UNIT V -SIGNALGENERATOR & WAVE ANALYZERS

SIGNAL GENERATOR: Fixed And Variable Af Oscillators, Standard Signal Generator,
Square Pulse, Random Noise And Sweep Generator- Principles Of Working (Block Diagram
Approach)

ANALYZERS: Introduction, Basic Wave Analyzers, Frequency Selective Wave Analyzer,
Heterodyne Wave Analyzer, Harmonic Distortion Analyzers, Spectrum Analyzers, And Digital
Fourier Analyzer.

INTRODUCTION

A signal generator is an electronic device that generates repeating or non-repeating electronic
signals in either the analog or the digital domain. It is generally used in designing, testing,
troubleshooting, and repairing electronic or electroacoustic devices, though it often has artistic
uses as well

DIFFERENCEBETWEENASIGNALGENERATORANDANOSCILLATOR

Signal generators are the sources of electrical signals used for the purpose of testing and
Operating different kinds of electrical equipment. A signal generator provides different types of
waveforms such as sine,triangular,square,pulse
etc.,whereasanoscillatorprovidesonlysinusoidalsignalat the output.

TheAFoscillators aredivided into two types. Theyareasfollows
1. Fixed frequencyAF oscillator

2. Variable frequencyAF oscillator.

1. FixedFrequencyAFOscillator

Many instrument circuits contain oscillator as one of its integral parts to provide output signal
within the specified fixed audio frequency range. This specified audio frequency range can be 1
kHz signal or 400 Hz signal. The 1 kHz frequency signal is used to execute a bridge circuit and
400Hzfrequencysignalisusedforaudiotesting. AfixedfrequencyAFoscillatoremploysaniron
coretransformer.Duetothisapositivefeedbackisobtainedthroughtheinductivecouplingplaced
betweentheprimarywindingandsecondarywindingofthetransformerandhencefixedfrequency
oscillations are generated.
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2. VariableFrequency AFOscillator

Itisageneralpurposeoscillatorusedinlaboratory.ltgeneratesoscillationswithintheentireaudio
frequencyrangei.e.From20Hzto20kHz. Thisoscillatorprovidesapure,constantsinewave



output throughout this af range. The examples of variable af oscillators used in laboratory are rc
feedback oscillator, beat frequency oscillator.

STANDARDSIGNAL GENERATOR:

Astandardsignalgeneratorproducesknownandcontrollablevoltages. Itisusedaspowersource
forthemeasurementofgain,signaltonoiseratio(S/N),bandwidth,standingwaveratioandother
properties. It is extensively used in the testing of radio receivers and transmitters.

The instrument is provided with a means of modulating the carrier frequency, which is indicated
by the dial setting on the front panel. The modulation is indicated by a meter. The output signal
canbeAmplitudeModulated(AM)orFrequencyModulated(FM).Modulationmaybedonebya  sine
wave, square wave, triangular wave or a pulse. The elements of a conventional signal generator
are shown in Fig. 8.2 (a).
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Fig. 8.2 (a) Conventional Standard Signal Generator

Thecarrierfrequencyis generated byaverystableRFoscillatorusingan LC tankcircuit,
having a constant output over any frequency range. The frequency of oscillations is indicated by
the frequencyrange control and the vernier dial setting. AM is provided byan internal sine wave
generator or from an external source.

(Modulation is done in the output amplifier circuit. This amplifier delivers its output, that is,
modulationcarrier,toanattenuator. Theoutputvoltageisreadbyanoutputmeterand  the  attenuator
output setting.)

Frequency stability is limited by the LC tank circuit design of the master oscillator. Since range
switching is usually accomplished by selecting appropriate capacitors, any change in frequency
rangeupsetsthecircuitdesigntosomeextentandtheinstrumentmustbegiventimetostabiliseat the new
resonant frequency.

In high frequencyoscillators, it is essential to isolatetheoscillatorcircuit fromtheoutput circuit.
Thisisolationisnecessary,sothatchangesoccurringintheoutputcircuitdonotaffect


http://www.eeeguide.com/standard-signal-generator/
http://www.eeeguide.com/standard-signal-generator/
http://www.eeeguide.com/band-reject-filter-circuit/
http://www.eeeguide.com/frequency-modulation-recording/
http://www.eeeguide.com/microwave-frequency-measurement-techniques/
http://www.eeeguide.com/attenuators/
http://www.eeeguide.com/integrated-capacitors/
http://www.eeeguide.com/voltage-follower/
http://www.eeeguide.com/wp-content/uploads/2017/05/Conventional-Standard-Signal-Generator.jpg

the oscillator frequency, amplitude and distortion characteristics. Buffer amplifiers are used for
this purpose.

