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Analysis of Arbitrarily Oriented Microstrip
Transmission Lines in Arbitrarily Shaped
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Abstract —A numerical anafysis is presented for a multiconductor trans-

mission line in multilayered Iossy, dielectric regions where the ground plane

is of finite extent. The transmission fines are infinitely long and vary in

cross seetion from finite to infinitesimafly thin. The Green’s function for

such a two-dimensiormf transmission line involves an arbitrary constant. If

the ground plane is infinite, the method of images could be used where this

constant cancels out. However, in the case of a finite ground plane, the

constant has to be evaluated. Here a numerical method is presented where

the constant confd be eliminated rather than evaluated by imposiug the

condition for the totaf charge to be zero. The transmission lines, dielectric

regions, and the ground plane can have arbitrary cross sections.

I. INTRODUCTION

T HE OBJECTIVE OF this analysis is to determine

the capacitance and inductance matrix of a multi-

conductor transmission-line system. This work is an exten-

sion of the work described in [1]. The analysis is very

general in the sense that both the conductors and the

dielectric layers may be of arbitrary cross sections. The

conductors are embedded in a multilayered dielectric

material that is either above a single ground plane or

contained between two ground planes. The ground planes

may be of either infinite width or of finite width and may

be arbitrarily oriented. Each dielectric-to-dielectric inter-

face may also be of arbitrary shape and orientation while

being homogeneous along the axes of the transmission lines.

In spite of a large volume of literature available, there is

no satisfactory analysis procedure to take care of such an

arbitrary system of conductor and dielectric layer orienta-

tion. The present work has been developed to overcome

this deficiency.

II. ANALYTICAL FORMULATION

The system under consideration is shown in Fig. ‘l(a),

where a number of infinitely long, arbitrarily oriented
striplines of arbitrary cross sections are embedded in several
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Fig. 1. (a) System configuration. (b) Equivalent system.

lossy homogeneous dielectric layers. At first, the dielectrics

are treated as lossless and then the losses are introduced by

a complex dielectric permittivit y. There are two important

features of this system that should be noted. In order to

have a more realistic and practical system, the dielectric

layers are considered to be arbitrarily oriented, not neces-

sarily parallel to one another or to the ground plane.

Further, the ground plane is considered to be of finite

extent. The numerical analysis is of course not limited to

the finite ground plane. However, analysis by the method

of images is carried out if the ground plane is infinite. The

objective of this work is to develop a numerical method for

analyzing arbitrarily oriented conductors embedded in di-

electric layers with a finite ground plane.

In order to evaluate the capacitance, conductance, and

inductance matrices of such a structure, the free charge on

each of the conducting surfaces is required. The sum of the

free charges and the polarization charges is related to the
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u~, is the total charge density on the i th interface,

Ci
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P, is the contour of the i th subsection (as shown in

1

t
(X12, Y12)

2),
-#D N = IVY+ Nd is the total number of subsections,
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(5)

Fig.
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Fig. 2. Coordinate system of an arbitrarily oriented microstrip transmis-

sion fine.

electric potentials and fields at the surface of any conduc-

tor and dielectric interface, respectively. With the help of

the boundary conditions at the dielectric-dielectric and

dielectric-conductor interfaces, the free charges can be

obtained from the total charges.

The solution procedure is based on the well-known

method of replacing all the conducting surfaces and dielec-

tric layers by equivalent layers of unknown charge densities

in free space as shown in Fig. l(b). Under this condition,

the potentials and electric field for the two-dimensional

case are given by the familiar equations listed below:

1
J() ~ dtv(p)== ,UT p’ in ,p_pl, (1)

E=–vV(p) (2)

where the integration is over the contour tof the strips and

dielectric layers. V is the potential and E is the electric

field. U=(p’) represents the total charge density which

would be due to the sum of the bound and free charges at

the conductor–dielectric boundaries and merely that due to

the bound charges at the dielectric-dielectric interfaces,

and K is an arbitrary constant to be determined.

