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A Technique for Calculating the Hybrid
Mode Dispersion Characteristics of Microstrip

Lines using a Planar Waveguide Model
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ABSTRACT A planar waveguide model is presented for calculating dispersion characteristics of the normalized
phase velocity aud characteristic impedance with the frequency dependent effective dielectric constant ( eeff(f)) and
effective width (Weff(f)) in microstrip lines of the hybrid mode. ceff(f) and Weff(f) are applied to a planar wave-
guide model by using an empirical relations and formula designed for CAD purposes as a function of frequency. A
wide range of relative dielectric constants and the strip width/substrate height (W/h ratios), 0.55 W/h=2.5 are
used. These results are compared with static value, spectral domain analysis, and empirical results. As the result
of a computer simulation, in the case of using a planar waveguide model, the frequency dependent normalized phase
velocity is more closely approached to 1/ J—e_r and characteristic impedance is more increased than the other method
that has already been presented as the increasing of the frequency. And, the case of applying ceff(f) designed for
the purpose of CAD to this proposed model is show in better result than the case of using a empirical relations.
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H2

SEEE Fikoll KT BBl <8 LRML (HERES] H#e

A comparision between the frequency dependent normalized phase velocities by various methods.

ratio W) =063, W) =127, 0 _ W) =1.905 , p g c |Wm)=3.175 .
hiam =127 V=05 | =1 WAL | -1 LSy )y WALS
f (GHz)
0 o 0 - o 0 © 0 o
o N ui) | P lven|swig | P uye|eaio | P fama e | B joven
2.55]0.718 | 0.698 | 0.626 | 0.709 | 0.691 | 0.626 | 0.638 | 0.682 | 0.626 | 0.687 | 0.673 | 0.626
Hammerstad' s 6 10.498]0.456] 0.408 | 0.488 | 0.450 | 0.403 | 0.477 [ 0.444 | 0.408 | 0.465 | 0.438 | 0.408
ceff 10.2 1 0.390]0.342 | 0.313|0.381 | 0.339 | 0.318 | 0.371 {0.335| 0.313 | 0.361 | 0.331 | 0.313
15.87 | 0.316 | 0.269 | 0.251 | 0.309 | 0.267 | 0.251 | 0.300 | 0.264 | 0.251 | 0.292 | 0.262 | 0.251
, 2.5510.718 | 0.645| 0.626 | 6.709 | 0.640 | 0.626 | 0.698 | 0.645 | 0.626 | 0.687 | 0.637 | 0.626
Itoh & Mittra’
0 6 | 0.498(0.437]0.408 | 0.488 | 0.435 | 0.408 | 0.477 | 0.432 | 0.408 | 0.465 | 0.422 | 0.408
£e
10.2 10.390 | 0.338 | 0.313{ 0.381 { 0.322 [ 0.313 1 0.371 | 0.321 | 0.313 | 0.361 | 0.315 | 0.313
(open M/S)
15.87 0.316 | 0.268 | 0.251 | 0.309 | 0.265 | 0.251 | 0.300 | 0.257 | 0.251 | 0.292 | 0.256 | 0.251
‘ 2.55(0.718 | 0.647 | 0.626 | 0.709 | 0.652 | 0.626 | 0.698 | 0.642 | 0.626 | 0.687 | 0.647 | 0.626
Itoh & Mittra’
) 6 | 0.498 1 0.435 | 0.408 | 0.487 | 0.430 | 0.408 | 0.477 | 0.429 | 0.408 | 0.465 | 0.425 | 0.408
£e
) 10.27 | 0.390 | 0.341 | 0.313 1 0.381 1 0.320 [ 0.313 | 0.371 {0.321 | 0.313 | 0.361 | 0.321 | 0.313
(shield M/S) |
15.85| 0.316 | 0.263 {0.251 | 0.309 | 0.267 | 0.251 {0.300 | 0.257 | 0.251 + 0.292 | 0.251 | 0.251
2,55 0.718 [ 0.672 | 0.626 | 0.709 | 0.660 | 0.626 { 0.698 | 0.652 | 0.626 | 0.687 | 0.643 | 0.626
Planar W/G
] 6 |0.498 |0.440 | 0.408 | 0.488 | 0.430 | 0.408 | 0.477 | 0.424 | 0.408 | 0.465 | 0.418 | 0.408
Getsinger’ s
O 10.270.390 | 0.334 | 0.313 | 0.381 [ 0.327 | 0.313 0.371 1 0.323 | v.313 | 0.361 | 0.319 | 0.312
e
15.85| 0.316 | 0.265 | 0.251 | 0.309 | 0.260 | 0.251 | 0.300 | 0.258 | 0.251 | 0.292 | 0.255 | 0.251
Planar W/G 2.5510.718 | 0.633 | 0.626 | 0.709 | 0.630 | 0.626 | 0.598 | 0.629 | 0.626 | 0.687 | 0.628 | 0.626
Kirschning & 6 | 0.49810.411|0.408 | 0.488 | 0.410 | 0.408 | 0.477 | 0.409 | 0.408 | 0.465 | 0.409 | 0.408
Jansen’ s 10,2 10.390 {0.315|0.313| 0.381 | 0.214 | 0.31310.371 | 0.314 | 0.313 | 0.362 | ¢.313 | 0.313
ceff (f) 15.87 | 0.316 | 0.252 | 0.251 ] 0.309 | 0.252 | 0.251 | 0.300 | 0.251| 0.251 | 0.292 | 0.251 | 0.251

