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Abstract— Conformal mapping-based models are given for in-
terdigital capacitors on substrates with a thin superstrate and/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

NTERDIGITAL capacitors (IDC) are widely used as

lumped elements in microwave integrated circuits (MIC)
[11, [2], slow-wave devices [3], integrated optical (IO)
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],
[101-[12] and takes into account the capacitance between the
fingers and the fringing capacitance of the finger ends.

IDC with n > 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 III-V. A special
conformal mapping technique is developed for IDC with
n > 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 [11], [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 2¢g and
the finger width is 2s. External strips may have widths, 2s;.
different from the widths of the internal strips, 2s. Wheeler’s
first order approximation [2] is applied to account for the
thickness, ¢, of the strips. The effective width of the strips
are presented as follows:

25 = 25, + (3> l:l—l—ln (Smg” (1)
s t

where 25, is the physical (geometric) width of the strip.
Designs with infinite width terminals, Fig. 1(a). and finite
width terminals, w. 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,
2¢end, may also be different.

The dielectric constants of the substrate. €;, superstrate,
€2, and cover layer, €3, may have arbitrary values including
€1 > €o. The thickness of the substrate is larger than the
thickness of the superstrate, hq > ho. In Fig. 2, the finger
potential and the schematics of the field lines for IDC with
n > 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, C, and C'3, 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, C3, and the capacitances of periodical (n—3)
structures, C,,, enclosed between the magnetic walls AA’ and
BB, Fig. 2(a), and a correction term for the fringing fields
of the ends of the strips, Cepnd

C = 03 + Cn + Oend' (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 ¢, Fig. 3. It follows from
the schematic field distribution, Fig. 3(a), that the partial

® ©

Fig. 2. Potential distribution and schematics of electric field distribution in
periodical (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 25. 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
Schwatitz-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 = cosh? (;lf;) )
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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

s
to=1. # = cosh? (—)
0 1 COos oh

ts = — Sil’lh2 (____71-(52‘; g) ) 5

Next, for the thin-film limit, exploiting the technique of
approximate transformations ([15, ch. 4]), we map the upper
half of the T-plane onto the interior of the rectangle in W-
plane, Fig. 3(d). The mapping function is

s dt
v=if S me—me-m @

Constants A and B are determined from the correspondence
of the vortices in the 7T'- and W-planes. This procedure leads
to the following expression for the capacitance per unit length:

1 K(k)
Cnl = 5660[((16') .

®)

The coefficient 1/2 is due to the identical capacitance
between the virtual strip 25, Fig. 3(a), and the next half strip,
3. These capacitances are in series. The modulus of the elliptic
integrals of the first kind K (k) and K (k'), are evaluated using
the ¢, values given above based on the presentation given in
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A section of a periodical structure (a). and its mapped planes (b), (¢), (d).

[18]
T8
. Smh(%)
NCEY)
2h
cosh? _ﬁ(s+g) + sinh? —w(s—l—g)
2h 2h ©)
a2 (T8N o (T(s+9)
cosh (2h)+smh <———2h >
K = 1 —-k2

The capacitance per unit length between the neighboring
strips limited by magnetic walls, Fig. 3(a), in the absence of
the subsirate, is found from (5) and (6) as limiting case, where
e = 1,h =

_ K(ko)
OnO = €0 K(k6) (7
S
ko = st &)

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,,1, and iii) superstrate, C,,2, and the cover layer,
Cn3

Cp = (1 —3)(Cpo + Cn1 + Cinz + Cu3)l. (9

Chn1,Cre, and C, 3 are determined by (5), where h1, ho, and
hs are the substrate thicknesses used, with the equivalent
dielectric constants (e —1), (eg—¢1) and (e3—1). The resultant
capacitance is

_ K (ko)
Cp = (n — 3)eseen K(kf))l (10)
where
c __1+ 61—1+ 62—€1+ 63_1 (11)
en — qin 2 qon 2 q3n 2
K(ky) K(kj)
T = K(k,) Kiko) 12
) T8
sinh (2’“)
Fom = (s+9)
T
sinh ( oh. )
cosh? (W(Z;r 9)) +sinh2( (2; g))
T (1 (13)

1 =1,2,3, and [ is the finger length.
In the s/h, > 1 limit, the last expression is simplified to

k= \/iexp (_;rhg)

(14

= /1 — k2. It is supposed that the condition hy > ho
is fulfilled where the dielectric layer 2 is enclosed between
strips and substrate.

The contribution from the other three external fihgers [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.

