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INTRODUCTION

In the field of electronic measurements, electrical
signals may be analyzed in either the time or
frequency domain. Electrical signals are functions
of both time and frequency. (Fig. I-1A).

In the time domain the amplitude of a signal with
respect to a time axis may be displayed on the screen
of a cathode-ray-tube oscilloscope. Information
regarding signal amplitude, duration, periodicity,
risetimes and falltimes may be derived directly from
the calibrated display. These characteristics are
time functions of the signal. If the applied time-
function signal only contains one frequency,
information about that frequency can be obtained from
the display. However, if the signal contains more
than one frequency, each of which might have a
different amplitude, they will be combined into a
single waveform and the individual characteristics
of each will then become difficult if not impossible
to measure from the display. Fig. I-1B illustrates
a two-dimensional time domain display of the
frequencies shown in Fig. I-1A. 1In the frequency
domain a vertical response is displayed on a cathode-
ray tube for every frequency component present in
the applied signal (Fig. I-1C). The horizontal
position of each response is a function of its

AMPL frequency while the height of the response is related

to its amplitude.

m—

TIME

Just as an oscilloscope displays signal amplitude

vertically across the horizontal time axis of a
cathode-ray tube, an electronic instrument called a
AMPL spectrum analyzer displays signal amplitude vertically
h//\\- across the horizontal frequency axis of a cathode-
ray tube. Such an instrument is essentially a

combination of a sensitive receiver and the horizontal
FREQUENCY  sweep section of a cathode-ray tube oscilloscope.



Spectrum analyzers may be used to perform a wide
variety of radio-frequency (RF) measurements directed
toward the analysis and measurement of discrete,
random, impulse and composite type of signals.
Evaluation of the relative amplitudes and frequencies
of the discrete components of RF signals provides
information on bandwidths, modulation characteristics,
spurious signal generation and other information
either impossible or impractical to obtain by any
other means. Typical measurements performed with
microwave, RF and low frequency signals are described
to indicate the variety and types of measurements

which may be more effectively performed with spectrum
analyzers.



CONCEPT OF
REF SPECTRUM TUNING

Unlike an oscilloscope which may be capable ot
displaying the waveform of a single transient, a
spectrum analyzer usually requires a repetitive
signal in order to provide a satisfactory display.
This is so because at any one instant, the receiver

frequency portion of a sweeping spectrum analyzer can only be

samp | i ng tuned to a single component of a frequency spectrum.
If a frequency present in a single transient 1s not
in coincidence with the frequency to which the
spectrum analyzer is tuned at the time of occurrence,
it will not be displayed.

If, however, a given frequency is present 1in a
repetitive signal and the spectrum analyzer is made
to tune across the portion of the frequency spectrum
in which the frequency exists, the spectrum analyzer
will display the amplitude of the frequency on the
face of the cathode-ray tube.,

Whenever the analyzer is made to tune periodically
across a range of frequencies in which a signal
frequency is repetitively present, the analyzer will
display the signal each time the spectrum analyzer
is tuned to the signal frequency. The signal will
occupy the same position on the face of the cathode-
ray tube with each succeeding horizontal sweep of
the trace.

If the tuning range is altered to a slightly
different portion of the spectrum, the signal may
still be displayed, but will occupy a different
position horizontally on the face of the cathode-
ray tube than it did previously.

When additional signals are repetitively present,
the analyzer will also display their frequency
components. The display will show the amplitude of
each frequency component relative to the others.
For a signal to be displayed it must exist at

coincident frequency f at the same time the spectrum analyzer
is tuned to frequency f.
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Tuning of the spectrum analyzer through an RF
spectrum is usually accomplished electronically. It

is commonly referred to as sweep tuning, frequency
sweeping, Or ScCanning.

If the sweep tuning is performed in the input mixer
stage of the analyzer, the analyzer is called a

swept front-end type. If the RF spectrum is first
heterodyned or converted to an intermediate-frequency
spectrum prior to being sweep tuned, the spectrum
analyzer is called a swept IF type. The functional
operation of a spectrum analyzer is to scan a portion
of the radio frequency in synchronism with a
horizontal deflection voltage and to display, usually
on a CRT, any signals present in the spectrum in

terms of their component frequencies and relative
amplitudes.

Fig., 1-1 illustrates a simplified functional block
diagram of a swept front-end spectrum analyzer.
Signal frequencies are applied to the wideband input
circuit of the mixer stage where they are mixed with
the swept oscillator frequency. The resultant mixer
output contains a multitude of frequency products,
most of which are filtered away in the following
narrow—-bandwidth IF filter. Of major interest are
the first-order sum and difference-frequency products,
when sum or difference frequencies are compatible
with the bandpass of the following narrow
intermediate-frequency amplifier stage. The change
in local oscillator frequency from the beginning to
the end of its sweep determines the scan width.
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Fig. 1-1. Simplified block diagram of swept
front-end type of spectrum analyzer.

The intermediate-frequency amplifier provides the
required amplification and signal resolution
bandwidth necessary for a satisfactory display.

The detector rectifies the signal output of the IF.
The detector output consists of the envelope of the
output signal. Linear, square law or logarithmic
displays of the input signal are generally available,

The video amplifier provides amplification of the

detector output signal for vertical deflection of
the displayed signal.

A horizontal sweep sawtooth generator provides CRT
deflection voltage as well as sweep voltage to tune

the swept local oscillator across the selected
dispersion.
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Fig. 1-2 illustrates a simplified block diagram of a
swepT |F swept IF type of analyzer. The portion ahead of the
dotted line indicates the additional frequency
conversion stage required to convert the RF spectrum
to that compatible with the swept local oscillator.

modern In recent years the use of the varactor diode in
spectrum conjunction with transistorized frequency-control
analyzer feedback circuitry has led to the development of

spectrum analyzers providing calibrated dispersions
and occupying a fraction of their former size and
weight. The use of solid-state devices to perform
the functions previously performed by vacuum tubes
has resulted in decreased power requirements and
economy in design. As a result, the spectrum
analyzer is becoming as standard a laboratory test
instrument as the wideband oscilloscope.

