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CAD Models for Multilayered

Substrate Interdigital Capacitors
Spartak S. Gevorgian, Member, IEEE, Torsten Martinsson, Peter L. J. Linn&, Senior Member, IEEE,

and Erik Ludvig Kollberg, Fellow, IEEE

AMract-Conformal mapping-based models are given for in-
terdigital capacitors on substrates with a thin superstrata antt/or

covering dielectric film. The models are useful for a wide range of
dielectric constants and layer thicknesses. Capacitors with finger
numbers n > 2 are discussed. The finger widths and spacing
between them may be different. The results are compared with
the available data and some examples are given to demonstrate

the potential of the models.

I. INTRODUCTION

I

NTERDIGITAL capacitors (IDC) are widely used as

lumped elements in microwave integrated circuits (MIC)

[1], [2], slow-wave devices [3], integrated optical (10)

modulators, deflectors [4], and thin-film acoustoelectronic

transducers [5]. Recently, the integration of high temperature

superconductor (HTSC) and ferroelectric films [6], [7] has

initiated a renewed interest toward the electrically tunable

devices based on interdigital capacitors [8]. Full wave analysis

of interdigital capacitors on homogeneous or multilayer

substrates is a complex computational problem, while for

syntheses of MIC or IO devices there is a need for closed form

analytical expressions for computation of the capacitances of

IDC. The available analytical solutions [1], [9] are limited

to homogeneous substrates and equal finger and slot widths.

Recently, simple formulas have been proposed for IDC with

a dielectric layer on top of thin conducting strips [8]. These

formulas do not take into account the fringing field of the

finger ends, and lead to higher capacitances in comparison

with the widely used formulas [1], [9].

In this paper, the conformal mapping technique is used

to evaluate closed form expressions for computation of ca-

pacitances of IDC on two- and three-layered substrates. The

derivation is based on the partial capacitance method [2],

[10]-[12] and takes into account the capacitance between the

fingers and the fringing capacitance of the finger ends.

IDC with n z 2 fingers are discussed. Capacitances of all

capacitors are presented as a sum of capacitances between

the fingers and capacitances of the finger ends. The main

part, the capacitances between the regular sections of the

fingers, are evaluated accurately in Sections HI-V. A special

conformal mapping technique is developed for IDC with
n, z 4. Capacitances of two- and three-strip IDC are easily
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evaluated using available formulas for the capacitances of a

coplanar strip [12], [13] and coplanar waveguide [1 1]. [12]

on substrates of limited thickness and the partial capacitance

technique presented in [10]. For IDC with fingers much longer

than the width, the “end” capacitance is a small fraction

of the total capacitance. In Section VI, simple analytical

approximations are proposed for this “end” capacitance which

can be used for all IDC with n ~ 2 discussed in this paper.

It is assumed that the microwave wavelength in the substrate

is much larger than the dimensions of the IDC. The models

do not take into account parasitic inductances and resistances.

II. PHYSICAL MODELS OF IDC

IDC layouts and cross sections to be discussed are shown

in Fig. 1. All slots are assumed to have a width of 2g and

the finger width is 2s. External strips may have widths, 2s 1.

different from the widths of the internal strips, 2s. Wheeler’s

first order approximation [2] is applied to account for the

thickness, t, of the strips. The effective width of the strips

are presented as follows:

2’=2sg+(:)[’+ln(wl‘1)
where 2sg is the physical (geometric’) width of the strip.

Designs with infinite width terminals, Fig. 1(a). and finite

width terminals, u). Fig. 1(b). will be discussed. In general.

the width of the slots between fingers, 2g, is not equal to the

width of the strips, 2s. The gaps at the ends of the fingers,

agend, may also be different.
The dielectric constants of the substrate, c1. superstrata,

C2, and cover layer, C3, may have arbitrary values including

c1 > Cz. The thickness of the substrate is larger than the

thickness of the superstrata, hl > h2. In Fig. 2, the finger

potential and the schematics of the field lines for IDC with

n z 3, two, and three fingers are presented. Although the

symmetric field distribution shown in Fig. 2(a) is valid only
for an infinite number of fingers, we will assume a similar

distribution for a finite number of fingers, including n ~ 4. All

dielectric/dielectric and dielectric/air interfaces are modeled as

equivalent magnetic walls as it is usually done in the partial

capacitance technique [2], [ 10]–[ 12]. Additionally, electric

walls are assumed at the symmetry planes of the electric field

distribution, where the field lines are normal to the electric

wall.