With the coordinate systems described in Fig. 2, the

electrostatic potential at any point pj would be that due to

the charge distribution at p;. If an infinite ground plane is

present, the charge distribution due to its image is also

included. All the conducting strips and dielectric-dielectric

interfaces are divided into flat subsections and pulse func-

tions are defined of the form

.txP)= (::
on the i th subsection

(3j
elsewhere

The total charge density can now be expressed as follows:

(4)

where A tiis the contour of the i th subsection and qi is the

total charge on the i th conductor. The potential at each

subsection on the conductor can be expressed in terms of

the charges present everywhere. Hence, the potential at

N~ is ;he number of subsections on conductor surfaces,

Nd is the number of subsections on dielectric–dielectric

interfaces.

Referring to Fig. 2, the distance Ipj – p,l between the

source point and the field point can be expressed as

follows:

Ipj-pil= {lpj-pi~12+p?-2(pj- pi/)”bi}l’2 (6)
where ~ is the unit vector in the direction of the vector

(P,’ – P,l), where (xi’, M and (x,I, ~il) denote the end
coordinates of the i th subsection. With the help of a

standard integral, (5) reduces to the following form:

RR12

( )]
+R12– Rtan”l —

s
(7)

where

RJ1= [(Pj– Pil)-~]lnlpJ– Pill

‘j2 = [(P; ‘- Pi2)”1] lnlb, – PIzI “

R12 = lp2 – pill

(
R= lP~–fJZ112– [(P, - PJq2}1’2

S=(PJ– P,l)”(PJ– P12). (8)

Ati is the length of the ith subsection. In the above

equations, the coordinate locations of the i th and jth

interfaces or subsections are used so that angles of orienta-

tion do not have to be specified in the x – y plane. Hence

(Pj - Pil) = ax(xj-xil)+ay(Yj - Yil) (9)

(P/- Pi2)=dx(xj -xz2)+ay(Yj-Yz2) (lo)

(Pi2 - Pil) ‘ax(xi2- xil)+ay(Yi2 - Yil) (11)

f= (Pi2 - Pil)

IP,2 – P,ll “
(12)

Simplifying (8) by using (9)–(12), we obtain the neces-

sary equations for any arbitrary orientation of conductors,

dielectric layers, and ground plane. The total N = N~ + Nd

equations are used to solve for the unknowns u~i, i =

1,2,. ... N. We utilize the continuity of the potential for

the first N~ equations on a conductor surface and equate

the continuity of the normal components of the fields in

the remainder of the NJ equations.
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From (15) and (16), one obtains the following equation:The boundary conditions at any dielectric-dielectric in-

terface yield the following:

D1.fi=D~.fi \
(~,rl+ ~zu) (P,-lz)

‘Tj -(%-%2),:1 *- ,p, _pz,,
co

i+J’(13)

.hdt, =O.

(18)

The moment method formulation reduces N. equations of

the form (7) and N~ equations of the form (18) to a matrix

where the outward normal fi is defined in Fig. 3 and c1

and c~ are the dielectric permittivities of the two regions.

Also, at the same boundary, the bound charge density u~

can be expressed in terms of the polarization vectors 1’1

and Pz’

lJ, =( P1-P2).?l. (14)

Using (13), (14) reduces to

equation, denoted by

1
VI

V2

.

VN,
o’11

211 ..” ZIN LT,-

221 z 2N
02

Z;l . . . Z;N ‘N.

that is

(15)

where c,1 and c~z are the relative permittivities of the two

regions.

The electric field E, at any subsection located at a

dielectric interface due to charge distributions at all the

interfaces can be expressed as follows:

Lo

(19)[Z][(J]= [V].

In order to calculate the electrical parameters, the free-

(P,-PZ) .
EJ”fi=E(pj)”fi= ~ ‘j

‘T]

,=1 2%’6O t, lPj-Pll “ndt’+Z”

charge densities at the various conductors should be ob-

tained. If the ground plane is infinite, the constant Kin (7)

is eliminated because of the image term, and the free

charges may be obtained as described later in Section III.

However, for a finite ground plane or when the conductors

have different voltages, then this constant has to be

evaluated. Instead of evaluating this constant, a numerical

scheme has been devised to eliminate it.

