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Microwave path design:

The basics

Part 1 — This four-part primer on propagation-related basics, for those learning

about microwave communications, begins with “line-of-sight” determinations

and the evaluation of path clearances with regard to refractive effects.

By Jeff Ashley

Microwave communications path design

poses many challenges. In addition to static

‘gain and loss considerations, terrain and

propagation dynamics can play a large role

in determining whether a proposed path will

have the required signal levels, clearances

and reliability.

This four-part series will only scratch the

surface with regard to these considerations,

and it is not intended to cover ail aspects of

path design or any one in great depth. The

primary focus of the ser to serve as a

primer on some of the propagation-related

basics for those who may be new to the

microwave communications field.

Given this disclaimer, the following

tasks are some of the fundamental compo-

nents of microwave path design:

Cidetermining whether a proposed path is

“line-of-sight.”

Q evaluating path clearances with regard

to refractive effects.

Q evaluating path clearances with regard

to Fresnel zones.

( considering path reflections.

(Q deriving a power budget and the fade

margin.

(1 path reliability.

Part | of this series deals with the first

two components; the others will be dis-

cussed in Parts 2, 3 and 4.

Determining line-of-sight

Although there are situations where mi-

crowave paths are designed to work without

sight conditions, they would not be

considered the “norm” for industrial micro-
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Figure 1. A typical path profile indicates terrain elevations relative to distance along the length

of the path,

wave systems and therefore will not be dealt

with here. In most situations, if a prospec-

tive path is not line-of-sight, then an alter-

nate route is considered.

Determining whether a path is line-of-

sight can be partially accomplished with the

aid of a topographical map. This type of

map will show the various elevations along

the length of the path between proposed

endpoints. Plotting these elevations at inter-

vals will produce a path profile showing

terrain relative to the antenna elevations, as

shown in Figure | below left. This graphical

representation aids in determining not only

whether a line-of-site condition exists be-

tween endpoints but also in measuring clear-

ances between the main beam (center) of the

path and the surrounding terrain.

Topographical information for many ar-

eas throughout the world is now w ble.

on CD-ROM. Various software applications

have been developed to design microwave

paths based on this information. Since this

option can be a bit “pricey,” many opt to use

inexpensive topographical maps, which may

be used with the same success.

When evaluating a proposed path, the

path profile should be developed first. This

will identify path obstructions from terrain

features. A field survey should follow,

which offers the necessary visual confirma-

tion that the height of foliage or of man-

made objects (which are not indicated on a

topographical map) will not be located in or

too near the proposed path.

If visual confirmation is difficult because

of the distance between path endpoints, a

mirror can be used to reflect the sun’s light

from one path endpoint back toward the

other. If the mirror’s flash of reflected sun-

light is seen back at the opposite endpoint,

the path is line-of-sight. This is referred to

as “flashing” a path. Alternate methods
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TRUE EARTH RADIUS

Figure 2. Where K equals infinity, the wavefront parallels the radius of the true earth. When no

refractive effects are present (K = 1), no bending of the wavefront occurs.

might include the use of high-intensity

search or strobe lights.

Evaluating path clearances—refraction

When the dielectric constant of the atmo-

sphere changes with height-above-ground,

the refractive index will also change. This

refractive variation in turn cal the propa-

gating wavefront to effectively “bend.” Ifa

condition exists where the dielectric constant

of the atmosphere is constant with height-

above-ground. no refraction will occur and

the wavefront will travel in a straight line.

This is not the “norm.” however, Because of

dielectric variations typically present, a

wavefront usually will be refracted so that it

will follow a path somewhere between a

straight line and the true curvature of the

earth (referred to as R). A wavefront propa-

gating through the environment will be

slowed by, and be effectively bent toward,

an almosphere that is more dense, such as

‘one with a high water-vapor content (dense

clouds or fog). That is why, rather than trav

eling in a straight line, the wavefront is

normally bent earthward—which serves to

extend its horizon.

Because atmospheric conditions are dy-

namic, the bending effect of the propagating

wavefront will vary. To provide a simple

model describing the path traveled by a

wavefront for a particular refractive condi-

tion, engineers have developed a factor. K,

where KR is considered the “equivalent”

earth radius. This equivalent radius de-

scribes the bending of the wavefront relative

to the true earth radius, as shown in Figure

2 on page 28.