Portability in a general-purpose spectrum analyzer

is now a reality, in the solid state, Tektronix
Type 491, shown in Fig. 1-3.
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Fig. 1-3. Tektronix Type 491.
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RF MODULATION SYSTEMS

A constant radio-frequency (RF) continuous wave does
not convey any information other than its presence in
the electromagnetic spectrum. To carry information
requires that some characteristics of the RF wave be
changed in accordance with the information to be
transmitted. Characteristics of the radio-frequency
wave which may be varied in order to impart
information are amplitude, frequency and phase, or
complex combinations of these. The electronic process
by which an RF wave characteristic is varied in
accordance with the information to be transmitted is
called modulation. Since information must modulate
the RF wave in order to convey intelligence, the RF
wave merely acts as a carrier and is commonly referred
to as the RF carrier. When intelligence is impressed
on the RF carrier it is often called a modulated
carrier; the implied understanding being that
information composed of lower frequencies has been
imparted to the RF carrier. An RF wave is a similar
concept to a modulated carrier in that it consists

of all the modulation signal components present at
the radio frequency.

Modulation of the RF carrier may be classified under
one or more of four descriptive classifications:

. Amplitude modulation

Frequency modulation

Phase modulation

. Pulse modulation (really a specialized form
of amplitude modulation).

=~ Lo -

There are four forms of amplitude-modulation systems
in general use in RF communications.

A. Double sideband with carrier (standard AM)
B. Double sideband suppressed carrier (DSSC)
C

. Single sideband suppressed carrier (SSSC or
SSB)

D. Pulse-modulated carrier or pulsed RF carrier.
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In amplitude-modulated systems the amplitude of the
double RF carrier is made to vary in accordance with the
s ideband modulation frequency. A modulation frequency may be
wiTh carrier a simple audio tone or an aggregate of frequencies
forming a complex signal.

In order to simplify the understanding of the
modulation concept in this publication, modulation

frequency will be considered as a single frequency
in the audio range.

When an RF carrier is amplitude modulated with a
single audio frequency, two new radio frequencies
sldebands called sidebands are generated. The sideband
frequencies are termed the upper sideband and the
lower sideband. The frequency of the upper sideband
is equal to the RF carrier plus the modulating
frequency and the frequency of the lower sideband is
equal to the RF carrier minus the modulating frequency.

The width of the RF spectrum (Fig. 2-1) occupied by
an amplitude-modulated RF wave is equal to twice the
highest modulating frequency, f,,, and is centered
about the carrier frequency, f). In the standard AM
system the amplitude of the RF carrier is maintained
constant while the amplitude of the sidebands vary

in accordance with the amplitude of the modulating
frequency. The amplitude of the sideband frequencies
in relation to that of the RF carrier indicate the

fully degree of modulation applied to the carrier. The
modu lated carrier is said to be fully modulated (1007%) when
(100%) the sum of the power in the upper and lower sidebands

is equal to one-half of the power in the RF carrier.
This occurs when the amplitude of each sideband is
equal to one-half the amplitude of the carrier. The

equivalent display in the time domain is shown in
Fig. 2-2.



CARRTER FREQUENCY

LOWER STDEBAND UPPER S TDEBAND

STANDARD AM REQUIRES AN RF SPECTRUM EQUAL TO TWICE THE INFORMATION BANDWIDTH

Fig. 2-1. Amplitude-modulated RF carrier

spectrum,
HHHHH
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UNMODULATED
CARRIER

WAVESHAPE OF
MOBDULAT ING VOLTAGE

Fig. 2-2. Time domain display of 100% modulated
RF carrier.
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Amplitude modulation furnishes both the intelligence-
amp | i Tude carrying sidebands and the necessary reference
modulaTion carrier against which these sidebands may be

demodulated at the receiver. AM is used for

communications and commerical broadcasting. Lts
primary advantage is that it transmits a reference
carrier to which the sidebands may be related and

RF carrier demodulated. The magnitude of the RF carrier also
serves to develop automatic gain control voltages to
ensure constant output amplitude and frequency
stability for the receiver. AM does not require the

use of complex receiver circuitry to be received. A

simple RF-envelope diode detector followed by audio-

frequency amplification is sufficient 1in some
instances.

In the standard amplitude-modulation system described,

double the presence of the carrier serves merely to simplify
s ideband the receiver design. With appropriate receiver design
suppressed the need for the RF carrier may be eliminated,
carrier permitting the use of a double-sideband suppressed
(DSBSC) carrier modulation system (Fig. 2-3).
LOWER SUPPRESSED UPPER
S | DEBAND CARRIER S |DEBAND
FREQUENCY
I
| | |
o = I T Fo * 70

e

SUPPRESSED CARRIER DOUBLE-SIDEBAND REQUIRES AN RF
SPECTRUM EQUAL TO TWICE THE INFORMATION BANDWIDIH,

Fig. 2-3. Amplitude-modulated double-sideband
suppressed carrier (DSBSC).

When the RF carrier is fully amplitude modulated
(100%) two-thirds of the transmitted power is 1in the
RF carrier and only one-third in the useful sidebands.
For modulation percentages less than 1007% (usually
the case), the ratio of power in the RF carrier to
that in the sidebands is substantially higher. As a
result, a great deal of transmitter power is wasted
in the formation of the RF carrier. Furthermore, it
is the interaction of adjacent carriers and sidebands
which generate audible whistles and squeals that
hamper communications under crowded spectrum
conditions.
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Suppression of the RF carrier by means of balanced
modulator techniques results in several advantages:

1. Decreases sources of possible interference.

2. Transmitter design is simplified, resulting
in cost economy.

3. All available power may now be applied to
the information-carrying sidebands.

Greater circuit complexity on the part of the receiver
is demanded because a stable substitute for the RF
carrier must be generated within the receiver itself.

Single-sideband modulation techniques (Fig. 2-4) were
initially developed in the early days of radio and
utilized by telephone companies in the development of
carrier multiplex systems at low frequencies. With
the development of improved electronic components and
circuitry following World War II, single sideband
became a practical mode for speech transmission

throughout the RF spectrum, extending well into the
microwave region.