1V. 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
IDC is assumed to be a sum of partial capacitances due to
air, substrate with an equivalent dielectric constant (e; — 1),
and superstrate with a dielectric constant (€2 — €1), and cover
layer with equivalent dielectric constant (e —1). The resultant
capacitance is

C3 = 4ege,
3 0€ 3K(k03)

15)
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Fig. 4. Layouts of three-finger IDC (a), (b), and two-finger IDC (c), (d) .

where
1—1 €2 — € eg—1
€e3—1+(113 5 +Q2322 L+ gas 32 (16)
K (ki )K(kog)
= = 17
( (s + 2g) )2
8 + 281 + 2
k‘o3=s+29 (s 4201 +29) ) (18)
((3+281+29))
. Smh(Zh,)
B h(%(8+2g))
2h,
o2 [7m(s +29) . o m(s+2s1 +29)
1 — sinh [——_—th ]/smh {———————2’“
_sinh? [ X2 / sinn2 [T+ 280+ 29)
1 — sinh [zhi]/smh o
(19)

s = \/1—k%,i = 1,2,3. In the above formula, s; = s
should be used where the widths of external and middle fingers
are the same.
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B. Infinite 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 257 — oo

K (k3000)
C o — 4 e oo;iool 20
3 €0€e3 K (F3000) (20
where
€ — 1 €9 — €1
=1 (< A — o0
€e3c0 + Q13 2 + g23 3
es — 1
+ Q3so<>3—2“ 2D
K (kizoo) K(kgsoes)
1Boc = - e 22
2 = K (W) K (Rosoo) 22
8
e — 23
kOdoo S+2g ( )
sink ( i )
1
2h,
Figoc = h (24)
sinh [ T8+ 29)
2h,
1=1,2.3

V. THE CAPACITANCE OF A TWO-FINGER SECTION

A. Asymmetric Strips

For an asymmetric two-finger capacitor, Fig. 4(b), with
stripwidths 2s,2sq, and gapwidth 2¢ using the results [13]
we arrive for three-layered substrate to

K (koza)
0211 = 2606920,—“[ (25)
K(k62a)
_ €1 — 1 €9 — €1 €3 — 1
€e2q — 1 -+ d12a 2 + 4224 2 + d32q 9 (26)

_ A’(kﬂa) A-( ;62a)

12a — B 1= 1, 2, 3 (27)
4 K(k;Za) K(kOQa)
3 81
k a — 28
02 $+g s1+g (28)
sinh (;}i) sinh (221>
Frza = (s +g) m(si+g)\’
. . 1
sinh (T) sinh (T)
1=1,2,3. (29)

B. Symmetric Strips

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 (o three-layer
substrate two-finger IDC leads to

K (k3s)
Coy = 2legens =2l 30
2 €0€e2 K (Faos) (30)
€1 — 1 €9 — € €3 — 1
€e2s =~ 1+ q12s ! 9 + q22s 2 2 ! + q32s 2 2 (31)
K(k's.) K(kgas
gize = lFizy) K(kons) 1 =1.2,3 (32)

K(kis) K(koys)'
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Fig. 5. A model of a finger end
g
k 25 33
02 =m0 (33)
sinh (;}f)
ke = S i=1,2,3. (34)

VI. THE CAPACITANCE DUE TO THE FINGER ENDS

For long fingers, [/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 5-10%. 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 Teminals

First we start with finite 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 field
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 comparjson with the simpler models presented below. As
a first approximation, we assume a region with a regular
ficld distribution neighboring the end of the finger strip and
two nonregular regions (dashed in Fig. 5) near the corners.
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
281 = w and a central strip of width 2s = 2z, separated
by a gap 2genq. As a first approach, the two corners near the
end of each finger are approximated as a 7s extension to the
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Fig. 6. Dependence of the total capacitance of the IDC on parameter x.

finger width. The end capacitance of the n fingers is

K(kOend)
Cend = 41n3(2 + 7)€p€eend =% (35)
( ) K(k(l)end)
where
_1+ 61—1+ 62—61+ 63—-1
’fend = G1end 5 g2end 2 q3end 5
(36)
1— ( (x+29end) )2
T + W + 2gen
Foend = (2 +w + 2gena) (3%)

T+ 2gend 1 < x >2 '
(z + w + 2gend)

B. Infinite Width Terminals

For infinite width terminals, Fig. 1(a), the finger-end capac-
itance is obtained from the results of the previous subsection
in the w — oo limit

K(kOendoo)
Cendoo - 471,8(2 + T )€0€endoo 77—~ (39)
) K(kéendoo)
a1 € — €
€endoo = 1 + iendoo ! 9 + Q2endeo 2 2 L
-1
+ Grendoo (40)
K (Kiendoo) K (Kpendoo) :
endoo = encee s 1=1,2,3 41
14 = R Renoo) K (Foondoo) @
Z
koendoo = ————— 42
fend x+29end ( )
sinh (7 )
ki 1=1,2,3. 43)

kiend = ’
sinh (_W(x ;’h?end))

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 = g.
An example of the dependence of the total capacitance on x
is depicted in Fig. 6. The data used in Fig. 6 is as follows:
€2 =€ =24.5,n =60,] = 0.5 mm,2s =29 = 7.6 um,t =
h2 = 0.3 pm, €3 = 265 (curves 1 and 2), e3 = 1 (curves 3 and

