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AIR1255 has been reaffirmed to comply with the SAE Five-Year Review policy.
1. SCOPE

This AIR was prepared to inform the aerospace industry about the electromagnetic interference mea-
surement capability of spectrum analyzers. The spectrum analyzers considered are of the wide dis-
persion type which are electronically tuned over an octave or wider frequency range. The reason for
limiting the AIR to this type of spectrum analyzer is that several manufacturers produce them as
general-purpose instruments, and their use for EMI measurement will give significant time and cost
savings. The objective of the AIR is to give a description of the spectrum analyzers, consider the an-
alyzer parameters, and describe how the analyzers are usable for collection of EMI data, The oper-
ator of a spectrum analyzer should be thoroughly familiar with the analyzer and the technical concepts
reviewed in this AIR before performing EMI measurements.

2. INTRODUCTION

2.1 Background:

2.1.1 The first automatically scanning receiver was developed by Dr. Marcel Wallace in 1932. This in-
strument, the Panadaptor, was used as a signal monitor for the amateur band. Spectrum analysis
received more attention during World War II when the modulated RF pulse for radars required de-
tailed analysis. A spectrum analyzer was then developed which allowed scientists to design radar
transmitters and receivers for optimum efficiency.

2.1.2 These early analyzers were primarily RF indicators which lacked calibrated controls or broad
spectrum coverage. They generally displayed a band of 50 MHz at microwave frequencies. They
were relatively unstable and when used for EMI measurements, the data was viewed with scepticism.
However, recent advances in electronic components have allowed manufacturers to build a new
generation of spectrum analyzers. These analyzers are fully calibrated, easy to use, tune over a
wide frequency range, and can measure EMI rapidly.

2.2 Principles of Operation:

2.2.1 Alternating current signals are generally observed as amplitude versus time with an oscilloscope.
The spectrum analyzer displays the signal amplitude versus frequency on a cathode-ray tube.
Figure 1 shows that a-c signals are functions of amplitude, frequency, and time.

2.2.2 The spectrum analyzer is a superheterodyne receiver, as are conventional field intensity meters,
eﬁcept that the receiver is repetitively tuned in frequency by applying a sawtooth voltage to a voltage
tunable local oscillator. The same sawtooth voltage is simultaneously applied to the horizontal de-
flection plates and the cathode ray tube. The output signal of the receiver is applied to the vertical
deflection plates, thus producing a plot of signal amplitude versus frequency on the screen.

2.2.3 Reception and display of a signal by the instrument is explained with reference to Figure 2. An RF
signal is applied to the input of the mixer. As the local oscillator is tuned through the band by the
sawtooth generator, it will pass through a frequency that will beat with the input signal, producing
the required IF. This IF signal is then amplified, detected, and applied to the vertical deflection
plates of the CRT, producing a plot of amplitude versus frequency.
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2.2.4 The mixer is a nonlinear device and produces outputs at the sum and difference frequencies of the two
input signals. If the mixer is driven hard enough by the local oscillator, harmonics of the local oscilla~
tor output are generated. These harmonics are also added with the signal, and sum and difference fre-
quencies of the signal and harmonics of the local oscillator are present at the mixer output. The IF am-
plifier is tuned so that it responds to only one frequency, F The equation describing the signal fre-

IF
quency which will produce an IF output is: F

1l

F nF__ +F

S LO IF
where
FS = signal frequency
n = harmonic number
FLO = local oscillator frequency (variable)
FIF = intermediate frequency.

Many spectrum analyzers use harmonic mixing to extend the frequency range of the analyzer economic-
ally; the RF input signal is mixed with a harmonic of the first local oscillator to heterodyne it to the first
IF. Harmonics as high as n = 10 are used to extend the frequency range to 40 GHz.

3. SPECTRUM ANALYZER CONSIDERATIONS

3.1 Functional Relationships and Definitions: The general-purpose spectrum analyzers considered in this AIR
have many variable functions which must be optimized for each particular measurement task. To utilize
the analyzer most effectively for EMI measurements, the variable functions must clearly be understood
before useful data can be accumulated. The main spectrum analyzer functions can be divided into the areas
of frequency, amplitude, and display. The functional relationships and associated definitions are outlined
in the following paragraphs.