The method essentially forces the total of the bound and

free charges on all conducting surfaces and dielectric layers

to be equal to zero. Numerically, it would amount to

subtracting the elements of the first row of the [.2] matrix

from the corresponding elements of all the other rows from

i = 2 to i = N, and then replacing the first row by the

lengths of the corresponding subsections. As for the [V]

vector, the first element is subtracted from all other ele-

ments including the first one. Therefore, (19) would be-

z+j

(16)

When the interfaces are flat, the integral reduces to

()=+(~l)ln~ +LI. RL– RN. FI (17)

where

( 1
J+ A=O
RL (R12– RL)’

come

lN 111 12 13 0
V2– v-l

V3– VI
(Z21- z,,) (222- 212) (ZZ3- Z,3) . “ “ (Z~N- Z,N) ‘1

[.1
02

(ZN ,:ZIJ (ZN$,2-2,2) (ZN,3- z,,) “., (20)
VN$– VI

ozN,+l,l zN,+1,2 zN.+1,3 zN,+l, N

: jl’”JUN

z“N, NzN, 1 zN,2 o

III. EVALUATION OF THE FREE-CHARGE DENSITY

The analysis here treats a system of both finite thickness

and zero thickness conductors. A commonly used proce-

dure for treating finite dimension conductors would be to

use the boundary conditions at its boundaries, which would

require the normal component of the electric flux density

A=lpJ-pz,12-[(pj-pi,)”~]2

RI= 1P,– 1%11

RIZ = IP,2 – P,II

RN=(pJ–pil)”?z

RL=(pj–pll). ~

Ll=~.fi

R = IPJ– P1112+ IPIQ”– Pi~12–2(PJ – pZl)”~lPtZ – PzII.
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Fig. 3. Boundwy conditions for electric fields.

vector to be equal to the free-charge density since the field

within the conductor is equal to zero. However, a problem

is encountered when the conductors are of unequal dimen-

sions. When they are of the same thickness, the mutual

capacitance C12 and C21, etc., are exactly equal [1]. But in a

system of transmission lines of unequal thicknesses, this is

no longer true and the difference becomes most pro-

nounced when some of the conductors are of finite thick-

ness and some are infinitely thin. This could be because the

numerical method of modeling using point matching may

not give a zero field inside the conductor, a condition used

in developing the boundary conditions at the surface of a

conductor.

To overcome this difficulty, the present analysis consid-

ers all conducting surfaces as interfaces which for infinitely

thin conductors would have the two dielectric regions ori

either side, a~d for finite-dimensioned conductors would

have a dielectric region on one side and the dielectric

perrnittivity COcorresponding to a conductor on the other.

With an arbitrary orientation of the various interfaces

and the outward normal as defined in Fig. 3, the free-charge

density Uf, at the jth subsection is as follows:

o-,,=( D2-D1).fi, (21)

which is equivalent to

‘fj = (Erl - cr’2)cOE2”fij+ crluTj (22)

where U=j is the total charge density.

Using (16), (22) reduces to the following:

(23)

Equation (23) can be expressed conveniently in a matrix

form

1’
Z;l Z{2 . . . Z;N

Z;*,2 Zj$,l . . . Z;*, N

[.Z’1[%1= [fJfl
where

[][1
u~

.= .~N8(24
ON

(25)

‘f i Yi=l,z,..., N, is the free-charge density at the con-

ductor–dielectric interfaces.

Once the free-charge density is obtained from (19), then

from (25) the total free charges q, on the i th subsection

can be evaluated from the following equation:

qf~ = ufLAti (26)

where A tiis the length of the i th subsection.

?

J(- a— 1——

Cr.z 1

-L “ Y

Fig. 4. Microstnp transmission-line system where the conducting strips

are of finite thickness. Solution is by the method of images.

IV. CAPACITANCE AND INDUCTANCE MATRIX

Any element of the electrostatic induction matrix C,,

may be defined as the ratio of the total charge on the ith

conductor to the potential on the jth conductor with all

other conductors at zero potential. Hence

In order to obtain the inductance matrix,

(27)

capacitance

matrix CO is calculated for the striplines oriented exactly as

before except that they exist in free space and are not

embedded in the dielectric layers. The inductance per umit

length is related to the capacitance per unit length by the

following relation [1]:

[L]=*[CO]-’ (28)

where c is the speed of light in free space.