o] EEME LS Jebdlcl, Zen MK
7F MR AR FotAdl whel Kikel HFEEK
H iRl #tpstAl 5« (EHE EEE =
FERo| e,= 19l EHEPol A Kol $2 3
7HA = e},

Y7 ~103 £ 3L vio]AR £EF K2
Bl HFER (er) 0] 2.5504 15.87¢ Azt
£ E 2lo] EEEMEo] 0.635[mm] A 3.175(mm] ¢
Re FHY BB Spectral domain T H S
Fif gt Knorr & Tufekcioglugl Stoiljkovic ¢l
#HRY CADE Hiyo = #its SHEXS FH
3}t Jansen & Kirschning 2| £#£#¢} Planar
Waveguide 29 2 FIfi e Hld CADES HM
22 s GHEA KRMGEAS FIHE R
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B 5 EHFERY PEA =2 i Aol
o] #Mbol srEEtE S HEst Aol o)
A Ko iEE Rl &% 2.55 6,10.2%
15.87% = ~E& o] KMol 0.635[mm] ol A
3.175[mm} & A ol =het ¥ dollie FE
Bl £da 119.8[Q] 3 52.8[0Q] ol 4153.9[0 ]
b 23[D] o2 ztolan = FEE®IT 25[GHz]
odm 185~133[0 ) 7 125.4~62.2[Q] N 4 72.3
~57.8[Q] 3 35.4~26.6[Q] 0% vhepub 2y
BBl el 2A Hhigkel 1e]3 Planar
Waveguide 2.49-% FIF A3 CADE HMye
2 ,&‘nfi\l Jansen & Kirschning?] A% FIFH3
EB L Bt dalolhliss HWHEBERI EEME
alel REEE 25[GHz] ¥ =) 185~138.8[Q] =}
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125.4~68.9[Q ]l 4 73.3~68.5[0] 3k 354~
21.7(Q] 224 FBEEBrot U4 Bt d=id
2Bt 3A #mTE & 5 Uk LeEn HE
EHo| & 15.87°]= EE4Eo! 3.175[mm] 2
558 Planar Waveguide 3¢/ & Fii gt A =t
Jansen & Kirschning®] CAD & Hyo & 3
EH HEAS FIAET S8 Bk et 25[GHz)
odel) 35.4~27.7[Q] 224 Spectral domainf#
Ufﬁﬁf% FIH & Knorr & Tufekcioglu & Sto-
iljkovic 2| K58l 27.1~26.6[Q ] 2 Ao —&FF
4 & 4 b =3 Planar Waveguide B9 &
FIRT B8 e HAEERe| 2H& 2.55 ol
ZE gl o] EEEMC] F2 0.635[mm] a1 BB