The refractive index can change
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drastically with time, This means the micro-

wave beam between path endpoints will

“bow” to a greater or lesser extent. In fai <n
it may “bow” in an upward or a downward 2000

direction, depending on the value of K at the

time. It is therefore important to evaluate 1800

clearances from path obstructions over a

wide range of K in order to determine

whether adequate path clearances are main-

tained under various degrees of refraction.

Often, three values of K are used in the cal-

culations. Two of the three values describe

the fimits or boundaries of refraction that

might occur (although with anomalous con- 800“
ELEVATION (ft.)

ditions. values exist outside these limits

while the third describes what is considered mm
“normal” or expected, The value of K = %, 400

also known as standard” atmosphere,

is one extreme where the wavefront follows 200

the true curvature of the earth, The other

extreme value of K typically used is 2/3 and

is termed “substandard” atmosphere. It is

also a condition commonly referred to as

9 10 1

DISTANCE (mi)
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“earth bulge.” The median value of K = 4/3

is used to evaluate the path under “normal

atmospheric conditions in temperate

climates.

There are two methods of graphically

displaying the various equivatent earth radii

when K = 2/3.

with respect to the terrain between path

endpoints: the “flat earth” method and the

“curved earth” method. Figure 3 above is an

Figure 3. This is a ‘flat-earth’ profile. Terrain features become more of an obstruction consideration

example of a “flat earth” path profile. It is

called “flat earth” because the horizontal axis

(or baseline) has been kept flat and
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Figure 4. This is an exaggerated curved-earth profile where K = 2/3, with identical terrain features

as shown in Figure 3. (Figure 3 elevations are represented by the yellow line.) Because the

equivalent earth radius ‘bulges up’ in the center, the elevations of the terrain features increase,

reducing path clearances. When K = 4/3, the earth bulge is less severe, resulting in greater path

clearances. The greatest clearance is realized when K = ©.

represents the earth's curvature as a flat line,

The various equivalent earth radii repre-

sented by the different values of K are shown

by bending the path beam line between an-

tennas. The three lines shown in Figure 3

correspond to the refractive conditions

where K = %, K = 4/3 and K = 2/3.

Elevations of terrain features between path

endpoints are plotted using the flat baseline

as a reference. The profile allows one to see

if there is sufficient path clearance over the

terrain for each value of K.

The curved earth approach, as shown in

Figure 4 on the left, leaves the beam line

between antennas straight and instead bows

the horizontal baseline to correspond to one

particular value of X. Elevation of all terrain

features must be added to that of the bowed

baseline reference. The straight beam line

between antennas must now be checked for

sufficient clearance from all terrain features

for that value of K.

With the curved earth profile, the one limit

of K = % would be shown with the baseline

flat. Here (as with the flat-earth approach) is

the one “extreme” condition where the

wavefront (shown as a straight line) follows

Zetron, Inc. PO Box 97004, Redmond WA 98073-9704 USA

Ph: (425) 820-6363. Fax: (425) 820-7031 Email: mps@zetron.com Web: http://www.zetron.com
European Ottice: Zetron, Inc. 27-29 Campbell Court. Bramley. TADLEY, Basingstoke, RG26 5EG.UK Phone:+44 1256 880683 Fax: -
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the true curvature of the earth (also shown

as a straight line). As the value of K gets

smaller and reaches the other limit of K=2/3,

the equivalent earth radius bulges upward

more in the center, hence the term “earth

bulge.” As these profiles show, paths with

values of K = 4/3 and K = 2/3 have |}

path clearance with respect to terrain fi

tures than when K = 2%.

‘The following equation can be used to cal-

culate how much the horizontal axis (or

baseline) of a “curved earth” profile will bow

upward at any point along the path for a

particular value of K:

dy Xdy
h=
Sx K

where A is the vertical variation in height

(ft)

di is the distance (mi.) from one end of the

path to the point being considered.
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dis the distance (mi.) from the point con-

sidered to the other end of the path.

With the “flat earth” profile, A is sub-

tracted from the direct ray (K = %) refer-

ence line (for positive values of K) at various

distances along the path in order to develop

a graphical representation of the amount of

wavefront bowing that will occur for the

value of K under investigation.

With the “flat earth” profile, the wave-

front, rather than the baseline. is shown

“bowed.” and the amount of bowing

changes as the value of K changes. The dis-

tance between the bowed wavefront and the

terrain features can be measured graphically

to determine path clearances for each value

of K.

