.

Secondly, this project investigates the radiation characteristics of the

tapered slotline antenna. The finite-difference time-domain method will be



applied to solve the electromagnetic field in the three dimensional space and
then from which, extract the characteristics of the antenna such as input
impedance, pattem, polarization, bandwidth, and so on. In the numerical
solution, a novel prism-gridded finite-element method is proposed. A
non-rectangular grid scheme is developed so that we can investigate the
characteristics of the tapered slot antenna in an efficient manner.

We also use Ansoft HFSS to study the characteristics of the linear array
composed of two tapered slotline antennas, including the mutual coupling
effects, the effect of the spacing, and the radiation pattern of the antenna array.

Finally, the sirnulation result is verified by experimental measurement.
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Rl 4 PR HMFRBARILAEEIARIL  RA 2228 TH
FHEFHTHERY PTHALFETREOUMSBMRE v
2.19 JHFF A -

BEE 217 A REEE  FATREARENANH S8 HEH
TRL #% % > ¥ BEHRBRE  TRERWW 219 E4mM7F - LFAAEM
T+ 422 GHz 257 GHz 2 R34 R -1dB - AKE 3.5 GHz - EALA
HP Momentum £ ¥ #8840 DB » A3t ER RE A 0 FHEBME

21



i~ THERIE - 2LX HP Momentum g E = £ FE B ARTH— R
Moo Fob o 42 2GHz BUF & 83REF R 6 GHz I L&) S3A%8 9 Rk -
EEZRANERABE—BBOMEE L THIR B RERK A1
HREEEAGERR T HAL S 9B - RAMHGHRME > £30GHz 2
5.8 GHz A3/ b#-15 dB> MBI HREREAN » FRTHELH HP
Momentum ¢y #E18 F 8 3Fs — 8 MATXREHFFE -

24.4B Aldi
FAMBEHAF —HBELHBYBELHE -GN BAURE LA LB
KRR U P AT SRS AR - AT A A M4
RAGARA-E20FM221 A BAR BB EMOE R TR ZHMN SR
MEe > MRS SRORES R 60" » ME 2.20 FHBGETRKLES
aem}ie =30° -+ B 2.21 RIRO=60" - tLixH 2.20 W 2.21 ' LS
&+ AfH -10dB 693N % 2GHz » Mtk £ A 4GHz» BAAE 221 44k
BEBRARTROBEER -
BM2R2FE2BABARTETRELBIRTTER - £+ 2.22
AUFELRREHABEO=00" AEMBERERG N Ho=60" siE
KaM A Ml 223 Al REFRTRKEE AKO=60" REBBHEES
#3Ea=60" WMEXMAR - 8% TRL REH » FANAFEE 224
Fol 2259 KMER (BRAT) BV ELETH ERMT 2 MEE (XL
A7 77 )$& HP Momentum 2 #4428 #tb 2 B 2.24 3877 4 1.6 GHz £ 6.8 GHz
ZFELHHARN -1dB» AR MAHME 1.58 GHz £ 6.88 GHz ¥
# -10dB; MW 2.25 B ¥ & 43 A 1.63 GHz £ 6 GHz 2 P35 A» -1.3
dB+ ¥ R 4t th $t 8] 4% 1.63 GHz % 5.4 GHz 34/ # —10dB- B A FME 2.23
MBELSBRARFATRAL CRREFBREGTAKE  BRTRT



RIERE > SrAN 222 2 RBERABEAHT - thiRE 222 o8 2.23
REEER 0 TOBRE 223 8 MR R 4R 45 A 8K
o BB T FPTRELS LA NAREBBTITULES - £ EY
FEGMLELLE MU At EERg BB L EHETVEL -
EHEH AR P REBYGRGETRAEEAAR 2.20 Mk TLERED
MRELEFHAREENOER MUB 229 BESBAE R A48T
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Input reactance of microstrip discontinuity, Xm
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Slotline input impedance,Zins

10000 T T T T

BOOO

Re{Zins) —-
Im{Zing) ---
8000

4000 +

2000 !

-2000 luf

~4000 -

-6000 ' . . .
D 2 4 1) B
Frequency{GHz)

B2.11: PAERE S N Z(a=60" )~

34

10



Slotline input impedance,Zins

10000

8000

6000

4000

T

2000

-2000

-4000

Re(Zins) ~—
Im{Zins} —-~--

k

-8000

#2.12 .

