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Suspended Slot Line Using Double Layer Dielectric

RAINEE SIMONS, MEMBER, IEEE

A bstract—lhis paper presents a rigorous analysis of a) slot line on a

double layer dielectric substrate, and b) slot line sandwiched between two

dielectric substrates. The structure is assumed to be suspended inside a

conducting enclosure of arbitrary dimensions. The dielectric substrates are

assumed to be isotropic and homogeneous and are of arbitrary thickness

and relative permittivity. The conducting enclosure and the zero thickness

metallization on the substrate, are assumed to have infinite conductivity.

The effect of shielding on the dispersion, characteristic impedance, and the

effective dielectric constant are illustrated. These results should find appli-

cation in the design and fabrication of MIC components and subsystems.

I. INTRODUCTION

Slot line on a dielectric substrate is a very useful transmission

line for microwave and millimeter-wave integrated circuit appli-

cations [1 ]–[3]. Recently, two new slot line structures have been

proposed; namely, slot line on a double layer dielectric substrate

[4] and the sandwich slot line [5], [6]. These structures are a

modification of the regular slot line originally proposed by Cohn

[7]. In regular slot line a narrow slot is etched out in the

conductive coating on one side of a dielectric substrate; the other

side of the substrate being bare.

In the slot line on a double layer dielectric substrate, shown in

Fig. 1, the regular slot line is modified by introducing an addi-

tional dielectric layer (region 2) between the conductive coating

and the substrate (region 3). By choosing the dielectric constant

of region 3 larger than that of region 2, one can divert the

electromagnetic energy flow away from the conductive coating

[4]. Hence in this structure the loss due to the conductor can be

reduced, and, at the same time, the conductive coating provides a

heat sink and is convenient for dc biasing in solid-state device

application [4]. The double layer slot line when compared with

the regular slot line with identical slot width has a larger char-

acteristic impedance. The sandwich slot line, shown in Fig. 2,

with top dielectric layer of low permittivity is also useful at

millimeter-wave frequencies. However, it has a slightly higher

value of effective dielectric constant when compared with the

double layer slot line with same permittivities. The sandwiched

slot line when compared with the regular slot line with identical

relative permittivities offers the advantages of shorter wavelength

and greater confinement of the electromagnetic fields within the

dielectric.

The slot line on a double layer dielectric substrate in the

unshielded form was first analyzed by Samardzij a and Itoh [4].
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Fig. 2. Cross-sectional view of the suspended sandwich slot line.

However, only to the extent that the dispersion characteristic

were computed and illustrated. The slot line sandwiched between

two dielectric substrates was first analyzed by Cohn [5]. Based on

Cohn’s anrdysis, Mariani and Agrios [6] computed the dispersion

and characteristic impedance for a wide variety of substrate

materials. However, their data are valid only for the unshielded

structure. Invariably a practical system is shielded from the

environment in order to protect it from RF interference. Hence

an analysis which takes into account the presence of a shielding

enclosure and allow a study of its influence is felt.

The paper analyzes, firstly, the slot line on a double layer

dielectric substrate susperided inside a conducting enclosure of

arbitrary dimensions, secondly, slot line sandwiched between two

dielectric substrates suspended inside a conducting enclosure of

arbitrary dimensions. The dielectric substrates are assumed to be

isotropic and homogeneous and are of arbitrary thickness and

relative permittivity. The conducting enclosure and the zero

thickness metallization on the substrate, are assumed to have

infinite conductivity.

The above structures are analyzed using Cohn’s technique [7],

which is extended here to take into account more than one

dielectric substrate on a given side of the slot and also the effect

of a shielding enclosure. For the modeling of the open structure

the shielding enclosure is allowed to expand to infinity without

causing numerical problems or increasing computing time.