Whichever profiling method is used

(“curved earth” or “flat earth”), itcan be seen

graphically that smaller values of K result in

greater bulging or “bowing.” This in turn

.. Smaller values of

K result in greater

bulging or ‘bowing.’

This in turn results in

less path clearance ...

results in less path clearance with regard to

terrain features

Because the microwave path has radial

dimension, the clearances considered are not

only those above and below the center of the

path, but also to either side.

Initially, these graphical methods allow

path clearances to be measured as distances,

in feet. Once this information has been ob-

tained, it is however. typically converted to

a more meaningful design measurement,

called the Fresnel zone.

The next article in this series will discuss

path clearances with regard to Fresnel zones.
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Microwave path design:

The basics

Part 2 —This four-part primer on propagation-related basics, for those

learning about microwave communications, continues with a discussion of

path clearances and Fresnel zones.

By Jeff Ashley

In Part 1 of this series (MRT May), two

of the basic propagation-related consider-

ations in the microwave path design process

were discussed:

‘determining whether a proposed path is

“line-of-sight.”

evaluating path clearances with regard

to refractive effects.

Remaining fundamental design compo-

nents to be discussed ar

evaluating path clearanees with regard

to Fresnel zones.

(considering path reflections.

Q deriving a power budget and the fade

margin.

U path reliability.

This article will briefly cover item three,

path clearances and Fresnel zones. The re-

maining items will be dealt with in the con-

cluding parts of this series.

Evaluating path clearances—Fresnel

zon

If one were to look directly into the center

beam of a microwave path (gazing directly

into the dish), the Fresnel zones could be

defined as an infinite number of les cen-

tered around the center beam, each having a

larger radius than the previous one, as shown

in Figure | below. The Fresnel zones get

closer as they expand further away from the

center, The radii of these zones reach a

maximum at mid-path and diminish on ei-

ther side of mid-path.

From a side view of the path, as shown

in Figure 2 on page 30, one can see the

ation of ellipsoids between path endpoints.

centered around the main beam. Each ellipse

represents the boundary of a particular

Fresnel zone.

Fresnel zones are numbered from the

XX
xX

ANTENNA

XXX
DR

FIRST FRESNEL
‘ZONE BOUNDARY

SECOND FRESNEL

‘ZONE BOUNDARY.

‘THIRD FRESNEL
‘ZONE BOUNDARY.

FOURTH FRESNEL
‘ZONE BOUNDARY

Figure 1. Fresnel zones could be viewed as an infinite number of circles centered around the direct

ray, each circle having a larger radius than the previous one. Fresnel zones get closer together

as they expand out further from the center.

center of the path out. The boundary of the

first radius out from the center represents the

first Fresnel zone, which contains all wave

components whose distance traveled to the

far-end is exactly 1/2 wavelength (A)greater

than the direct ray. The boundary of the

second radius out from the center represents

the second Fresnel zone. which contains all

wave components whose distance traveled

to the far-end is exactly 1A greater than the

direct ray. Each integer increase of Fresnel

zone number represents an increase of 1/24

to the distance traveled to reach the other end

of the path.

The equation that determines the radius of

the first Fresnel zone (in feet) at any particu-

lar distance along the path is:

nel zone radius (ft.).

distance (mi.) from one endpoint to the

point being considered.

PD = total path length (mi).

dy=D-—d)

f = frequency (GHz)

The radius of any Fresnel zone number

can be calculated by the following equation

once the radius of the first Fresnel zone has

been determined:

B= Rvn

where 1 = the Fresnel zone number being

evaluated.

When examining path profiles, if one

wishes to know what Fresnel zone is repre-

sented by a particular clearance (in feet), the

Ashley is a communications techni

Angeles.

in Los
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following form comes in handy:

clearance*(ft,) x fx D
Fresnel zone # =

TREX dy X dy

In general, if the path is line-of-sight with

adequate clearance, the loss in RF signal

between one end’s transmitter and the other

end’s receiver will merely be that of tree

space, as described by the equation:

OBSTRUCTION AT ODD (THIRD) FRESNEL ZONE

Figure 2. The Fresnel zone radii decrease with distance from mid-path. The Fresnel zone boundaries

are defined by ellipsoids around the direct ray. Here, a path obstruction is shown with third Fresnel

zone clearance. Because this is an odd Fresnel zone, signal energy reflected by the obstruction

surface will be in phase and will add with the energy from the direct ray as it arrives at the far-

end receiver. How much energy is reflected depends on the coefficient of reflectivity of the ob-

structing surface.

