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The Spectrum Analyzer:  Operating Principles and Instructions




Operating Principles and Instructions

by Bruce A. Black with changes by Mark A. Yoder

1.
Introduction

These instructions apply specifically to the Tektronix 7L5 Spectrum Analyzer plug-in, but the general operating principles are valid for many other commercially available instruments as well.  The instructions are divided into three sections.  Section 2 is a step-by-step cookbook for turning on the instrument and observing the spectrum of a signal.  Section 3 is a very brief description of the way spectrum analysis is done.  Section 4 discusses the structure of the Tektronix 7L5 and describes the operation of the main panel controls.

1.1
CAUTIONS
1. The spectrum analyzer is a sensitive instrument designed for measuring voltages in the millivolt range.  It can be burned out by signals that are not large by normal laboratory standards.  As a rule of thumb, input signals should be no larger than one volt peak to peak, with a zero DC level.  Input signals should always be monitored on an oscilloscope before being applied to the spectrum analyzer input.
2. Unlike an oscilloscope, the spectrum analyzer cannot be used by twiddling the knobs until a stable display is obtained.  It is possible to obtain false and uncalibrated (but stable) displays.  Before using the instrument read the instructions.
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2.
Operating Instructions

This section contains a detailed step-by-step procedure for initializing the spectrum analyzer 

and displaying the spectrum of a waveform.  Do not connect an input signal to the spectrum analyzer unless Caution 1 has been complied with.

2.1
Initialization

To render the spectrum analyzer operational the following procedure should be followed:


First be sure that the analyzer is plugged into the right-hand compartment of a Tektronix 7000-series oscilloscope as shown in Fig. 1.  Set the oscilloscope’s Vertical Mode to right and the Trigger Source to right.  Turn on the power.  If necessary, adjust the Readout and Intensity controls so that the readout of the control settings and the sweep appear on the CRT.
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When the spectrum analyzer is turned on, the dot frequency will be automatically set to zero and the reference level will be automatically set to its maximum value.  This will be the case even if these controls had been set to other values when the power was turned off.  Observe that the Dot Frequency and Reference Level controls have no scales.  Readouts on the top of the CRT indicate the settings of these controls; dot frequency is on the right and reference level is in the center.

Unlike an oscilloscope, a spectrum analyzer cannot be operated by twiddling the knobs until a stable trace is obtained.  As it is possible to obtain false traces and to misinterpret the display, the following initial control settings should be used.  Fig. 2 shows the location of the first three settings.

1. Dot Frequency:

Set the Fine Tuning off.

2. Reference Level:
Set the Input Buffer off; make sure the Var control is set for calibrated operation.  The Log buttons can be set for 10 dB/div, 2 dB/div, or lin as desired, but 10 dB/div is the scale most frequently used.

3. Triggering:
Set the Source to free run and the Mode to norm.  Set the Level/Slope to 0 and adjust until a sweep is obtained.

Fig. 3 shows the location of the rest of the controls.

4. Digital Storage:
Set the Display for A and B on.  Set Save A off and Max Hold off.  Set the Baseline Clipper full counterclockwise.

5. Frequency Span/Div:
Set to max.

6. Resolution:
Set to coupled.

7. Time/Div:
Set to auto.

8. Input:
The L3 input module has two switches that are used to set the input impedance and reference level.  The TerminZ switch should normally be set to 1 M( unless a 50 ( or 600 ( impedance is specifically required.  Be careful, since 50 ( can appear as a short-circuit to some signal sources.  The Ref switch is normally set to dBV when the TerminZ switch is set to 1 M(.
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2.2
Calibrating the Analyzer

With the analyzer set up as described above, do the following to calibrate the instrument:

1. Connect the Calibrator signal to the Input BNC connector on the plug-in module with a short length of coaxial cable.  The calibrator produces a 500 kHz square wave at a level of -40 dBV.  Set the Dot Frequency to 500 kHz.  The value of the dot frequency is displayed in the upper right corner of the CRT.  Set the Reference Level to 0 dBV.  The value of the reference level is displayed at the top center of the CRT.  Set the Frequency Span/Div to 5 kHz.

2. Adjust the Horiz Position and Vertical Position controls (little black knobs at the lower right of the front panel) to place the peak of the displayed calibration signal exactly at the center of the CRT screen.


