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Introduction

Microstripz’?”)+ has been developed as
a substitute for waveguides or gcoaxial
lines, especlally for the development of
microwave gomponents and Microwave
clrecuitry.

Microstrip is a wide~-band trans-
mission system in which the electro-
magnetic waves are propagated through a
dielectric medium bonded by a strip
conductor on one side and a conducting
ground plane on the other side, the
distance between the strip conductor on
the ground plane being a small fraction
of the wavelength of the line. With this
type of line, the manufacture of microwave
plumbing reduces itself to a printed
circuit technique, susceptible of great
aceuracy, adaptable to mass production,
and resulting in great savings in cost,
space, and weight.

In addition to Mlcrostrip, various
types of stgig-éines have been known for
some timels®;7»¢ (see Fig,1). Except for
Microstrip, most of these structures are
equivalent to flat coaxial lines, with or
without dielectric filling. With the
structure shown in Fig, 1C, 1t is possible
to obtain high Q's because the conductor
losses are the only important ones;
therefore this type of line permits the
design of high Q cgmponents, such as
microwave filters. Due to the losses in
the line, particularly the dielectric
losses, Microstrip, in its usual form, may
not always be suitable for long trans-
mission lines or high Q filters. A4s will
be shown later, the losses in the line are
more comparable to the losses obtained
with dielectric~filled coaxial lines than
to the losses in air-filled waveguides.
However, there are many microwave circuits
and microwave components where high Q
quality is not essential, and it is in
these circults where Microstrip may prove
more practical or more sconomical than
cylindrical or flat coaxial structures.

It is easy to couple external high @
cavities or filters %o Microstrip, and the
resulting radiation from the low Q line,
being small, simplifies the shielding
problem,

Thus, in general, a Microstrip
circuit will be designed having low Q
lines for most of 1ts parts, and with the
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coaxlal standing-wave machine. The langth
of the Microstrip is varlied, over half a
insertion of a few external high Q
components., Very often this combination
will result In a simplification of the
system, or in some sconomical advantages.

Fig. 2 shows various Microstrip
Iines and components and, for comparison,
some low~frequency printed circuits., The
same etching or engraving processes can be
utilized, and sometimes both types of
circults will be printed on the same board
at the same time (see Fig., 3).

Before discussing the transmission
properties of Microstrip and the
characteristics of various Microstrip
components, the method of measurement used
with Microstrip will be described briefly.

Technique of Measurements in Microstrip

Since the geometry of Microstrip is
rather unconventional, the usual measure-
ment technigye in microwaves must be
modified to obtain the characteristics of
the line, i.e,, phase velocity and
attenuation, or the characteristics of
obstacles in the line. For example, a
probe can be used only to obtain
information on the field distribution in a
reglon far from the main power flow. Also,
a probe inserted In a slot in the ground
plane under the strip conductor will alter
the normal mode of propagation of the
microwave energy flowing along the line.
For the above reasons, it has been found
convenient to make all impedance
measurements on Microstrip by connecting
this 1line, through a transducer, to an
ordinary waveguide or coaxial slotted line
The reflections from the Microstrip line
are then measured in the standard mamnner.

Although the method has been 9
described originally by G. Deschamps”
the determination of the reflections
coefflcients and attenuation loss of a
closed waveguide junction, its application
to Microstrip is justified as long as the
main power flow along the line 1s
confined in one dominant mode. In general,
this has been found toc be true.

for

The experimental set-up is shown in
Fig. 4., The Microstrip specimen is
connected to an ordinary wavegulde or



wavelength, either by moving a short-
circuit across the conductors, or by
cutting the line at its end. The
corresponding reflection coefficient is
measured at the input in the standard
manner., The successive positions of the
short-circuit are arranged to differ by
M8. When plotted on the complex plane,
these reflection coefficients fall on a
circle, assuming the losses in the line
are small within half a wavelength. The
chords joining opposite peints intersect
in a-point that 1s related in a simple
manner to the reflectlion and transmission
coefficient of the junction,

From the circle dlagrams, the
wavelength or phase velocity of the
dominant mode can be easily obtained.

By repeating the measurements for two
different lengths of the line with the
same Jjunction, the losses in the line per
unit length can be obtained.

