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Fig. 3. Power performance of wide-bamd GaInAs MISFET amplifier stage

Tuned for h,ghest efficiency over 7-11 GHz band.
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Fig. 4. Power performance of wide-band GaInAs MISFET amplifier stage.

Tuned for highest power outpnt over 7-11 GHz band.
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Fig. 5. Wide-band performance of GaInAs MISFET amplifier stage using

0.7-pm-gate-length MISFET.

nal gain of 5 ~ 0.5 dB over the bandwidth of 11.4 to 22.6 GHz.

Again, no corrections were made for circuit losses.

V. SUMMARY AND CONCLUSIONS

The combination of high power density, wide bandwidth, and

high power-added efficiency obtained demonstrates the potential

of GaInAs MISFET’S in wide-band amplifier applications. Fur-

ther development, including subrnicrometer gate lengths and the

use of improved device geometries, will result in significant

improvements to the already good performance of GaInAs MIS-

FET wide-band power amplifiers.
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Reactance of Slotline Short and Open Circuits on

Alumina Substrate

JERZY CHRAMIEC

.4bs&act —Resonant techniques have been employed in order to deter-

mine the equivalent normalized reactance of slotline planar short circuits

and open circuits realized on alumina substrates. Data for slotline short

circuits are presented in a graph covering a wide range of normalized slot

widths. Characteristics of several slotline open circuits are given demon-

strating their resonant behavior and the resulting bandwidth limitation. As
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Fig. 1. Experimental setup.
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Fig, 2 Slotline test patterns.

an example of an application, the design of broad-band microstrip-slotline

transitions employing experimentally characterized slotline open circuits is

outlined.

I. INTRODUCTION

In the design of slotline circuits, planar short and open circuits

are the most frequently encountered discontinuities. Short-end

reactance characteristics have been reported [1] for substrate

relative permittivities of 12 and 20. Data for slotline open circuits

are practically nonexisting.

The purpose of this paper is to report on a resonant technique

employed to characterize these discontinuities as well as to pre-

sent some results usefuf for the design of slotline circuits on

alumina or similar substrates. These include the graph of the

planar short-circuit equivalent reactance given for a large range

of normalized slot widths and the frequency characteristics of

several slotline open circuits. One of the measured open circuits

has been employed in the design of broad-band microstrip-slot-

line transitions.

II. MEASUREMENT SETUP AND METHOD

Resonant techniques are well established in the characteriza-

tion of transmission line discontinuities [2], [3]. The experimental

setup used in this work is shown in Fig. 1. It makes it possible to

determine the resonant frequencies of a given slotline circuit

using the transmission method. Weak coupling with the test

structure is provided by small coupling loops placed on opposite

sides of the substrate. Fig. 2 shows the slotline patterns used. The

continuous lines show the initial pattern whereas the broken lines

0.6
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~, --_&_-J
h 0.08

70

Fig. 3 Measured reactance of slotline short end on alumina substrate

indicate the modifications obtained by gluing a very thin conduc-

tive foil.

The general resonance condition for these circuits is

xl Xz + 20 tan /.?ll
y+ —=0.

20 – Xz tan /?ll
(1)

o

Xl and Xz are the equivalent discontinuity reactance loading the

uniform slotline segment 11; B and 20 represent the slotline

phase constant and the characteristic impedance, respectively.

Alumina substrates of several dimensions were used in the

experiments. Substrate samples exhibiting relative permittititv . .
value were selected using Howell’s method [4]. Resonant fre~

quency measurements were performed on nonmodified patterns

of Fig. 2(a) with slotline ends short-circuited by perpendicular

conductive plates, i.e., Xl = Xz = O. The results made it possible

to prepare graphs of the correction factor, by which the slotline

wavelength computed from [5, formulas 5.32 and 5.33] should be

multiplied to increase the accuracy. Then, measurements on slot-

line circuits including the discontinuity to be characterized were

made and the discontinuity normalized reactance was calculated

from (1) with the use of corrected resonant wavelengths.