V. DIELECTRIC LOSSESAND THE CONDUCTANCE

MATRIX

The microstrip transmission-line system discussed above

is now considered with multilayered, arbitrarily oriented

lossy dielectrics associated with a complex dielectric per-

mittivity t. There is an additional transmission-line param-

eter, namely, the conductance matrix [G], which is the

analog of the capacitance matrix.

The coupled complex time-harmonic transmission-line

equations for the voltage and current are of the form given

below:

d~
—=–ju[L]i
dz

(29)

dj

z=
-{[ G]+j@[C]}fi=[t]t (30)

where the complex permittivity ?, which gives rise to the

admittance matrix [~], is expressed as

t = e’ – jc” with the loss tangent tan 8 = <.
6’

A time variation of the eJ”’ has been assumed. Equation

(30) can be written as follows:
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TABLE I

RESULTS FOR THE MICROSTRIP TRANSMISSION-LINE SYSTEM
SHOWN IN FIG. 4

Yremnc Analys ic Weeko [2] ho ●nd Sarknr [3}

fll - C22 92.36 92.24 91.89
pF/m

c~~ - c~~ -8.494 -8.504 -7.019
pFlm

LI~ - LZZ 0.1982 0.1982 0.1855
uS1/m

LI.2 - L~I I 0.03014 I 0.029.S0
uH/m I 0.02361

Fig. 5. Microstrip transmission-hne system where one conductor is of

finite thickness and the other is of zero thickness. Solution is by the

method of images.

where the complex matrix

[q=[c]+~. (32)

Using the same solution procedure as described in the

previous sections but with complex dielectric permittivities,

one could obtain thecomplex matrix [~]. Using (32), this

matrix can be related to the capacitance and conductance

matrices by the capacitance matrix

[C]= Re[~] (33)

and the conductance matrix

[G~=-@Im[~] (34)

u being the angular frequency.

All the merits of this analysis already discussed still hold

for this complex case. The system is very general with

arbitrary oriented conductors and dielectric layers of arbi-

trary cross section. Ground planes could be present and

they could be finite or infinite in size. The system of

conductors and dielectrics could also be sandwiched be-
tween two finite ground planes. Further, a condition has

been imposed to make the total charge, the sum of the free

charges and polarization charges, equal to zero. The con-

ductor–dielectric interfaces are treated in the same way as

dielectric-dielectric interfaces with c~ used for the permit-

tivity of the conductor. This is to make sure that the total

field within the conductor is equal to zero, a condition not

necessarily true when using point matching for the solution

procedure. It is seen here that this last condition and the

one for the total charge to be zero results in a very nearly

symmetric capacitance and conductance matrices when the

conductors are of unequal cross section.

VI. RESULTS

To illustrate the numerical analysis developed here, the

commonly used rrticrostrip transmission lines with two

conductors mounted above a ground plane have been

considered. The microstrip transmission-line system and

results for the capacitance and inductance matrices are

presented for each of the following examples. As a first

example, consider the configuration given in Fig. 4. The

results for that configuration (Table 1) are compared with

those obtained by Weeks [2] for the two-dimensional case

by Rao and Sarkar [3] for the three-dimensional case. The

agreement is satisfactory.

For the same configuration, the various features of this

analysis have been demonstrated. To illustrate its use for

conductors of various thicknesses, one of the conductors”

was reduced to zero thickness (Fig. 5). The results in Table

II show a difference of less that 0.1 percent in the values of

Clz and C21. Table 111 for the system in Fig. 6 shows the

case when both conductors have been reduced to zero

thickness. Table IV illustrates the effects of the dielectric

edges for the system in Fig. 7. Comparison of this table

with Table I shows that there is a relatively small change in

the capacitance as the width ~f the dielectric is reduced.
Next, the ground plane has been treated as a finite conduc-

tor with zero voltage, as shown in Fig. 8. The results of

Table V compare well with those of a similar configuration

(Table IV) where the ground plane is infinite. Table VI,

corresponding to Fig. 9, illustrates the same kind of analy-

sis as Table V, except that one of the conductors is of zero

thickness.
The total number of subsections in each example is

about 150. For example, in Table V for Fig. 8, where the

ground plane is finite and the dielectric edges have been

taken into account, the subsections used were as follows:

there were 12 subsections on the ground plane, 8 subsec-

tions each along the Y-direction of each conductor, 2

subsections each along the X-direction of each conductor,

8 subsections each along the vertical dielectric edges and

along the horizontal dielectric–air interface, 10 subsections

from the edge of the dielectric to the conductor, 8 subsec-

tions between the conductors, and 10 subsections again

from the edge of the conductor to the dielectric.
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Fig. 6. Microstrip transmission-line system where the conducting strips

are of zero thickness. Solution is by the method of images.