CAD & HM2 = #itsl Hammerstad & Jan-

sen®| HHAE FIA KR/ BB M 25[GHz]

wee JANSEN & KIRSCHNING'S Zo(§)

— e HAMMERSTAD & JENSEN’S Zo(f) }5}59225105

. —_ OVENS' Zol4$) MODEL

.——a— OPEN M/S;KNORR & TUFEKCIOGLU‘S F;m USING
t

DLERKXN' S METHOD
DOMINANT MODE)

e SHIELD M/S;STOILJKOVIC'S

RELATIVE DIELECTRIC CONSTANT:Er=2.S5§
SUBSTRRTE HEIGHT:h (mm)=1.27
Zalmn)=12.7 d+h(am)=12,7
(1) STRIP WIDTH:wlam}=, 635
220 (2) SIRIP WIDTH:w(mml=i.2?

(3) STRIP WIDTH:w(mm)=1.905 .
(4) STRIP WIDTH:wimm)=3,105
200 ~

2a lf)
lsq_
160

1400

1204

100

80

60

40 |. -

20 |. -4

1
s 10

i
2
i(GHx}s 20 s

87 BN M YL, =255

Characteristic impedance v.s. frequency, e =2.55,

(1) STRIP WIDTH:w(mm)=, 635
220, (2} SIRIP VIDTH:v(sm)«].2?
(3) STRIP WIDIH:w(mml=].905 1
(4) STRIP VIDTH:v(mm)=3.1705
20 ~
2o ()

A 168.5[02 ]2 24 Owens?] HWERBIER-SF)
A EAe 138.8[0] 3 HE g o F& &
BE Aok

5 Rl =el #tE dald At Emeebs
AL AEEA =& EohES M sl 238
WM fETsly BAERS 24 st
e AR #Ad-S e}

# 4 oll= Planar Waveguide X9 & F|H 3+
A % shebele Mol kg AR 5 RYEE
FyY KR =& LBUE (rHERE S 45 o
sll2 o] SrEARES el ek A gy
of #H T EWHFEELZH Kirschning & Jansen
¢ CADE HMo 2 sl HEA0 il 'K
$Eo] &% 0.635 1.27, 1.905% 3.175[mm) & =}
HABRo] 2,550 4 15.872 A ol =l K

‘)

e JANSEN & KIRSCHNING'S Zo (f)
——e—- HRAMMERSTAD & JENSEN’S Zo (f)
— —— QWENS’ Zo(4)

- OPEN M/S;KNORR & TUFEKCIOGLU'S ]lo!f) Usi

PLANAR
]uaveuuxne
HODEL

NG
GALERKIN'S METHOD

e SHIELD M/S:STBILJKEVIC'S L RER waner

RELATIVE DIELECTRIC CONSTANT:Erm=6
SUBSTRATE HEIGHT:h (mm)=l.2?
20 (mm)=12.7 d+h(am)=12,7

!
20 25
s 1o f(GH:}s~————————'-

88 MEEK YN BHEYIIL, =6

Characteristic impedance v.s. frequency, er= 6.

45

www.dbpia.co.kr



—a— SHIELD M/S:STOILJKGVIC'S

2o (f)

RBAIE @R Li’87- 2 Vol. 12 No. 1

Bt Fdal 1.9383 2.097 4 9.964 2} 11.522
2 A=, = FHEE 25[GHz] d= 2.497 3}
2.53601 A 15.7449F 1584320 = viefvp B 2 4
FEel =tel ZA] #hnsked A A ERA

2 5500 4 15,87 o] fEA S & 4 Aok mal

Owens ¢| EERMGREA ] Bohtg e H& HARER
o] 5% 2.55 6,10.2% 15874  EEEIEo
0.635[mm} A A4 3.175[mm] & A Kol olel jEk e
7F Bl 2.870[mm) o A 6.124[mm] = A =] =,
= BB 8L 25[GHz] $al 2.183[mm] ¢} 1.315