SOQUAREANDPULSE GENERATORBLOCKDIAGRAM(LABORATORYTYPE):

Squareand PulseGenerator Block Diagram areused as measuringdevices in combination with a
CRO. They provide both quantitative and qualitative information of the system under test. They
aremadeuseofintransientresponsetestingofamplifiers. Thefundamentaldifferencebetweena  pulse
generator and a square wave generator is in the duty cycle.

Dulse widiti

Duty cycle = :
e pulse period

Asquarewavegeneratorhasa50%dutycycle.
Requirementsofa Pulse

The pulse should have minimum distortion, so that any distortion, in the display is solely due to
the circuit under test.

Thebasiccharacteristics ofthepulsearerisetime, overshoot,ringing,sag,and undershoot.

Thepulseshould have sufficient maximum amplitude, if appreciableoutput poweris required by
thetest circuit, e.g. for magnetic core At the same time,theattenuation range should be adequate
to produce small amplitude pulses to prevent over driving of some test circuit.

The range of frequency control of the pulse repetition rate (PRR) should meet the needs of the
experiment. For example, a repetition frequency of 100 MHz is required for testing fast circuits.
Othergeneratorshaveapulse-burstfeaturewhichallowsatrainofpulsesratherthanacontinuous

Some pulse generators can be triggered by an externally applied trigger signal; conversely, pulse
generators can be used to produce trigger signals, when this output is passed through a
differentiator circuit.

The output impedance of the pulse generator is another important in a fast pulse system, the
generatorshouldbematchedtothecableandthecabletothetestcircuit. Amismatchwouldcause energyto
bereflectedback to thegeneratorbythe test circuit, and this maybere-reflectedbythe generator,
causing distortion of the pulses.

DCcouplingoftheoutput circuitis needed,whendcbiaslevel isto bemaintained.

Thebasiccircuitforpulsegenerationistheasymmetricalmulti-vibrator. Alaboratorytypesquare wave
and pulse generator is shown in Fig. 8.6.

The frequency range of the instrument is covered in seven decade steps from 1 Hz to 10 MHz,
with a linearly calibrated dial for continuous adjustment on all ranges.
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Fig. 8.6 Block Diagram of a Pulse Generator

Thedutycyclecanbevariedfrom25—75%. Twoindependentoutputsareavailable,a50Qsource that
supplies pulses with a rise and fall time of 5 ns at 5 V peak amplitude and a 600 Q source which
supplies pulses with a rise and fall time of 70 ns at 30 V peak amplitude. The instrument can be
operated as a free-running generator, or it can be synchronised with external signals.

Thebasicgeneratingloopconsistsofthecurrentsources,therampcapacitor,theSchmitttrigger and the
current switching circuit, as shown in Fig. 8.7.
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Fig. 8.7 Basic Generating Loop

The upper current source supplies a constant current to the capacitor and the capacitor voltage
increases linearly. When the positive slope of the ramp voltage reaches the upper limit set bythe
internalcircuitcomponents,theSchmitttrigger changesstate. The trigger circuit outputbecomes
negative and reverses the condition of the current switch. The capacitor discharges linearly,
controlled by the lower current source. When the negative ramp reaches a predetermined lower
level, the Schmitt trigger switches back to its original state. The entire process is then repeated.
Theratioil/i2determinesthedutycycle,andiscontrolledbysymmetrycontrol. Thesumofiland 12
determines the frequency. The size of the capacitor is selected by the multiplier switch.
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The unit is powered by an internal supply that provides regulated voltages for all stages of the
instrument.

Random NoiseGeneratorBlockDiagram:

AsimplifiedRandomNoiseGeneratorBlockDiagramusedintheaudiofrequencyrangeisshown in Fig.
8.8.
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Fig. 8.8 Random Noise Generator

The instrument offers the possibilityof using a single measurement to indicate performance over
a wide frequency band, instead of many measurements at one frequency at a time. The spectrum
of random noise covers all frequencies and is referred to as White noise, i.e. noise having equal
power density at all frequencies (an analogy is white light). The power density spectrum tells us
how the energyof a signal is distributed in frequency, but it does not specifythe signal uniquely,
nordoesittellusverymuchabouthowtheamplitudeofthesignalvarieswithtime. Thespectrum does not
specify the signal uniquely because it contains no phase informations.