You are now ready to use the spectrum analyzer.  You should calibrate the analyzer every time you turn it on.  Do not change the settings of the position controls while you are using the analyzer, or you will have to repeat the calibration procedure.

2.3
Display of a Waveform

With the spectrum analyzer initialized as described in Section 2.1 (with the Frequency Span/Div set to max), the CRT will display the entire frequency range from DC to 5 MHz.  There will be a spike called the “DC Marker” at the left edge of the screen.  This DC Marker is always present at 0 Hz and must not be confused with the display of an input signal.  When in doubt, disconnect the input;  the DC Marker is present even when no input signal is applied to the analyzer.


Above the DC Marker there will be a bright dot.  This dot is located at the frequency determined by the Dot Frequency control.  Increasing the dot frequency moves the entire display, including the dot, to the right.  After a few seconds the display will reset itself to its original position, leaving the dot offset to the right.  The dot together with the dot frequency readout in the upper right corner of the CRT can be used to make frequency measurements.  When the Frequency Span/Div control is set to any position other than max, the dot will appear at the top center of the CRT, and the dot frequency will be the frequency at the center of the CRT.


Normal operation of the spectrum analyzer requires use of only three controls:  the

· Dot Frequency (1),

· Reference Level (2), and

· Frequency Span/Div (5).

With the analyzer initialized properly, and after observing the Cautions stated on page one, apply an input to the Input BNC connector.  Next adjust the Reference Level control until the input signal spectrum can be observed on the CRT.  Use the Dot Frequency control to position the dot over the center of the input signal spectrum.  Finally, the Frequency Span/Div can be reduced to expand the display around the dot frequency.  The smaller the frequency per division, the broader the input spectrum will appear on the screen.  With the Resolution control set on coupled and the Time/Div control set to auto, the spectrum analyzer will automatically set the resolution and sweep speed.  The resolution and sweep speed can be altered manually, but caution should be observed as the display may not remain calibrated.

3.
Principles of Spectrum Analysis
3.1
The Basic Method

Spectrum analysis is performed by slowly sweeping a narrow-band filter through the frequency spectrum occupied by an input signal.  This process is depicted in Fig. 4.  The input waveform x(t) and its power spectrum S(f) are shown at the top.  Underneath the spectrum the frequency response H(f) of the filter is depicted at four successive center frequencies f0, ..., f3.  The center frequencies f1 and f2 coincide with the frequencies at which the input x(t) has spectral components.  At the right is shown the filter output y(t) for each of the four center frequencies.  Note that when the filter center frequency is at f1 or at f2, the amplitude of the output will measure the strength of the corresponding spectral component of the input signal.  When the filter center frequency is at f0 or at f3, the output is just noise.  If the filter output is amplitude-detected, and the amplitude measurement is applied to the vertical trace of an oscilloscope, a display like the G(f) shown at the bottom of the figure will be obtained.


The resolution of the spectrum analyzer is determined by the bandwidth of the swept filter H(f).  Fig. 5 shows a high-resolution analyzer and a low-resolution analyzer responding to the same input.  Note that the output of the high-resolution analyzer clearly indicates the presence of two frequency components at the input.  The low-resolution analyzer does not permit the two components to be resolved.  It would seem that the response H(f) of the filter should always be made as narrow as the technology permits for good resolution.  It turns out, however, that the [image: image5.wmf]f
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filter bandwidth has a bearing on the speed with which the filter center frequency can be swept.  To guarantee that the amplitude of the filter output is detected correctly, the filter must be swept so slowly that its output always appears to be in steady-state.  This implies, to take an extreme example, that a filter a few hertz wide may take many minutes to sweep through a range of a few kilohertz.  The wider the filter bandwidth, the more rapidly the filter may be swept.  Most spectrum analyzers provide a range of filter bandwidths, and the widest bandwidth consistent with the required resolution should always be selected.


The output of the filter H(f) is applied to an envelope detector and then to an amplifier.  Most spectrum analyzers allow selection of either a linear or a logarithmic amplifier, so that the spectrum can be displayed in either volts or decibels.  A “postdetection” filter may follow the envelope detector to reduce fluctuations in the output caused by noise.