II. ANALYSIS

A. Slot Line on a Double Layer Dielectric Substrate

The schematic diagram of the structure to be analyzed is shown

in Fig. 1. In this structure slot waves of equal amplitude traveling

in the +x and —x directions are taken into consideration. As a

consequence there exist, along the slot line, transverse planes

separated by A’/2, where A’ is the wavelength in the slot line. At
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Fig. 3. (a) Insertion of transverse conducting walls at x= O and x= a. (b)

Elimination of the serni-infinite regions x<O and x>a. (c) Waveguide model

containing capacitive iris and dielectric slab.

these planes the transverse electric (TE) field and the normal

magnetic field get cancelled and become zero. Two such planes

occur at x= O and x =A’/2 = a, and this is shown in Fig. 3(a).
Furthermore, electric walls can be inserted at these points without

disturbing the field components between them and the semi-
infinite regions x< O and x> a can be eliminated, as shown in

Fig. 3(b). Thus the region that is separated from the original

structure can be considered as a rectangular waveguide with a

symmetric capacitive iris backed by a dielectric substrate, as in

Fig. 3(c). The complete set of modes satisfying the boundary

conditions of this structure are TE,, ~. for n an integer >0 and

TM l,2n for n an integer >1,
Since the wavelength in the slot line is less than the free-space

wavelength A, it follows that a is less than A/2. Therefore, the

TEIO and all higher order modes are cutoff or nonpropagating in

the air regions. In the dielectric region the TEIO mode is props:

gating, and the first few higher modes may propagate or all

the higher modes may be cutoff depending upon the height of the

waveguide b. When transverse resonance occurs the sum of the

susceptances at the plane of the ins is zero. This sum includes the

susceptance of the TE,0 mode looking in the – z and + z &rec-

tions, and the capacitive ins susceptance representing the

TE1,2”(rz>O) and TM1,2Jrs>O) modes on the –z and +Z sides

of the iris. Let B~ be the susceptance at the plane of the iris

(z= O), as seen to the right into the dielectric substrate, and B= be

the susceptance at the plane of the iris (z= O), as seen to the left

into the air region. Then the sum of the susceptances Bt at the

plane of the ins (z=O) is B~ +Ba. To obtain a solution for B, =0

an independent variable p = A/2a is defined. At the transverse

resonance frequeney a= A’/2 and p= A/A’ for Bt = O. The wave-

length and frequency for this solution are A=2a(A/A’) and

~=c/A Art expression for B~ will be derived first and then

modified to yield B..

The total EY and HX fields at the z =0 plane and x= a/2 are

functions of y as follows:

EJ=RO+ : ~nms~ (1)
~=l,z,...

Hx = –yioR~– ; yinR”eos~ (2)
~=l,z,...

where R ~ and R ~ are constants, and input wave ad@tances ylo

and yin are defined by

()

HX
y,o=––– ~ (3)

Y TEIO

(((~X)TE,,2n + (~X)TMI,Z.

Yzn = -
‘Y) TE,,2n )+ ~Y)TM,,2n “

(4)

Next, it is assumed that in the slot of width w at the z =0 plane,

only the TE,0 mode is present under this assumptionEy and HX

are constants as follows:

{

~y= :? for WI<w/2

for w/2< p! @l/2
(5)

,

HX = ‘COy~, for lyl ~ w/2 (6)

where y; is input wave admittance as seen to the right at the z = O

plane. Equation (1) has the form of a Fourier series. Let this

series equal EY as defined in (5). Then R ~ and Rn are determined
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as follows:

(7)

where 8= w/b. Next, set the right-hand sides of (2) and (6) equal,

and integrate with respect toy over the slot of width w, Further,

substitute for R ~ and R ~ from (7) and replace the wave admit-

tances by guide admittance defined on the TEIO -mode voltage

power basis in the complete waveguide cross section. Then the

input wave admittance as seen to the right at the z = O plane is

y=jBd=30+2 ~ ~n(+)’ (8)
~=1,’2, . . .

where ~0 is the admittance seen by a TEIO mode wave directed

into dielectric filled waveguide region of length d] + d2 terminated

by an air-filled region of length h‘. TO can be easily shown to be

equal to

[

~o+m U!L4+ tan– 1
up

where

( (nu2d2
~ tan —–tm-l~cothyh,
u, ap )1]