The use of a "hyperbolic pgotractor,"
also developed by G. Deschamps,”’ reduces
the computations to mere readin§s of
"hyperbolie distances." (Fig. 6

4 good short-circuit between the
conductors 1s obtained by soldering a
large conductor plate betwean the strip
conductor and the ground plane. This
method, however, destroys the Microstrip
sample and there is no possibility of
checking back on the measurements. It is
possible to obtain the circle diagram
corresponding to the displacement of a
good short-circuit without having to cut
continuously the end of the line,.. The
expsrimental set-up is shown in Fig. 5.
To this end, the reflection coefficient
given by a good short-circuit for only one
position in the line is compared with the
cirele diagram obtained by moving a
constant reflective load around this
position. A simple geometrical
construction can then be applied %o
obtain the desired results. 7s

Deschamps® method permits the
determination of the reflection coeffident
and insertion loss of the junction between
Microstrip and coaxial or waveguide lines.
The method also permits the characteristics
for any obstacle in Microstrip to be
expressed in terms of the scattering
matrix coefficients. For example, when
measuring a discontinuity, junction A,
between two Microstrip lines, through
another discontinuity, junction B, (ses
Fig. 7) one must consider first AB in
cascade as a two port linear network, then
disconnect junction A and measure the two
port network B, From these two measure-
ments, the characteristics of the

diseontinuity A can be deduced.
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Transmission Properties of Microstrip

An exact theory of this open line has
been outlined by G. Deschamps of Federal
Telecommunication Laboratories,” and
M, Schetzen of M.I.T.l0 However, the
theory has not yet been reduced to
practical formulas. An approximate
theory based on the assumption of T,E.M,
mode of propagation has been given by
F, Assadourian and E, Rimai and gublished
in the PROCEEDINGS of the I.R,E, This
theory can be used with good approximation
to obtain the values of the principal
characteristies of the line.

A T.E.M. mode can propagate in
Microstrip only if one considers a
lossless system with a uniform dielectric
infinite in extent. However, practieal
Microstrip lines involve a solid
dielectric upon which a strip is printed,
and an alr region above the dielectriec.
Since Microstrip lines involve composite
dielectric and losses, they cannot support
a pure T.E.M, mode. Nevertheless, both
theory and experiment indicate that the
field and powsr flow are concentrated in
the dielectric between the conductors, and
that the assumption of a single, infinite
dielectric leads to useful results even
though it is not rigorous. Fig., 8 shows
the theoretical distribution of power flow
for a wide strip of zero ghickness above
an infinite ground plane.

The measured characteristics of the
line will now be compared with the results
of the first order theory.

Phase Constant

1. As in a T.E.M, mode of propagation,
and over a wide range of frequencies, the
phase veloeity, v, is constant to within
experimental errors which are less than
0.5; i.e., Microstrip is not dispersive,

2. In general, the wavelength in
Microstrip is longer than the value
corresponding tc a T.E.M, mode of
propagation between infinite parallel
plates Immersed in a teflon dielectrie.
For a given thickness of dielectrie the
wavelength decreases as the width of the
strip conduetor increases, approaching
asymptotically the value of?LTEM for very
wide strips (see Fig, 9),

3. To a first approximation, a
characteristic impedancs can be defined as

where C is the measured elesctrostatic
capacitance per unit length, and ¥ is the
measured phase velocity along Miecrostrip.



The characteristic impedance is a
function of the width of the strip line,
b, and the dielectriec thickness, h (see
Fig, 10), For purpose of comparison with
the theory, Fig. 11 shows the ratioc of
2o/2} plotted versus b/h. (24 corresponds
to a constant field in the absence of
fringing and leakage flux:

=h_ /n
Zé = bT//:: ).

It can be seen that the agreement with
the first order theory is quite good,

Attenuation Constant

In Microstrip, the attenuation is due
to conductor loss, dielectric loss, and
radiation loss, The method of measurement
gives only the total attenuation. The
circle diagram method is used to measure
the attenuation along the line for the
purpose of studying its uniformity (see
Figs. 12 and 13). The attenuation along
Microstrip is constant with the exception
of a region near the transducer. Fig, 1k
shows the variations of the average
attenuation over the frequency range from
4000 to 9000 me for a particular Micro-
strip line. On the same graph are
plotted theoretical attenuation curves
obtained from the first order theory
assuming a constant loss angle for the
dielectric over the entire frequency
range, Curve I is the experimentally
determined curve; Curve II is a computed
curve for a line identical to the
experimental model; and Curve III is a
computed curve for a similar line but with
a dielectric thickness twice as great.