s

1

Fig. 7. Microstrip transmission-line system with w varying. The effect

of the dielectric edges has been illustrated for two cases when the edges

are included and when they are excluded.

TABLE II

RESULTS FOR TED?MICROSTWP TRANSMISSION-LINE SYSTEM

SIIOWN IN FIG. 5

tirmcitame Wtrix Inductance Matrix

C~~ - 91.24 (PFh) LII - 0.2006 (uH/m)

C22 - 83.16 (pF/m) LZZ - 0.2317 (usllm)

C12 - -5.602 (pF/m) L12 = 0.023704 (uH/m)

CZI = -5.647 (pF/m) L2~ = 0.023703 (uH/m)

TABLE III
RESULTS FOR TFtE MICROSTWP TRANSMISSION-LINE SYSTEM

SHOWN IN FIG. 6

Capacitance S4atrix Inductance Matrix

CII - 82.514 (pF/m) Lll - 0.2335 (uH/Lu)

C22 = 82.594 (pF/m) Lz2 - 0.2335 (uH/m)

C12 - -3.827 (pF/m) L12 - 0.01885 (uH/m)

CZI - -3.827 (pF/m) Lz1 = 0.01885 (uHlm)

TABLE IV
RESULTS FOR THE MICROSTRSP TRANSMISSION-LINE SYSTEM

SHOWN IN FIG. 7

y

6.0

4.0

2.0

0.5

0.0

Cll = C22 (pF/=)

without
~

92.36

92.44

92.40

91.44

89.68

yitJ
~

92.05

92. lb

92.10

90.50

87.97

CIZ - CZI (PF/=)

Without
~

-8.494

-8.506

-8.539

-8.595

-8.603

~
MS

-8.473

-8.&85

-8.517

-8.565

-8.569

Fig. 8. M.icrostrip transmission-line system of finite thickness conduct-
ing strips. The edges of the dielectric have been taken into account. The

ground plane has been treated as a conducting strip.

*

I

Fig. 9. Microstrip transmission-line system where one conductor is of

finite thickness and the other is of zero thickness. The ground plane is

treated as a finite conductor. The edges of the dielectric have been

taken into account.

TABLE V
RESULTS FOR THE MICROSTRIP TRANSMISSION-LINE SYSTEM

SHOWN IN FIG. 8

Capacitance Matrix Inductance Matrix

Cll - c22 - 91.642 (pFh) LI1 = L22 = 0.20035 (uH/m)

C12 - c21 - -8.6972 (pF/m) LIZ - Lz1 - 0.031826 (uH/m)

TABLE VI
RESULTS FOR THE MICROSTMP TRANSMISSION-LINE SYSTEM

SFIOWN IN FIG. 9

Capacitance Matrix Inductance Matrix

Cll - 90.43 (pF/m) LII - 0.2028 (pH/m)

C22 - 82.703 (pF/m) L22 - 0.2336 (vH/m)

C~2 - -5.73295 (pF/m) L12 - 0.025023 (uH/m)

c21 = -5.79379 (pF/m) LZI = 0.025020 (uH/m)
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L z -—9

TABLE VII

~’
RESULTS FOR THE MICROST3UP TRANSMISSION-LINE

s%pscitance slatrix Inductance ktrix

c~~ - 114,9 (pFlm) L~~ - 0.236.9 (uH/m)

c~~ - 104.7 (pF/m) L~~ - 0.3745 (uH/m)

7 cl, - -7.097 (PFfm) L,? = 0.01986 (uHlm)

~’ k—b~
. . -.

