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Abstract

A new transmission line for microwave integrated circuit applications at

described. Although physically similar to microstrip, its principal mode of

waveguide type mode. Preliminary measurements indicate low loss and reduced

lines.

Introduction

Various types of transmission lines have been

developed for use in microwave integrated circuits to

miniaturize a variety of active solid-state as well as

passive compon~nts. 1-3These lines inc~ude microstrip,

sandwich line,. su~pended stripline, inverted micro-
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strip, slot line, coplanar line, and dielectric
9

waveguide. A chart showing some of these lines and a

qualitative assessment of their characteristics is con-

tained in Fig. 1. Of these lines microstrip transmis-

sion lines have been used most extensively the past

ten years in the frequency range from 1 to 10 GHz.

Being a planar structure microstrip is easily fabri-

cated, reproduced, and versatile. Semiconductor de-

vices and other solid state circuit components are

relatively easily bonded and integrated in microstrip

circuits.

Slotline and coplanar lines have many of the

advantages of micro strip but have not been used exten-

sively because their losses and tendency to radiate

are greater than microstrip. Sandwich line or strip-

line with high dielectric constant material has low

loss and small radiation compared to microstrip par-

ticularly at frequencies above 10 GHz. However to

prevent unbalanced modes from being excited and propa-

gated, tight tolerances are required on the substrate

surfaces. Another significant disadvantage of sand-

wich line is that solid state devices are not con-

veniently added on the structure. In addition, add-on

devices are a source of undesired modes due to their

asymmetry.

In this paper we describe a new “microStrip-type”

of transmission line called “microguide.” Microguide

has all the desirable features of microstrip, such as

planar geometry, ease of fabrication, reliability,

ease of mounting add-on devices, plus the ability to

handle higher power with lower loss and radiation.

This new transmission line should be particularly well

suited to operation at frequencies above 10 GHz because

the coupling and interaction between components and

lines should be significantly reduced from microstrip.

Microguide Line

A three-dimensional view of microguide is shown

in Fig. 2. It is seen to consist of a wide strip of

width, a, over a ground plane separated by a high-K

material of thickness,

frequencies above X band is

propagation is a quasi-TE1c)

coupling between adjacent

b. The physical configuration

of a microguide transmission line is similar to the

physical configuration of a microstrip :Line, but the

width is larger than the width of a micro strip line.

The principal transmission mode in microguide is not a

quasi-TEM mode as in microstrip but is more like a

waveguide-type mode.

A sketch of the field configuration of the princi-

pal mode of microguide is shown in Fig. 3. Its elect-

ric field is antisymmetric with respect to the center

of the guide. Its magnetic field is symmetric. A

zero-order approximation for the fields in a microguide

assumes that the fields are contained entirely within

the region between the top conductor and the bottcbm

ground plane. This is equivalent to assuming that

microguide is a waveguide with magnetic side walls

instead of electric side walls. Then the dominate mode

in microguide is the TEIO mode. The quasi-TEM modle can

also be excited on a microguide line and provisiom must

be made to suppress this mode. One possible mode sup-

pressor is shown in Fig. 4. Since the TEM mode of

microstrip has even symmetry, the two mc>des are ortho-

gonal to each other and do not couple under ordina,ry

circumstances. Figure 5 shows some possible micrc, strip

to microguide transitions that are based on the ortho-

gonality of the TEM and TE modes.
10

Preliminary measurements of the unloaded Q of a

microguide resonator indicate that microguide has low

10ss. A single resonator l/2-inch wide and l-l/2-

inches long was fabricated on a l\16-inch thick sub-

strate, whose relative dielectric constant was approxi-

mately 10. The following values of unlc~aded Q were

measured for the microguide line.

Frequency Guide Wavelength Q

4252 MHZ 1.527 inches 118

5085 MHZ 1.008 inches 312

6000 MSZ 0.765 inches 605

The guide wavelength was computed by using an

effective dielectric constant, effective resonator

length, and effective resonator width obtained from

measurement of three distinct resonances. The effec-

tive dielectric constant was found to be 9.93, the

effective resonator length 1.526 inches and the effec-

tive resonator width 0.539 inch. The cut-off wave-

length was then set equal to 1.08 inches and the guide
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wavelength computed for each frequency. 2. T.M. Hyltin, “Microstrip Transmission on Semicon-

Since the attenuation per guide wavelength in a

waveguide is proportional to the square of the ratio

of the guide wavelength to the wavelength in the die-

lectric, one would expect the unloaded Q to increase

appreciably with increasing frequency as ohserved.

Microstrip quasi-TRM mode resonances were also

observed on this resonator since no provisions were

made to completely suppress this mode. The equivalent

characteristic impedance of this micz.or,trip line is

about 10 ohms. Coupling for the TEM mode was such

that measurement of unloaded Qs for various resonances

in this mode were not possible except for one reso-

nance at 4976 MHz. This resonance corresponded to a

resonator whose electrical length was 21. The un-

loaded Q wae measured to be 223.

Conclusion

A new type of transmission line for microwave

integrated circuits has been described. Preliminary

measurements indicate that the line has low loss and

reduced coupling between adjacent lines. Filters in

microguide appear to be very compact and practical.

Since microguide is a type of balanced line, the design

of magic TIS using microguide should be very conveni-

ent. Microguide components become more practical as

the frequency increases; therefore, microguide appears

as an excellent alternative to microstrip in the upper

microwave and millimeter-wave bands.
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