The method of generating noise is usually to use a semi conductor noise diode, which delivers
frequencies in a band roughlyextendingfrom 80 — 220 kHz. The output from the noise diode is
amplifiedandheterodyneddowntotheaudiofrequencybandbymeansofabalancedsymmetrical
modulator. The filter arrangement controls the bandwidth and supplies an output signal in three
spectrum choices, white noise, pink noise and Usasi noise.
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From Fig. 8.9, it is seen that white noise is flat from 20 Hz to 25 kHz and has an upper cutoff
frequency of 50 kHz with a cutoff slope of —12 dbs/ octave.

Pinknoiseissocalledbecausethelowerfrequencieshavealargeramplitude,similartoredlight. Pink
noisehas avoltage spectrum which is inverselyproportional to thesquarerootof frequency and is
used in bandwidth analysis.

Usasinoiserangingsimulatestheenergydistributionofspeechandmusicfrequenciesandisused for
testing audio amplifiers and loud speakers.

SWEEP GENERATOR:

Block Diagram of Sweep Generator — It provides a sinusoidal output voltage whose frequency
varies smoothly and continuously over an entire frequency band, usually at an audio rate. The
process of frequency modulation may be accomplished electronically or mechanically.

Itisdoneelectronicallybyusingthemodulatingvoltagetovarythereactanceoftheoscillatortank circuit
component, and mechanically by means of a motor driven capacitor, as provided for in a modern
laboratory type signal generator. Figure 8.10 shows a basic block diagram of a sweepgenerator.
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Fig. 8.10 Sweep Generator

The frequency sweeper provides a variable modulating voltage which causes the capacitance of
the master oscillator to vary. A representative sweep rate could be of the order of 20
sweeps/second. A manual control allows independent adjustment of the oscillator resonant
frequency.

The frequency sweeper provides a varying sweep voltage for synchronisation to drive the
horizontal deflection plates of the CRO. Thus the amplitude of the response of a test device will
be locked and displayed on the screen.

To identify a frequency interval, a marker generator provides half sinusoidal waveforms at any
frequency within the sweep range. The marker voltage can be added to the sweep voltage of the
CRO during alternate cycles of the sweep voltage, and appears superimposed on the response
curve.

Theautomatic level control circuit is aclosed loop feedback system which monitors theRF level
atsomepointinthemeasurementsystem. Thiscircuitholdsthepowerdeliveredtotheloadortest  circuit
constant and independent of frequency and impedance changes. A constant power level prevents
any source mismatch and also provides a constant readout calibration with frequency.

Wave Analyzer:

Introduction : It can be shown mathematically that any complex waveform is made up of a
fundamental and its harmonics.

It is often desired to measure the amplitude of each harmonic or fundamental individually. This
can be performed by instruments called wave analyzers. This is the simplest form of analysis in
the frequency domain, and can be performed with a set of tuned filters and a voltmeter. Wave
analyzersarealso referred to as frequencyselectivevoltmeters,carrierfrequencyvoltmeters, and
selective level voltmeters. The instrument is tuned to the frequency of one component whose
amplitude is measured.
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This instrument is a narrow band superheterodyne receiver, similar to a spectrum analyzer
(discussed later). It has a very narrow pass-band. A meter is used for measurement, instead of a
CRT. Wave analyzers are used in the low RF range, below 50 MHz and down through the AF
range. They provide a very high frequency resolution.

Some wave analyzers have the facility of automatic frequency control, in which the tuning
automaticallylockstoasignal. Thismakesitpossibletomeasuretheamplitudeofsignalsthatare drifting
in frequency by amounts that would carry them outside the widest pass-band available.

BasicWaveAnalyzer

Abasicwaveanalyzer is showninFig.9.1(a). It consistsofaprimarydetector,whichisasimple LC
circuit. This LC circuit is adjusted for resonance at the frequency of the particular harmonic
component to be measured.

Indicating
Device

Detector
Fig. 9.1 (a) Basic Wave Analyzer

Theintermediatestageisafullwaverectifier,toobtaintheaveragevalueoftheinputsignal. The

indicatingdeviceisasimpledcvoltmeterthatiscalibratedtoreadthepeakvalueofthesinusoidal input
voltage.
SincetheL Ccircuitistunedtoasinglefrequency, itpassesonlythefrequencytowhichitistuned and

rejects all other frequencies. A number of tuned filters, connected to the indicating device
through a selector switch, would be required for a useful Wave analyzer.