FSL (dB) = 96.6 + 20 logy F + 20 logy D

where

FSL (dB) = Free Space Loss (dB).

F = Frequency (GHz)

D= Distance (mi.).

As indicated in Figure 3 on page 32, if a

path has less than 0.6 first Fresnel zone

clearance, there will be more loss than

merely that of free space, even though a line-

of-sight condition may exist. With odd

nel zone clearances something /ess than

free space losses may be realized, while with

even Fresnel zone clearances losses may be

quite significant. This is because of the phase

relationship between the direct and reflected
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can affect this). If the reflective surface is

located at the first Fresnel zone. the reflected

8 signal will arrive at the receiver delayed by

another 1/2A, fora total delay of 1A. Signals

reaching the receive antenna are therefore in

phase and additive.

If the reflective surface is located at the

boundary of the second Fresnel zone (which

by definition, delays the signal by two 1/2

wavelengths) the wavefront, when reflected,

reaches the receiving antenna delayed by a

total of 1.5A. This means it will be out of

phase relative to the incident wavefront, and

signals reaching the receiver will cancel to

some extent

This effect repeats for each odd and even

Fresnel zone, which explains the slight rises

and very deep nulls in signal level for the

even and odd Fresnel zone clearances (as

shown in Figure 3). Raising one or both

antennas is one method of altering the

Fresnel zone clearance, As the clearance

increases to higher order Fresnel zone num-

bers. the intensity of this problem dimin-

es becaus E de of the coelfi-Figure 3. Deep fades result when out-of-phase reflected energy combines with the incident signal_'"°* bee lee the i “l f re ane '
at the receiver, increasing the cancellation of the RF receive signal. cient of reflection with regard to the reflect-

ing surface diminishes.

signal at the receiving antenna. referenced to the incident wavefront. (Al- Paths are usually designed to meet spe-

When the signal is reflected, itundergoes though, as will be mentioned in Part 3 of this cific Fresnel zone clearance criteria for one

a 180° phase lag (equivalent to 1/24 delay) series, waye polarization and grazing angle or more values of K. “Heavy route”
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requirements dictate that there must be at least

0.3 first Fresnel zone clearance when

K = 2/3, and 1.0 first Fresnel zone clearance

when K = 4/3, whichever is greater. “Light

route” requirements dictate at least 0.6 first

Fresnel zone clearance plus ten feet when

K=1.

Another important consideration here is

what type of reflecting surface is being evalu-

ated. In general, three categories of surfaces

are defined, each with its own reflection

coefficient: R = 0 (a sharp or “knife” edge),

R= —0.3 (“average” roughness) and

R=-—1.0 (a smooth spherical surface).

(The reflection coefficient will be described.

in more detail in the third article of this se-

ries.) The type of surface makes a big dif-

ference with regard to attenuation on the

even Fresnel zone clearances because ob-

structions with larger, smoother surface ar-

eas reflect more energy. With more out-of-

phase reflected energy combining with the

incident signal at the receiver, greater can-

cellation of RF receive signal will be real-

ized, resulting in deep fades as shown in

Figure 3

The next article in this series will briefly

discuss path reflections, the power budget

and the fade margin.
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Microwave path design:

The basics

Part 3—This series of four articles is a primer on some of the propagation-related

basics of microwave path design. This month’s installment explains the effect of path

reflections on fading, how to derive a power budget and the fade margin.

By Jeff Ashley

In the first two parts of this series (MRT

May and June), the microwave path de-

sign process was described in terms of:

determining whether a proposed path is

“line-of-sight.”

s with regard

Qevaluating path clearances with regard

to Fresnel zones.

This section covers path reflections and

how to derive a power budget and fade

margin. The concluding installment will

examine path reliability.

Considering path reflections

A point of reflection will exist some-

where along the length of the path where

(with regard to the reflecting plane and

antennas at both ends) the angle of inci-

dence equals the angle of reflection (see

Figure | below). If antennas at each end

of the path are at the same height above

a flat. reflecting surface, the reflection

point will be located halfway between the

two. However, if antenna elevations are

different, the reflection point will be

closer to the lower antenna and will move

along the length of the path, toward one

endpoint or the other as K varies (“K” was

defined in Part | of this series). If suffi-

cient out-of-phase signal from the reflec-

tion point is received at the far-end re-

ceiver, catastrophic fading may occur.

