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Abstract

The construction of a strip line
whose physical size is kept as small as
possible comisterit with reasonable
electrical performance is presented. This
line is fabricated by relatively simple
techniques and can be shaped to fit line
components into relatively confined space%
The line has good power handling capacity
and moderately low attenuation. Various
components have been developed in this
line including a broadband 3/8” coaxial
line to strip line adapter, a broadband
matched load, attenuators and high and
low’pass filters.

Introduction

The line to be described in,this
paper was developed at the Microwave
Research Institute under a program
sponsored by the Rome Air Development
Center, Griffiss Air Force Base, Rome,N.Y?
The initial purpose of this program was to
determine the practicality of using strip
transmission line in applications where,
in addition to the usual advantages of
strip line, it was desirable to keep the
size of the line at a minimum and9 if
possible, to construct a line which ‘could
be shaped to fit in confined spaces. The
objectives of this program can be
summarized as follows:

1. w: The ph$sical size of the
line shall be as small as possible,
consistent with the requirements for
reasonably low attenuation reasonable
dimensional tolerances and low radiation
and stray field effects.

2. Fabrication: The Line shall be
constructed by simple fabrication
techniques. The line is to be relatively
flexible In order to permit shaping of the
Ilne into confined spaces$ for exampley by
forming the I%ne to fit the contour of a
box or by winding a length of line into a
coil . In addition7 the line shall be
durable.

~. Electrical Requirements: The line
shall have a characteristic impedance of
50 okms and shall operate over a t%equency
band exteniling from 100 Me/see to
127000 Mc/sece

F’a_&ication of the Line

Dielectrics. Adhesives. and Conduct-

Three dielectrics initially cons%desed
for use in the construction of miniature
strip line we%’e polyethylene, polystyrene, ,
and Teflon. All of these materials have
relatively low dielectric constants and
very low loss tangents. As,it can be
shown, the copper wall losses account for
the greatest contribution to the
attenuation of miniature strip line? it
was felt that the surface roughness
inherent in the mechanical bonding
techniques used in commercially available
copper-clad dielectrics would result in
excessively high attenuation constants for
the line. Consequently initial considera-
tion was given to dielectrics which could
be fastened to metals and to each other
with low 10SS$ dielectric type adhesives.

At the beginning of this developuent~
no adhesives were found which provided a
good bond between tef’lon and metals,
C20nsequently9 the o~%ginal choice of
dielectric for miniature strip line
appeared to be between polyethylene and
polystyrene. Polystyrene was considered
primarily because of the ease with which
it could be bonded to itself and to
metals. However polystyrene is a rlgld
material that can be formed or shaped only
when heated. Therefore it dtd not meet
the requirements for flexibility or
formability. Furthermore thin sheets cd?
the sizes required for use in miniature
lines were not commercially available with
the necessary tolerances on thickness.
Polyethyl’ene9 on the other hand$ was
commercially available in sheets of
suitable thickness and the thicknesses
were maintained to close tolerances.
Furthermore polyethylene was both flexible
and durable. Because$ in addition to
these factors9 suitable adhesives were
readily available to bond polyethylene to
itself and to metals~ all lines
constructed under this program have used
polyethylene dielectrics,

RecentXy3 several new adhesives ha~e
become available eomercially that provide
good bonds to teflon as well as to
polyethylene~ so that either material can
now be used. The ground plane con~ucbors
are copper strips which can be etther cut
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to the desired width from thin sheets, or
purchased in spools of the desired width
and thickness. (In all th~ work on the
miniature line? an attempt was made to
choose the line dimensions in such a
manner that stock sizes of commercially
available materials could be used.) Both
copper and silver center conductors have
been used. The copper center conductors
were obtained by ruuming small copper wire
through a rolling mill until the desired
width was obtained (for example, a Nc3.32 B
and S guage copper wire, rollecl to a
thickness of 0.0016”$ has a resulting
width of .0’33~.0f21w). Silver wire can be
rolled in much the same manner. However$
silver ribbons of the desired width are
also avaflable commercially.