HeterodyneWave Analyzer:

Waveanalyzersareusefulformeasurementintheaudiofrequencyrangeonly.Formeasurements
intheRFrangeandabove(MHzrange),anordinarywaveanalyzercannotbeused.Hence,special types of
waveanalyzers workingon theprinciple ofheterodyning(mixing) areused. These wave analyzers
are known as Heterodyne Wave Analyzer.

In this wave analyzer, the input signal to be analyzed is heterodyned with the signal from the
internal tunable local oscillator in the mixer stage to produce a higher IF frequency.

By tuning the local oscillator frequency, various signal frequency components can be shifted
within thepass-band ofthe IF amplifier.The output ofthe IF amplifier is rectified and applied to
the meter circuit.
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An instrument that involves the principle of heterodyning is the Heterodyning tuned voltmeter,
shown in Fig. 9.3.

The input signal is heterodyned to the known IF by means of a tunable local oscillator. The
amplitude of the unknown component is indicated by the VTVM or output meter. The VTVM is
calibrated by means of signals of known amplitude..
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Turnable
Local
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Filg. 9.3 Heterodyne Wave Analyzer

The frequency of the component is identified by the local oscillator frequency, i.e. the local
oscillatorfrequencyisvariedsothatallthecomponentscanbeidentified. Thelocaloscillatorcan also be
calibrated using input signals of known frequency. The fixed frequency amplifier is a
multistageamplifierwhichcanbedesignedconvenientlybecauseofitsfrequencycharacteristics.
Thisanalyzerhasgoodfrequencyresolutionandcanmeasuretheentire AFfrequencyrange.With the use
of a suitable attenuator, a wide range of voltage amplitudes can be covered. Their
disadvantageistheoccurrenceofspuriouscross-modulationproducts,settingalowerlimittothe
amplitude that can be measured.

Two types of selective amplifiers find use in Heterodyne wave analyzers. The first type employs
a crystal filter, typically having a centre frequency of 50 kHz. By employing two crystals in a
band-pass arrangement, it is possible to obtain a relatively flat pass-band over a 4 cycle range.
AnothertypeusesaresonantcircuitinwhichtheeffectiveQhasbeenmadehighandiscontrolled by
negative feedback. The resultant signal is passed through a highly selective 3-section quartz
crystal filter and its amplitude measured on a Q-meter.

Whenaknowledgeoftheindividualamplitudesofthecomponentfrequencyisdesired, a heterodyne
wave analyzer is used.

AmodifiedheterodynewaveanalyzerisshowninFig.9.4.Inthisanalyzer,theattenuatorprovides  the
required input signal for heterodyning in the first mixer stage, with the signal from a local
oscillator having a frequency of 30 —48 MHz.

The first mixer stage produces an output which is the difference of the local oscillator frequency
andtheinputsignal,toproducean IFsignalof30 MHz.This IFfrequencyisuniformlyamplified by the
IF_amplifier. This amplified IF signal is fed to the second mixer stage, where it is again
heterodyned to produce a difference frequency or IF of zero frequency.
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Theselectedcomponentisthenpassedtothemeteramplifieranddetectorcircuitthroughanactive  filter
having a controlled band-width. The meter detector output can then be read off on a db-
calibrated scale, or may be applied to a secondary device such as a recorder.
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Fig. 9.4 RF Heterodyne Wave Analyzer
ThiswaveanalyzerisoperatedintheRFrangeof10kHz —18MHz,with18overlappingbands

selectedbythefrequencyrangecontrolofthelocaloscillator. Thebandwidth,whichiscontrolled by the
active filter, can be selected at 200 Hz, 1 kHz and 3 kHz.

FrequencySelectiveWaveAnalyzer:

TheFrequencySelectiveWaveAnalyzer consistsofaverynarrowpass-bandfiltersectionwhich
canbetunedtoaparticularfrequencywithintheaudiblefrequencyrange(20Hz —20kHz).The block
diagram of a wave analyzer is as shown in Fig. 9.1(b).

Thecomplexwavetobeanalyzedispassedthroughanadjustableattenuatorwhichserves
asarangemultiplierandpermitsalargerangeofsignalamplitudestobeanalyzedwithoutloading the
amplifier.