UPPER

STODEBAND
LOWER SUPPRESSED
STDEBAND CARRIER
| \3 .
| | |
*fO_fm fo f0+fm

-

SINGLE SIDEBAND SUPPRESSED CARRIER REQUIRES AN
RE SPECTRUM EQUAL TO THE INFORMAT ION BANDWIDTH

Fig. 2-4. Amplitude-modulated single-sideband
suppressed carrier (SSBSC).

In addition to suppressing the carrier for reasons
already cited it is also possible to reduce the
bandwidth of the transmitted signal by eliminating

one of the sidebands. The transmitted signal will
then occupy a bandwidth which is one-half of the RF
spectrum required by standard AM and double-sideband
suppressed-carrier modulation systems. Receivers

with narrower bandwidths can be used, improving system
signal-to-noise ratios over that possible with
double-sideband modulation methods. With the carrier
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pulse-
modulated CW

pulsed RF
carrier

and one sideband suppressed, all the available
transmitter power can be applied to the signal-
carrying sideband. System power efficiency
improvement over double-sideband AM system results
because there is no power output from a single-
sideband transmitter in the absence of modulation.

RF PULSE

. <€— DURAT | ON
(T ;)
ﬂ&\\ R*ﬂ\ f"\
| ] _
N (| a
RF PULSE
- PE?;?D —> f, = CARRIER FREQUENCY

1 PERIOD OF PULSED
'» = PRF = RF CARRIER

1 DURATION OF RF
Td =7AF = PULSE

Fig. 2-5. Pulsed RF carrier in the time domain.

Pulse-modulated CW or pulsed RF carrier (Fig. 2-5)
is generally considered a form of amplitude modulation.
The frequency, amplitude, duration and the period otf
the RF pulses remain constant. The RF spectrum for
this kind of signal is described mathematically by
the Fourier transform of the input function and is
sin X

X
display. It is the type of RF spectrum usually
generated by a properly operating pulsed radar.

the type generally referred to as a type of

The spectrum envelope of a pulsed carrier can be
derived by the Fourier transform equation. Any
discrepancies from the ideal spectrum indicates an
undesirable operating condition occurring in the
device used to generate the pulsed RF carrier and
therefore performance can be evaluated in terms of
an available ideal standard.
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Fig. 2-6. Illustration of a pulsed RF spectrum
(sin X
X

type) 1in the frequency domain.

Fig. 2-6 represents the RF spectrum of a perfectly
rectangular RF pulse, free of any amplitude or
frequency modulation, as would be displayed on a
spectrum analyzer operated in the linear vertical-
display mode. The form of the RF spectrum consists
of a central major lobe centered about the RF carrier
frequency and minor lobes extending on either side
with diminishing amplitude. The RF spectrum extends
in both directions from the carrier frequency and
the width of the major lobe is equal to twice the
width of the minor lobes. The frequency spacing
between consecutive minor lobe minima is related to

the duration of the RF carrier pulse by the expression

Af = l-'whereAf'is equal to the frequency difference

14
in hertz between consecutive lobe minima and Td is
equal to the RF pulse duration in seconds.

Since the spectrum analyzer display bears a similarity
to the graph of the computed Fourier transform, the
vertical lines within the envelope are often
considered as modulation frequency components,
(spectral lines) of the pulse-repetition frequency
(PRF). In reality they are not; they are time
dependent and provide a measurement of the pulse-
repetition period of the RF carrier. This can easily
be verified by noting the lack of change of horizontal
spacing between lines as the dispersion of the
spectrum analyzer is changed.
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spectrum
width vs
pulse

duration

In comparison, if the dispersion is decreased to a
small amount or shut off entirely and the sweep time
changed with the sweep generator operating in a
triggered mode, it will be seen that the spacing
between the vertical lines will increase as the sweep
time is decreased. Operating the sweep-time (time-
base) generator in the calibrated triggered mode will
allow measurement of the pulse repetition period
which is the inverse of the pulse repetition

1
frequencyv: T = —,
4 Y PRF
-
TEXTRONIX 7 7
TYPE 191 @
o
C = 10-30MH> DOUBLE - LJGMJ "
AT 50mV RALANCED e tRon % Tver
MIXER OR
COUTVALENT 491 OR 1L20
500 5%
Tgﬁ;?oﬁlf . ATTENUATOR
O D
SERIOD = 100us <) ey
AIOTH = s, =SV arrEnATOR
DISPERSION = 1MHZ /D1 V
SESOLUTION = >100kHz  (CW)
SAND = A

RF CENTER FREQUENCY = SAME AS TYPE 191

Fig. 2-7. Generating a pulsed RF spectrum using
commercially available equipment.

A pulsed RF carrier signal can easily be generated
using the Tektronix instruments shown in Fig. 2-7/.
The output signal may be monitored on a wideband
oscilloscope to show the relationship between RF
pulse duration and RF spectrum width. The output
waveform that is generated provides an excellent

test signal to study the characteristics of the RF
spectrum discussed above.,

Most explanations of pulsed RF spectra are described
by considering perfectly rectangular RF pulses free
of AM or FM components (Fig. 2-8A). However many

RF spectra are generated with RF pulses of different
waveshape; some of the more common RF spectra are
shown in Fig. 2-8 with accompanying interpretations!.

LA detailed discussion of these spectra will be found
in Montgomery Technique of Microwave Measurements,
Radiation Laboratory Series, Vol. XI, McGraw-Hill.
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All figures are shown as they would appear in the

RF power vertical square-law mode of display which illustrates

spectrum the RF power spectrum. This mode of display shows
the comparative amounts of energy present in the
major and minor lobes. The shape of the amplitude-
modulation component of the RF carrier pulse is shown
to the left of the spectrum envelope using a one-
microsecond pulse. The presence of linear FM on the
carrier frequency is illustrated by either an
increasing or decreasing slope on the top of the
pulse waveform to the right of the spectrum.

