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Fig. 6. Developmental array phaser showing feedthroughs.

TABLE I

LOSSY FEEDTHROUGH COMPARISON
PEAK ABSORPTION-RESONANCE AMPLITUDE (dB)

Type Tan 8 Phaserl Phaser2 Phaser3 Phaser4

1 0.01 8.0 2.8 2.3 5.5
0.15 1.5 0.2 0.2 0.6

: 0.3 0.2 0.2
None

0.3
u 0.2 0.2 0.2

mensions. In addition, the feedthrough allows wider ferrite and wave-

guide assembly tolerances and results inaless expeusivedevice.
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Fig. i’. VSWR versus isolation.

A second group of 15 phasers was fabricated using techniques

identical to those used on the initial group of 10 except with improved

feedthroughs. The feedthrough material had a dielectric loss tangent

of 0.08 and a magnetic loss tangent of about 0.12, making the effective

loss tangent about 0.15. Only 3 out of 15 elements exhibited reson-

ances and the average peak absorption in those elements with reson-

ances was 0.5 dB. These results are generally consistent with what

would have been predicted from Fig, 5.

In order to compare the resonance reduction capability of several

different feedthrough materials, a third experiment was conducted.

A swept frequency loss measurement was made on a single phaser,

using no feedthroughs and each of three different types of lossy feed-

through. The results from four sets of these measurements are shown

in Table I. As an example, the measured insertion loss versus fre-

quency for Phaser 4 is plotted in Fig. 7.

In conclusion, the absorption resonances and RF leakage which

have long been associated with digital latching phasers can now be

eliminated by a systematic choice of feedthrough material and di-

A Dominant Mode Analysis of Microstrip

R. P. WHARTON AND G. P. RODRIGUE

Absfract—A computer-aided numerical analysis of the dominant

mode propagating in microstrip transmission line is reported, and the

theoretical results are corroborated by experimental measurements.

A region of almost complete circular polarization is found to exist at

the surface of the dielectric, although most of the energy is concen-

trated directly beneath the strip conductor where the fields possess

ahnost complete linear polarization.

INTRODUCTION

This analysis of the field distributions in microstrip transmission

lines has been carried out in two parts: a theoretical analysis yielding

a numerical solution and an experimental study using a small YIG

sphere as a field probe. The work was prompted by the knowledge

that in order to satisfy all the boundary conditions, the microstrip

mode has to be a combination of TE and TM modes existing simul-

taneously, thus forming a TE–TM hybrid mode. Yet, propagation

constant data calculated under a TEM assumption yields good

agreement with experimental results. In addition, a laboratory in-

vestigation has indicated the existence of a region of circular polariza-

tion as evidenced by the realization of a strongly nonreciprocal

microstrip resonance isolator [1].

THEORETICAL ANALYSIS AND RESULTS

The theoretical approach [2] used here has been to solve the

vector Helmholtz equations numerically for the longitudinal electric

and magnetic fields. Since microstrip by its very nature is an open

structure, a quantized model would require a subdivision of the re-

gion around it into an infinite number of mesh points. Thus it was

necessary to enclose the region around the microstrip with a bound-

ing wall. Experimentally, the microstrip fields are found to decay to

zero far away from the center strip, thus in this work the longitudinal

electric and magnetic fields were required to vanish at those walls. In

the microstrip model the dielectric substrate is assumed to be linear,

homogeneous, and isotropic. The Iossless case is assumed so that the

propagating mode is considered to have a z dependence of the form

e~(.~–~.). The strip and ground plane are treated as being infinitely

thin and perfectly conducting.

Finite-difference equation representations of the Helmholtz

equations were derived for both longitudinal field components. The
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Fig. 1. Experimental and theoretical f-d diagrams for the O.OSS-in
alumina substrate with w/~=2.
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Fig. 2. Longitudinal fields for ~=9.5, w/b =2, and b =0.055 in. Magnetic field values
are above the node; electric field values are below.

equations were derived for an unequal spacing of the nodes, thus al-

lowing for their more general placement in the interior of the model

configuration. Ineffect there aretwoscalar fields superimposed upon

each other at each mesh point. These fields are not directly coupled

to each other except along regions of discontinuity, in this case the

air-dielectric interface. This coupling requires the TE–TM mode

superposition to form the hybrid coupled mode.

Two finite-difference equations at each node form asetof linear

simultaneous equations which then were cast into an eigensystem

form. Theeigenvalues werecalculated bythe QRtransformation [3]

to yield the phase constant of the propagating mode, and theeigen-

vectors were calculated via the inverse iteration technique [4] to

yield the longitudinal field configurations, both for a given fre-

quency. The transverse field distribution and thus the complete

mode pattern were numerically calculated from Maxwell’s equations.