It follows from the electric field distribution and the symme-

try of the capacitance structures, Fig. 2, that the capacitances
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Fig. 1. Layouts (a), (b), and cross section (c) of the interdigital capacitors.

of two- and three-finger capacitors, C2 and C3, have to be

analyzed separately. The capacitance of an IDC with n ~ 3

may be presented as the sum of a capacitance of a three-

finger capacitor, CS, and the capacitances of periodical (n – 3)

structures, C~, enclosed between the magnetic walls AA’ and

l?l?’, Fig. 2(a), and a correction term for the fringing fields

of the ends of the strips, Ce~~

C = (2’3 -+Cm +Cend. (2)

III. THE CAPACITANCE OF THE PERIODICAL SECTION

A. Single-Layer Substrate

Before evaluation of the capacitance of one section of the

periodical structure on a three-layered substrate, Fig. 2(a),

consider the simple case of a single-layer substrate with

thickness h and dielectric constant e, Fig. 3. It follows from

the schematic field distribution, Fig. 3(a), that the partial

L J
n-3) periodical sections

(a)

I
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*- 1— —.— — —
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<- *-
——— ——— — ——— —
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(b) (c)

Fig. 2. Potential distribution and schematics of electric field distribution in

periodlcat (a), three-finger IDC (b). and two-finger IDC (c).

capacitance between half strips, s, of neighboring fingers

due to the substrate is equal to the capacitance between one

of the half strips and. virtual equipotential strip of height

h laying in the electric wall CC’, line section %. This

configuration is conveniently represented in Fig. 3(b). Now

the problem is to evaluate the capacitance between the line

segments (strips) s and h of the polygon 0256 in the Z-plane,

Fig. 3(b), The standard procedure [15] for evaluation of this

capacitance suggests an application of the Schwartz-Chrisoffel

transformation to map the polygon 0256 onto a half plane

of an intermediate plane. Then the second application of

Schwaktz-Christoffel transformation maps this intermediate

half plane onto the interior of the desired rectangle to form

a parallel-plate capacitor for calculation of the capacitance.

This procedure leads to complex expressions involving both

Jacobian elliptic functions (from the first transformation) and

elliptic integrals (from the second transformation) [151–[17].
On the other hand, it follows from the study of the field

distribution and the equivalent magnetic and electric walls,

Fig. 3(a) and (b), that the field line configuration will not

be changed if one assumes a semi-infinite perfect metal

strip behind the segment of the line 25 in the z-plane, Fig.

3(b). Thus, instead of a Schwartz-Chrisoffel integral-assisted

mapping of the interior of the rectangle 0256, we map the

semi-infinite strip (triangle) 3064 of the Z-plane on the upper

half of the T-plane, Fig. 3(c), using the function

()T = COSh2 ~ . (3)
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Fig. 3, A section of a periodical structure (a), and Its mapped planes (b),

The schematics of the field line configuration which resulted

from this transformation are shown in Fig. 3(c). The vortices

of the mapped polygon in the T-plane are

to =1, ()tl = cmh2 ~ , ts=tb=!m,

t5 = – sinh2
R:9)) “=0

Next, for the thin-film limit, exploiting the technique of

approximate tmnsforrnations ([15, ch. 4]), we map the upper

half of the T-plane onto the interior of the rectangle in lJT-

plane, Fig. 3(d). The mapping function is

/,

t5 d
W=.4

(1 - l)(t - tl)(t-t,)(t - t,)
+ B. (4)

t

Constants A and B are determined from the correspondence

of the vortices in the T- and W-planes. This procedure leads

to the following expression for the capacitance per unit length:

Cn, = ;..o*. (5)

The coefficient 1/2 is due to the identical capacitance

between the virtual strip 25, Fig. 3(a), and the next half strip,

s. These capacitances are in series. The modulus of the elliptic

integrals of the first kind K(k) and K (k’), are evaluated using

the t, vahtes given above based on the presentation given in

, X=const

;8

:O;s,-;----”-”

““--; --Q---:
o! ~ (Si-g) x

I

I

(b)

@

0 0 @ 0

K(k)
4 h u

(d)

(C),(d).

[18]

1cosh’(w+sinh’(%g(Q

Co’’h’(%)‘Sinh’(T(;;g))
k’ = VT=F.

The capacitance per unit length between the neighboring

strips limited by magnetic walls, Fig. 3(a), in the absence of

the substrate, is found from (5) and (6) as limiting case, where

e=l, h=w

(7)

ko=~ (8)
S+g”

In (7), the capacitances due to the upper and lower half air

spaces in the Z-plane are taken into account.