Fig. 2-8B represents the RF power spectrum of a
symmetrical trapezoidal-shaped RF carrier pulse. The
sloping sides tend to shorten the duration of the
pulse. Shorter duration pulses generate a wider

lobe structure which results in the lobe minima being
spread further apart. The most significant change
occurs in the reduction of amplitude in the minor or
side lobes relative to the major or central lobe.

Fig. 2-8C represents the RF power spectrum of a
symmetrical triangular-shaped RF carrier pulse.

The increased slope of the sides of the pulse
effectively shorten its duration in comparison to a
rectangular pulse and therefore the lobe minima are
spread much further apart than before. The side
lobe amplitude decreases to practically =zero.

Fig. 2-38D represents the RF power spectrum of a
symmetrical gaussian-shaped RF carrier pulse which
generates an RF spectrum with the same amplitude and
major lobe bandwidth as an equivalent energy
rectangular pulse. The RF spectrum in this case is
unique since the envelope of the RF spectrum possesses
the same form as the RF pulse shape. The spectrum
contains no side lobes, all of the energy being
concentrated in the major or central lobe.

The effect of a linearly-sloping amplitude-modulated
pulse of RF carrier alone on the RF spectrum is to
raise slightly the minima of the minor lobes from
zero as shown in Fig. 2-38E.

The presence of FM in the RF carrier raises the lobe
minima away from the zero amplitude level and
therefore places more of the total energy in the minor
lobe structure. This means that there is less energy
present in the major lobe. As the frequency
modulation is increased, the secondary lobe maxima
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rise until the major lobe is engulfed, creating two
peaks rather than one. With higher modulation three
or more pairs of prominent peaks may exist with the
result that very little energy is located in the
central region of the RF power spectrum. The spectra
remain symmetrical and would be unchanged whether the
FM were decreasing or increasing in frequency. Such
spectra are shown in Figs. 2-38F, 2-3G and 2-8H.

The physical interpretation of a pulsed spectrum has
been a matter of controversy during recent years and
has not been decisively resolved. Most
interpretations of the pulsed envelope spectrum tend
to relate to mathematical (Fourier) concepts whereas
there is some evidence that the spectrum is a result
of the method used to detect and display the RF
pulsed spectruml. In either case the information
presented on the CRT of the spectrum analyzer is
useful in determining the modulation characteristics

of the pulsed RF carrier.

frequency In frequency modulation systems, the frequency of
modulation the RF carrier is caused to change above and below
(FM) its normal RF center frequency in accordance with

the amplitude of the modulating frequency. When
the modulating signal is applied, the carrier
frequency is increased during one-half cycle of the
modulating frequency and decreased during the half
instantaneous cycle of the opposite polarity. The change in

amp | 1 Tude carrier frequency from its normal center frequency
VS is called frequency deviation. It is essentially
frequency proportional to the instantaneous amplitude of the

deviation modulating frequency, so the deviation is usually

small when the instantaneous amplitude of the
modulating signal is small, and is usually greatest
when the modulating frequency reaches a peak of

either positive or negative polarity. The rapidity
with which these deviations occur are directly related
to the modulation frequency.

'R. W. Cushman, "Report No. NADC-EL-6452", February 15,
1965.
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If the phase of the current in a circuit is changed,
the phase lead or lag increases or decreases the
period of the RF carrier. This results in an
instantaneous frequency change during the time that
the phase is being shifted. The amount of frequency
change or deviation depends on how rapidly the phase
shift is accomplished. It is also dependent upon the
total amount of the phase shift. The amount of phase
shift is essentially proportional to the instantaneous
amplitude of the modulating signal. The rapidity of
the phase shift is directly proportional to the
frequency of the modulating signal. Consequently the
frequency deviation in a phase-modulation system is
proportional to both the amplitude and frequency of
the modulating signal.

The main difference between FM and PM therefore, 1is
that frequency deviation in FM systems is determined
only by the amplitude of the modulating signal whereas
in PM systems the frequency deviation is determined

by both the amplitude and frequency of the modulating
signal.

In AM systems only a pair of sidebands spaced about
the RF carrier are generated for each modulating
frequency. FM and PM generate additional sidebands
for each modulating frequency spaced both above and
below the RF carrier (Fig. 2-9). The number of
significant sidebands depend upon the relationship
between the modulating frequency and the RF carrier
frequency deviation. In frequency modulation the ratio
between the frequency deviation and the modulating
frequency is called the modulation index:

: . _ Carrier frequency deviation

Modulation index =

Modulation frequency
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FREQUENCY
MODULATED
CARRIER

Fig. 2-9. Spectrum of a single audio tone (fj,)

frequency-modulated signal showing
distribution of sidebands.

As the amplitude of the modulation signal increases,
the carrier deviation increases. The above equation
indicates that the magnitude of the modulation index
also increases as the amplitude of the modulation
increases. As the amplitude of the modulation
increases, more sidebands of substantial amplitude
are generated. Obviously a limit to signal bandwidth
must be reached, otherwise FM signals would occupy
excessive amounts of RF spectrum. Maximum permissible
deviation for different classes of FM service has
been standardized by the Federal Communications
Commission in the United States. Similar regulations
are enforced throughout other countries in the world.
For a specific class of service the modulation index
which results from using both the highest permissible

modulating frequency and widest frequency deviation
is called the deviation ratio.
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FM removes
AM
inTerference

pulse
modu laTion

While FM does not conserve the RF spectrum, it
provides advantages not available with amplitude-
modulation systems.

Both natural (static) and man-made electrical
interference is of an amplitude-modulation nature.
Frequency modulation is relatively immune to
interference since the amplitude variations caused
by most interference does not alter the frequency
which is the information-bearing characteristic of
the signal.

The power in a transmitted FM signal does not vary as
the modulation changes. The power is distributed
between the carrier and the various pairs of
sidebands.

Frequency modulation is used extensively in telemetry

systems, mobile communications, and broadcast radio
and television.

