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Abstract

The scattering parameters of a microstrip single line, a right-angle bend and a coupled line are
calculated using the multiport network model for the frequency range from 1 to 18 GHz. The single line is
analyzed using the planar waveguide model. The right-angle bend is broken into two rectangular segments,
and each segment is analyzed in a similar fashion as the single line, Impedance matrices corresponding to
the two segments are combined by the segmentation method. In the analysis of electromagnetic coupling
of the coupled line, a new method is employed resulting in much less computation time than those previous
methods involving Green’s functions, A good agreement between the numerical results for the three
structures and those from SuperCompact reveals the usefulness of the multiport network model in
analyzing complicated microstrip single and coupled line discontinuities,

I.LH 2 grated circuit)oll A a4 4%} 7| (directional cou-

pler), ®7t7](filter), 281 th& H&)r}x) 454

nolAZAEY gdMdg @ AFHIZE g Aol de] ARE-E T gk ol $EARE 7
2 2133 333 2 (monolithic microwave inte- Zov ddxze BA<L(single line discontinu-

* Xy sta WA 7] E 83, 2o 3}l 7 AlE] (Department of Electronic and Electrical Engineering, Microwave Application
Research Center, Pohang University of Science and Technology)

80



Multiport network model & o] 88 sfolaz ~E8] tlald g Aztwle o A2 #4

ity) @ AgAM=29] Bd2(coupled line disconti-
nuity) o] ojE¥ EFgH] it ol BdE ¢
ZEL 329 B & 98 vXEg 1 B4
o] & sjAls]ojo} it} o3l o] E BAL 1
59 AL A oA 7HA] BE o] 7| &oA]

%7 1 A% YL FEE A4 Holr,

2% 7258 dNsledE olejrln £33
47 o] glou B =RdME 239 &%

(2-dimensional component) $] ATl multi-
port network model(1, 2]3% segmentation #8[3,
4,5 6]& o] &&te mlo]aRAEY dYME £ 4
Tz BAEFRE A g

e FAE A E s Blaste] multiport net-
work model W& th-9] 37k4] BE & AL A
th. A= o2 FRSAA By vl &L AL
AIZME adtte Ao, fFEAE AR W
(Finit-Difference Time-Domain Method)[7], 3
249 (Finite Element Method)[8], &3Hx}&
(Finite Difference Method)[9]& o] &3t 5¢
o] gl& rlo]AR2ER FYMRE M= A
A& 2 s|Mo] JhEetAt, EdEFERE
gte Zfole 2717t gl vls) FE3] 242 33}
Ao} mesh7} otz Astslojol & YA 2
712 W AR 7] AXAZES 88 "k Mo-
ment Method[10]& ©] &3l mlo]az~EY A
29 BH&F2E AT A 9o= =4 patch®
el A 2219 A& skXT BE A patch® ¢
oA #Anucl FE3| AL mesh7l A7HE2ZE A
Absojol & sjd o] )7t i ARk 9] Wy
S 3} ¥l multiport network model #H-& 7]
2402 249 279 Aol ALK TRE

¢

X 4o b 2 o oE

2

)43k A 9ol 4tebA| S (scattering parameter)
7b Al2HE port B, EQEo] ERjdte B&, 1
3 coupling®] &&= K-Eoll A gt subport7} Q.
22 Alststazt st 8o A7]7F thE W
H5] 84 Zojed), B4 AL planarlumped &
93} segmentation #H-& o] 83t APH2 ] &
A&z sz g o} &5 & Aol o7

et A= Gupta[11]7F AJA1 & wge] ok 28y
o] W& HlwF Mol BFata 31 AMATE
s3gE ddo] ok AMAl FHL multiport
network model W& o] &3t 2}7]3 (magnetic
wall)ol X 2] F7+9] 247174 F (magnetic current) &
o] g3te] mlolARAEY MR BALG TR gt
radiation[1]& 1 4 ks Holr}, ojgjzre
o]-f-& multiport network model W& mlo]aZ
2EY A2 BAHFZR o9 nlo]aR~EY
# %] kel (microstrip patch antenna) 3j4jolx
de] o] g5 A2, 12].

2 =FoAe o]z AEy dyMz, AP
2, Azl cof tfste] multiport network model
segmentation #H-& &3t FHAFE el
o]& SuperCompact A]E-gold A} v)watn,
Az siMo oM Guptalll]7h A AlgH
Wi el W, &, 2 Al s e B e S
5317 AaiA 2L oS Ao aeln B
e AgAR BEETEY s i multi-
port network model®] &844& A|A| g},

I Mutiport network mode! &4

21708

BE &%e 7t Ay A8 F339] Al v
wste] ¥l 72 FEE3] AR e 2%l
A7 e A719 vwEe FAY ¢ e 9
29 A AH(zero-dimensional component) o] R
2o 2= AFAAHlumped component) 7} Ut &