B. Three-Layered Substrate

Now we use the results of the previous subsection to

evaluate the capacitance of the (n – 3) periodical sections

of the IDC on a three-layered substrate. Following the partial

capacitance technique [10], this capacitance may be presented
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as a sum of partial capacitances due to the i) air filling (7), ii)

substrate, C~l, and iii) superstrata, Cn2, and the cover layer,

cn3

c. = (n – 3)(cnlJ + cd + cnn2 + cn3)l. (9)

Cnl, C~z, and C~3 are determined by (5), where hl, h2, and

hs are the substrate thicknesses used, with the equivalent

dielectric constants (El – 1), (C2– el ) and (C3– 1). The resultant

capacitance is

K(M1
c. = (n – 3)e3ce. —

K(k~)
(10)

Cl—1 ’52 — c1 e3–1
een = 1 + qln ‘+q2n~

2
+ q3. ~ (11)

K(k,n) K(k(J
— —

“n = K(k:n) K(ko)
(12)

()sinh ~

/$%.=
2hi

‘:% “3)

i = 1, 2, 3, and 1 is the finger length.

In the s/h, >>1 limit, the last expression is simplified to

is fulfilled where the

strips and substrate.

(). &exp -$
2

(14)

supposed that the condition hl z hz

dielectric layer 2 is enclosed between

The contribution from the other three external fingers [one

and a half on each side, Fig. 2(a)] will be taken into account

as a capacitance of three-strip coplanar waveguide discussed

in the next Section.

IV. THE CAPACITANCE OF THE THREE FINGER SECTION

A. Finite Width Strips

To evaluate the capacitance of a three-finger IDC, Fig. 4,

on a two-layered substrate, we use available formulas for three

strips on a single-layer substrate [12]. Similar results can be

found in [11]. In general, the widths of the external strips,

2s1, are not the same as the width of central the strips, 2s.

As in the previous cases, the capacitance of a three-finger

IIDC is assumed to be a sum of partial capacitances due to

air, substrate with an equivalent dielectric constant (El – 1),

and superstrata with a dielectric constant (E2 – Cl), and cover

layer with equivalent dielectric constarit (e3 – 1). The resultant

capacitance is

K(~&3) ~
C3 = 4606.3 —

K(ko3)
(15)

(a)

(c)

(b)

1

I_3

(d)

Fig. 4. Layouts of three-finger IDC (a), (b), and two-finger IDC (c), (d)

where

61–1 63—1
Ee3 = 1 + (713 — + q23

~+q33y

2

K(ki3)
qi3 = K(~;3)

K(k&3)

K(ko3) ‘
i=l,2

(16)

(17)

1( (s+ 2g) 2

k~3 = ~
1- (s+2s, +2g) )

s+2g

( )

2

1- (s+2:1+29)

()sinh ~

“’=sinh(m({ig))

(18)

//3 = J= ~3,i = 1, 2, 3. In the above formula, S1 = s

should be used where the widths of external and middle fingers

are the same.
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B. Injnite Width External Strips

Let us assume that the external strips, Fig. 1(a) and (b), are

extended to infinity. In this case, the capacitance is easily de-

duced from ( 15)–( 19) by performing limiting transformations

where 2s 1 ~ m

where

63–1
+ 93.3. ~

K(kz3m) K(k&3m)

~’L3@= = K(L;,m) k-(~03cc ) ‘

(21)

(22)

(23)

(24)

i= I,2,3

V. THE CAPACITANCE OF A TWO-FINGER SECTION

A. Asymmetric Strips

For an asymmetric two-finger capacitor, Fig. 4(b), with

stripwidths 2s, 2s1, and gapwidth 2g using the results [13]

i=l,2,3

/
ko2a . L L

S+ ’sl+’

r ()siuh ~

kt’2a =
2h,,

‘inh(T(::g))

i = 1,2,3.