The output of the attenuator is then fed to a selective amplifier, which amplifies the selected
frequency. The driver amplifier applies the attenuated input signal to a high-Q active filter. This
high-Qfilterisalowpassfilterwhichallowsthefrequencywhichisselectedtopassandrejectall  others.
The magnitude of this selected frequency is indicated by the meter and the filter section
identifies the frequency of the component. The filter circuit consists of a cascaded RC
resonantcircuit and amplifiers. For selecting the frequency range, the capacitors generally used
are of the closedtolerancepolystyrenetypeandtheresistancesusedareprecisionpotentiometers.
Thecapacitorsareused forrange changingand thepotentiometerisused tochangethe frequency
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within the selected pass-band, Hence this wave analyzeris also called a Frequency selective
voltmeter.
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Fig. 9.1 (b) Frequency Selective Wave Analyzer

The complex wave to be analyzed is passed through an adjustable attenuator which serves as a
rangemultiplierandpermitsalargerangeofsignalamplitudestobeanalyzedwithoutloadingthe
amplifier.

The output of the attenuator is then fed to a selective amplifier, which amplifies the selected
frequency. The driver amplifier applies the attenuated input signal to a high-Q active filter. This
high-Qfilterisalowpassfilterwhichallowsthefrequencywhichisselectedtopassandrejectall  others.
The magnitude of this selected frequency is indicated by the meter and the filter section
identifies the frequency of the component. The filter circuit consists of a cascaded RC
resonantcircuit and amplifiers. For selecting the frequency range, the capacitors generally used
are of the closedtolerancepolystyrenetypeandtheresistancesusedareprecisionpotentiometers.
Thecapacitorsareusedforrangechangingandthepotentiometerisusedtochangethefrequency  within
the selected pass-band, Hence this wave analyzeris also called a Frequency selective voltmeter.

TheentireAFrangeis coveredin decadesteps byswitchingcapacitors inthe RC section.

The selected signal output from the final amplifier stage is applied to the meter circuit and to an
untunedbufferamplifier. Themainfunctionofthebufferamplifieristodriveoutputdevices,such as
recorders or electronics counters.
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The meter has several voltage ranges as well as decibel scales marked on it. It is driven by an
average reading rectifier type detector.

The wave analyzer must have extremelylow input distortion, undetectable by the analyzer itself.
Thebandwidthoftheinstrumentisverynarrow,typicallyabout1%oftheselectivebandgivenby the
following response characteristics. (Fig. 9.2).
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HarmonicDistortion Analyzer:

Introduction: Harmonic distortion analyzers measure the total harmonic content in the
waveforms. It can be shown mathematically that an amplitude distorted sine wave is made up of
puresinewavecomponents,includingthefundamentalfrequencyfoftheinputsignal, and harmonic
multiples of the fundamental frequency, 2f, 3f, 4f etc.

Harmonic distortion can be quantitatively measured very accurately with a harmonic
distortionanalyzer, generally called a distortion analyzer.

Thetotalharmonicdistortionorfactorisgivenby

D= \/‘D§+D§+D§'---

whereD2,D2,D3... representthesecondharmonic,third harmonic,etc. respectively.

The distortion analyzer measures the total harmonic distortion without indicating the amplitude
and frequency of each component waves.

HarmonicDistortion Analyzer:

AHarmonicDistortionAnalyzermeasuresthetotalnarmonicpowerpresentinthetestwaverather
thanthedistortioncausedbyeachcomponent. Thesimplestmethodistosuppressthefundamental
frequencybymeansofahighpassfilterwhosecut offfrequencyisalittleabovethe
fundamentalfrequency.This highpass allows onlytheharmonics to passand thetotalharmonic
distortion can
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thenbemeasured.OthertypesofHarmonicDistortionAnalyzerbasedonfundamentalsuppression — are
as follows.

1. ResonanceBridge

Thebridgeshownin Fig. 9.5 is balanced forthefundamental frequency, i.e. Land C aretunedto
thefundamentalfrequency.Thebridgeisunbalancedfortheharmonics,i.e.onlyharmonicpower will be
available at the output terminal and can be measured. If the fundamental frequency is
changed,thebridgemust bebalancedagain.IfLandCarefixedcomponents,thenthismethodis
suitableonlywhenthetestwavehasafixedfrequency.Indicatorscanbethermocouplesorsquare
lawVTVMs.Thisindicatesthermsvalueofallnarmonics.Whenacontinuousadjustmentofthe
fundamental frequency is desired, a Wien bridge arrangement is used as shown in Fig. 9.6.