2 4

6 8

Frequency(GHz)

AR R Z AR Zins(a=45" ) -

35

10
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B EBEFEA RAEE

3.1 34

B 1966 # Yee & W ¥ R £ 4 % (finite-difference time-domain
method, FDTD)EAR[51]) » A MESZCHRR LA L THMAL -
EEFLAOEEAETEH - =2k & (second order accuracy) » 24 B i H A
$t A (computational complexity Mk - A EE LN BFER R E e » 5
BREMRESGECERAHRBREAFMBALE B2 — -

REFEHRERAGRAMESEREEZHARI -  BTHF =
PR - BREHAGERE RE S ERBERBE S §F P £ & (central
difference) Rt 5 H(51] » Eob B B oEb R TEH &M - Bk
ik & Reh R4 BE#R K 1 45 (staircase approximation) ¢ 4% H 48
4o o #k /& 3% % # (curvilinear coordinate system)[52] - F &8 # 4 & &
(subgridded method)[53] ~ [54] ~ KA R & 3F 9k iE X ¥ # & %! 3 (local
nonorthogonal grid method)[55]% » {2 & i 467 & ¥ % K #& & (unstable) &y &,
- AFHEBEUF « KEAR MG ELL -

MRS AT H ISR E R E &5 (extended FDTD method) f £ 42
1B F AR R 69 TRE A4 FIAR(S6] ~ [57] > sbiiE A MRS A RESER
RBPMAFRF 5y ARNER » T &5 058 F R A K & (finite-element
time-domain method) * #] B Whitney vg & #& 7T & (tetrahedral edge-based
element) RAES X AR @3 - MELRMAT  bERF S EHFHEH -
=T i@+ (flexibility) - £& & H& (stability)Fe 2 H 2 £ (computational efficiency) »

Biw b 0RE R E 5 HEAHRA RAKEFEFDID)TT R E 5 b
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REBEEZHRER  ERXAXBRER LRS- LEHE - vLAEFREE
(late time stability)#v B i & & # (spurious dc solution)e4 P45 » 3 2% =T 1438 54
BRAMREGENGRFTRAFZENRARES  EEBHF S UE
FEERAREHRAE - B EARK RPN EHA KT (me average
technique)[58] » M A B MMM AT AEN R - BRAASHRREY
RSB 0 ) A SR R F 8 (frequency shift)sd 7 X B RS RS -

BHEARESERSHBERAFLIOAE —ANARGEE dKER
M oaMsd  HASPTHMEIRGHET  ELHBREREHAL
WERBRERIUAARIB LG REHARATEHECRAE &
RN ET ) GHERSHOTERENTRERGE L TR
HEFTREEGAN AARRB=ZHTHMEY T ERBEL
(conjugate gradient method) R RARERF A » M H#ERE S 4 KoF
-

HASFHBEAHRR P DM ETR - AR TRREH - i
RERY AL THUREE AKX LRAREERIER - B
B ASH YT | E A 0 R M T RSB A TR T & % (prism
gridded finite-element time-domain method)[59] * £ # % LF= A 5% M
ERELERER Y HE-RIEBR RS TRESLESBRY
MAFRREE  NABRRZIMAGFARERESFZRAE - AREAF
EHBEHBHDDRIY HoMAERF 2R LTRA LU-»2
(LU-decomposition) 4 F 2 4 K #[56] *

32 BMEAFRERALKE

321 ##aE
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*o [ 3.1(@)AT » F K~ EP Ak B FLak(grounded via) g9
Bl ERIIHEEREARZ A4S RME > @ EE SRR B — A8
HEARESEEIEREZ B 310HF - BaBaFE (xy-F
@) LEERERE R ERGRBER RE 2 FHNARGEE
HRAERFRATHTG VR TLE  MUARPR I FERTUAR
RAGHBAREGENHITERR FREPUBRT A EMBKRR—
BT # i AEATR A -