III. EXPIUUMENTAL RESULTS

Modified test patterns of Fig. 2(a) served to determine the

equivalent reactance of slotline planar short circuits. The results

are shown in Fig. 3. Compared with the data for c, =12 and

c, = 20 [1], the measured reactance is, slightly lower for wide slots

and higher for narrow slots.

The equivalent reactance of circular open circuits has been

measured on the patterns of Fig. 2(b) and computed with the use

of Fig. 3. Sample results are presented in Fig. 4, showing clearly

the resonant behavior of these discontinuities. These results indi-

cate that for very broad band applications, the dimensions of

circular open circuits should be carefully chosen. The actual

bandwidth depends on the required value of X/Z., but it cannot

exceed 2.5 octaves in the case of presented open circuits.

Fig. 5 shows the characteristics of broad-band nonuniform

slotline resonators shaped as in Fig. 2(c). Such structures are

recommended in the vicinity of rnicrostrip line (see, for example,

Fig. 7(a)) as they disturb to a lesser (extent the microstrip ground

plane. In one case, Fig. 5 also provides a comparison of the

characteristics of two identicaf resonators placed at different

distances from the perpendicular conductive wall and thus ex-

hibiting different end effects. Finally in Fig. 6 are given the
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characteristics of two nonuniform resonators dimensioned as in
Fig. 2(d) with different values of the angle cr.

IV. EXAMPLE OF APPLICATION: DESIGN OF BROAD-BAND

MICROSTNP–SLOTLINE TRANSITION

A broad-band microsttip-slotline transition is shown in Fig.

7(a) with the subscript m referring to its microstrip side. The

usuaf equivalent circuit [5] of this transition is given in Fig. 7(b).

In the equivalent circuit of Fig. 7(c), all of the components have

been transformed to the microstrip side. The input reflection

coefficient r equals

r= R, –Zom+j(%, +z)

R, + -%,+ j(-% + x,)
(2)

-./.

zj5iIEln 1 jX Z.
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(b)
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Fig 7. (a) Broad-band microstrip–slotlme transition. (b) Eqmva]ent circmt

(c) Equwalent cumit after transformation of all components to the mi-

crostrip side

where

H2Z0 X2 ~2z:x

R,=
z: + X2

x,=—
z; + x*

(3)

As n and ZO are slowly varying functions of frequency, the

transition bandwidth limitation results mostly from the frequency

dependence of X and X.,. A through-hole microstrip short circuit

may ensure Xfi, = O; however, the data from the preceding section

show that X always exhibits a limited bandwidth. To design a

broad-band transition, one may attempt to realize slotline and

microstrip resonators providing mutual cancellation of Xfi, and

X, [6].

An additional constraint stems from the fact that both res-

onators should not overlap. The experiments and calculations

show that in the case of the slotline resonator of Fig. 2(d), this

limits the allowable value of a to 60°. It has been verified

experimentally that the mutual effect of resonators on their input

reactance is negligible far from the resonant frequency, i.e., in the

range where the compensation of XW, and X, should be particu-

larly effective.

To design a 1.5–6 GHz transition, the 60° resonator character-

ized in Fig. 6 has been employed. The computed characteristics

of R, and X, are given in Fig. 8, the approximate value of n

having been calculated from [5, formulas 6.3–6.7]. The experi-

mental characteristic of a nonuniform microstnp resonator shaped

as in Fig. 7(a) is also included. The SWR characteristic of such a

transition computed with the use of (2) is represented by the

broken-line curve in Fig. 9.

Experimental characteristics have been measured on a test

circuit containing two cascade-connected transitions separated by

a slotline section 12 mm long, two good-quality microsttip-SMA

transitions, and an SMA load of SWR <1.08. Two-octave band-

width performance has been obtained, slightly worse than that

computed for a single transition. These results compare favorably

with the ones given in [7]. This microstfip– slotline transition has

been, subsequently scaled to a 0.7-mm-thick alumina substrate.