[mm] oll 4 4.101[mm) 2} 3.402[mm] & e}z

A Bl =tel Wbshe ~Ewle] EEEIEQ
0.635[mm] ol 4 3.1750mm) ol 4477 FEREE

Lelal ol gk R B AR R E BHE

of =2 Planar Waveguide =% -2 FIH S (FH
—— JANSEN & KIRSCHNING'S Ze(f)
— HANMERSTAD & JENSEN'S Zo (f) ]v EGUIDE
 __ OWENS' Zo(f) HODE

RKIN* S HETHGD

——.a— OPEN M/S:KNORR & TUFEKCIOGLU'S llo(f) UsI

DUHINF\NT MaDE)

[ RELATIVE GIELECTRIC CONSTANT:Er=10.2
SUBSTRATE HEIGHT:h (mm}=].27

2almm)=12.2 d+hlmm)=12.7

(1) STRIP WIDTH:w(mm)=, 635

220l (2) STIRIP WIDTH:w(mm)=i.2?

- (3) STRIP WIDTH:w!lem)=i.90S

(4) STRIP WIDTH:wlmm)=3.175
200} .
|
180 -
I |
160 ‘]
~

MDF
120}, /

20 ¢.

—
S 1 S
0 f(GHtfl -

a%9 HEm H sl =102

Characteristic impedance v. s. frequency, e = 10. 2.
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b (ZHERES] B8 EBMEol %4 0.635, 1.27,
1.905% 3.175[mm) & = HFERo] 2.55 ol 4
15.87% A Aol wle} BMEBF £4 4 0.718 3t
0.68701 4 0.3163 0.292. 8 ~ed= 3, = FEFK
#k 25[GHz] o= 0.633 3 0.628¢ll 4 0.252 9}
0.251%2 vehf 22 FHEECF #ingdo  =het
w5 BAEkE /6 ¢ 0.6260 4 0.2512 gt
of 7FAF B RS o 4 ek = OHEE J OB
DFEEALDY BEPE]l =& Planar Waveguide

2ol (iR HEE ol Ao BB HEE Ko
%% 2.55 6,10.2% 15.87% o R o)
0.635[mm] ol A 3.175[mm] 2 # 2ol wiel B
7b Eoday 119.8[Q] 2 52.8[Q ]l 4 53.9[Q]

3 23[Q ] 8 zolxlH, = MEEsL 25[GHz)
o) =i 168.5~138.8[021 3} 91.8~68.9[Q] oA

. JANSEN & KIRSCHNING’S Zo($)
o HANPERSTRD & JENSEN'S Ze(f) )'\;;Laeggﬁme
o __ OWENS' Zol(f) MODEL
e OPEN M/S:KNORR & TUFEKCIOGLU'S }z;.m USIN

ALERKIN® S HETﬂUD

ORDER
DOMINANT HODE)
| RELATIVE DIELECTRIC CONSTANT:Er=15.87 ]

e SHIELD M/5:STO.LJKBVIC'S

SUBSTRATE HEIGHT:h (mm)=1.27
2afmm)=12,7 d+h (mm)=12.7
(17 STRIP WIDTH:w(mm)=.635
22 (2) STRIP WIDTH:w(mm)=1,227
(3) STRIP WIDTH:w(mm)=1.890§
(4) STRIP WIDTH:w(mm)=3.17S

200, -l
2o (f) :
130"..
180
- |
140, j
i

120‘r

100, N

t - 1 I !
S 1 15 20 25
° { (GHz) ——————

O30 AN e YsIds, e =15.87

Characteristic impedance v.s. frequency, - =15.87.
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et}

B3 53 Aol KT FBBG HiEdsidse] &

A comparision between the frequency dependent characteristic impedances by various methods.