I2REMEA@ELSEGTREY  AROEHE, »Fang

HHARTRL aftGEHE s ERAURFLRGABTFHLE > 4ot
~RAEFRAERPEREZFELIRAGS TS AR e — % BibR
FRMEMNONEZRREBAREHRIGHE -

322 BB REFRAETEZHX

# & A4t (linear) ~ 3 &+ (isotropic) ~ v B4 4T 4% R (source-free) &
B % 0 #k 3 F % # (Faraday’s law)#o{& iE 6 3242 £ 4 (modified Ampere’s
law) i 8 » 7T 2449 22k #) % #2 & (wave equation)

.
V x -I—VXE" +saE=0 (3.1
M o1’

#| A % 9 %4 A 12 35 (variational reaction theory, [60]) » A ¥ z & F L&y -F

iz =kA, b+ EEUBk 6 R B E M (testing field) ES » T 4% 2]

-
j {lexE: v, xép +EE': —?f
*# | (3.2a)

.. 0.1 8 16E
B GV E) - s =0

Jz u oz
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24 VPE%W% E BESHaIE EAES 2 A Ak
EEMY 2 BIBHF@ =+ DA, b EREANKESET - BT

#]

1 E, 1 oE
-V E?-V_ E E? . 2V ET . —E)dS =0 3.2b
.[g{]..l Pz P z+S z arz b p*™z aZ} ( )
EEP o AG2)RAPERAERM TR =kA, LE W z 9845 H
EATRz=(k+HA Foz=(k-PA, FESHTHLHE B#F E2ER1E

O
az" LBERTH z=kA oz =(k+ DA, B HRETF

BEE ey Rk R

e FIEE > HRGIDAF

323 RE&¥
BEGEEN AR R TRUHRCDSBEERTEN - HRNEH z o
F B A$RH H 2 A £ & 3 (node-based interpolation functions) * ¢L3k & 3K *

EWFEAFNGE, TREAFRRK

3
B0 s, = ) ey = MTe), (3.3)

i=1

AEA,®.i=12,3 RAFHAXHZHERER ¢, MEATHB LS
B Ao - Z—Fd ROEH-EANETH

3
E,®),, =D W®e, =) le,), (3.4)
i=l
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# % W,(5) & Whitney ¥y ¥ & $t(edge-based Whitney functions)[61] + ) e,,
AIREREOFEH KoM - B EEEARIHANAN - LEA Ritz # 5 (Ritz
procedure) » B AT MG DRLEREHAF A TH IS NR LS
K o
324 R F RN

& E AR i H oM R4 6 2R Ao WX 8 B {E (discretized) o R
Crank-Nicolson #3% » & A& B e M o HIRR ¥ 253000 3B H(3.2)
K ¥F— AR T3 o0 2| & 4 4 # % (unconditional  stability) 89 £ £
[57] - & THAERAFTEERGFTEALT

(G 1, o =2AG, He, Vi - (G e, 1

—[C Je b, e, };‘_;) (3.5a)
+[D (e, o —2{e, 1, +{e i)

LLB
(G2 e, )™ = 2062 (e, )7, ~[G2 (e, )™
2 2 ] (3.5b)
+[sz ]T ({ep }:+1 _{ep }:}
e
N == ©? 1 = =
G2]= jf,{W}{W}TdS s Lu—r{vp <WHY, xW)'dS  (3.6a)
2 1 17 T
[C. =% f (W}(V 1) dS (3.6b)
A}lr
N
[D,1=x Lp, (W W) ds (3.6¢)
[G:]= j e {M{h}’dﬁ“—zfi{v AV AYdS (3.6d)
zd ™ W " T4 AR, P P .
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&I

T 1/11050&

HEREZ z TR BHBRK -

2% % F +(stability factor) * {e,} #v (e,} 0 LR R TR - @ T

3.25 XM EBE

P ik Fo CRRIST] - [2)AT R A RAKEZR S FRARET AR
BRREHG LR E 3. 1) EBAS] kA FILAE S E AR 3.10)
FITRBBEBANE  BUARAEZEZLIE - N E— B2 HA ol
—# o ARGHXNFHERRTH — Rt Lol is - PR A —RAFHE
FEIR G SEH e T KA L X BR[ST] - (621 E Ry DR S -