In some cases the reflection point will

be blocked naturally by terrain features,

Manipulation of antenna heights is a

method of moving the reflection point to

a different spot along the length of the

path so that it can be blocked by an ob-

struction or perhaps so that it may fall on

a less reflective surface. Rough surfaces

do not reflect well as smooth, flat sur-

faces, such as water.

The magnitude of the reflection coeffi-

cient (amount of “reflectivity”) also in-

creases as the angle of incidence de-

creases, Because of this, short paths with

endpoints at a considerable height above

the refle urface will be affected less
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Figure 1. At the point of reflection, the angle of incidence equals the angle of reflection.

than those with endpoints barely higher

than the reflective surface itself (a micro-

wave link between two offshore oil plat-

forms, for example). The magnitude of

the reflection coefficient can vary from 0

to —1.0, the latter corresponding to 100%

reflection. The negative sign refers to a

180° phase reversal at the point of

reflection.

There is an advantage to using vertical

polarization when the grazing angle on a

reflective surface is a couple of degrees

or greater. The magnitude of the reflec-

tion coefficient with vertical polarization

is much less than that of horizontal polar-

ization, Less reflected signal will be

present at the receive antenna on the other

end of the path. In fact, with a grazing

angle of 6.5°, the magnitude of the reflec-

tion coefficient for a vertically polarized

wave is only about —0.08 compared to

about —1.0 for horizontal polarization.

The magnitude rises as the grazing angle

increases above 6.5° until it finally meets

the same value of the horizontally polar-

ized signal (at 90°).

The phase change (or lag) at the point

of reflection for a vertically polarized sig-

nal is also significantly affected at low

grazing angles as compared to the practi-

cally uniform 180° phase reversal for a

horizontally polarized signal. As the angle

increases from 1° to 30°. the phase change

of a vertically polarized signal drops

quickly from about 180° to 4°. With only

a 4° phase lag, the reflected signal that

reaches the receive antenna on the other

end of the path would have more of an

additive, rather than canceling effect.

The distance to the reflection point can

be calculated using the equation

di=nD [Eq 1]
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where (for K = % only):

and

fy = the elevation of the lower antenna

above the reflecting surface.

he clevation of the higher antenna

above the reflecting surf:

di = the distance (mi.) to the reflection

point from the /1 end.

hy

D = the total path length.

Because calculations for n, where

K = 2/3 and K = 4/3, get a bit involved.

estimated values can be obtained from

aphs offered in R.F. White (see

ferences).

As refractive conditions change, the de-

gree of bowing that occurs on the wav

front will change. As the amount of bow-

ing changes, the location of the reflection

point will vary in relative distance
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between the {wo path endpoints. In de-

signing a path, it is useful to analyze the

overall range of movement (or distance of

travel) that can occur for this reflection

point. The design engineer must deter-

mine whether (in its range of movement)

it may wander onto a highly reflective

surface (such as a body of water) that lies

between path endpoints. In such an unde-

sirable situation, measures might be taken

to move the reflection point elsewhere by

changing antenna heights, or by attempt-

ing to block the reflection.

To determine the practical limits of

travel for the reflection point, two values

of K are typically used that would describe

limits of refractive conditions. One limit is

when refractive conditions correspond to a

value of K = %, The other extreme limit

will be the value of K that would bend the

path downward to the point of grazing the

ground. Beyond this grazing point, no re-

flection can exist because the path itself is

being obstructed by the earth.

The value of K that corresponds to “graz-

ing” can be calculated from the equation:

|
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where

(ii, hz and D are already defined in

Equation 1).

The distance to the grazing point is cal-

culated from Equation 1, where:

n=

Deriving a power budget

A path power budget is nothing but an

itemized list of all system losses and gains

(in decibels) from the transmitter on one

end of the path to the receiver on the other

end, and everything in between.

For example, if starting with the trans-

mitter on one end of the path, one would

note transmitter output power (+dBm),

then subtract all the losses in subsequent

connectors and circulators external to the

radio assembly, along with waveguide

losses (—dB) until the antenna is reached.

The gain of the antenna would be added

to that value (minus the loss in the ra-

dome, if used) to give the resultant

effective radiated power (ERP.). is

the available RF signal that will be propa-

gated through the atmosphere to the other



end of the link. As the signal makes its

way through the atmosphere to the receiv-

ing site, free space loss (—dB) (the for-

mula for this was given in Part 2, MRT

June), in addition to atmospheric losses

(-dB), would then be subtracted from the

ERP value.