Pulse modulation, sometimes termed multipulse, refers
to a method of modulation which alters the amplitude,
width, position, or code sequence of a chain of pulses
in accordance with the modulating signal. This type
of modulation is used to enhance signals in the
presence of noise and to increase the capacity of
communication circuits through the use of time-
division multiplex. Since the pulse characteristics
are continually changing, the frequency components

of the signal are also changing, therefore, analysis
of these signals is extremely difficult and is
cenerally performed in the time domain, or by ''gating”
out selected pulses from within a pulse train and
studying the spectrum generated by these selected
pulses. The principles involved are similar to those
associated with pulsed RF displays and measurements.
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SPECTRUM ANALYZER TERMS

The pertormance of spectrum analyzers is often
described through the use of widely accepted terms.
These terms generally define a function performed
within the analyzer or describe a phenomena which
may occur within the analyzer. Although the terms
are identified individually, their effect on a
display is interrelated. The relationship may often
require a compromise of analyzer control settings

to obtain a satisfactory display in making a specific
measurement. The following list of terms and
definitions are used by Tektronix to describe
spectrum analyzer performance.

Center Frequency (radio frequency or intermediate
frequency) -- That frequency which corresponds to
the center of the reference coordinate.

Center Frequency Range (radio frequency) -- That
range of frequencies that can be displayed at the
center of the reference coordinate. When referred
to a control (e.g., Intermediate Frequency Center
Frequency Range) the term indicates the amount of
frequency change available with the control.

Dispersion (sweep width) -- The frequency sweep
excursion over the frequency axis of the display.
Can be expressed as frequency/full frequency axis
or frequency (Hz/div) in a linear display.

Display Flatness -- Uniformity of amplitude response

over the rated maximum dispersion (usually in units
of dB).

Drift (frequency drift) (stability) -- Long term
frequency changes or instabilities caused by a
frequency change in the spectrum analyzer's local
oscillators. Drift limits the time interval that a
spectrum analyzer can be used without retuning or
resetting the front panel controls (units may be

Hz/sec, Hz/°C, etc.).
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Fig. 3-1. Dynamic range.

Dynamic Range, maximum useful -- The ratio between
the maximum input power and the spectrum analyzer

sensitivity (usually in units of dB).

Dynamic Range (on screen) -- The maximum ratio of
signal amplitudes that can be simultaneously observed

within the graticule (usually in units of dB). See
Figo 3""1-

Frequency Band -- A range of frequencies that can be
covered without switching.

Frequency Scale -- The range of frequencies that can
be read on one line of the frequency indicating dial.

Frequency Synthesizer -- A device that translates
the output of a precision frequency standard to

another frequency or frequencies.

Incidental Frequency Modulation (residual frequency

modulation) -- Short term frequency jitter or
undesired frequency deviation caused by instabilities

in the spectrum analyzer's local oscillators.
Incidental frequency modulation limits the usable

resolution and dispersion (in units of Hz).
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Incremental Linearity -- A term used to describe

local aberrations seen as non-linearities for narrow
dispersions.

Linear Display -- A display in which the vertical

deflection is a linear function of the input signal
voltage.

Linearity (dispersion linearity) -- Measure of the
comparison of frequency across the dispersion to a
straight line frequency change. Measured by
displaying a quantity of equally spaced (in frequency)
frequency markers across the dispersion and observing
the positional deviation of the markers from an
idealized sweep as measured against a linear graticule.
Linearity is within AW X 1007 where AW is maximum

positional W deviation and W is the full graticule
width.

Local Osctillator Radiation -- Since the input circuit
of most microwave spectrum analyzers is without any
selectivity or frequency discrimination, it is easy

to understand that the local oscillator signal does
not receive any significant attenuation between the

RF mixer and the input terminal. The local oscillator
(LO) frequency present at the input terminal will in
the majority comprise the fundamental LO frequency
which will usually be above that indicated on the dial
scale by an amount equal to the intermediate frequency.
Due to the nonlinear impedance of the mixer circuit

it is possible to have harmonics of the fundamental
frequency of the LO present as well. In low frequency
spectrum analyzers which provide preselection or RF

amplification ahead of a double balanced mixer, LO
radiation presents no problemn.

Maximum Input Power -- The upper level of input power
that the spectrum analyzer can accommodate without
degradation in performance (spurious responses and

signal compression). (Usually in units of dBm for
example) .

Minimum Usable Dispersion -- The narrowest dispersion
obtainable for meaningful analysis. Defined as ten
times the incidental frequency modulation when limited
by "incidental frequency modulation." (in units of Hz).
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Optimum Resolution -- The best resolution obtainable
for a given dispersion and a given sweep time,
theoretically: (in units of Hz)

dispersion (in Hz)

optimum resolution = ; :
sweep time (in seconds)

Optimum Resolution Bandwidth —-- The bandwidth at
which best resolution is obtained for a given
dispersion and a given sweep time as per: (in units
of Hz)

dispersion
sweep time

optimum resolution bandwidth = 0.66
Phase Lock -- The synchronization of the local
oscillator with a stable reference frequency.

The accuracy and resolution capability of spectrum
analyzers are dependent upon the stability of their
local oscillator frequency. A method technically
referred to as phaselock is used to improve the
stability of local oscillators. It synchronizes
the LO frequency to that of a stable frequency
reference thereby improving its frequency stability.

Phaselock frequency stability results in a lower
value of incidental FM and display frequency drift
associated with the local oscillator. This increases
the performance capability of the spectrum analyzer
to separate closely spaced signals within the RF
spectrum as well as adding measurably to the ability
of performing the measurement.

Picket fence -- A term used to describe a display of
frequency markers on a frequency base.

Resolution -- The ability of the spectrum analyzer

to display adjacent signal frequencies discretely.
The measure of resolution is the frequency separation
of two equal amplitude signals, the displays of

which merge at the 3-dB down points (in units of Hz).
See Fig. 3-2A and 3-2B.
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Fig. 3-3. Effect of sweep time on resolution.

The resolution of a given display depends on three
factors; sweep time, dispersion and the bandwidth

of the most selective amplifier. The 6-dB bandwidth
of the most selective amplifier (when Gaussian) is
called resolution bandwidth and is the narrowest
bandwidth that can be displayed as dispersion and
sweep time are varied. At very long sweep times,

resolution and resolution bandwidth are synonymous.
See Fig. 3-3.