Py er 2.55 6 10.2 15. 87
GHz)
0 0 0 0
Zo (£) (Q) W (o) (static) 25 (static) 25 (static) 25 (static) 25
0.635 119.8 | 185 83.2 139.4 | 65.1 125.7 | 52.8 125. 4
Jansen & 1.27 89.8 | 129 61. 8 92.7 | 48.3 77 39.1 69. 7
Kirschning’ s 1.905 72.9 96.2 | 49.9 68.2 | 38.9 55.8 | 3L.5 48.6
3.175 53.9 68.5 | 36.7 47.7 | 28.5 38.3 | 23 32.2
0.635 119.8 | 168.5 | 83.2 111.5 | 65.1 85.8 | 52.8 68. 9
Planar W/G
1.27 89.8 | 122.3 | 61.8 80.5 | 48.3 61.9 | 39.1 49.6
Hammerstad &
1.905 72.9 96.7 | 49.9 63.4 | 38.9 48.7 | 31.5 39.1
Jensen’ s
3.175 53.9 68.8 | 36.7 45 28.5 34.5 | 23 27.7
0.635 119.8 | 138.8 | 83.2 109.4 | 65.1 98.6 | 52,8 91.8
Planar W/G 1.27 89.8 | 112.9 | 61.8 88.7 | 48.3 77.3 | 39.1 68. 6
Owens’ 1.905 | 72.9 9.1 | 49.9 73.6 | 38.9 61.9 | 31.5 53.1
3.175 53.9 73.3 | 36.7 531 28.5 42.8 | 23 35.4
0.635 119.8 | 133.4 83.2 94.8 | 65.1 75.3 | 52.8 62.2
Knorr &
. 1.27 89. 8 99.5 | 61.8 69.4 | 48.3 57.1 39.1 45.5
Tufekciogly’
1.905 72.9 79.6 | 49.9 55.8 @ 38.9 | 455]| 315 37.1
(open M/ S) . !
3.175 53.9 58.7 | 36.7 ! 40.9 . 28.5 | 33. 2| 23 26. 6
0.635 119.8 | 133 83.2 95.2 | 65.1 74.5 | 52.8 63.5
S toiljkovic’ 1.27 89. 8 97.6 | 61.8 70.2 | 48.3 56 39.1 45.2
(shield M/S) 1.905 72.9 79.9 | 49.9 56.1 | 38.9 45.5 | 31.5 37.1
3.175 53.9 57.8 1 36.7 40.7 | 28.5 32.5 | 23 27.1
73.3~68.8[Q]3F 354~27.7(Q] 22 el W/hitis 0.5=W/h<2.59 &ifiel MEEH: %
24 FEE el 2A #winsw ol&-g el ol 4 25[GHz]7}=] vhglch, =3F FiH =l #E
Wt T S-S LLE T4 o] 2.550] m Xl ofl 4 fH4%k
A REF ol K& sTHAER ) Bitoll A BB ol 0.00180)aL T-2] v} Axl 250LX  HME
B #hnol =z} IEHME (ZHEE F o] = cbE H &, HEEEo] 6 £0.50a XwiE=ddl 4 i
FHeEe FHRE B 1/ Ve ol 7FA R 4%:430] 0.002¢) Epsilam6, H#AE& | 10,2+
s ftE sl vl Aot A ek MRS 0.250] Xl ol 4] #1454 0] 0.002 o] i &4k
A BRFER BB HWinal =zl B ERIERIE MIC’ s) ol #HHIg o Fol3r2] &

shod fhifoll = Mol HAERA HafshA =2
a2 B el ool =tel Bste]
Riol = AE B0 EEmEA st slvks #
KOO Wal g = gl

A REZD HEEE B LB (RAEREY
FHE ol 2o SEEEES HEs ] Bt

=

%=l Epsilam 10 % H&E ¥ ] 15.873) vkl
— | el Fo| i =},
4. %

EE

oho| 22 AE R RG] stolmels T @IS
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33t Planar Waveguide %.v)-8 FIHI3F %=l
2ol e} SFTEELIR e}