The term atmospheric loss or “absorp-

tion” pertains to effects that atmospheric

gases, primarily oxygen and water vapor,

have on microwave propagation. These

effects are calculated separately from free

space losses, Attenuation figures are di-

rectly proportional to path length and

increase with frequency (0.0002 dB/mi.

at 2GHz, 0.002 dB/mi. at 8GHz and

almost 0.2dB/mi. at 20GHz).

At the receiving end of the link, the

considerations are the same as on the

transmitter end, only in reverse order (ra-

dome loss; antenna gain, waveguide, con-

nector and hybrid/coupler losses), with
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the remaining signal level being applied

to the receiver (~dBm).

Fade margin

The receiver manufacturer will offer a

noise threshold specification (expressed

in —dBm) which, simply stated, is the

sensitivity of the receiver. It is consid-

ered to be the lowest receive signal level

at which the receiver will still be consid-

ered “unusable.” There are variations in

the definition of the term “unusable,”

which means the use of different stan-

dards in determining how a particular

receiver threshold specification will be

obtained. For example, on most industrial

analog microwave systems the practical

threshold of the receiver is considered the

absolute RF signal level (—dBm) injected

into the receiver that will establish a 30dB

(flat) signal-to-noise ratio (S8dBrnc0) as

measured in a discriminated baseband

noise slot. The telephone companies,

however, have used a 33dB (flat) signal-

to-noise ratio (55dBrnc0). (The baseband

frequency of this noise slot will typically

be specified by the equipment manufac-

turer and is dependent on the particular

channel loading of that equipment. It is

usually assigned somewhere above the

highest occupied frequency slot on the

baseband. Because noise effects are worst

on the high end of the baseband, this slot

would offer a worst case scenario for the

signal-to-noise measurement.)

The threshold specification on digital

microwave receivers makes reference to

the bit-error rate (BER) of the recovered

data rather than (o a discriminated analog

noise measurement. The old Bell standard

for digital systems is the RF signal level

injected into the receiver that will pro-

duce a BER that exceeds 103. This is

typically referred to as the “outage”

threshold. Often, however, a BER of 10

(referred to as the operating point thresh-

old) is used because this is a more com-

mon T-1 level standard. (As a note, the

difference between these two bit-error

Tates relates to a change in RF receive

level of only 2dB-3dB. This is because

BER performance on digital radios de-

grades rapidly after the 10-6 point.) As

long as the BER is defined along with the

threshold specification, no confusion over

terms should exist.

On analog microwave systems, the dif-

ference between the receiver threshold

value (—dBm) and the receive signal level

(RSL) being applied to the receiver

(—dBm) under normal path conditions is

referred to as the fade margin (expressed

in dB). This is a “safety margin” of ex-

cess signal that the path can fade before

the receiver becomes “unusable” due to
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noise. The same general definition could

be used for digital microwave systems,

although in this case it might be termed

“flat” or thermal fade margin (TEM).

Other terms applicable to digital systems

are dispersive fade margin (DFM). adja-

cent channel interference fade margin

(AIFM), and external interference fade

margin (EIFM). Composite fade margin

(CFM) is a term used to describe the com-

posite affects of TFM, DFM, AIFM and

EIFM. Typical receiver threshold levels

for digital or analog commercial micro-

wave receivers are usually in the ballpark

area of —70dBm to —85dBm.

It should be noted that microwave receiv-

ers have a specified range of RF input sig

nal Ievel over which they should properly

detect and decode modulated information.

This means not only that there is a minimum

signal level (receiver “threshold”) but also

a maximum signal level that can be applied
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to the receiver input without expecting dis-

tortion or data errors in the recovered si

nal. This restricts the path designer from

creating a huge fade margin by applying

excessively high RF levels to the receiver

under normal path conditions. Additionally,

a path phenomenon referred to as “up-fad-

‘an occur (particularly around the end

of a period of severe multipath activity)

where the microwave link receivers realize

an extreme increase in RF signal level (rela-

tive to normal RSL). Up-fading is thought

to be the result of an anomalous “lens” ef-

fect in the atmosphere. For such reasons,

the design engineer should leave a margin

of at Ieast 10dB between normal path RSL

and the receiver's upper RF input limit. The

typical design RSL for a microwave re-

ceiver is about —35dBm.

The next and | article in this four-

cries will discuss microwave path
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