Resolution Bandwidth -- Refer to resolution.

Safe Power Level -- The upper level of input power
that the spectrum analyzer can accommodate without
physical damage (usually in units of dBm).

Scanning Velocity -- Product of dispersion and
sweep repetition rate (units of Hz/unit time).

Sensitivity -- Rating factor of spectrum analyzers
ability to display signals.

1. Signal equals noise. That input signal level
(usually in dBm) which results in a dispaly where
the signal level above the residual noise is equal
to the residual noise level above the baseline;
expressed as: signal + noise = twice noise.

2. Minimum discernible signal. That input
signal level (usually in dBm) which results in a
display where the signal is just distinguishable
from the noise.



29

GOOD SKIRT
SELECTIVITY

A POOR SKIRT
SELECTIVITY
LOGARITTHM|C
VERT ICAL
DEFLECT ION
FREQUENCY -
Fig. 3-4. Skirt selectivity.
Skirt Selectivity -- A measure of the resolution

capability of the spectrum analyzer when displaying
signals of unequal amplitude. A unit of measure
would be the bandwidth at some level below the 6 dB

down points, (e.g. 10, 20, 40 dB down). (units of
dB). See Fig. 3-4.

Spectrum Analyzer -- A device which displays a graph
of relative power distribution as a function of

frequency, typically on a cathode ray tube or chart
recorder.

A. Real Time. A spectrum analyzer that performs
a continuous analysis of the incoming signal with

the time sequence of events preserved between
input and output.

B. Non-Real Time. A spectrum analyzer that

performs an analysis of a repetitive event by a
sampling process.

1. Swept front end. A superheterodyne spectrum

analyzer in which the first local oscillator
is swept.

2. Swept intermediate frequency. A
superheterodyne spectrum analyzer in which a
local oscillator other than the first is swept.
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Spurious Responses (spurii, spur) -- A characteristic
of a spectrum analyzer wherein displays appear which
do not conform to the calibration of the radio '
frequency dial. Spurii and spur are colloquialisms
used to mean spurious responses (plural) and spurious
response (singular) respectively. Spurious responses
are of the following type:

A. Intermediate frequency feedthrough. Wherein
signals within the intermediate frequency passband
of the spectrum analyzer reach the intermediate
frequency amplifier and produce displays on the
cathode ray tube that are not tunable with the

RF center frequency controls. These signals do
not enter into a conversion process in the first
mixer and are not affected by the first local
oscillator frequency.

B. Image response. The superheterodyne process
results in two major responses separated from
each other by twice the intermediate frequency.
The spectrum analyzer is usually calibrated for
only one of these responses. The other is called
the image.,

C. Harmonic conversion. The spectrum analyzer
will respond to signals that mix with harmonics
of the local oscillator and produce the
intermediate frequency. Most spectrum analyzer's
have dials calibrated for some of these higher
order conversions. The uncalibrated conversions
are spurious responses.,

D. Intermodulation. In the case of more than
one signal, the myriad of combinations of the
sums and differences of these signals between
themselves and their multiples creates extraneous
responses known as intermodulation. The most
harmful intermodulation is third order, caused

by the second harmonic of one signal combining
with the fundamental of another. See Fig. 3-5.

E. Video detection. The first mixer will act as
a video detector if sufficient input signal is
applied. A narrow pulse may have sufficient
energy at the intermediate frequency to show up
as intermediate frequency feedthrough.
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Fig. 3-5. Intermodulation.

F. Internal. A display shown on the cathode-

ray tube caused by a source or sources within
the spectrum analyzer itself and with no external

input signal. Zero frequency feedthrough is an
example of such a spurious response.

G. Anomalous intermediate frequency (IF) responses.
The filter characteristic of the resolution-
determining amplifier may exhibit extraneous
passbands. This results in extraneous spectrum

analyzer responses when a signal is being analyzed.

Sweep Repetition Rate -- The number of sweep
excursions per unit of time. Sometimes approximated

as the inverse of sweep time for a free-running sweep.

Sweep Time -- The time required for the spot in the
reference coordinate (frequency in spectrum analyzers)
to move across the graticule. (In a linear spectrum
analyzer system sweep time is TIME/DIVISION multiplied

by total divisions.)

Vertical Logarithmic Display -- A display in which
the vertical deflection is a logarithmic function of
the input signal voltage.

Vertical Square Law Display -- A display in which the
vertical deflection is a linear function of the input

signal power.
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Vertical Video Display -- A mode of operating a
spectrum analyzer to obtain conventional oscilloscope
display of amplitude versus time,

Zero Frequency Feedthrough (zero pip) -- The response
of a spectrum analyzer which appears when the
frequency of the first local oscillator is equal to
the intermediate frequency. This corresponds to zero
input frequency and is sometimes not suppressed so

as to act as a zero frequency marker.
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SPECTRUM ANALYZER CHARACTERISTICS
AND THEIR RELATIONSHIPS

resolution As mentioned earlier, the resolution of a given

factors display depends upon three factors: sweeptime,
dispersion and bandwidth. Not only do these factors
atfect the resolution, they also influence the
sensitivity of the analyzer to an applied signal.

Although spectrum analyzer instrument characteristics
such as resolution, sensitivity, dispersion and
sweeptime are usually described independently, the
effect of each on the signal display indicates an
interrelationship that must be considered when a
signal measurement is to be performed.