4). The sharp increase in capacitance for small z is followed
by a saturation near z = 0.5s. The electric field component
normal to the surface of the strips decreases substantially at
this distance. This value of z 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 =z = 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 - 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) IDC with finite width external fingers and finite width
terminals, Fig. 1(b):

C= Cn+C3+Cend-

2) IDC with infinite width external fingers and finite width
terminals:

(44)

C = Cp + C350 + Cond- (45)

3) IDC with finite width external fingers and infinite width
terminals, Fig. 1(a):
C= Cn + 03 + Cendoo-

4) IDC with infinite width external fingers and infinite
width terminals:

(46)

C= Cn + C(300 + C’endoo- (47)

IDC with finger number n = 3:
1) Finite width external fingers and finite width terminals,
Fig. 4(b):

C = CV3 -+ C(end~ (48)
2) Infinite width external fingers and finite width terminals:

C= 3300 + C1er1d~ (49)

3) Finite width external fingers and infinite width terminals,
Fig. 4(a):

C= C3 -+ C'endoo (50)

4) Infinite width external fingers and infinite width termi-
nals:

= C3oc> + C'endoo- (51)



902 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 44, NO. 6, JUNE 1996

In (44)—(51), the capacitances are given as follows: C,, by
(25), C5 by (15), Cs0 by (20), Cena by (35), and Cenaco by
(39).

IDC with finger number n = 2:

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

C= 0211 + Cend~ (52)

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

C = C2 + Cendro- (33)
3) Symmetric strips, finite width terminals:
C = Czs + Cend. (54)
4) Symmetric strips. infinite width terminals:
C = Oy + Cendoo- (55)

In (52)—(55), the capacitances are given as follows: Cy, by
(10), C5 by (15), and as before, Ceng by (35), and Cepdoo
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 ho = hy = 0 and/or
€3 = €1,€3 = 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 [S] and [8] are depicted. The parameters used
are as follows: €3 = 1.¢p = ¢; = (28 x 43)/2 (LiNbO3),l =
1.5 mm,n = 12,29 = 16 um,t = 0.3 um,hy = hy =
0.5 mm. For these parameters and 2s = 29 = 16 pm, 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 er 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]: | = 100 ym,2s = 2g =
10 pm,t = 5 um,e¢; = 12.5. The number of fingers are
shown in the Table .

Table II 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 CAPI:
€1 = 12.5,h; = 101 pm,! = 0.254 mm, 2s = 20 pm,2g =
4.8 um,t = 1.5 pm,n = 10. For CAP2: 29 = 4.25 pm, 2s =
12 pm,n = 19, and the other parameters are as for CAPI.

)
— I f— | e S | 1 —

(a)

(b)

25
3 -« > K8 |«

hy

|

(c)

Fig. 7. Cross sections of single-layer substrate (a), dielectric covered (b),
and superstrated (c) IDC.
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Fig. 8. Comparison with available 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 1
CAPACITANCE COMPARISON FOR DIFFERENT NUMBER OF FINGERS
n S 10 20 50 205
C, pF, theory, [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 10.453 |1.86
TABLE 1I
COMPARISON OF THE CAPACITANCES OF IDC
C, pF, CAP1 C, pF, CAP2 Reference
0.247 0.607 Measured [20]
0.242 0.590 Computed {201
0.283 0.587 This method
50
40
U
Q
¢ 30
(3]
(1
£
8 20
Q
L]
(&)
10
[}
Superstrate thickness (h2), um
@
20 T T L] L L]
[ h2 =3.0 pm . ':
15k -7 ]
B p -7 .
§ b -7 ]
S 1w h2 =10um ]
£ P L 1
§ L aaeemeTT .
K f et T h2 =03um
S "’//—/_"_—’,’—_-’i
0 [ 1 1 1 s 1 1 ]

0 5 10 15 20 25 30
Finger haffwidth (s), um

(®)

Fig. 9. Dependencies of the capacitance on thickness of covering dielectric
(a), and halfwidth of the finger (b).

€g =245 (LaA103>,h1 = 0.5 mm,? = hs = 0.3 pm, 25 =
2g = 7.6 um, ez = 265 (at temperature 78 K and zero bias),
n = 60,1 = 0.501 mm, ez = 24.5 and/or hz = 0. For this
data the total capacitance computed using the present theory
is 6.487 pF, including the “end” capacitance computed for
z = /2 = 1.9 pm. 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 Superstrate

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 ¢ = 500, and
€1 = 24.5 (LaAlOj), i.e, €3 > €1. The other parameters are:
hi =05 mm,t = 0.3 um,2g = 16 pm, ez = 1,n = 12,1 =
1.5 mm, z = 8/2, and gena = g. The dependence of the total
capacitance on the ferroelectric film thickness, he, is depicted
in Fig. 9(a) with the stripwidth as a parameter, 2s = 2s; =
28, 10, and 5 pm. 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 ¢5. 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 = 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 constant 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],
[91, [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
film/substrate interface and the magnetic wall approximation
fails to work. In the case of computational problems, specially
for ultra thin dielectric layers, 2s/h; >> 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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