Determination of Line Dimensions

Using the usual approximations of
Lnfinite width of dielectric and zero
thickness or center c!onductorf the
characteristic impedance equation

Line Characteristics

The computation of the dissipative
losses %n the line$ using a parallel,plate
field distribution as an approximation to
the true field in computing conductor wall
losses$ indicated that the dielect~ic and
the wall losses in this line were of
approximately equal magnitude an~ approach
a total attenuation of 0.6 db/foot at
10 Kmc/sec. Computations of the line
attenuation based on a more exact analysis
of the field distribution yielded about
the same value. The measured value of the
line attenuation constant is approximately
twice this figure. This difference has
not yet been fully accounted for.

Measurements of the characteristic
impedance of the miniature strip line
ver%fy the computations of line dimension
to a high degree of accuracy. Preliminary
computations of the power handling
capacity of the miniature line indicate
that a line with a polyethylene dielectric
can withstand peak powers in excess of 1
megawatt and average powers of the order
of 100 watts. A teflon dielectric can
more than double the average power rating
of this line. No experimental verificatti
o“f the power handling capacity of the line
has ‘been made as yetv but it is felt that
these ratings are somewhat optimistl,c due
to the assumptions employed in the
calculation of the power handl%ng capac%t%

a-h -’stmj. n Lfne AdaDters
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undoubtedly imdrove the over-all
performance of this adapter~ the
performance was deemed to be adequate for’
most applications of miniature strip line.

As an illustration of the performance
that can be obtained in cases where a
coaxial line to strip line adapter can be
built along a common axis, Fig. k
illustrates the measured VSWR character-
istics of such an adapter which has been
des%gned for use with a larger size strip
line.

Attenuators and Loads

Early in the development of the
miniature strip line$ it was found to be
necessary to have reasonably well matched
attenuators and line terminations. A
technique which led to very good results
was the use of conductors made of nictarome
ribbon, Nichrome conductors of the
required dimensions were readily available
through commercial suppliers and calcula-
tions indicated that such conductors could
introauce appreciable dissipative losses
while the effect of these losses on the
characteristic impedance was negligible.
At 9000Mc/sec3 for exampley lines with
nichrome conductors had an attenuation of
over 6 db/foot. Furthermore$ as the
center conductor thickness is comparable
to the depth of penetration for this
material in the 9000Mc/see th?equency
range; and,as the major portion of the
loss is caused by the center eonductory
the total line resistance per unit length
rema%ns reasonably constant over a wide
frequency range. The change in attenuation
with changes in frequency therefore %s
qutte slow.

Matched line terminations were
obtained, by using long lengths of nielxrome
line terminated in short or open circuits.
A load cmnsistfng of a four foot $ength of
n%chrome line~ ?or example$ has a one way
attenuation of 20 db at 9000 Mc?/sec.
Therefore$ even with total reflection from
the back end of such a line~ the resulting
input VSWR %s only 1.02. In the utiliza-
tion of’ relatively long lengths of line7
the formability of the miniature strip
line becomes a very useful p~operty.
Matched terminations, consisting of long
le~ths of nichrome line can be womd in

5.

in

applicable to the design mf strip line
fflters.~34$~ One teebique which has led
to the design of I?tlters havfng wi&e pass
bands and wide rejection bands free from
Sp~ious Eesponses involves the design of
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a lunmed circuit ladder filter to give the
desired frequency response. A distributed
microwave circuit~ equivalent to thts
lumped design in the frequency Pange of

interest must then be realized. In order
to insure that spurious responses do not
occur in the frequency range of interest,
it 3.s necessary to keep the physical.
length of any line section representing a
lumped reactive element less than I/4
wavelength up to the highest operating
frequency. Shunt elements can be
realized by suitable lengths of
transmission line placed at right angles
to the main line. Short lengths of open
circuited lines Pepresent capacitors and
short lengths of short c%rcuited lines
represent inductances.

Both the cha~acteristic impedances
of these stub lines and their lengths can
then be chosen to give the desired
reactaneesg within the limitation that the
lengths be less than 2A wavelength at tha
highest frequency of interest. A sc]ries
lnduetan.ce can be realized by recognizing
that a short length of line of high
characteristic impedance is pred6mti~ahtly
inductive. As a first order approxi.matior12
a short section of such a line can be
Represented by a lumped ~ section ccmsist-
ing of two shunt capacitors and a series
Inductance. It can be readily shown that
the inductance and capacitances can be
determined from the equations

where

A=

L=

c=-=

v=

z=



capacitance normally encountered in filter
design work would require gaps that are
impractically small. For larger values of
capacitance, the structure of a parallel
plate capacitor can be physically
simulated in series with the line. This
is accomplished by overlapping two sectioris
of center conductor, separated by a thin
sheet of dielectric (such as mica, or
teflon tape). The customary equations for
the capacitance of parallel plate
capacitors are sufficient to determine the
dimensions of such a section.