The agreement between Curves I and II
could be even better if we had assumed, as
more probable, that the loss angle
increases with frequency.

The average attenuation and unloaded
Qo of a line 1/16-inch thick are shown in
Fig. 15 (Qo =x/Na). For a 1/8~-inch-
thick 1llne, the average value of
attenuation of 1,1 decibels per meter is
made up of about 0.3 db/m for the
conductor loss and 0.8 db/m for the
dielectric loss at 6000 mc. This line
corresponds to a Qg of about 700 at
6000 me. By removing the dielectric, the
conductor losses are reduced to 0,18db/m
with the same geometry, corresponding to a
Qo of about 3000, Fig. 16 shows a
comparison between the attenuation of
waveguide, coaxial, and Microstrip lines.

Power-Handling Capacity

The power-handling capacity of the
Microstrip line, like any other dielectric-
filled transmission line, is limited by
breakdown and dielectric heating.

Usually for CW operation, dielectric
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heating will be the limiting faector,.
Breakdown will be more serious for high-
power pulse operation.

For a Microstrip with a line
7/32-inch wide on a base of Teflon
impregnated Fiberglas 1/16-inch thick, at
3000 me with a CW power of 300 watts, the
rise 1n temperature under the strip line
was 50°C above the ambient (20°C),

Under pulse conditions, corona
effects appear at the edge of the strip
conductor for a pulse power around 15 kw
at 9000 me. However, gradients are
higher at transducers, and there is a
greater possibility of breakdown at these
points than in the line, Further
measurements must be made before any
absolute values of breakdown and corona
effects can be given. Special
precautions should be taken to round off
all sharp edges for pulse operation, and
it may be desirable to paint the edges of
the strip conductor with a dielectric
paint to increase the breakdown voltage.

Characteristics of Microstrip Components

Transducers from Microstrip to Coaxlal
or Wavegulde Lines

Coaxial and Microstrip lines are
wide-band transmission systems, and a
wide~band transducer between the two lines
is a useful item for many Microstrip
components,

A standard UG-55/U type N coaxial
connector 1s used to exelte the Microstrip
line. This type of connector can be
utilized over a wide band of frequencies,
and is matched to a 50=-ohm coaxial line.
The connector is mounted at right angle to
the plane of the Microstrip line (see
Fig. 17). Matching is achieved by
employing an iris of proper diameter
located in the ground plane, PFig, 18shows
the frequency range of matching, and
Fig. 19 shows the total insertion loss 1in
the transducer. This loss is relatively
small over a wide frequency band,

By removing the dielectric around the
center pin of the transducer, the
frequency range of matehing can be
extended up to 10,000 me with an insertion
loss smaller than 0.6 db (Fig, 20). When
smaller insertion loss is desired, a
Junction from waveguide to Microstrip is
recommended (Fig. 21),

Matched Load and Attenuztor Pads

Matched loads and attenuator pads can
be made simply by pressing a resistive
card against the Microstrip conductor, For
high values of attenuations, the conductor



can be interrupted and covered with a
lossy material. For good stdability in the
values of attenuation, precision metallized
films on glass can be used instead of the
common resistive cards which are more
subject to the influences. of temperature
and humidity,

Corners and Bends

Fig. 22 shows the variation of the
input VSWR produeced by different cuts in
a right-angle bend. As can be seen, a
45% cut or a smooth round corner will
produce no appreciable reflection. The
radiation loss for a round corner is less
than 0.1 db at 5000 mec, Right-angle
bends in the third dimension are also
possible with small reflsction and small
losses,

Impedance Matching Transformers

Tapers. A relatively freguency
insensitive match between two impedances
can be obtained by using a length of
tapered Microstrip line, the impedance of
which, at each end is equal %o the
impedance to be matched at that end (ses
Fig. 23). The curves of Zy versus the
width of the strip conductor (Fig. 10) are
useful for such designs.

Stubs. Microstrip stub sections in
shunt with the main line behave like shunt
reactance. The reactance can be either
inductive or capacitive and can have any
value between zero and a maximum value.
This maximum value is limited by the
losses in the line, and depends on
whether the end of the stub is left open
or short-ecircuited and also upon the
length of the stub. Fig. 24 shows the
VSWE produced by a short-circuited stub,
as a function of freguency. The stub
sections ‘can be used as variable impedance
transformers to introduce a known impsdance
at some point in the line, or to match s
line when the output is terminated in any
arbitrary impedance. Double-stub and
triple-stub transformers can alsc be
designed in a similar fashion to multiple-
stub coaxial tuners.