The measured SWR of two such cascade-connected transitions is
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below 1.45 in the frequency range 2 to 12.7 GHz with a locaf

increase to 1.6 in the vicinity of 8 GHz. The achieved bandwidth

is comparable to that reported by Schiippert [6] for a similar

transition. The midband performance of the realized transitions

is, however, somewhat better, which is attributed to the inclusion

of the slotline–microstrip voltage transformation ratio n in the

modeling.

V. CONCLUSIONS

A resonant technique has been described that allows the ‘accu-

rate measurement of slotline short- and open-circuit equivalent

reactance. Numerous experimental results have been given for

circuits on an alumina substrate (c = 9.8). These include a graph

of planar short-end reactance for normalized slot width values of

0.05 to 2 as well as the frequency characteristics of several open

circuits. It has been demonstrated that these open circuits behave

as nonuniform resonators with the resulting bandwidth limita-

tion. A 1.5–6 GHz low SWR microstrip-slotline transition de-

sign has been presented that employs one of the measured open

circuits. A 2–12.7 GHz transition his been obtained by scaling

the first transition to a thinner substrate.
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A Moment Method Solution of a Volume–Surface

Integral Equation Using Isoparametric

Elements and Point Matching

JIAN-MING JIN, STUDENT MEMBER, IEEE, JOHN L. VOLAKIS,
SENIORMEMBER,IEEE.AND VAL131S V. LIEPA, MEMBER,IEEE

Abstract —It is shown that traditional subdomain elements such as

rectangles and triangles with a pulse expansion basis could lead to inaccn.

racies when simulating biological scatterers having high perrttittivities. In

this paper, isoparametric elements are used in a moment method imple-

mentation to remove modeling inaccuracies of fields and boundaries asso-

ciated with traditional elements. Numerical results are also given that show

the improvement achieved in the scattering solution for high-contrast

circular cylinders.

I. INTRODIJCTION

A volume–surface integral equation (VSIE) was recently pre -

sented [1], [2] for electromagnetic scattering by inhomogeneous

cylinders. A moment method (Mlbf) solution of the VSIE was

also considered using rectangular and triangular elements with

pulse expansion basis functions and point matching. Such a

moment method solution, however, becomes inaccurate in the

case of scatterers having high pernnittivities with transverse elec.

tric (TE) incidence or high permeabilities with transverse mag-

netic (TM) incidence. To overcome this difficulty, in this paper

we develop a MM solution by employing isoparametric elements.

Isoparametric elements were first introduced in finite element

analysis [3]. The main advantage of using such elements is to

allow an accurate modeling of arbitrarily shaped geometries

However, it appears that only recently [4] have they been em.

ployed in solutions of volume integral equations for electromag

netics. Below we first discuss the inaccuracy associated with

traditional solutions of integral equations for penetrable scatter..

ers having high refractive indices. This is followed by the intro-

duction of isoparametric elements and the presentation of the

MM solution of the VSIE using such elements. Results are

subsequently presented which show the stability of the solution

in the case of cylindrical geometries associated with high refrac

tive indices.

II. I)LSCUSSION OF THE INTEGRAL EQUATIONS

In this section we first examine the VSIE for the computation

of the internal fields in a cylinder having nonunity relative

permittivity e, and permeability K.. Assuming the cylinder has its

Manuscript recmved November 28, 1988: revrsed May 4, 1989 TINSwork
was supported m part by the NASA Ames Research Center under Grant

NAG-2-541.

The authors are with the Radiauon L~boratory, Department of Electrical

Engineering and Computer Sclcnce, University of Michigan, Ann Arbor, MI

48109.

IEEE Log Number 8929926

0018 -9480/89/1000-1641 $01.00 @1989 IEEE


