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ABSTI?4CT

The spectral domam analysis IS applied to study the propagation characteristics of

grounded slotlines and edge coupled mlcrostrip lines on biaxial substrata The

formulation derives an expression for the Green’s function which IS vabd for substrates

Simultaneously specified by both thew permittivity and permeability tensors The

behawor of the normalized wavelength, index of refraction, and propagabon constant

are exammed m detail with respect to different tine width / substrate thickness ratios as

well as the material parameters Some of tha numerically calculated data describing

propagabon characferlsbcs of these structures are presented here tor the f!rst time,

1.INTRODUCTION

W!th recent development of MIC and MMIC tachnologles, the concapt of designing

components u$mg anlsotropw matarials seems to attract the attention of many c!rcult

designers. In order to accurately construct these components, dispersive properties of

the transm!ss!on Ihnea must be known, othenwse extensive tuning may be required et

a later time to achieve des!red performance, The solubon to vanoua transmission hne

structures on some amsotrop[c substrates are well documented [1.6], however, the

major effort has been devoted toward structures on unlaxlal substrates only Up until

now, there seems to be no data ava!lable on propagation characteristics for cases

Involvjng grounded slothnes and edge couplad Ihnes on biax!al substrates In this

paper, an analysls based on the spectral domain method is apphed to examme the

propagation propemes of these two structures. The problem is generalized so that

both dlelectnc and magnebc anisotropy are included In the formukaon. The Green’s

functtons for both structures are derived through the transformed wave equabons

which reduce to a set of fourth order uncoupled d]fferenbal equations, An algorlthm

based on Galerkln’s method is then developed and used to compute the propagation

constant, index of refraction, and normalized wavelength Using the newly developed

expression for the Green’s function, the propagation constant of a hne on the umaxm

substrate, which IS treated as a spec!al case of its biaxial counterpart, is computed and

compared to the exlabng data. The comparison shows an excellent agreement

throughout the chosen frequency range, The disperswe properties of the grounded

slotllnes and edge coupled mlcrostr!p ines on biaxial substrate are then exammed in

detalL Numerous cases are treated with respect to different geometrical and medium

parameter, with data tabulated for frequencies up to 400 GHz. In addition, an

example IS gwen to Illustrate the amsotroplc effect on the lndax of refraction when

grounded slothnes are printed on a substrate for which both [E] and [K] tensors are

simultaneously specl fled.

II THEORY

Consider the geometry of Fig. (1) which MMrates the cross secbon of the grounded

slothma and edga coupled microatnps. The metal strips are taken to be perfectly

Gonductmg and Intimtely thin. The substrate wnh th,ckness hl m lossless, and I.

generally characterized by Its biaxial permmlvlty and permaablhty tensors,
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with

%x = Wsinz(e) + etms2(e) , tyy = e2ms2 (e) + qsmz (e)

~=g w=eYx=(e2. q)sm(e)mz(e) (lb)

where co andpo are tha free-space permlttiv!ty and permeability, respectively The

angle O!stherOtatlon angle of theprinclple .sxeswlth respect tothecoQrd,”ate axe~Of

the structure For s!mphclty, this analysis WIII only cons!der two specm cases of

rotabon One E when eequalsto 00 and the otherls when e equals to 900 Under

these condtions, the exy and eyx alements are zero.

Thevector wave equations forthecomponents of theelectrlc and magnebcftelds

w!thm the biaxial substrates can be wdtten m the(r compact forms as,

where [e] and [k] are previously defined In equation (1) and ~ IS the free-space wave

number,

When the Fourier transform of any f!eld component IS defined as

W2
.
.qx,a) . j O(W) ew dy (3)

.b2

with a being the discrete Fourier transform vatiable, equations (2a,b) reduce to a set

of fourth order uncoupled dlfferenbal equabons and written as,

~1 =t@(.7zL4y+9yLlzz) 132(Q21EXX. L172/L?.x) Uz(llfllpn + CWICM) (’W

X2 = { (K++y&z Pen{% -a2P~/&xxI(k2Pzz,~-Pwz/Pxx Q%yyl%)

- (@12( ll@t.x ~fem)(tiwe. -%/%) ) (43)

so that Xl and XP are the transformed coefficients which are dependent on tensor

elements as well The general solubons to equations (4a,b) are sinusoidal forms

which represent the standing waves m regtons t and 2. By applying tha appropriate

boundary condmons at the interface x = hl . a set of matrix equatmns can be formed,

y!eldlng the expression for the admittance Green, s functmn given below

(%I
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with system matrix elements dehned by