This approach parallels that of Hornsby and Gopinath [s], but

differs in the method of bounding the model and in solving the eigen-

system.

The calculated vaIues of phase constant are displayed in Fig. 1

and are compared to those of other investigators [5]–[7]. The

straight Iine labeled TEM corresponds to aTEM mode solution that

would propagate if the microstrip were fully loaded with a homo-
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Fig. 3. Transverse magnetic field distribution of the dominant microstrip
mode on the 0.055-in alumina substrate at 10.63 GHz.

Fig. 4. Transverse electric field distribution of the dominant microstrip mode on
the 0.055-in alumina substrate at 10.63 GHz.

Fig. S. Magnetic field distribution of the dominant microstrip
mode in the vicinity of the center strip.

geneous dielectric having a relative permittivity of 9.5. Careful ob-

servation of the calculated j —~ curve reveals that the dominant

microstrip mode is slightly dispersive, as also reported by M ittra and

Itoh [8].

The calculated longitudinal fields at each node for a 0.055-in

alumina substrate (e, =9.5) with a center strip width to substrate

thickness ratio of two are shown in Fig. 2. The transverse fields were

calculated from these longitudinal fields and then combined to form

transverse field vectors in order to provide a more complete picture

of the microstrip mode (Figs. 3 and 4). The magnetic field distribution

is shown in Fig. 5; note that this mode has the sha~e of an inverted

saddle.
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EXPERIMENTAL PROCEDURES AND RESULTS

The phase constants formicrowave frequencies between 2 to 12

GHz were determined by loosely coupling RF energy through a

microstrip line of known length which had been short circuited at

both ends. The shorted line resonated at frequencies for which the

line length 1 was an integral number of guide half-wavelengths

&/2, and from these measurements theexperimental ~—~ dispersion

curve plotted in Fig. 1 was obtained.

The RF magnetic field components of the microstrip were deter-

mined by measuring the relative magnitude of resonance absorption

by a YIG sphere used as a probe with the dc field applied along dif-

ferent directions with respect to the transmission line. A ferromag-

netic material can be characterized by a tensor permeability which

can be reduced to a scalar form by assuming that the sample is ex-

cited by a uniform RF magnetic field polarized either clockwise

(CW) or counterclockwise (CCW) in a plane normal to the dc mag-

netic field. The scalar quantities (P+k) and (p—k) are the effective

permeabilities for these two waves for the lossless case:

~+~=po+@X-
ao—co

MOWa’f
p—k=&ll+ —. (1)

coo+f.d

When magnetic losses are included, the resonance absorption is finite

rather than infinite. Thus the CCW fields exhibit no resonance loss

due to spin coupling effects, whereas the CW fields show a strong

resonance absorption.

An elliptically polarized RF magnetic field can be resolved into

two circularly polarizecf fields: one CW and the other CCW about

a normal to the plane of the polarization. The amplitudes of these

circularly polarized fields are easily shown to be of the form

ll?t,/2\ + I hti/2[1 and l]lz,/21 + I &/211 where h, & and k, are the com-

ponent amplitudes of the elliptically polarized field.

The connection between thepower absorbed andthe RF driving

field is found byconsidering theterm~. (~11 /dt), which represents

a power density in the complex Poynting theorem. The rate of change

of stored energy in a unit volume is proportional to~~~l~lidv, and

thepower absorbed per unit volume (UV) is

P/uv ~ :[ 2 /2. (2)

In terms of the circularly polarized fields, this becomes

P/uv x R I 20W [’ + 1iccw /’) + :(FCW.3CCW* + 2CCW.ZW*). (3)

The second term of this equation can be shown to be zero. In terms

of the effective scalar permeabilities, (3) becomes

As the RF frequency is varied through ro~, the first term will have

a zero in the denominator and will exhibit a resonance, whereas the

second term will experience a negligible change. The size of the YIG

sphere remains constant so, as a result, at a resonance the power ab-

sorbed by the sample is proportional to the square of the magnitude

of the CW circularly polarized component of the magnetic field:

P.b,..ted K I How 12. (5)

The power absorbed at resonance was not measured directly.

Instead, the ratio in decibels of the “at resonance” and the “off

resonance” power levels transmitted through the section were mea-

sured:

absorption in dB = 10 log
(

power.ff ,.,OnmC.

)
– . (6)
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Fig. 6. Magnetic field components calculated from the measured spin resonance
absorption for the 0.055-in alumma substrate with w/b =2 at 10.6 GHz,

The power level into the microstrip was kept constant so that

1
f)owt%b,.rbd K 1 –

( )
(7)

absorption in dB “
antilog

10

Using (5), the amount of resonance absorption is related to the CW

circularly polarized component of the magnetic field:

IHcw I w ‘l-
1 1/2

( )1

(8)
absorption in dB “

antilog
10 —

In taking these measurements, the RF power level was kept well

below 1 mW, otherwise a large resonant absorption could cause heat-

ing of the YI G sphere, resulting in a decrease in the saturation mag-

netization and a decrease in the “on resonance” permeability. To

insure that the YIG sphere only weakly perturbed the field dis-

tribution, a small diameter (0.0164 in) was used.