CZI = -7.21 (pF/m) Lz~ y 0.01986 (pH/m)

Fig. 10. Microstrip transmission-fine system with two ground planes of
finite dimension and two conductors of which one is infinitely thin. The

dielectric layers are oriented as shown

TABLE VIII

RESULTS FOR THE SYSTEM SHOWN IN FIG. 11

I

*e.ent Am.ly .1. &rrim*ton [4] Aml,t 1..1

c (pF/m) 80.093 80.08 80.37

c (s/cl) 0.6032 x 10-4 0.6038 x 10-& 0.606 x 10-~

L (uH/m) 0.5530 0.555 0.5537

TABLE IX

RESULTS FOR THE MICROSTRIP TRANSMISSION-LINS SYSTEM
SHOWN IN FIG. 12

—

~

1

1

1

1

2

2

2

2

3

3

3

3

.4

k

4

4

.

.

~

—
1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

&

—

capacitance
Sbttrix (p?/m)

~
klalymis

301.21

-36.82

-2.636

-22.28

-36.98

343.41

-27.17

-17.23

-2.712

-27.08

35’s.99

-32.26

-24.37

-16.73

-31.32

230.5

308.8

-36.06

-2.81b8

-24.59

-36.06

333.1

-30.45

-16.41

-2.8&8

-30.45

380.6

-31.78

-26.59

‘16.41

-31.78

232.8

Inductance
~trii (uH/m)

?rement

ADalysis

0.26786

0.04441

0.01273

0.03317

0.4456

0.2520

0.03339

0.03692

0.01284

0.03335

0.25592

0.052788

0.033983

0.03699

0.052687

0.32655

Urringtm [4]

0.2714

0.0449

0.01295

0.03W+2

0. 04&88

0.2594

o.03b47

0.037L2

0.01295

0.03447

0.2570

0.0525

0.03LIA7

0.03742

0.0525

0.3326

—

@aductance
~trix (uS/m)

Present

AmalY@is

0.6294

-0.17182

-0.01257

-0.05818

-0.1736

1.5119

-0.1384

-0.09854

-0.01242

-0.13511

1.5296

-0.1776

-0.05944

-0.09941

-0.1760

0 63L1

Barrington [41

0.6L20

-o 1701

-0.01327

-0.060?

-0.1701

1.481

-0.1498

-0,096.98

-0.01327

-0.1498

1.60S

-0.1777

-0.0607

-0.09688

-0.1777

0 6383

As a final example, we consider a finite-thickness con- system described above. Tables VIII and IX, correspond-

ductor and a zero-thickness arbitrarily oriented conducting

strip sandwiched between two finite-length ground planes

containing various dielectric layers as illustrated in Fig. 10.

The capacitance and the inductance matrices for this con-

figuration are given in Table VII. In this case, the dis-

crepancy between C12 and C21 is less that 2 percent.

The examples given above illustrate the microstrip trans-

mission line with arbitrarily oriented dielectric layers and a

finite ground plane.

When the dielectrics are lossy, the conductance matrix

can be evaluated for a similar microstrip transmission-line

ing to Figs. 11 and 12, respectively, are two exa-mples

which have been compared to the results of Barrington et

al. [4]. It should be noted that the difference in the ele-

ments C., ~ and Cm,. show in Table IX ranges between

0.3 to about 8 percent. These values have not been aver-

aged as in [4].

VII. CONCLUSION

A numerical procedure has been presented for the com-

putation of inductance, capacitance, and conductance

matrices for arbitrarily oriented multiconductor transmis-
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Fig. 11. A circular conductor above a perfectly conducting, infinite

ground plane. Solution is by the method of images.
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Fig. 12. Microstrip transmission-line system of four conducting lines

embedded in three Iossy dielectric layers and placed between two

ground planes.

sion lines of arbitrary cross sections in multiple dielectric

media. The conductors may be of finite cross section or

may be strips of zero thickness. The dielectric layers can be

of arbitrary orientation. The conductors embedded in the

multilayered dielectrics can be either on top of a finite or

infinitely wide ground plane or sandwiched between two

arbitrarily oriented ground planes.