B. Symmetric Strips

()sinh ~
2h,

‘inh(T(sJ:g))’

(25)

(26)

(27)

(28)

(29)

Conformal mapping-based formulas for the capacitance of

two strips of the same width on a finite thickness substrate

are given in [14]. Application of these formulas to three-layer

substrate two-finger IDC leads to

(30)

61—1 C3—1
‘.2s = 1 + q12s — + q22.5

2
+ + q32, ~ (31)

~-(&?.) K(ko2s)

’22s = K(kL2, ) K(k~2, ) ‘
2 =1,2,3 (32)

Fig, 5, A model of a finger end

A@, = ~
9+2s

()
sinh ~

L,2 =

“K:’))’ ‘= ’’2’3”

(33)

(34)

VI. THE CAPACITANCE DCTETO THE FINGER ENDS

For long fingers, 1/s >> 1, the results presented above can

be used for IDC capacitance computations without taking into

account the correction for the fringing fields at the ends of the

fingers. as it has been done in [5] and [8]. Then, the accuracy of

the computed capacitance is limited to 5–1 f)yo. Nevertheless,

some simple formulas will be given below for the “end”

capacitances associated with the fringing fields between the

ends of the fingers and the leads.

A. Finite Width Teminols

First we start with tinite width, w, terminals, Fig. 1(b).

A fragment of the end of a finger is shown in Fig. 5. The

actual field distribution is complex. It is still possible to

use the conformal mapping technique to compute this tield

distribution and the associated finger end capacitance [22].

Nevertheless, these results are complex and do not improve
substantially the accuracy of the total capacitance of the IDC

in comparison with the simpler models presented below. As

a first approximation, we assume a region with a regular

field distribution neighboring the end of the finger strip and

two nonregular regions (dashed in Fig. 5) near the comers.

Thus, we can put a virtual magnetic wall at the distance z

from the end of the finger, Fig. 5, and compute the “regular

end” capacitance as half of the capacitance of the three-strip

structure, Section IV-A, assuming external strips of width

2SI = w and a central strip of width 2s = 2x, separated

by a gap 2g,n,j. As a first approach, the two corners near the

end of each finger are approximated as a ms extension to the
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finger width. The end capacitance of the n fingers is

C,nd = 4ns(2 + ~)@&d
~(k~end)

‘(k&end)

(35)

where

61—1 C2— El e3—1
Cend = 1 + ~lend —

2
+ q2end ~ + q3end ~

(36)

1( (z+ 2gend) 2

~Oend =
x 1- (X+ W + Zgend) ) (38)

X + ‘i?gend

( )

2“

1- (X+ W; Zgend)

B. In$nite Width Terminals

For infinite width terminals, Fig. l(a), the finger-end capac-

itance is obtained from the results of the previous subsection

in the w -+ cc limit

Cen& = 4n.s(2 + ~)@~,n&
K(koendm)

‘(k~endco )

(39)

Cl–1 62 – 61
~endm = 1 + qlendm — + q2endm ~

2
C3—1

+ q3endm ~ (40)

.K(&.ndm) ‘(k&endm)
%endm = K(k,:endm

) K(ko..dm) ‘
i = 1,2,3 (41)

~Oendcc =
x

X + Zgend
(42)

()sinh ~

k~end =
2ha

‘inh(n(x~:nd))’ 2= ’’2’3” ’43)

For most practical cases, the finger length is much greater

than the finger width and the end capacitance is a small fraction
of the total capacitance of IDC. One can expect from the field

distribution at the end of the fingers [22] that x < s for s s g.

An example of the dependence of the total capacitance on z

is depicted in Fig. 6. The data used in Fig. 6 is as follows:

c2=cl=24.5, n=60,1= 0.5mm,2s =2g=7.6pm, t=

h2 = 0.3 ~m, 63 = 265 (curves 1 and 2), e3 = 1 (curves 3 and

4). The sharp increase in capacitance for small x is followed

by a saturation near x = 0.5s. The electric field component

normal to the surface of the strips decreases substantially at

this distance. This value of x leads to the best agreement when

the computed capacitances are compared with the results of

other models and experiment. For comparison, we treat the end

of a finger, Fig. 5, as an open end of a coplanar waveguide.

The total end capacitance of 60 fingers computed using Mao’s

model [21] for e3 = 1 is 0.435 pF, while from formula (39)

we have 0.414 pF assuming x = 0.5s.

For shorter finger lengths, 1 ~ 2s, the contribution of the

“end” capacitance to the total capacitance is larger and it has

to be treated more accurately. More accurate values of z may

be determined from the full wave analysis or experiment.

VII. LIMITING CASES AND DISCUSSIONS

In this Section, we give a brief summary of the formula

for capacitances of a variety of IDC. Comparisons with

experimental and theoretical results available in the literature
are given. Some numerical data are presented to demonstrate

the potential of the models developed in this paper.