€ 3 7HA] AALS 9] A7]9) vl wste] F4a]
2 g ey v A T e g A7) vst
o FAE £ e Azd ol 1Y &t
(one-dimensional component )2} R 21 o 7|9
v 7Y% &M (coaxial line), 2EY A=
(stripline), wlo] A2 AE % M2 (microstrip line)
5ol xgE ARe 2E o] HFe] A4
H gl BAE & e 4220 o) & 3349 &3
(three-dimensional component) &1 2 o 7|

81



TREKPEEE B 6 4 3% 19954 9A

o & T3 waveguide) 5°] EE ). vlAto g
€ 3 7HA ALE 3o Al vgte] FAlE ¢
Ao Yz F=742] AL-E 5] Z7]4 Bl 3t
FAE F gle &R olg 23 AAHtwo-
dimensional component), 5-& {W3 Az2}(planar
component) 21 220 o7l = A#rtR|Y ulo]
ARAEY 9 AEYMR Y BAL Fx npo]aR
2Eq # 3] et o] £3E )

Multiport network model WH8-& 2zt A =}9
Aol o] &5 & WHoln, RE nfo]AR2EY A
2 BA&TxE 249 Axolng o] g H &
gto] A ¢ QU B2 139 LA A$x 23}
Y &9 E43F ZA9olEE multiport network
model WS ol &3t AT  Urh. o]gfe]
multiport network model 23191 A-x}e] &) 4{uhy
olm 2 zo] Heko 2 = fielde] Wy} gvin A
shal 7ateizl Ay, A2y, 9%, B9E, B
Y, 8% 29 71239 w9 patchol] B3l ¢
A A 23883, 4, 13, 14, 15, 16]S o] &3}
ol ¥¥dL a-dF4 256 subport®] Yo o
o] patf I} 3, 4, 13, 14, 15, 16]. YA 3
¥ double infinite seriesE T3t e, ol
mutiport network model ol hojx AJzko] 7t
4 ®wol Age FEolth 18y double infinite
seriesZ single seriesE vl o] A WE AALS 3=
b o]l &Ee Ao diEy 7Ed moks 7
patcholl thaf 7aiA 1TH13, 14, 15, 16]. & =%

AMe A T2 AR w9ke] patchel W3t
T2 F3[13]& o] &3

7123 RS Hloju E3e meko] E&y
Z 5 multiport network modelS o] &3te] 343}
12} ZepH segmentation W (3, 4, 5, 613 AF
ato] A3t otk A& F2E sdse 9y
ol segmentation ¥y o] 9ol desegmentation
w[17]0] Qlth

i

82

22 A3 =1l(planar waveguide) 2 0|85t
FEES AL

nlo]A22EF 2leM HE sgRE A9
fringing field W&ol FaZ& A4 ZTro A7k
FEZ 3 A2 B9y =otd 29[18]% o &
4 (1) 2 Jehlojdnh

we(f) = —120mh___ (1)

Zo(f)Ver(S)

A (DAA ke 7188 Eol, Zo(f) & () @
YA R A o] Fpagro] thgh F2Hdispersion) & ¥
Fohe 54 FHdL% REFASOIT B =7
Mol FERAEH EAFYudx9  dispersion
modelell &t 42 Fawd [19, 20]¢] ol &g}

Segmentation ¥ ¢l 7jEsMELe e po)
B33 vlo]a 2 2EY EAL 1XE dMsi

A QAR S TR} Bt ded 2o

L[]

—
 —

B

N

(22 1] MJHel segmentE LISOIE olo|a22
AER AEHE

(Fig. 11 Microstrip mitered bend divided into three
segments



Multiport network model & o| &3k vlo]z 2 228 Tt 2 Zue gl Az ol 94

2 Ve 3o o]5 9] IR L PP AARE A
o] Ak AR wAAE ol 83to HA Tz v
d2 PEg 73 "ok o8 Bo] (28 1)9 vt
olAR A~EY AlEY T (microstrip mitered bend)
€ Tejshal A4E patch A, C, 28l A7y
patch Boll tfg 2319 A2 @ gh4ee) dojd
2 gPe ojn FHA Yormz(13 16] A7kA
patcholl thdh A2 PHa AZRLE A9 BA}
o], B&} CAolol|A] A<, AF #AS o] 83t
A=) JuE 2 PE S 7E 5= et

BAS oA couplinge] EAsHH o]5 4
% segmentation HEE o] &3l Agled @k
Segmentation ¥ ol tf§ £8tRQ A3 S =

Fagd4]el 71eso] Ak

Lo

24 FEHdE M

2.4.1 718704

AFH 2o A M2 olel e fieldo} 95 mA 29|
A 9] fringing fielde B398 co#@ ndax 73§
s, A2 Atolo| ] HzHA A W3 Az
o A9 fringing field= %3] 2 (lumped network)
2A FEEY. FF2 22 dn|ge nlo)a
E2EY AgM29 $m=(even mode), 7|RE
(odd mode) IHE A8 AAlA22AM FHE
Huy o 2RI JFI2 FES segmenta-
tion Mo 2 Adshd AA APz dud
2 g do| i),