In cases where the design dimensions
prove to be impractical from a structural
standpoint, the filter can be designed in
a line having either a higher or a lower
characteristic impedance than theT;ne in
which the filter is to be used.
filter can then be connected to the
specified line through the use of tapers
or other suitable matching structures. As
a case in point, a sequence of filters
designed to operate in 50 ohm line over
large frequency bands required a series
inductive section of such short lengths
that the ensuing width of center conductor
was 0,003”. This led to high Insertion
losses in the pass band and structural
fragility. When the same filters were
designed in 25 ohm line and tapered to a
50 ohm line at their terminals, the
resulting width of center conductor was
j.ncreased to 0.012’?~ provid?ng considerelil.y
more strength to the line and an
appreciable decrease irl the pass band
insertion loss.

It should be noted that the use of
resonant elements such as series or
parallel L-C circuits, which can be
realized by the use of quarter and half
wavelength sections of line, will tend to
produce spurious responses at or near
harmonics of the design resonant
frequencies. Such resonant circuits are
frequently encountered in the lumped
design of band pass or band elimination
filters. A convenient way of eliminating
these spurious responses in the design of
band pass filters is to design the band
pass filter of a tandem arrangement of two
succ?esslve sections~ a wide band low pass
filter to provide the high frequency cut-
off and a wide band high pass filter to
provide the low frequency cut-off.

W&an shunt resonant structures must
be employedv as in the case of the shunt
arm of some types of filter terminating
sections$ it is well to remember that a
microwave resonant structure approximates
a given Iunped resonant circuit only over
a relatively narrow Trequeney range in the
vicinity of resonance. Should wide band
performance be required~ the resonant
frequency and the characteristic impedance

of the resonant section must be determined
empirically.

A number of filters have been
designed for particular applications in
miniature strip line. Figs. 6 and ‘7
illustrate the lumped and distributed
designs for high and low pass filters
respectively. These filters are based on
a lumped design encompassing a five
section constant-k filter terminated in
matching m-derived half sections. The
measured insertion loss of several of the
low pass filters are shown in Figs. 8, 9,
and 10. The measured insertion loss of a
high pass filter is shown in Fig. 11.

It will be noted that, while
reasonably good results are obtainable
from the low pass filter design, the high
pass filter insertion loss in the pass
band is somewhat higher. While various
methods are being employed to reduce the
insertion loss in the pass band, other
techniques are available to obtain high
pass characteristics. This leads to
simpler structures with improved
characteristics. One technique that has
been employed with reasonable success is
to utilize the high pass characteristics
of cut-off waveguide’ sections. The,
construction of a str%p ltne filter
utilizing the waveguide cut-off principle
is shown in Fig. 12. This filter consists
of a strip line whose center conductor
tapers out to the full width of the cut-
off section. Side walls are placed along
this section so that the net effect is of
two rectangular cut-off waveguides placed
one atop the other. The measured
characteristics of a filter of this type
are shown in Fig. 13.

Conclusions

The wide variety of uses to which
strip line can be applied has been long
established. It has been shown that the
only limitations to the minlatur%zatlon
of strip transmission line are the
tolerances on the thickness of commercially
available materials and the ease with
which the line can be fabricated.
Photoetchlng techniques have been
successfully applied to the fabrication of
miniature strip line filtersy, in spite of
the fact that some of the photoetched line
sections were only 0.003” wide. The
simplicity of construction and the
accuracy to which these components can be
reproduced have amply demonstrated the
practicality of this line type.
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CROSS SECTIONAL VIEW

CUTAWAY VIEW SHOWING TRANSITION BETWEEN STRIP LINE AND FILTER SECTION

Fig. 12 - Construction of str%pline high pass cut-off filter.
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