A. Summary of Formulas for IDC Capacitances

IDC with finger number n > 4:

1)

2)

3)

4)

IDC with finite width external fingers and finite width

terminals, Fig. l(b):

c = c. + C3 + cd. (44)

IDC with infinite width external fingers and finite width

terminals:

C = C. + C3a + Cend. (45)

IDC with finite width external fingers and infinite width

terminals, Fig, l(a):

C = C. +(73 +C,n&.

IDC with infinite width external fingers

width terminals:

C = C. + (73a + Cenda .

IDC with finger number n = 3:

(46)

and infinite

(47)

1)

2)

3)

4)

Finite width external fingers and finite width terminals,

Fig. 4(b):

C = C3 +Cend. (48)

Infinite width external fingers and finite width terminals:

C = 33W + Cend. (49)

Finite width external fingers and infinite width terminals,

Fig. 4(a):

C = (73 + Cen,& (50)

Infinite width external fingers and infinite width termi-

nals:

C = C3W + Cendm . (51)
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In (44)–(5 1), the capacitances are given as follows: C~ by

(25), C“s by (15), cs~ by (20), 6’,nd by (35), and C..& by

(39),

IDC with finger number n = 2:

1) Asymmetric strips, finite width terminals, Fig. 4(d):

C = Cz. + C,nd. (52)

2) Asymmetric strips, infinite width terminals, Fig. 4(c):

C = c2a + Cw,dcc . (53)

3) Symmetric strips, finite width terminals:

4

C = (2’2. -t Cend. (54)

Symmetric strips, infinite width terminals:

C = C2. + Ce.dm. (55)

In (52)–(55), the capacitances are given as follows: Cza by

(10), C3 by (15), and as before, C.nd by (35), and C..dm

by (39).

B. IDC on a Single-Layer Substrate

This IDC structure, Fig. 7(a), is the most studied one. In

this case, the formulas for capacitance computation may be

easily deduced from (44)–(55) in the hz = h3 = O and/or

62 = 61, 63 = 1 limits.

In Fig. 8, the dependence of the capacitance of the periodical

section of IDC on stripwidth computed by (10) and by

formulas given in [5] and [8] are depicted. The parameters used

are as follows: e3 = 1, e2 = c1 = (28 x 43)1/2 (LiNb03), 1 =

1.5 mm, n = 12,2g = 16 j~m, t = 0.3 ~m, hl = h2 =

0,5 mm. For these parameters and 2s = 2g = 16 ,um, the

total capacitance, including external fingers and finger ends

computed by (44), is 2.458 pF. The capacitance according

to Alley’s model [9] is 3,1 pF. The discrepancy is due

to the ground plane assumed in Alley’s model [9]. It is

worthwhile to note that despite the differences in the mapping

functions used by Wei [5] and (10), an excellent agreement is

observed between the results of [5] and (10) for an infinitely

thick substrate (without layers 2 and 3), Fig. 8. The larger

capacitance computed based on the results of Wu et al. [8] is

due to the model used in [8]. This problem will be discussed

below.
A large number of experimental data are available in [19].

Table II displays a comparison of our results with the exper-

imental and theoretical results of [19]. The modal parameters

for comparison are as follows [19]: 1 = 100 #m, 2s = 2g =

10 flm, t = 5 ~rn, .51 = 12.5. The number of fingers are

shown in the Table I.

Table H shows a comparison with the experimental and

theoretical results presented in [20]. The modal parameters

of IDC CAP1 and CAP2 are taken from [20]. For CAP 1:

~1 = 12.5, h1 = 101 p,m, l = 0.254 mm,2s = 20 pml,2g =

4.8 pm, t = 1.5 @m, n = 10. For CAP2: 2g = 4.25 pm, 2s =

12 ~m, n = 19, and the other parameters are as for CAP1.

1
I r--1 n n n n r--

1

‘1

x-

(a)

1,,,,,,,,,,,,-s! ‘2

1

‘1

<-

(b)

(c)

Fig. 7. Cross sections of single-layer SubStrdte (a), dielectric covered (b),
and superstrated (c} IDC.

o 10 20 30 40 50 60

Finger halfwidth(s), w

Fig, 8, Comparison with avadable models

C. IDC with a Dielectric Cover

There are not many reports in the literature concerning

IDC with a dielectric layer on top of the metal strips. One

recent publication [8] discusses ferroelectric films on top of

superconducting strips. The modal parameters are as follows:
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TABLE I
CAPACITANCECOMPARISONFOR DIFFERENT NUMBER OF FINGERS

n 5 10 20 50 205

-C, PF, sfreory, [19] 0.036 0.079 0.165 0.425 2.215

C, PF, experiment,[19] 0.055 0.09 0.16 0.5

-C, pF, this method 0.0475 0.0945 0.183 0.453 1.86

TABLE 11
COMPARISONOF THE CAPACITANCESOF IDC

r-C, PF, CAP1 C, PF, CAP2 Reference

0.247 0.607 Measured [20]