3.1.1 Frequency Functions:

Bandwidth — The RF bandwidth (BW) is significantly wider than the IF BW; consequently, the IF
BW determines the sensitivity, resolution, and frequency span. The IF BW control
is the most important control on the analyzer.

The signal amplitude will be reproduced as faithfully as possible commensurate
with good resolution when the bandwidth is:

J irequency span (in Hz)
BW = k x sweep time (in sec.)

The factor k varies from 1 to 2. Figure 3 is a nomograph of these three
parameters with k = 1.

Center Frequency — The frequency which corresponds to the center of a linear frequency span.
Frequency Range — The range of frequencies over which the instrument performance is specified.

Frequency Response — The peak-to-peak variation of the displayed amplitude over a specified
frequency span.

Frequency Span — The segment of the frequency range displayed (usually marked as Hz/division).
Also defined as scanwidth and dispersion. For optimum sensitivity and correct
signal amplitude, the frequency span selected should be based upon bandvgs
sweep time as shown in Figure 3. vﬁB&nﬁmentS
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Resolution — The ability to display adjacent signal responses discretely. The measure of re-
solution is the frequency separation of two equal amplitude signals, the displays
of which merge at the 3 db down points (in units of Hz). For every combination
of frequency span and sweep time, there exists a minimum obtainable value of
resolution (assuming that an optimum bandwidth was selected previously). This
optimum resolution is defined as:

frequency span (in Hz)
Resolution = K sweep time (in sec.)

The factor K varies from 1 to 1.5. Figure 3 is a nomograph for this equation
with K equal to 1.5.

Overresolving is caused when the IF bandwidth is adjusted to a value much
narrower than required for optimum resolution. This will cause an apparent
resolution much wider than the selected IF bandwidth and a loss in sensitivity.

Sensitivity — Nominal detectable sensitivity of the analyzer is generally specified for a specific
bandwidth and display law. This sensitivity can be calculated for other BWs if the
noise figure is known.

SN (in dbm) = NF-114 + 10 log BWSdb (in MHgz).

The noise figure (N¥) can also be calculated from this equation if SN and BW3 b

are known. Maximum sensitivity occurs when the BW is optimized as discussed above.
Spurious Responses — Erroneous displays may result when:

1. Harmonics of the input signal are generated by the input mixer and combined with
either the fundamental of the local oscillator or harmonics of the local oscillator
(also generated in the input mixer) to produce the IF frequency. Such responses are
termed "'spurious' since they do not represent true input signals of the indicated
frequency or amplitude.

2. Intermodulation occurs due to the presence of two or more signals of sufficient amplitude
to produce combinations of sums and differences of these signals and their multiples.

3. Intermediate frequency feedthrough occurs. Signals falling within the IF passband of the
analyzer may reach the IF amplifier, resulting in a display that is not tunable with the
RF center frequency controls.

Stabilization — To use the analyzer in a narrowband mode, the local oscillator must be stabilized
to reduce its residual FM. Otherwise, this residual FM would be added to the
displayed signal, making use of the narrower IF bandwidths impossible. The total
FM of the signal and the local oscillator must be less than the BW of the analyzer
if the entire energy of the signal is to be measured by the analyzer at one time
(e.g., if we are to obtain a display equivalent to a CW signal for that particular
signal). Stabilization is used primarily for detailed analysis of the discrete spec-
tral components of a specific signal.

Tuning Dial — Determines center frequency of frequency span. The local oscillator tunes auto-

matically above and below center frequency. Frequency range tuned by local os-
cillator is determined by setting frequency span control.
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3.1.2 Amplitude Functions:

Display Law — The mathematical law that defines the input-to-display mode of the analyzer.

Linear — A display in which the scale divisions are a linear function of the
input voltage.

Square (Power) — A display in which the scale divisions are a linear function
of the input power.

Logarithmic — A display in which the scale divisions are a logarithmic function
of the input signal.

Dynamic Range — Two inferpretations of dynamic range are generally used. The first is the ratio of
the largest to the smallest signal (i.e., noise level) which can be simultaneously dis-
played and measured in the logarithmic mode. The second is the ratio of the largest
to the smallest signal which can be displayed before the mixer causes spurious sig-
nals; 80 to 100 db of spurious-free dynamic range is achievable. However, most
mixers will cause harmonics when the input signal level exceeds -30 dbm.