Many applications of spectrum analysis involve measurement of radio-frequency signals in background noise.  In some cases the spectrum analyzer is used to measure properties of the noise itself.  When noise is applied to the filter H(f), the output will appear to be a sinusoid with a randomly fluctuating amplitude and phase.  Fig. 6 depicts the output of H(f) for a high-resolution and for a low-[image: image7.wmf]S
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resolution filter.  For the purposes of the figure, the filters are assumed to be swept so slowly that the center frequency f0 can be taken to be constant.  The noise power at the frequency f0 is proportional to the average value of the fluctuating amplitude at the filter output.  To compute this average, some kind of smoothing circuit must be placed after the envelope detector.  The smoothing or averaging operation is called postdetection averaging, since it is applied to the output of the envelope detector.  Fig. 7 depicts a spectrum analyzer display with and without postdetection averaging.


The time over which the postdetection average is taken is called integration time.  The integration time that can be used depends on the sweep speed and also upon the resolution setting.  If the averaging circuit is to be effective, a large number of amplitude samples must be included in every computation.  The slower the sweep speed, the more time there will be to accumulate samples of amplitude.  In particular, more samples can be taken before the center frequency f0 of the filter H(f) changes appreciably.  Typically, when a spectrum analyzer is used to measure noise spectra, sweep speeds of seconds per kilohertz are used.  It can take many seconds for the trace to fill the CRT display.  The requirements of high resolution and long integration time both lead to slow sweep speeds, but the integration time requirement is the more restrictive of the two.  The sweep speed may be an order of magnitude slower to allow an adequate integration time than it would be simply to allow good resolution.  For this reason, most spectrum analyzers allow an adequate integration time than it would be simply to allow good resolution.  For this reason, most spectrum analyzers allow the postdetection averaging circuit to be disabled when it is not needed for averaging noise.
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The relationship between resolution and integration time can be appreciated by referring to Fig. 6.  Note that the output of the wide resolution filter fluctuates more rapidly than the output of the narrow resolution filter.  Thus if the averaging circuit is adjusted to average over a fixed time interval, more independent samples will be obtained from the output of the wide resolution filter.  Thus the wide resolution filter will give a more representative average.  For this reason, the resolution of the filter H(f) should always be chosen as wide as resolution requirements allow when measuring the spectrum of a noise waveform.

[image: image9.wmf]

To summarize this brief discussion of spectrum analyzer structure, a block diagram of a spectrum analyzer is shown in Fig. 8.  A basic spectrum analyzer contains a filter H(f), a log/linear amplifier, an envelope (amplitude) detector, a postdetection averaging circuit, and a CRT.

3.2
Implementation Note

In practice it is extremely difficult to build a narrow-band filter whose center frequency can be swept.  The swept filter is normally implemented by converting the input waveform to an intermediate frequency, and sweeping the intermediate frequency past a fixed filter.  Fig. 9 shows this implementation of the swept filter.  It should be observed that a spectrum analyzer is nothing more than a superheterodyne AM receiver with swept tuning.  The reader is encouraged to refer to any standard reference on superheterodyne receivers for a more detailed discussion.

4.
The Tektronix 7L5 Spectrum Analyzer
[image: image10.wmf]
A block diagram of the Tektronix 7L5 spectrum analyzer plug-in is shown in Fig. 10.  The variable resolution filter is the filter whose frequency response has been denoted by H(f) in the previous discussion.  This filter can be set to bandwidths between 10 Hz and 30 kHz as desired.  Under normal operation, however, the spectrum analyzer will automatically set the resolution bandwidth to the appropriate value for the display selected.  The user is therefore freed form the burden of determining the appropriate value of resolution.  The speed with which the filter H(f) is swept, or more properly, the speed with which the converted input is swept past the filter, is determined by the Time/Div control.  Sweep speeds as slow as 5 Hz/s can be chosen.  The Time/Div control has an auto setting which causes the spectrum analyzer to automatically set the sweep speed based on the resolution and display settings.  The range of frequencies over which the filter H(f) is swept is controlled by the Dot Frequency and Frequency Span/Div controls.  The frequency chosen by the Dot Frequency control will appear in the center of the CRT display.  The Frequency Span/Div controls the number of kilohertz shown per division in the display.  For example, if the Dot Frequency is set to 1 MHz and the Frequency Span/Div is 10 kHz, then the filter H(f) will be swept over the range from 1 MHz - (10 kHz/div ( 5 div) = 950 kHz to 1 MHz + (10 kHz/div ( 5 div) = 1050 kHz, and this frequency range will be displayed on the CRT.
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The gain of the spectrum analyzer is controlled by the Reference Level control.  This control affects the setting of the input attenuators and also the gain of the IF amplifiers that follow the mixer.  The setting chosen by the Reference Level control is indicated by a readout displayed in the top center of the CRT.  When a linear display is chosen the readout gives the voltage or power level at the top of the CRT.  In logarithmic mode a display of either 10 dB/div or 2 dB/div can be selected using buttons on the front panel.