(9)

‘l=(’rI-p’)’”
u2=(cr2-p’) ’/2

~=(p2-,)’V’

y=vk. (lo)

y is the TE,0 mode propagation constant in the air regions and

k =27r/k. ~H is the admittance seen by the higher order TE and

TM modes directed into the dielectric region. For each n, the

corresponding TE and TM amplitudes must be so chosen so that

EZ exactly cancells at z=O. In this way the total EX field will be

zero at z= O, as is required by the boundary condition in that

transverse plane, When this condition is imposed it can easily be

shown that

Y + ~ ~~~ b/2an )2
~n = [T%

l+(b/2an)2

and the input admittances ~T~n and ~T~n for each n are

[

j~,i tti 27%1 dl
Y—t TM. =

4w%v b

{
+td–1 % ~ td z~n% d2

E,l %2 b

2~nFnh2+t~–l 1 F.’ coth
E,2 F. ( )}]b

[

2~nFn1 d,
~TEn= j;;;~— Coth

b

+ COti- 1$ coth
{

2wnFE2 d2

ni b

( ))]
+coti-’ -~ Coti 2~nFnh2

i:’ b

where

q=~fi=376.7Q

E*=/l-(#-)’

(14)

Equations (8)-( 14) yield the susceptance Bd looking to the right

at the plane z= O. However, the rate of convergence of this series

is very slow and can be improved as explained in [7]. With the

modification, (8), the susceptance looking into the dielectric

region, is

[

Till d,
qB~ = ~ tan —+tal-’

ap

{ (71U2 d2
~ tan —–tan
u,

‘ ~ Coth Vkh ‘
ap u’ ))1

(15)

The susceptance B= looking to the left from the plane of the iris is

obtained from (15) by letting c,, =C,l = 1 or dl = d2 =0, and

h,= h‘. With these substitutions the following result is obtained:

r -1,. .,

H2P _,:,,, v2 1- c0th~2mnF~h1/b)
+J-

Fn
(11)

n—, , 1]

. .
sin2 ( n d )

(16)
n(nd)’

when (15) and (16) are added, the sum of the susceptances B1 at

the plane of the iris is obtained

(12) “

{ [

~dlul
qBt = ~ –vcoth(vkhl) +ultan ~+tal-’

{(

~d2u2
— tan —–tar-’:cothvkh’
u, ap ))]}

+;( )

1 c,, + 1
—p’ ln~

2 na

cc

++
=[(

v’ l—

)1

coth(2n-nFnhl/b) +M

F. n
~=l,z,...

sin2 (7rn8 )

}

(13) “ n(~na)’ . (17)
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For Fnl and Fti2 real, M. is

Mn = ~rlt~rn – p2F; coth q. z

{l+(b/2an)2}& ‘u’

(18)

where

z~%~l +td–l~n=
b

[(

cr2 Fm 2~nFn2d2
. ——tanh

~rl Fn2 b

(

+t~–l 1 ‘nz

~.2 3

.Coti(’y))]]

2nnFn,d1 +coti_l
q??= b

[ {

F 2wnFn2d2
~ coth

nl b

(19)

(+coth- 1 E
n2

.CO*(J )))).
n2

b
(20)

B. Slot Line Sandwiched Between Two Dielectric Substrates

The schematic diagram of the structure is shown in Fig. 2. The

expression for the total susceptance B* at the plane of the iris is

obtained using Cohn’s [7] technique and is as follows:

([

~d, ul
qB, = ~ u, tan —

ap

– tal– ‘
(

~ cothtkh ,
u, )]

[

~d2u2
+u2tan — – tm– ‘

ap

“(
~ coth vkh z
U2 N

{(

crl ‘fr2
+1

P
— –P22 )

.122*++ ~ (Mn, +MH2)
~=l,z,...

sin2 ( n d )

}

(21)
n(n7r8)2 “

For Fn, real, i= 1 or 2,

where

2~nd,FH,
rni =

b
+ tad-‘

[( )F
~ coth (2rnF.h, /b )
Fnc,, 1

(23)

and

2mnd, Fni
9., = b + Coth- ‘

[( ) 1
# coth (2rnFnh, /b) .