[1]

[2]

[3]

[4]

REFERENCES

C. Wei, R. F. Barrington, J. R. Mautz, and T. K. Sarkar, “Multicon-
ductor transmission lines in multilayered dielectric media; lJ!LW
Trans. Microwave Theoiy Tech., vol. MTT-32, pp. 439–450, Apr.
1984.
W. T. Weeks, ‘<Calculation of coefficients of capacitance of muM-
conductor transmission lines in the presence of dielectric interface,”
IEEE Trans. Microwave Theory Tech., vol. MTT-18, pp. 35–43, Jan.
1980.
S. M. Rae, T. K. Sarkar, and R. F. Barrington, “The electrostatic
field of conducting bodies in multiple dielectric media;’ IEEE Trans.

Microwaue Theory Tech., vol. MTT-32, pp. 144-1448, Nov. 1984.
R. F. Barrington and C. Wei,’” Lossess on multiconductor transmiss-
ion lines in multilayered dielectric media,” IEEE Trans. Microwaue
i neory 1ecn., vol.
-,-, “ MTT32, pp. 705-710, July 1984

Jayanti Venkataraman (M’81) was born in

Bangafore, India. She received the B.S. and M.S.

degrees in 1969 and 1971, respectively, from the

Bangalore University, Bangalore, India. In 1977,

she received the Ph.D. degree in electrical en-

gineering from the Indian Institute of Science,

Bangalore, India, and continued as Research As-

sociate at the same place until 1980.

Since 1982, she has been an Assistant Profes-

sor in the Electrical Engineering Department,

Rochester Institute of Technology, Rochester,

New York. Between 1980–1981, she was a Research Associate at the
Physicaf Science Laboratory, Las Cruces, New Mexico. From 1981-1982;
she was a Research Associate at the Efectromagnetics Laboratory; Univer-
sity of Colorado, Boulder, CO. Her interests are in the area of integrated
microwave and millimeter-wave antennas and circuits.

Arrtonije R. Djordjevit was born in Belgrade,
Yugoslavia, in 1952. He received the B.SC., M.SC.,

and D. SC. degrees from the University of 13el-

grade in 1975, 1977, and 1979, respectively.

In 1975, he joined the Department of Electn-

caf Engineering, University of Belgrade, as a
Teaching Assistant in Electromagnetic. In 1982,

he was appointed as Assistant Professor in Mi-
crowaves at the same department. From Febswuy
1983 until February 1984, he was with the lDe-

Dartment of Electrical Engineering, Rochester In-
stitute of Technology, Rochester, NY, as a Visiting Associate Professor.
His research interests are mrmericaf problems in electromagnetic, espe-
cially those applied to antennas and microwave passive components.

.’

*

scattering.

*

Tapan K. Sarkar (S’69-M76-SM81) was born
in Calcutta, India, on August 2, 1948. He re-

ceived the B.Tech. degree from the Indian In-

stitute of Technology, Kharagpur, India, in 1969,
the M. SC.E. degree from the University of New

Brunswick, Fredericton, NB, Canada, in 1971,
and the M.S. and Ph.D. degrees from Syracuse

University, Syracuse, NY, in 1975,
From 1969 to 1971, he served as an Instructor

at the University of New Brunswick. While
studying at Syracuse University, he served as an

Instructor and Research Assistfit in- the Department of Electrical En-
gineering. From 1976 to 1985, he was with Rochester Institute of Technol-

ogy, Rochester, Ny. From 1977 to 1978, he was a Research Fellow at the
Gordon McKay Laboratory of Harvard University, Cambridge, MA.
Presently, he is with the Department of Electncaf and Computer En-

gineering at Syracuse University, Syracuse, NY. His current research
interests deaf with numencaf solution of operator equations arising in

electromagnetic and signal processing with application to system identi-

fication.
Dr. Sarkar is a Registered Professional Engineer in the state of New

York. He is a member of Sizma Xi and International Union of Radio

Science Commissions A and ~.

Scholar.

Yang Naiheng was born in Zhejiang, china, in
1942. He graduated from the Department of

Electromagnetic Physics, Chinese University of

Science and Technology, Beijing, China, in 1965.
Since then he has worked at Nanjing Research

Institute of Electronics and Technology, Nanjing,
China. He has done research work in the areas of
microwave feed systems and components, such as
digital phase shifters, switches, and directional
couplers. In November 1980, he came to Syra-
cuse University, Syracuse, NY, as a Visiting