Mierostrlip Step Discontinuitv.
Experiments show that the egulvalent
cireults of a Mierostrip step
discontinuity is an ideal transformer
if the losses in the lines are small.
Fig. 25 shows the values of the square
of the turn ratio n of the equivalent
transformer as the width of one of
the lines is varied. In a first
approximation: n? = Z,/2,, where Z; and
%5 are the characteristic impedances
of the two lines. Due to the non-
dispersive properties of Microsirip,
this type of discontinuity is rather
insensitive to freguency.
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Iransverse Posts. Transverse posts
may be used in Microstrip not only as
impedance transformers for matching
purposes, but also as means for providing
d-c¢ paths between the strip conduetor and
the ground plane. This d-c path is
necessary in some applications, i.e., in
crystal holders to insure a closed circuit
for the rectified d-c flowing through the
crystal.

As a first approximation, the
susceptance of a transverse post varies
with frequency like the susceptance of a
pure inductance.

Due to radiation loss which ecan be
appreciable for large post diameters, it
is desirable to specify the susceptance of
a post by its scattering matrix
coefficlents in which the reference plane
is taken at the axis of the post, These
coefficients cag ge deduced from the
circle diagrams”’?’ (Fig. 26). 4n exact
equivalent network (for the frequency used
in the measurements) can also be deduced
from the_circle diagram as shown in
Fig. 27. Fig. 28 shows the variation of
the equlvalent normalized susceptance
versus the dlameter of the post and Fig.29
shows this variation versus the location
of the post across the line.

Resonant Section in Microstrip

By placing two obstacles in Microstrip
at the proper digtance, a resonant section
can be obtained. Fig. 30 shows an
example with transverse posts. In this
case, the dielectric in the line was
Fibverglag G=6 (a lossy dieleciric at 5000
mc), the loaded Q was of the order of 23,
and the unloaded Q of the order of 165.
However, by removing the dielectric in the
resenant sectlon, and by proper shielding
of this section,; higher values of Q can be
obtained,

Hybrid Rings

The hybrid ring ecircuit (or magiec T
equivalent in waveguldes) is an important
component for microwave circuits such as
balanced mixers, A.F.(., duplexers, etec.
Using Mlerostrip, hybrid rings can be
reallized in a number of ways (see Fig. 31)
In Fig. 314 one of the lines is three-
quarter wavelength long and the
characteristic impedance of the ring
section is+/ 2 times the charaeteristic
impedance of the side-arms. In Fig. 31B
the side arms are folded inside the ring,
providing a more compact configuration.

In Fig. 31C the hybrid ring is made with T
Junctions separated by quarter wavelength
sections of line, The characteristics at
"YX¥ band of a hybrld ring as depicted in
Fig. 31A are shown in Fig, 32. t very
high frequencies the width of the line is

e



no longer a small fraction of the wave-
length, and as the ring diameter becomes
smaller, a correction factor has to be
applied to determine the mean diameter of
the ring for optimum decoupling betwseen
opposite arms at a given center frequency,
This correction factor has been determined
experimentally.

Directional Couplers

Various types of directional couplers
can be used in Mjcrostrip. A wide-band
directional coupler made with parallel-
coupled Microstrip (Fig. 33) makes use of
the characteristic that power flowing in
one direction in the main transmission
line induces a power flow in only one
direction in the secondary transmission
line, With this type of coupler, the
coupling and directivity are a function of
the distance between the parallel lines,
the angle of coupling, the length of the
coupling sectlion, and the width of the
lines. Tnpus, a large number of parameters
can be used for any particular design.

Crystal Holderg

Fixed-tuned Microstrip crystal holders
for mixer applications have been developed
for all frequency bands from 900 me¢ %o
10,000 mc., The useful bandwidth of a
erystal holder matched to a 50~chm Micro-
strip line depends on the characteristics
of the matching elements. For a wide-band
holder, a tapered line is indicated, but
for narrow-band applications; a simple
shunt suscepitance may be adequate.