242 A= Aolo] AAA A A4S 3 A2
& W

Multiport network model2 ZAFHZE HME
o Gupta[11]& A2 Alo] o] F7te] HzA A A
AAELE 7817] S84 Bryant, Weiss[21] %
£ o] &3tk 28y o] WHL Green F5E o]
f3teg vu3 sMo] H3sin 21 AMAIZEE &
st} whebA] o] Wbl o & multiport network model
& ol &3t AY}HZE A s vnd ge At
AlZME 83t Bk e #dd 2FME &)

A2 multiport network model& o]&3lo 87}
A APHRY EAEE HNE 9 F33 FEo|
o, o7]e] AQEE AR 1A sz
B2 FEE ARSI B =RdAE o)y
HHE /AN 7] 48 olm] )& closed-form©.
2 vet Qe 2= $rE Ve AAE
2[22]9F FEFAE[23]8 o] &5t ATk

243%9% =@ =y

SER-POE uh gAY

w

upgEMY e GHFERAE w

(O2! 2) ojo|3=AER A=z
(Fig. 2] Microstrip coupled line

port 4 port 3
I l | l
n 2n
298 | -1 (B
=u a3
2 2
: AEslzed
3 n+3
2 n+2
1 i+l
[ 1 [T
port | port 2

(38 3) oO|3=2AER =0 thS planar-
lumped model
{Fig. 3] Planar-lumped model for microstrip
coupled line

83



HREEEEEE B 6 4 3% 19954 9A

(2% 2] (29 3)2 mlo|a22EY AFA=R
9} 57}9] planar-lumped 298 Yepdt, & 749
Az olele fieldd} vig 2 A2 (outer edge)oll A
9] fringing fielde F7He] ¥HY =ota 2(18)
2 FHE geld 7 dze FEEL Y Q)=
Uepol Ao}

2 (2)

we(f) =

4 @A we 2o A Zols we(f)E A
A £ wg 7t slelag 22y GAMR 1
Zol}

244 AF3=2 29

(2% 2)9} (¥ 3)0A M2 Atelel A AAZ
T electric field coupling) 2 A #(magnetic
field coupling), W% =Al2](inner edge)ollxe]
fringing fieldx %3] 2 (lumped network) 23
#grt. 33|29 Hejvie (parameter) = mhol2
2AEY APARY SrE JRE AHYAEAY
A9 L7} ol & (¥ )M 949 port i,
n+i o & vjaZole] MAZAF FUHEEE J
FI RN AR 2 222 FEHY, (29
4)2 Jehfojzich. (28 4)9M %} ¢ mholA
2AEY AP R, 7|RE AN HAR
2E FAH 4] (3), (4)2 epfojzic

¢ (o W) @

cp=— cohl = =2 Al (4)

2 (3), (WM wl )} el [(2E 3)9
planar-lumped =X FHY =@ F&E9 &
Z3 FERHAEN, o o= FOIARAEY S
BE, 7IRE ARA|E Lot AlE nliZelE U
2 ul=g

84

€

|

port i l || é
|

port n+i

- ("

| |
/77 777"

(3l 4] o|aZolofl LSt S7tel MAIZE 3|2
(Fig. 4] Equivalent electric field coupling network
of infinitesimal length

T el Mz Aolo] AAATE AF 3| 7oA
AEge A axg FEdnh (28 3)olAM M=
A% % Ao XE 2 3, nt+2, n+38 aelstd o
7o) W3 AAZE sz (29 5)2 FEh
(28 5)91A Lyt Mate npo]a22Ey A4
2ol leuix P RE AN 4 (5)~(8) =
2228 S kL=

Ly~ (Lh—L}) /Ly

ST G-ty Yy )
_ L, Al
M= 1=2Ly /Ly+ (L5 —L%) /L% (Eenry) (6)
W= 272 = wela)™ (Hemws /m) (D
Ly= pih (Henry /m) (8)
we(f)

A (7)oA (L}S nlolaz2Ey Az 9
g gdoln, (o)e AFARAA FHAE 7
712 A3t 7 A AsalE 2ot 2] (8)d
M Ly FEY matd mdR oMo g o)
A e 20|},

(29 3)9 =& porte]l dis) 9o} £ M
A% 7B 28 Tt M2 Alole] ARAAF
S Uee dud2 P88 75 "ol Juy
=iy 2d BEo o PE FFe »E
9] A~ L segmentation L o] &3t



Multiport network model-8- o] &4 vlojaz ~x8] thdd e zzwc o AFdze) &4

Adatd AA AP JHd L gHo| o]

port 2 port n+4

(32! 5] 0[AZo]ol| CHE S712| XHAIEE 32
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