SRR A G Lal'8T~ 2 Vol. 12 No.
H4  Hzbehbvieisiibol {£8F Planar Waveguide %51 2| 7 #dstd:
Dispersion characteristics of a planar waveguide model by the variation of each parameter.
er 255 | 6 10.2 15. 87
f(GHz) "“6‘_' "? 0 0
~h ) (static) 25 {static) 25 (static) 25 (static) 25
Planar W /G — B I T D
0.635 1.938 2.4971 4,025 5.919) 6.566 | 10.104 1 9.964 | 15.744
Kirschning & 1.27 1.990“ 2 .:)1()j 4.1931 5.9501 6.876 | 10. 141 J 10. 497 : 15. 802
Jansen’ s 1905 | 2.033. 2.527) 4.333| 5.965/ 7.133 | 10.159 | 10.913 | 15.823 |
| Eeff (f) 3.175 2,097 2 .536!1 4.538 1 5.980 7.510 1| 10.176 1 11.522 | 15. 843 1
0.635 | 2.870] 2.183) 2.870| 1.798 2.870| 1.528| 2.870 | 1315 |
Owens’ P1.27 3.7810 2. 3.781 ‘ 2.212@ 3.781 | 1.943 | 3.781 i 1. 756 |
Weff(f) (mm) 1.905 4 .602 3.133: 4. 602 | 2.(565% 1.602 | 2.421 , 4,602 1 2.268
375 | 624 41010 6124 3.690 6.124| 3.509| 6.124 | 3.402
P 0.635 | O.TW 0.633 r(). 498 0.4111 0.390 ¢ 0.315| 0.316 | 0.252
‘ ‘ ‘ .
Kompa & Mehran’ E 1.27 ¢+ 0.709 0 .630; 0.488 1 0.410} 0.381| 0.314} 0.309 | 0.252
H 1 i !
vp(f) ‘i 1.905 | 0 .69817 0.629- 0.471 0.409: 0.3711 0.314] 0.300 1} 0.251
| |
2 3.175 0 ,687‘L 0.528'+ 0.465 | 0.409 L0361 0,313 0.292 ) 0.251 )
10.635 1198 1388 [83.2 [109.4 1651 |98.6 |52.8 oL8 |
Owens’ J 1.27 : 39.8 |112.9 l 61.8 i 88.7 | 48.3 77.3 39.1 168.6
Zo(f) () 1.905 i 72.9 96.1 ; 49.9 73.6 38.9 61.9 315 53.1
3.175 | 539 73.3 } 36.7 53.1 28.5 42.8 23 35. 4
M i 0.635 J119.8 16585 i 83.2 111.5 |65.1 858 ~]52.8 68.9
erste X | i i | !
Jamm o (127 88 223 6LB 5483 [6L9 | 301 |49.6
;":f”)“(g) 1 1905 | 729 | 967 (499 Lesa o (487 315 130
. | 3.175 53.9 | 68.8 136.7 P45 28.5 ' 54.5 23 LZ?. 7

ing & Janseno| ##43% CAD& I o® i

GRS K dol EHE #58 = Spectral

ool FEAX HTLASR o2

Pe#oll 4 od & R vhE ek Abeh domain BHT Jiit-s RIS &SR eE 1 iRt
l\ ,’11..‘.5,."3\.} ffiééﬂ} }&m ‘r]:"”u 9] lt’l’ 0 5§VV/}1§ O] 7{9‘ ﬁQ‘L Wm }'Oi LE-&‘F Eefj(f)oﬂg-‘}

'l Kirschning & Jansen®| #% & FRi%s 858
}ORERBEER A S PR BN o 22 BB

A R B i e

2. 50130 JLATRA ] 2,550 4 15,87 2] HilRal
af JH e We o3 oK fREEwe b

b (CHEE = vh Jiikol] ek g5t 1/

Ver 2 kel A2 ddrslad
2) #FFFo] %% 2.55 6, 10.2 7l 15,87 ol 2 £ X K

TOEBRE ] 0.635 [mm] ol 41 3,175 mm] &) i
off 4 KAzt Eel Mol =it 45t dolvlAi
S EOoE Rolalol| thskol LAl Hdkh= &S
}k»:. QIML‘,
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