Here, B IS the propagation constant In the z dlrectron, ~i a ,Ytb and y2 are

propagation constants In the x dlrectlon wlthm reg[on 1 and 2, respectively The

remalmng constants appearing above, 51 to Cl ~, can be written m terms of Xl and XZ

The spectral domain method for computing the propagation constant IS outllned In

the followlng sections for the grounded slot!me and the edge coupled mlcrostnp Ihne

An application of the Galerk(n method In the Fourier domain along wdh Parseval’s

theorem [7-8] to aquatlon (5a), allows for a set of algebr.ac equations to be derived m

the follow!ng form,

M N

z Km(~l) M + ~ Km(f2) M = 0 I = 1,2,3, N (s3)

m .1 m=l

M N

z Km(271~ + ~ K,M(22) % = 0 [m]

m .1 m=i

I .1,2,3, M

wherein the matrix elements are

.N?u
K~l,l) = X % f.) Yw(.P) %(0 (7.)

..1

.
..,-J

K# 2) . X EY(n)YX (n,P)Edn) (n)

n=l

KI&l) . X & (n)~q(n,p) ~(n) (7C)

.=<

.
.-ON

KIT(22) . S Es(n) Y=(.,P) %(. ) (74

“.1

the transverse and the Iongludlnal components of the electric field across the slot’EY

and Ez can be expanded in terms of the known basin functions, so that numerical

solubon of simultaneous equation (6) provides the propagation constant 13,which IS

obtained by setbng the determinant of the coefficient matrix equal to zero and

searching for the root of the resulting secular equation

The procedur’a used to solve for p In the case of the coupled miCrOStrlp Ihne IS

similar to the one applied to the grounded slotllne, except here, we deal with the

Impedance Green’s functmn and the current basis functions on the metal strips The

matrtx elements In this case are given by

. ..?.4

Km(l 1 . X b(n) ZZ (n,p)J~(n) (sa)

n=l

. -.-
K~22) = Z +(.) ZWM Jyn(.) (M)

..1

with the Indlwdual Impedance elements related to thefr admittance counterparts

presented jn equation (5)

Notice that this structure IS capable of suppotilng both even and odd modes,
-.

accordingly, apprOpr!ate chOices fOr a, Jz, and JY must be chOsen during the

computation of the propagation constant

Ill. RESULTS

To verify the theory and Its spectral domain [mplementatlon, the dispersive

characteristics of the grounded slotllne and edge coupled mictrostrip lhne on a unlaxlal

substrate, which IS treated as a special case of blaxlal substrate, are computed and

compared to the exlstlng data For the grounded slotl(ne, sapphire IS used as the

substrate material, whereas for the edge coupled microstrlp, boron ntttide is used

instead. Fig. 2a shows the effecttve dlelectrlc constant computed against k., while

Flg 2b shows the responses of normakzed ps versus frequency Plotted also along

with our data are the results reproduced from references [4-5], and excellent

agreement IS observed

The effects of amsotropy on b[axlal substrates are studjed w!th respect to different

parameters. The selected substrates are the glass cloth and PTFE cloth In the first

case, the materm parameters are SI = 624, EZ = 664, &3 = 556, and YW = vyy = LZZ

. 10 respectively, and m the second case they are CI = 245, E2 = 289, and C3 =

295, and Vxx = Yyy = vzz = f O Flg 3 shows the frequency response of the effective

dielectric constant of the grounded slotllne on glass cloth under 00 and 900 rotation of

the permlttlv[ty tensor As the frequency moves mto the higher bands, seff Increases

correspondingly The effective d!electrlc constant is also seen to increase as 9 rotates

from 0° to 900 Next, using the same physical dimensions of the structure, the

propagabon characteristics of the grounded slotl!ne on anothar blaxlal substrate,

namely PTFE cloth, are computed and tabulated m table 1, The propagation constant,

normalized wavelength, and the effectlva dielectric constant are documented for

ddterent frequencies, and all of them apart from kg are tending towards higher WJues