A EFME EAHE-REA LU 86 H X 3 H[56] 8 X Bk[57]
FRAAERELBE - 25— BoFr S (time step) L > EER B AL
(backward substitution)#fs &7 ¢34 (forward substitution) R £ 8% + 5 — R A & &
HEFEARPHHERREERGTEL (W%A 100 [56])° R+ MK
[T 2] ARERE St AR MR R MM ERTR - HIMH
—RHE AR ERGHATH A EREN - Ko EREETY
[57165—F » BLT AR KR D # Hedhl -

33 HMALEX

3301 Bl

# & W 3.1(a) A K F 74 s (grounded via) 9B £ F AL
M B AR HEE S RATAREL B33 AMEFATRAR
3 o AR P A K A R T SR PR E R BRG] S P 2 — B
BATHERARSR A BRARSHUERASER - = FAFRM > FA
MBERNARET EMH - B P I ZHMMEE &% (mode matching
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method) EBRE S e BHENHH THRERUS R3] TREBLH
BE—ROBR -

QLB RBEHREARA TR L RABBARES KA EGH I EN
Aibf(overhead) e X HFRE S EHFURTADAA  BRF AW S EIR
AN, 2EMEHR0BE N AIERLENEERDN 55 BRERA T
REN, QAT ERARN=OW]) - £ERAGHES S EHER PN,
AREL s MBMF OO HBEETFRETY ALAFRAFHEEMEY
KioBEEN,, =ON)) - hd 35 AvHERmEAZ M E

Do AARBAFTEEN - RRBE - MEHERBARAHZLBN, A+ B
RFHHERPE > MBELGPEEN, # o B LB FHIERS - L
R REEREIZRRAARAF SO RN MAEIHERRE
K ELH B OWN,)=O0N>) » E i 5 548 + % MR F 55 A 15 F 8938
shit e AR B K AR R -

ENSHERAE WA ENGNH A EAARAF S LAEHRERYHN
& & 52 (pre-processing) » £ & f& -8 8% B 25 (time marching step)_ K AR 4e
TRA -ARAETZHONERT L5 &M/ H 549 % 2 (house keeping
management) * 5 &) 7T % ] #9i& & 1§ f (element integration) - 45 e &) 48 &
(matrix assembly) > AR RZ M BB ERBHLGHAEMeER LU 48 - &
A% LU #BREM—KR > MARANHEZTELNB® N, ' UM ES
B R A S R RN b BT A% - R EHRMB L FRATEESR
ks BTk AR RRM LA EEWR2B-N,, - BA B K
FARANEWN AR EFERAET SRS EE N H B

O@BN,, [N})=O(/N,)=O0(N*) « & 3.1 5| i sbsbfo 465 MR £ 5 ik Ff
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FRE ARG B A DR R BBERI6A]  WBAT A 0 E R 55
A2 0.01524mm » B3 55 AN B 00254 ps - AHB B REBUE R
AEERE  fASERR B RFRE R E DKM @125 #H(bond
wires) & LAFEHAR 5 QI - AR FBHERLE - FTL 30 @E R FR
ARRERTHRATE > AARARENEKT 8 85 2w 8e/ (perfectly
matched layers) « REHR » EEMEE B 5 & 260 X80 % 60 18 4 E[ & #5
HERNFEMLEGS] FORETHL - TEREAKE LR UM mHLE
RMERFRFFRBRT ISR TAARBORM P EEABAN T
A A R —REER

34 &%

AENEHOBENELERERAEL SRR ELRLE N -
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mesh

pre-processing

time marching

FEM overhea

A | Nx X Ny X N:| method |time ; memory || time/steps |memory| time |memc

1.00 [ 110 X 70 X 30| extended | 0.34 G2 43.63/80 6580 {14.42%| 8.51!
FDTD - - 38.13/80 | 6064

0.80 | 138 X 87 X 38| extended | 0.41 112 99.63/100 | 12296 [12.08% 6.59!
FDTD - - 88.89/100 | 11536

0.67 |165 X 105 X 45| extended | 0.63 142 | 196.72/120 | 20544 [10.019%| 5.33¢
FDTD - - 178.82/120 | 19504

0.57 193 X 122 X 53} extended [ 0.78 164 |353.69/140 | 32020 | 9.189% | 4.20¢
FDTD - - 323.94/140 | 30728

0.50 (220 X 140 X 60) extended | 0.92 180 {575.76/160 | 47072 | 7.94% { 3.77¢
FDTD - - 533.42/160 | 45364