The idealized spectrum display for a continuous-wave
(CW) radio-frequency signal would be a vertical line
ot zero frequency width on the face of the cathode-
ray tube representing the signal frequency, as shown
in Fig. 4-1A. However, because the narrowest
resolution filter still provides a finite bandwidth,
the spectrum analyzer displays individual signals

as pips of finite width (Fig. 4-1B). At very slow

ZERO SIGNAL WIDTH
FOR IDEALTZED ZERO
RESOLUT ION BANDWIDTH

RELATIVE
DI SPLAY
AMPL I TUDE

——d

(A) [DEAL DISPLAY FOR CW SIGNAL

RELATIVE

DISPLAY
AMPL i TUDE

WIDTH OF SIGNAL PIP DUE
TO RESOLUTION BANDWIDTH

d AMPLITUDE LESS THAN
NORMAL ACCOMPANITED BY
WIDER SIGNAL WIDTH

RELATIVE
DISPLAY
AMPL T TUDE

RINGING PRESENT ON
FALLING EDGE

-+
3

(C) SWEEP TIME TOO FAST FOR RESOLUTION SETTING

Fig. 4-1. Spectrum analyzer displays.
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sweep times the shape of the pip is equal to the
bandpass response curve of the resolution amplifier
filter. Since the bandpass is finite, it has an a
associated time of response. 1If the sweeptime 1is
faster than this response time the filter will not
be able to respond adequately and there will be a
loss in amplitude proportional to the speed of the
sweep accompanied by a broadening of the pip and a

ringing on the falling edge of the signal display

Assuming a Gaussian filter response, the loss in

amplitude as a function of sweeptime, resolution
bandwidth and dispersion is expressed by the equation:

{ p o\ 2]-1/u
Loss =1 + .195 (ﬁgi) ]
where
D = dispersion
7' = sweeptime in seconds
B = resolution bandwidth at the 3-dB down points

The utility of the equation is to illustrate the
interrelation between dispersion, sweeptime, and
resolution bandwidth and their effect on display
sensitivity. In practice the calculation is seldom
performed. All that is necessary to achieve optimum
amplitude is to decrease the sweeptime to the point
at which the amplitude of the display remains constant.
If the sweeptime is decreased enough, the low display
repetition frequency may result in an objectionable
flicker. The annoyance may be alleviated by
increasing the display repetition frequency (increase
the TIME PER DIV setting) at a sacrifice in the
fidelity of the signal display. A satisfactory
solution often may be found in the use of a long

decay (P7) phosphor or a storage-type cathode-ray
tube.

The sensitivity of the spectrum analyzer is also
affected by the resolution bandwidth. The IF
bandwidth of the resolution amplifier determines

both the noise bandwidth and resolution capability

of the spectrum analyzer. The narrower the bandwidth
of the amplifier the better its ability to resolve
adjacent signals in the RF spectrum. In the
predominant case where most of the gain occurs ahead
of the resolution-determining amplifier, the narrower



bandwidth also decreases the amount of noise energy
accepted by the analyzer in comparison to that of
the signal. The decrease in noise in relation to
the signal energy results in an improved signal-to-
noise ratio which aids in achieving maximum
sensitivity. Minimum resolution bandwidth therefore
provides maximum sensitivity.

In addition, another relation exists which can affect
the resolution of the display. It has been shown
mathematically1 that for an assumed Gaussian IF
response (bandwidth measured at -3 dB points) the
apparent resolution R is equal to:

211/2
_ > Z))

where
R = apparent (dynamic) resolution bandwidth
B = actual (static) resolution bandwidth
D = dispersion (total sweepwidth)
I' = time required for one sweep across D.

In examining the equation it can be seen that for

a particular value of static resolution bandwidth,
shortening of the sweeptime will increase the dynamic
or apparent resolution of the analyzer. Similarly

an increase in dispersion will increase the apparent
resolution bandwidth and seriously limit the practical
resolution of the spectrum analyzer.

The apparent resolution bandwidth R is always greater
than the zero dispersion (or static) bandwidth of

the resolution amplifier. For example, given a
dispersion D of 50 MHz in a time 7 of 1 millisecond
(time per division, 0.1 ms) and a static resolution
bandwidth B of 100 kHz, the resolving capability of
the instrument is not 100 kHz, but

_ 5\ 2 5x107)2}1/2
R = [(1092 +0.195 (75255

= 243 kHz
Confidence in the settings of a calibrated resolution
bandwidth control can very easily lead to erroneous
results since the dynamic resolving capability of

the spectrum analyzer may be different.

Tspe;;;uE,AnaZyzer Techniques Handbook, Polarad
Electronics, 1962,
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It might be assumed from examining the equation that
if the dispersion D and the time 7 are fixed, K can
be made as small as desired simply by reducing the
resolution bandwidth B. This, however, is not the
case. With D and T fixed, there is only one specific
resolution bandwidth B for which the apparent or
dynamic resolution bandwidth £ is minimum®: R =-J§_B.

Again, the utility of the equation is to describe
the relationship between the wvarious characteristics
and how their individual variations can effect the

display. 1In practice the computation is seldom
performed.

The above relationships are most effective when
displaying continuous wave (CW), amplitude-modulated
and frequency-modulated signals. With these types
of signals, the resolution of individual frequency
components of the spectra is of primary importance.
It also applies to pulsed RF signals but is seldom
of importance because the resolution bandwidth

desired is usually very much greater than that used
for CW, AM and FM type signals.

1Engelson and Long, "Optimizing Spectrum—Analyzer
Resolution,' Microwaves, Dec. 1965.
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The resolution bandwidth necessary to display the RF
spectrum envelope of a pulsed RF carrier differs from

resolution that required to resolve the discrete frequency
bandw i dth components associated with amplitude and frequency
for pulsed modulated signals as mentioned previously. Pulsed
_RF RF carriers are used extensively to generate radar
signals. In radar signal analysis the envelope of

the RF spectrum provides information which is
indicative of the radar's performance. Therefore

the need for narrow resolution beyond that required

to display the spectrum null-lobe structure is
unnecessary. Experimental tests conducted to
determine the optimum resolution bandwidth for a

given RF pulse duration has resulted in the widespread
use of the equation:

< 0.1
Td

bw

where

bw

the -3 dB bandwidth of the resolution
amplifier, expressed in Hz

Td = the duration of the RF pulse, expressed in
seconds.
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Fig. 4-2. Effects of resolution bandwidth on
spectrum analyzer display.
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The value of the constant 0.]1] was determined

empirically. Fig. 4-2 illustrates the effect of using

different resolution bandwidths on the display of an
RF spectrum.