The dlsperswe properoes of the edge coupled m!crostrlp Ihnes on glass cloth ara

calculated and shown m Flg 4 Here, both aven and odd modas are considered The

data Indicated that the dielectric constant of the even mode IS generally hlghar than

that belonglng to the odd mode, This same bahavlor is normally observed [n Kotroplc

substrates. Tha characterlst!c parameters p, kg, and &eff of the edge cOupled Ihne as

function of the Ime spacing and the strip width are also examined with results

tabulated In tables 2,3,4,5 for both even and odd modes, wherein both angles of

rotatton for [e] are also considered Tabla 6 shows the tabulated data with the

dlsperswa propefiies of the coupled m!crostrip fne on PTFE cloth Here again, results

are calculated for frequencies up to 400 GHz

To Illustrate how [v] elements would change the affective index of refraction,

numerical results for the grounded slotlme on a substrate that characterized by both Its

blaxlal [e] and [v] are also presented, Curves A, B, and C of Fig 5 are computed when

all elements In [L] are one for dzfferent values of the permlttlwty tensor. Then by

chang!ng the material from magnetically Iaotropfc to blaxlal, effectively increases the

index of refraction Curve D IS for Vxx = 1 0, and PYY = YZZ = f 2 and cu~e E
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corresponds to ~xx = 1.0, pyy = 1 2, and YZz=l .97. At lower frequencies, there IS

almost no difference in the effective index of refraction, however, as frequencies move

into millimeter-wave range, the separation between tha two cases becomes apparent.

IV. CONCLUSION

The spectral domain method appliad to study tha dispersive properties of the

grounded slotline and the edge coupled microstrip on biaxial substrates is presented.

The newly derived Graan’s function takng into account of both [el and [~] tensors is

written explicitly In its closed form. Propagation characteristics are examined when

thesa tines are printed on biaxial substrates, such as the glass cloth and the PTFE

cloth. Numerical data ara tabulated with respact to dlffarent parameters for

frequencies up to 40.0 GHz for both 00 and 900 rotation of the permittivity tensor,

Also, the variation in the Index of refraction is axamined when the substrate is

characterized simultaneously by both its permittivity and permeability tensors.

Numerous examples are presentad in graphical and tabular forms describing

propagation characteristics of two important structures commonly found in practice.
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h! = 0.1 mm, hz = 04 mm, and WI .0.1 mm (b) edge coupled m,coxtnp 18..

ontamn nlmdew,th b.8.5 mm, h, .1,5 mm, h2.30 mm, w .1.5 mm, and

s. 3,0 mm, .................... . Data CCmputedby lhls rmmod. ● ■ ■ ■

D&a reproduced from references [4.51.
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Fio, 3 Effwo.e Wwt.c comtant versus frequency of gro.ndea slotlme on glaw

cloth wth e, . 6,24, e2. 6 64,.2. 5.E3, and !!. ,. Yyy. u., = 1 0. The

physcal drnension$ are b. 3,565 mm, hq = O254 mm, hz = 3301 mm, md

w, . 0.25d mm,
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Chacacteml,c, of COuP1ed1,”. on glass clo!h “,,s., s w,!h b .700 mm,

Chamcter,s!,cs of gm.nded s!o!l,ne.. PTFE cloth versus frequency and 8

WhD=3555mm,h, =0254 mm, hp =3301 mm, andw, =0254mm
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hl=Q.5mm. hz=30mm. w= O.5mm s=15mm, and@.0°
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F,g. 4 Efkmve o%leztnc constant versus frequency of edge cou91ed m$crosmp (Ine

o“ glass cloth w,th ,1= 624, ,2 = 6.64, S3 .5.56, and Pxx = Uyy = Xz =1 0.

The @lys,cal d,mem,o”, 8,, b = 7.0 mm, h, = 05 mm, h2 = 30 nl,ll, w.05

mm, and s= 1 5 mm.
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fig. 5, Effeclive $ndexof mfraaion .w.$u$ frequency of grounded SIot!meWh

b.lOmm, hf.O1mm, h2. o.4mm, andwj .Olmm

(A) exx. ~y. c.,. 9.2 and w., = VW = IIZZ= 10.

(B) exx.9.2, ~=e,z.10 .1, and!%.P~=kz=l O

[C] Exx=92, qy =136. CZ=IO.l. W$!4xx=Fyy=Pzz=~o.

IDI Exx=92, ~.lO.l, ezz=ll.6. wxx=l .0, a.d F~=vzz =12.

(E) exx.9.2, ~. Io.T, ezz. 11.6, !JXX.I .0, VW. 12, .ndi%z. 1 9?.
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