
MPM -I-5

~ OF SLCiF IXNE CHARAC1’WSISfICS

E. Mariaui, C. Heinsman and J. Agrios

Electronic Components Laboratory
U. S. Arsw Electronics Command, Fort Monmouth, N. J.

S. B. Cohn, Consultant
!M.rzana> California

The develolssent of micrcwave integrated circuits has effected consid-

erable interest in microstrip trsnsmiesion lines on dielectric substrates.

This paper discusses the slot M_@, a novel transmission line that may be

used in association with, or 8s an alternative to microstrip. slot line

consists of a narrow slot in a thin conductive l~er on one side of a high

permittivity dielectric substrate; the other side is bare es shown In

Fig. 1. The slot line offers same important advantages when compared to

microstrip by virtue of the slot-made configurate ion, Eig. 2. The electric

field is across the slot while the magnetic field is perpendicular to the

slot end f orme closed loops at half-wave intervals. Thus, the slot line

possesses a region of elJ@tical polarization which should be useful for

constructing a variety of non-reciprocal, ferrite, slot line devices such

as resonance isolators, latching phase shifters, -d circulators. Since

the slot modets voltage occurs across the slot on one side of the substrate,

it is especially convenient for connecting shunt elements such as diodes,

resistors and capacitors. Moreover, the same manufacturing techniques used

for microstrip integrated circuits can be applied to slot line.

NOTES
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The slot line utilizes a dielectric substrate of sufficiently high

permittivity such that the fields are closely confined to the slot and

the slot-mode wavelength, 2’ , will be substantially less than the free-

spe wavelen@h with negligible radiation lose.

The results of a second-order analysis are grapbica13y described in

Figures 3, 4, and 5; the following parameters me presented as a function

of slot width (W), substrate thickness (D), perndttivity (Er), snd

frequency: (1) relative wavelength ratio, ‘/A (a’ = slot mode wavelength,

2 = free-s~ce wavelength); and (2) characteristic hpedance, Z o. It may
,

be observed thst the a/A curves for the different W/D ratios converge in

the neighborhood of a value of Dj~. The point of convergence is close to

the zero-order solution end it occurs approximately when the thickness of

the substrate, D, is ~4, where A d is the wavelength in the dielectric.

For larger DIR ratios, surface waves are likely to be troublesane and

FYgures 3, 4, end 5 clo not reflect any calculations for such values of D/x .

In order to vefify the theoretical values of 273 *, several slot line

circuits were fabricated using three Cuetcm Material, T.nc. substrate

materials. The dielectric constants of these substrate msterialz were

~rimentall.y determined to be 20.3, 14.5, 13.2. Tk slot transmission

lines were fabricated in two ways. Ftret, one side of the dielectric zub-

strate was covered with 3M Co. Scotch Brand No. 51 aluminum sensing taps,

* The computer program to calculate various slot line characteristics was
Cievlsea by Dr. E. G. Cz’WtaJ of SRI uoder a program sponsored by the

U. S. Army Electronics Canmand, Fort Moxnzouth, N. J., Cantract
Ilo. nAABo7-68-c-oo88.
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0.625 inches wide E@ ,0. O@ inches thick including adhesive. Slots of

various widths were formed by leaving an appropriate gap along the center

line of the substrate face. Aleo, the substrate materials were eleetroless

plated by the Snipley Methcd and then electroplated so that the total

c OPPer thickness was approximately O. O@ inches. The slot transmission

line wee fomed by etching a narrow slot along the full length of one face

while the copper wee removed fran all other surfaces. Slot lines four or

five inches long were investigated.

An electric probe tenuinating a ref lectcaseter directional coupler was

coupled to one end of the slot. The slot length was varied by sliding a

thin steel scale (ceJ3.brated in l@lOth of an inch) over the slot from the

end opposite the probe; resonance was indicated by a dip in the reflected

wave. At each test frequency the overlapping length of the scale was

varied until resonance was f ownd and the scale was accurately read relative

to a reference point. “As maIW half-wave lengths, 1’/2, were obtained as

possible for each frequency. Fran these measurements the e~rimental.

values of ‘7A were cauputed and canpared to the theoretical data for A~A ;

Tables 1 through k compare

for the various dielectric

the experimental and theoretical data for

substrates measured:
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It is apFXr~t tiom the data presented in Tables I tti~ 1+ that the

experimental results achieved with the aluminum sensing tape were strongly

affected by the thin adhesive backing whereby the effective dielectric

constant of the substrate was reduced frem the measured value of @r causing

the ~/A ratio to increase with respect to the theoretical value. Also, the

adhesive had a larger effect on the substrates of lower dielectric constant,

as e~ected. The experimental results ccmpare very well to the theoretical

for the case of the plated substrates. It appeare that better agreement

is achieved with the higher dielectric constant substrates. The remaining

discrepancy is believed due to the slight inaccuracies in the measured Er,

dimensional tolerance of the slot width, slight variations in the substrate

thickness, and experimental error.

Measurement of the slot line characteristic im@edauce, &oj has not

bean accomplished at this time; however, work is currently in progress.

The theoretical results that have bean ccqputed are presented in Figures 3,

k, and 5.

The theoretical analysis has also been extended to the “slot-line

sandwich” case. This is the case where another dielectric substrate is

placed on top of the slot, thereby decreasing the wavelength further. The

analysis wi31 be forthcoming in the very ne= future.
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