The crystal holder generally used 1n
Microstrip is mounted at right angles
below the ground plsne (Fig., 34)., Matching
is achieved by the proper location of a
stub line aeross the wain line. The stub
line is short-circuited with a transverse
post at the end of the line., This
provides the necessary d-c¢ return path for
the rectified crystal current in case the
strip conductor is d-c¢ insulated from the
ground plane. The r~f is by-passed by
means of a bullt-in coaxial capacitor in
the holder's mount.

The input VSWR for such a crystal
holder is particularly low over a wide
band of frequencies at '"C" band (see Fig.
Fig. 35). Good match is obtained with
either 1N23C erystals or 1N230R reversed
erystals. At "S" band or "X" band, a
somewhat reduced bandwidth is obtained,
but the VSWR is less than 1.5 over a 10 to
15% bandwidth,

The problems of wide-band matching of
crystal holders in Mierostrip are
considerably simplified with the use of
crystals having r-f impedances close to
50 onhms. Development work now in progress
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shows very promising results in that
direction.

Special Microstrip Componenfts

A large number of Microstrip
components have been developed such as
impedance bridges, phase moludators,
coupled high-Q cavitles, rotary switches,
waveguide or coaxial Klystron mounts,
mateching sections for traveling-wave
tubes, T junctions for duplexers, wide-
band T junctions, etc. However, due to
the space requirements of this paper, we
will omit most of the above components,
and discuss the use of gas discharge in
Microstrip as a modulator or as a wide-
band source of noise, and the use of
Ferrite in Microstrip as an amplitude or
phase modulator. Although both
applications have been used in waveguides,
Microstrip offers a broader frequency
range of operation as well as more compact
packaging.

Microgtrip Gas Diode

4 flat gas dlode, approximately
1/16~inch thick and 3 inches long, is
mounted between the strip conductor and
the ground plane (Fig. 36). The line is
terminated in wide-band coaxial
transducers. The first tube tested was
mounted with a hot cathode and a large
%lass bulb serving as a reservolr of gas

see Fig, 37)., Actually, this is not
necessary and a gimple two-electrode,
cold~cathode-diode, can be used just asg
well, Various gases were tested, but only
the results obtained with Neon (pressure:
1 mm Hg) will be reported here,

Amplitude Modulator. By varying the
d=-¢ discharge current in the tube, &
variable amount of attenuation can be
obtained (Fig. 38). This effect can be
used as amplitude modulation, or in
switches in systems where the signal to
noise ratio is not too important since a
large amount of modulation noise is
produced by the tube.

Wide Band Noige Sourcs. In the
standard waveguide gas discharge noise
gource, at least six different waveguide
slzes are used to cover the frequency range
from 1000 me to 10,000 me. With the
Microstrip gas dicde this frequency band
can be covered with the same tube. In
Flg. 39 the effective electron temperature
in deecibels above 290°K is plotted against
frequency. This effective eleciron
temperature gives the actual amount of
white nolse power which is available at
the transducer at the input of the line,
and includes the losses in the line and the

losses in the transducer (the other end of
the line is terminated in s matched load).



The noise output power as a function of
the dc in the discharge is shown in Fig,
Fig., 40, What makes the Microstrip noise
diode attractive, besides its small size,
1s the relatively small amount of currentg
necessary to reach the plateau of the
curve,

Ferrites in Microstrip

Ferrites have been used in waveguides
for amplitude modulation, phase modulation,
and non-reciprocal effects. Similar
effects can be produced with Ferrites in
Microstrip, with the difference that. here
the Ferrite sample is usually very small
and the magnet necessary to produce the
field requires a small amount of current.
The Ferrite sample is placed between the
strip conductor and the ground plane.

Fig. 41 shows the increase in attenuation
produced in Microstrip at various micro-
wave frequencies and various values of the
magnetic field (H parallel to the strip
conductor) for a Ferrite sample:
Ferroxcube 4E, It can be seen that, as
the microwave frequency increases, the
peaks of the attenuation curves occur at
greater magnetostatic fields., which is in
qualitative agreement with thg formala
for ferromagnetic resonance.l

w_ =Y (BH)‘&

o

Phase shift variations can also be
produced as shown in Fig, 42, Non-
reciprocal effects have been observed when
placing the Ferrite sample on the edges of
the strip conductor,

Microstrip Wiring Appliea®r??

to Microwave Receivers

As examples of practical realizations
using various Microstrip components
previously described, the radio-frequency
heads of various broad~band, super-
heterodyne microwave receivers will be
shown and compared with the squivalent
conventional waveguide receivers.