Logarithmic displays are widely used in spectrum analysis because they simplify measurement of very small spectral components such as distortion harmonics.  There are several peculiarities of logarithmic displays that are worth noting.  First, because of the logarithmic compression a one-division signal at the bottom of the CRT may in fact be orders of magnitude smaller than a one-division signal at the top of the CRT.  Second, increasing the gain in logarithmic mode will move the display up or down the CRT, but will not change its size.  Thus the gain seems to function as a vertical position control, and there does not appear to be any way to control the “magnification” of the display.


In making absolute measurements it is important to interpret the reference level at the top of the CRT correctly.  The Tektronix 7L5 will give displays in dBV, dBm (50 (), and dBm (600 ().  If the input voltage to the analyzer is Vi volts RMS, the corresponding value in dBV is given by



dBV = 20 log(Vi / 1 volt).

The value in dBm (50 () is given by



dBm (50 () = 10 log (Pi / 1 mW),

where Pi = (Vi)2 / 50 (, and the value in dBm (600 () is given by



dBm (600 () = 10 log(Pi’ / 1 mW),

where Pi’ = (Vi)2 / 600 (.


If a dBm (50 () reference level is used and the input impedance of the spectrum analyzer is actually set to 50 (, then the display will indicated the actual power in the input signal.


The Tektronix 7L5 spectrum analyzer contains a provision for postdetection averaging, but to understand how it works you will need a brief introduction to the operation of the digital storage display.  The signal at the output of the envelope detector is sampled at a fixed sampling rate.  The samples are converted to digital form and stored in a 1024-point random-access memory.  This memory is read out repeatedly to produce the CRT display.  The rate at which the envelope detector output is sampled is such that many samples are taken for each of the 1024 display points.  When the sweep speed is at its fastest, only two samples per display point are taken, but for slow sweep speeds there can be as many as 216 samples per display point.  The spectrum analyzer has two operating modes:  Video Average and Video Peak.  In the Video Average mode the samples corresponding to one display point are averaged and the average value is stored in the digital memory for display.  In the Video Peak mode the peak sample value corresponding to each display point is stored for display.  The Video Peak mode is desirable for viewing signals with line-like spectra and the Video Average mode is normally used for viewing noise.  The choice of operating mode is made with the Baseline Clipper control.  This control positions a horizontal cursor on the CRT.  All signals above the cursor are displayed in Video Peak mode, while signals below the cursor are displayed in Video Average mode.  The cursor should be placed at the bottom of the screen if the entire display is to be viewed in Video Peak mode and at the top of the screen if postdetection averaging of the entire display is required.  When observing a line-like signal spectrum in background noise, the cursor can be positioned so that the signal is peak-detected while the noise is averaged.  Fig. 11 depicts a typical display of this type.
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Figure 11:  Typical Display of a Signal in Background Noise
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Figure 10:  Functional Block Diagram of the Tektronix 7L5 Spectrum Analyzer
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Figure 9:  Implementation of the Swept Filter
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Figure 8:  A Functional Block Diagram of a Spectrum Analyzer
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Figure 7:  Effect of Postdetection Averaging
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Figure 6:  Response of Filters to Noise Input
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Figure 5:  High and Low Resolution Analysis
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Figure 4:  Swept-Filter Spectrum Analysis
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Figure � SEQ Figure \* ARABIC �3�:  Location of Right Controls
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Figure � SEQ Figure \* ARABIC �2�:  Location of Left Controls
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Figure � SEQ Figure \* ARABIC �1�:  The Spectrum Analyzer
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