The magnetic field components which were calculated from the

spin resonance absorption data are plotted in Fig. 6. Note that two

H, curves are plotted, one for each of the two antiparallel orientations

of the biasing field. Also shown in Fig. 6 is a cross-sectional view of

the microstrip drawn to approximate scale. The large dot represents

the relative size of the YIG sphere in relation to the microstrip line.

The triangles on the plot indicate the regions on the substrate where

nonuniform modes [9] perturbed the uniform mode of resonance ab-

sorption. At those regions, coupling to nonuniform modes resulted in

a broadening of the resonance line of the principal mode of resonance

absorption, and consequently a reduction in the peak resonance ab-

sorption curve. The fields calculated at these locations are based on

the resonances which were judged to be the uniform mode, but which

were probably reduced in amplitude due to coupling to the nonuni-

form modes.

The theoretically calculated magnetic field components are pre-

sented for comparison in Fig. 7. Since the YIG sphere diameter was

approximately equal to the node spacing for the 0.055-in substrate,

the plotted fields are averages of the field values at the nodes on the

interface and the field values at the nodes just above the interface.

Comparison of the experimental and theoretical curves in the vicinity

of the center strip shows very good agreement. The longitudinal
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Fig, 7. Relative amplitudes of the numerically calculated magnetic field compo-
nents for the O.OSS-in alumina substrate with w/b =2 at 10.63 GHz.

magnetic field reaches its maximum just past the center strip edge.

The x component of the magnetic field reaches its positive extremum

just inside the center strip edge, passes through zero just past the

edge, and then passes through a negative extremum a short distance

from the edge. The y component of the magnetic field drops off zero

just past the center strip edge. Note that the longitudinal magnetic

field and consequently the longitudinal electric field of the microstrip

mode along the interface are far from being negligible quantities.

At regions on the air-dielectric interface in the vicinity of the

center strip edge, both the experimental plot (Fig. 6) and the theo-

retical plot (Fig. 7) reveal a relatively large component of circularly

polarized RF magnetic field in planes normal to both the cc and

y axes. Experimental work by other investigators [1] had indicated

that there was a circularly polarized component of the RF magnetic

field in microstrip, but its relative location and amplitude were not

known,

The only other reported experimental investigation for the field

configuration was by Shafer [10]. He used a loop coupling technique

to measure the average RF magnetic field distribution on an over-

sized microstrip line having a low dielectric constant substrate.

CONCLUSION
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Octave-Band Microstrip DC Blocks

DAVID LACOMBE AND JEROME COHEN

much greater than the substrate thickness, the mode begins to ap-

proach a TEM mode. It was also shown that substantial amounts of

circular polarization of the RF magnetic field exist in each of two

orthogonal planes. It should be pointed out, however, that most of

the energy in the microstrip mode is concentrated in the dielectric

substrate under the center strip, and in this region the longitudinal

fields are relatively weak. Consequently, one would expect TEM cal-

culations of guide wavelength, phase constant, etc., to be reasonably

close to the actual values.

Abstract—The design of octave-bandwidth microstrip interdigital

dc blocks is presented. Data for a 7.75- to 16.3-GHz design are given

and correlated with an approximate equivalent circuit based on even

and odd mode propagation in coupled micro strip. Additional data are

tabulated reflecting the ability to shift the frequency band of opera-

tion.

DC blocking capacitors are an important element in the design

of several microwave components requiring de-biased devices. In

microstrip, chip and beamlead capacitors, as well as directly de-

posited thick- or thin-film capacitors, are extensively employed, but

each has certain disadvantages. Chip and deposited capacitors are

attractive at lower microwave frequencies [1], [2] typically through

.$ band, although reported on as high as X band [3]. In these fre-

quency ranges, they can be considered “lumped-element” compo-

nents, but become distributed elements and sometimes introduce un-

wanted parasitic in higher frequency bands. Beamlead devices re-

duce these problems at high frequencies but are relatively expensive

and more difficult to handle, requiring the use of microscopes and

sophisticated bonding equipment for installation.

This short paper describes an empirical extension of the inter-

digital-type dc block reported on by Stinehelfer [4] which has the

advantage of being “printed” simultaneously with other microstrip

circuitry. The basic circuit, illustrated in Fig. 1, consists of a single

ECIU!VALENT CIRCUIT

Fig. 1. DC block micro$trip circuit and equivalent circuit
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