31 EBERFEARAEEPEGRFRERESFAGEFARAEL
A E K Eay b - 82 X & IBM RS 6000/3BT # & L #447 » # R4
TN A2 5 % R #de F- 42 7 sp (kbytes) -
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O+ present method
— ——— mode matching method[63]

s ¢ FOTD staircasing to inner boundary[s2]
o -1¢
=z
N 15

-2

-25

-3 54 6 8 10 12 14

frequency{GHz)

B33 BE RARLOMTENS (B3.1) 2F8A8A 2B EEG
BAERATRHELERARCT EHEER2UE - P04y
$EAH23mm: BAMHERLSH06mm A ERAEKESL 08 mm: 4
Th$ 232 KMERS T B 110X70X30 E484#5 (A=0.1 mm A,

=0.167ps) * LR BEALEE -
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$11,521(dB)

25 present method W
—————— measured[65] Y
5 20 25 30 35 40

frequency(GHz)

B35 £ HxS LD TRBEEE (B34) HRAMNRFEREA &
BEMEREERATET AR BRI Z LR - " HREES
25mil» HEHEOS8 -
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f Rush A
BRMART AR RR

4.1 @4

FRAMEIBARGRRASERN LAY  RAEALBREANKTHIS
ShMBAENOAREHEE - HEARE T LR 1979 #F Gilson KFf
A s Vivaldi ARZ B A ERB] AHERZHRBB AW HAEBRKE
BRSNS TEBLOM K ¢ fodfthd LR X S (linearly rapered slot
antenna, LTSA)&y# KA 24 MW - @ B 24 KA R d(constant width
slot antenna, CWSA)RIE X RS ERMNEE N E LB CERMTH L] -

MR X H BEEHRF[0] FXBRABH—ERE ZBAER
B Rz ZRGEERELBHEEERE + BB P47 X s(traveling-wave
antenna)° 4 H4E T > — A& ER A X o7 R &R 0 e B R sk (microstrip antenna) -
RA&EE D S ERERE - @A ARANRERLAEF LR
WEREGH[67] BB Y IR - b2 4 B Eb ol AHB K R
BEEHER2] - ERFREFABESFHAFLERYLBREGHELRE
BrEACRE-EFHMBHEN RLERARH -

wHE ML CHRRBFAXEHF AR R GAEERTH - £
FAANF R E A REME FHEETMG TGS H - BT R R4
$RAT A - AWM B HMNE LR U EERAGEEM - FARKRA GTH
BRUBEMEREBRFRALE MZABESRATRRAPARNSER
ok MR ERANOT AER @R T EOEE - R4 A 8 &0 5FE
ERENRESR  BLL[2]IRFEHESE -



42 B -~HERKEL

FAMRE— MR RS A B 4] 7 P TRERA LR A%
;o REMARPEZ WG - HE 2S5 RT Duroid #k %48 - AH N
THEA 22 BB 0.062 3tvd (b RE R F/ M4 6GHz  12GHz
A 18GHz - a#EF @ HHHB AR FARAUNER PR FELFTIES |
o REABRVEZHEARAFEIARE - FAHREARAKZ ABER
%% 0 kil 4.2(a) » MAAHBHERE 4207 c REARFES I
I 62 B 46 EERAMESE@E  ANHARR & 3 HERAmRE
SR - B EREER S K BZXEOX 24 EHSARESE®E LB
gy @ AR Mu's — B A % 0 R A4 Mur's 1% order
super-absorption boundary condition)[68] 5% ¥¥  # A 3% A4 & 47 3 #7(Gaussian
pulse} A iF 2 AR ER - B AR AR LHETHMABM O BB 430 £318
Hig /4§ 3 ¥ # H(fast Fourier transform)#% P TH 2| R MG E 44 7%
B RETEKARTHEERIANGER  THERESTHS - bR HEH
12GHz #£-10dB F#4A K% & 50% » & — B KHER & -

ARFRBOHFE  EARA LS EHFARA[69] - EslmeEE
RELTHAGHN TG TRATH » HFFEA[69] P ey X Bp T RIFRF
G134 - Hk o F AR LREA 12GHz 454597 F T E-plane 351 ey e
HRdmE 45@QF R + @+ R B4 H R E SEFE AT R
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T ERBTERERBBREFLEREE -
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