IF Attenuator — For amplitude comparisons, an accurate IF attenuator is generally provided. I is
also used to reduce the displayed noise level. By operating the RF against the IF
attenuator, spurious signals and the attenuators can be evaluated.

RF Attenuator — Used to reduce the input sighal so that it is within the dynamic range of the analyzer
and to prevent mixer-diode burnout. It can also be used to prevent or identify spurious

signals caused by overdriving the mixer.

3.1.3 Display Functions:

Baseline Clipper — Also called an Intensifier. A means for changing the relative brightness between the
signal and the baseline or noise portions of the display.

Display Flatness — The peak-to-peak variation in the display amplitude over a specified frequency span.
with a constant input amplitude.

Display Storage — Some analyzers are equipped with a storage cathode ray tube. This is a valuable
tool when evaluating nonrecurring or random transients. Photographic recording of
the CRT display can also be used for storage of transients.

Span Mode — Used to select the type of frequency span start; line-triggered, internal, external, and
single sweep are generally available.

Sweep Time — Used to select the rate at which the frequency span is tuned. Since the sighal must
exist in the passband of the IF amplifier long enough to allow accurate response, the sweep
time should be slower than:

_ frequency span (in Hz)
k (bandwidth (in Hz))2

T

The factor k varies from 1 to 2. Figure 3 is a nomograph for these three
parameters with k = 1.
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3.2 Advantages of Spectrum Analyzers: The most significant advantage of the wide dispersion analyzers
the ability to tune through a wide frequency range very rapidly. The intercept of random interference is
thereby enhanced and EMI measurement time is reduced. Other advantages are as follows:

1. Provides instantaneous visual indication of signals, or change in ampli-
tude of signals, as test specimen operating modes are varied. The 60
to 80 db dynamic range is generally sufficient to display and measure ty-
pical EMI characteristics without range switching.

2. Signal characteristics may be visually examined.

3. The analyzer may be calibrated since the gain is relatively constant over
broad frequency ranges. The specification limit, modified by the analyzer
gain and appropriate antenna or current probe factors, may be marked on
the CRT screen, or CRT overlays can be used.

4. The frequency band displayed may be photographed to provide a permanent
record of all signals in the band and their amplitudes relative to the speci-
fication limits.

5. Some spectrum analyzers are provided with a storage-type CRT, enabling
the operator to examine in detail nonrepetitive signals or very low repetition
rate pulses.

3.3 Limitations of Spectrum Analyzers: The most significant limitation of the wide dispersion spectrum
analyzers is the lack of preselection. The signal is directly fed into the mixer to assure maximum sen-
sitivity and flatness over a wide frequency range. In addition, harmonic mixing is used which calls for in-
terpretation on the part of the operator. Also, the mixing diodes are sensitive to burnout. These prob-
lems can be partially overcome by using bandpass or scanning filters and maximum attenuation (when the
signal is first applied). For EMI analysis, filters must be used since a prior knowledge of the signal does
not exist. Other limitations are as follows:

1. Sensitivity is generally poor in comparison to the existing technology.
The noise figure is near 30 db; however, sensitivity can be increased
by preamplifiers. Sensitivity of spectrum analyzers is generally ade-
quate to measure EMI below the present specification limits depending
upon the pickup device used.

2. IF feedthrough may occur when the input signal is at the same fre-
quency as the IF, and consequently the analyzer will not respond cor-
rectly. Often IF feedthrough is easy to identify since the entire base-
line will jump up. However, if the input signal is pulsed, the display
may appear as if a CW or broadband signal occurs randomly. IF feed-
through can be prevented by use of bandpass, lowpass, or bandstop
filters.

3. Local oscillator frequencies are present at the input connector and may
affect operation of the test specimen. These frequencies are relatively
high-level and are separated from the tuned frequency of the analyzer by
the IF frequency. Adequate bandpass filtering at the analyzer input can
correct this problem. In addition, on some analyzers, a low-level
sawtooth signal will be fed out of the input connector.

4. The spurious-free dynamic range may be less than the specified 60 to 80
db if out-of-band signals with more than -30 dbm amplitude are permitted
to exist at the mixer diode. Intermodulation and harmonic generation of
that type may be prevented by the use of filters.
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