n
(24)

III. GUIDE WAVELENGTH AND CHARACTERISTIC

IMPEDANCE

The values of c,, d, w, b, h, and a=A’/2 are substituted into
(17) and (21) and solved for the value of p at which qB, =0. This

p is equal to k/X.
The ratio of phase velocity to group velocity is defined as

follows [7]:

(25)

where A( A/A’) and A f are computed from two separate solutions
of qB1 =0 for fixed values of e,, d, w, b, h, and for two slightly

different values of a = A’/2 incremented plus and minus from the

desired a. The frequency f is assumed to lie midway in the A f
interval.

The slot-wave characteristic impedance 20 is defined as follows

[7]:

.ZO=376,7~~ ‘p ~
Vg P –A(qB, ) “

(26)

A(qB,) is computed from (17) with c., d, w, b, h, and a held

fixed, and with p incremented slightly plus and minus from the

value p=A/A’ at qBt = O.

IV. NUMERICAL RRSULTS

The computed relative wavelength A’\A and characteristic im-

pedance 20 of both the structures are illustrated in Figs. 4 and 5,

respectively. Figs. 4(a) and 5(a) illustrate the variation of the

relative wavelength ratio A’/A, and characteristic impedance ZO,

as a function of the normalized substrate thickness with the

normalized slot width as a parameter. The height of the conduct-

ing enclosure is held fixed.

Figs. 4(b) and 5(b) illustrate the variation of A’/X, and 20 as a

function of the normalized substrate thickness with normalized

height of the conducting enclosure as a parameter. The normal-

ized slot width is held fixed. It is observed that as the height of

the conducting enclosure is gradually reduced, starting from a

large value, the slot-mode slowly cuts off.

The variation of the effective dielectric constant .seffof both the

structures as a function of the normalized substrate thickness

with the height of the conducting enclosure as a parameter, are

illustrated in Figs. 6 and 7, respectively. Close agreement is

Mn, = crlt~ rnl –P2F.? coth qn, _ ~2

[l+(b/2an)2]Fni 1
(22)
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Fig. 4. (a) The variation of relative wavelength A’/X and characteristic im-

pedance Zo with (ri1+d2)/A, when the height of the conducting enclosure

remains fixed, (b) The effect of shielding on the relative wavelength A’/A and

characteristic impedance ZO.

Fig. 5. (a) The variation of relative wavelength N/k and characteristic im-

pedance Z. with d/A, when the height of the conducting enclosure remains

fixed. (b) The effect of shielding on the relative wavelength A’/A, and

characteristic impedance Z..
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observed between the unshielded case and for the case when the

normalized height is equal to 0.1. This is expected since the effect

of the conducting enclosure diminishes with increasing frequency.

V. CONCLUSION

Briefly, the paper presents an analysis of shielded slot line a)

on a double layer dielectric substrate, and b) sandwiched between

two dielectric substrates. The computed results illustrate the

dispersion and characteristic impedance of the two structures.

The effect of shielding on the dispersion, characteristic imped-

ance and effective dielectric constant are also illustrated. These

results should find extensive application in the design and fabri-

cation of MIC components.
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Open-End Discontinuity in Shielded Mlcrostrip

Circuits

S.S. BEDAIR AND M. I. SOBHY, MEMBER, IEEE

A bstract—This short paper gives closed-form expressions for the open-

end discontinuity in shielded microstrfp circuits. These expressions con-

sider the effect of dkpersion at very high frequencies and are based on the

results obtained earfier for the stripfine configuration, The test of validity

of these expressions is performed by comparison with the fimit case of the

unshielded microstrip.

I. INTRODUCTION

A set of closed-form expressions was derived [1] for the com-

puter-aided design of shielded microstrip circuits with zero strip

thickness. In this configuration, the circuit performance can be

controlled by adjusting the shield heights ratio. These expressions

were for the calculation of the capacitances, characteristic imped-
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