From the above equation a resolution bandwidth
equivalent to one-tenth of the frequency difference
between the nulls of the minor lobes is satisfactory
to display the pertinent detail in the spectrum
structure. The utility of the equation 1is its
illustration of relationship between resolution
bandwidth and RF pulse duration rather than by its
mathematical accuracy. In practice the resolution
bandwidth is made as broad as possible, consistent
with adequate sharp null definition for the lobes.

Fig. 4-2A shows a significant decrease in spectrum

envelope amplitude when the resolution bandwidth is
narrowed below optimum.

Fig. 4-2B illustrates a display using optimum
resolution bandwidth which results in an accurate
spectrum envelope.

Fig. 4-2C and 4-2D illustrate the effect on the
display of using a resolution bandwidth greater than
one-tenth of the minor lobe null frequency difference.
The excessive resolution bandwidth tends to average
the amplitude of the RF spectrum so that the nulls
become obliterated and the display becomes distorted
and meaningless. Optimum spectrum display is achieved
when the resolution bandwidth is adjusted to
approximately one-tenth of the pulse duration.
Tektronix spectrum analyzers' uncalibrated resolution
bandwidth control settings are coupled with the
dispersion control settings to provide the optimum
resolution for most signal analysis applicatiomns.
Whenever it is necessary to change the resolution
bandwidth, for instance when displaying the spectrum
of a narrow pulsed RF carrier, the resolution control
may be uncoupled and adjusted independently for the
best display. 1In such cases the best display

generally occurs with the resolution control adjusted
for the widest bandwidth.
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SPECTRUM ANALYZER
FUNCTIONAL CONSIDERATIONS

The detailed operation of individual spectrum analyzer
front panel controls is well explained in the
instruction manual describing the instrument. However
the settings of front panel controls may be
unintentionally adjusted to obtain a distorted or
incorrect type of display. The following discussion
may help avoid operator confusion.

With spectrum analyzers that provide multiple input
connectors which relate to different radio-frequency
ranges or bands, it is necessary to connect the
signal source to the applicable input terminal and to
switch the band switch to the desired frequency range.
If the dial scale contains overlapping frequency
ranges, 1t is possible to read the frequency on a
scale which is not in use. Modern spectrum analyzers
relate input terminal connectors to dial ranges by
means of mutual color shading or other graphics and
alphabetical lettering. Dial scale frequency ranges
are also printed on the front panel opposite the
appropriate dial scale. The likelihood of reading
the frequency from the wrong scale was great with
earlier instruments which did not have this method

of frequency and dial scale identification. However,
due to harmonic conversion of the local oscillator
frequency, it is still possible on modern instruments.

Since the IF switch attenuator in Tektronix spectrum
analyzers is capable of 51 dB of signal attenuation
and the variable IF gain control is capable of an
additional 50 dB it is quite possible to completely
attenuate the signal by having these controls adjusted
incorrectly. The danger exists that the operator will
assume that he has insufficient input signal amplitude
and will increase the signal strength to a power level
which will destroy the input mixer diode(s). A
generally useful approach for setting the IF
attenuator and gain controls is to turn all of the IF

ey, A g A

attenuator switches off and to increase the IF gain

control to the position where noise fluctuations just
begln to appear on the horizontal sweep display. From
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that starting point either input signal amplitude
or the instrument front-panel controls can be adjusted
visually for a satisfactory displayed amplitude.

The purpose of the video filter is to narrow the
bandwidth of the detector circuit to eliminate noise
or any visible modulation between signals spaced
closely in frequency. It also is useful to display
the envelope of RF pulsed spectra which have high
pulse repetition rates. Since the video filter
basically integrates or averages the signal level,
low pulse repetition rates produce poor results.

If the sweep time were adjusted to eliminate all
visible display blinking of a signal being displayed,
and the video filter were turned on, the amplitude

of the signal would decrease to almost zero. This
could influence the operator to increase the incoming
signal power in order to recover the signal, thereby
overloading and possibly damaging the input mixer.

The resolution control is normally coupled to the
dispersion control to make it easy to obtain a
desirable type of display. However, should the
resolution become uncoupled from the dispersion
control it is possible to have too narrow a resolution
bandwidth for the dispersion in use. Coupled with

a "blink free" sweep time this can result in a lack

of signal display on the CRT. Once again the operator
can mistake this condition for lack of sufficient
input power amplitude with the possiblity of
consequences described earlier.

Internal triggering capability is useful in a
spectrum analyzer that includes calibrated sweep
time in order to measure the pulse period of RF
pulses such as transmitted by radars. It is also
useful for providing periodic single sweep displays

necessary for determining frequency drift rates of
oscillators.

External triggering capability can be very useful
when attempting to display the frequency spectrum of
a signal from an antenna source in the presence of
other signals. The sweep of the spectrum analyzer
can be synchronized with the transmitted signal by

applying a triggering pulse to the analyzer from the
nearby transmitter.
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Although, for most uses a free running or 60-Hz line
source repetitive sweep is sufficient, the
availability of a sophisticated triggering system
expands the measurement capability of a general
purpose spectrum analyzer. When the triggered mode
of operation is used the trigger level setting and
source switch controls have a determining effect on
the presence of the display.

For comfortable viewing it is desirable to operate
the sweep time so that the display is continuous
without any bothersome "blink" interruption. This is
generally possible when displaying signals that do
not require the use of the video filter. When the
video filter is used in conjunction with a display
that requires the narrowest resolution it may be
necessary to decrease the sweep time in order to
obtain a satisfactory undistorted display.

The purpose of the intensifier control in the
spectrum analyzers in which it is present is to
equalize the brightness of the baseline in relation
to the vertical signal display. The amount of
baseline intensification varies with vertical
positioning so that the intensifier control may
require readjustment whenever the display is
repositioned. If the brightness level as set by the
intensity control is high it will predominate and
the intensifier control will not affect the display.

The foregoing discussion relates to the display of

a signal on the face of the CRT. There are other
sets of controls which determine the accuracy of the
reading of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>