0.242 0.590 Computed [20]

0.283 0.587 This meshed

L
2s = 28 Urn

J

40

‘&
< 30 -
0

-----------------

g
------- -----.6

20 -
R
8

10 -

0

‘Q 5 10 15 20 25 30

Superstrata thickness (h2), Urn

(a)

‘k

20

15

10

s

\ . . . .
h2=3.0 l&~-:

.--
#-

~-
~-

*

/“””
/

/ h2 =1.Oym

-..------”.
A

------------------- h2 .0.3 ym----
●

-1

()~
0 5 10 15 20 25 30 35*

Finger hathvidth (s), pm

(b)

Fig. 9. Dependenciesof the capacitanceon tilckness of coveringdielectric
(a), and halfwidth of the finger (b).

c1 = 24.5 (LaAIOg), hl = 0.5 mm, t = hs = 0.3 &m, 2s =

2g = 7.6 #m, 63 = 265 (at temperature 78 K and zero bias),
n = 60,1 = ().5()1 mm, 62 = 24.5 and/or h~ = O. For this

data the total capacitance computed using the present theory

is 6.487 pF, including the “end” capacitance computed for
z = s/2 = 1.9 ~m. According to [8], for the same data

the computed capacitance without finger end contribution is

6.5 pF against 5.314 pF computed using the present theory.
Hence, the capacitance without finger end contribution is

elevated in [8]. This can easily be explained by referring

to the field distributions in Fig. 2. In [8], a unit cell of

IDC is distinguished as a three-strip coplanar waveguide. The

capacitance is then presented as the half of the sum of (n – 1)

coplanar waveguides. It can be seen from the comparison of

the field distributions in IDC, Fig. 2(a), and in three-strip

coplanar waveguide, Fig. 2(b), that there is additional fringing

field at the external edges of the strips, Fig. 2(b), which for

narrow strips will contribute into the capacitance substantially.

There is no such a fringing field for the internal fingers of IDC

and, in addition, the three-strip coplanar waveguide, Fig. 2(b),

used in [8] as a “unit cell” for capacitance evaluation leads to

repeated use of strip surface and hence elevated capacitances.

D. IDC with a Superstrata

It is worthwhile to study a ferroelectric film IDC with

the structure shown in Fig. 7(c). The dielectric constant

of the ferroelectric film is chosen to be 62 = 500, and

c1 = 24.5 (LaAIOs), i.e, 62> cl. The other parameters are:

hl=0.5mm, t=0.3~m,2g =16wm, es=l, n= 12,1=

1.5 mm, x = s/2, and ge.d = g. The dependence of the total

capacitance on the ferroelectric film thickness, hz, is depicted

in Fig. 9(a) with the stripwidth as a parameter, 2s = 2s1 =

28, 10, and 5 ~m. For all thickness the capacitance tends to

saturate when the film thickness approaches the gapwidth, 2g,

with the capacitance approaching the capacitance of the IDC

on a homogeneous substrate with cz. The dependence of the

capacitance on the stripwidth is shown in Fig. 9(b) with the

ferroelectric film thickness as a parameter. The capacitance

increases with s indicating a weak saturation where s s g.

This performance is explained as follows. An increase of

stripwidth results in more field lines passing in the substrate,

out of the high dielectric coflstant film.

VIII. ‘CONCLUSION

Simple CAD-oriented analytical models have been devel-

oped for a large variety of IDC on three-layered substrates.

It follows from the comparison of theory and experiment [1],

[9], [19], [20], that these models can be used for frequencies

up to the X-band. Poor accuracy is expected in the 2s/h <1

limit, where field lines become dominantly normal to the

filmkubstrate interface and the magnetic wall approximation

fails to work. In the case of computational problems, specially

for ultra thin dielectric layers, 2s/hi >> 1, approximations

for the moduli of the elliptic integrals similar to (14) may

be helpful. A simple series for computation of the ratio of the

elliptic integral is given in [10]. Finally, models for the IDC on

substrates with layer numbers n >3 can easily be developed

using the method presented in this paper.
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