Fig. 43 shows the r~f head of a
single-ended mixer operating at a center
frequency of 2000 mc. The local
oscillator injection is made through a
Microstrip directional coupler. This
leads to a very simple layout on the
chassis, However, the possibilities of
Microstrip are more fully appreciated when
the r-f circuitry 1s more complicated.With
Mierostrip, bulky waveguide flanges or
coaxial type connectors necessary for the
assembly of the more familiar waveguide
and coaxial components can be eliminated,
and the whole radio-frequency head can be
manufactured as a single unit. This is
shown in Fig, 4%, which is a photograph of
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two complete recelvers on the same scale,
one utilizing conventional waveguide
plumbing and the other the Microstrip
equivalent. This receiver uses a balanced
mixer with a hybrid ring and has an
automatic frequency control for the local
oscillator. This A{g is of the type
deseribed by Pound, and uses two more
hybrid rings. The schematic diagram

(Fig. b45) is almost a reproduction of the
Microstrip print and the various Microstrip
components are easily recognizable., The
performances of both receivers are almost
identical. The over-all weight of the
conventional recelver is approximately

32 pounds; the weight of the Microstrip
equivalent is under 5 pounds,

Fig. 46 shows the front view of a
similar receiver operating at the center
frequency of 6000 me. A front cover can
be placed permanently and can serve both
as a dust cover and as an over-all shield.
411 the adjJustments and servieing can be
made from the back of the receiver (see
Fig. 47). On the ground plane are
mounted the Klystron local oscillator, the
i-f preamplifier, the tunable reference
cavity and the various crystal mixers and
crystal detectors. Since the dielectric
support for the Microstrip is attached %o
& solid conducting ground sheet, it is
possible to utilize the ground sheet as a
chassis for the low-frequency circuitry,
i.e., intermediate frequency, video-
frequency, and automatic-frequency control
ampligiers. This was already shown in
Fig. 3.

The 1-f impedance, the conversion loss
and the mixer noise temperature are a
function of the image-frequeney termination,
If a preselecting circuit (filter, T-R box)
is used in the signal line, considerable
variations in the frequency response and
noise flgure of the receiver can be
observed over a wide band of frequencies.
By making the lengths of the lines from
the junction to the crystals to differ by
a quarter wavelength, the balanced mixer
can be so arranged that the image
frequency wave is transmitted into the
local oscillator arm of the hybrid ring
(see Fig, 48). A matched attenuator pad
in this arm allows the image frequency
power %to be absorbed without reflection
and both crystals behave as they wonld in
a mixer without preselecting ecireuit.

Wide-band r-f heads with balanced
mixers have been made for center
frequencies ranging from 1000 to 10,000 me.
The sensitivity of these receivers at "gv
band, "C" band. and "X" band is shown in
Fig. hgn The single side-band noise
figure is plotted against frequency and
it can be seen that these receivers
compare very favorably with equivalent
recelivers made with conventional waweguides.,



Furthermore, with Microstrip, the design
of the receivers can be stan&ardized so as
to give almost the same physical dimensions
to receivers from "S" band to "X" band.

On the other hand, the printing techniques
for Microstrip allows accuracy of
reproduction compatible with low=-cost
production.

Microstrip Kit

To introduce Microstrip and
facilitate experimentation, a Microstrip
Kit has been developed (Fig. 50).

The Mlicrostrip Kit utllizes varilous
Microstrip components as separate units.
The connection between such components is
made through a special clip and the whole
assembly can be mounted on a simple frame
(Figs. 51 and 52).

Although the final design of a
Microstrip circuit will not use clip
connections, the Microstrip Kit assembly
can provide very quickly a good
approximation on the performance of many
microwave printed circuits without
involving the all-printed technique.
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Fig. 12 - .Circle diagrams for attenuation
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Fig. 13 - Attenuation along microstrip line.
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Fig. 36 - Microstrip gas diode.
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Fig. Ll - Microstrip ferrite R-F attenuation.
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Fig. L6 - Microstrip receiver at 6000 mc ~ front view.
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NOISE FIGURE IN DECIBELS

 Fig. 47 - Microstrip receiver at 6000 me ~ back view.
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Fig. 51 - Microstrip kit components.
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Fig. 52 - Microstrip kit assembly.
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