R4 R3

Harmonic

Test Detector

Wave @
\1le fé&;./
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Fig. 9.5 Resonance Bridge

2. Wien’sBridgeMethod

Thebridgeisbalancedforthefundamentalfrequency. Thefundamentalenergyisdissipatedinthe
bridgecircuitelements.Onlytheharmoniccomponentsreachtheoutputterminals. Theharmonic
distortion output can then be measured with a meter. For balance at the fundamental frequency,
C1,C2,C, R1=R2=R,R3=2R4.
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Fig. 9.6 Wien's Bridge Method
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3.BridgedT-Network Method

Referring to Fig. 9.7 the, L and C’s are tuned to the fundamental frequency, and R is adjusted to
bypass fundamental frequency. The tank circuit being tuned to the fundamental frequency, the
fundamental energy will circulate in the tank and is bypassed by the resistance. Only harmonic
componentswillreachtheoutputterminalsandthedistortedoutputcanbemeasuredbythemeter. The Q
of the resonant circuit must be at least 3-5.
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Fig. 9.7 Bridged T-Network Method

Onewayof usingabridgeT-networkisgiven inFig. 9.8.

The switch S is first connected to point A so that the attenuator is excluded and the bridge T-
network is adjusted for full suppression of the fundamental frequency, i.e. minimum output.
Minimum output indicates that the bridged T-network is tuned to the fundamental frequency and
that the fundamental frequency is fully suppressed.

Test Adjustable Bridge
Wave —| Amplifier]——{ attonuator ——| T | Output
Input 0-60db Network ter
S
A B
o —

Fig. 9.8 Harmonic Distortion Analyzer Using Bridged T-Network

TheswitchisnextconnectedtoterminalB,i.e.thebridgedT-networkisexcluded. Attenuationis
adjusteduntilthesamereadingisobtainedonthemeter. Theattenuatorreadingindicatesthetotal rms
distortion. Distortion measurement can also be obtained by means of a wave analyzer,
knowingtheamplitudeandthefrequency ofeachcomponent,theHarmonicDistortionAnalyzer can be
calculated. However, distortion meters based on fundamental suppression are
simplertodesignandlessexpensivethanwaveanalyzers. Thedisadvantageisthattheygiveonly the total
distortion and not the amplitude of individual distortion components.

SpectrumAnalyzerBlock Diagram:

Spectrum Analyzer Block Diagram — The most common way of observing signals is to display
themonanoscilloscope,withtimeastheX-axis(i.e.amplitudeof thesignalversustime).This is
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the time domain. It is also useful to display signals in the frequency domain. The instrument
providing this frequency domain view is the spectrum analyzer.

A Spectrum Analyzer Block Diagram provides a calibrated graphical display on its CRT, with
frequency on the horizontal axis and amplitude (voltage) on the vertical axis.

Displayedasverticallinesagainstthesecoordinatesaresinusoidalcomponentsofwhichtheinput signal
is composed. The height represents the absolute magnitude, and the horizontal location
represents the frequency.

These instruments provide a display of the frequency spectrum over a given frequency band.
Spectrum analyzers use either a parallel filter bankor a swept frequencytechnique.

In a parallel filter bank analyzer, the frequency range is covered by a series of filters whose
central frequencies and bandwidth are so selected that they overlap each other, as shown in Fig.
9.9(a).

Typically,anaudioanalyzerwillhave32ofthesefilters,eachcoveringone thirdofan octave.

For wide band narrow resolution analysis, particularly at RF or microwave signals, the swept
technique is preferred.
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Fig. 9.9 (a) Spectrum Analyzer
(Parallel Filter Bank Analyzer)

BasicSpectrumAnalyzerUsingSweptReceiver Design

ReferringtotheblockdiagramofFig.9.9(b),thesawtoothgeneratorprovidesthesawtoothvoltage which
drives the horizontal axis element of the scope and this sawtooth voltage is frequency
controlledelementofthevoltagetunedoscillator. Astheoscillatorsweepsfromfmintofmaxof
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its frequency band at a linear recurring rate, it beats with the frequency component of the input
signalandproduceanlF,wheneverafrequencycomponentismetduringitssweep. Thefrequency

component and voltage tuned oscillator frequency beats together to produce a difference
frequency, i.e. IF. The IF correspondingto the component is amplified and detected if necessary,
and then applied to the vertical plates of the CRO, producing a display of amplitude versus

frequency.
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Fig. 9.9 (b) Spectrum Analyzer

The spectrum produced if the input wave is a single toned A.M. is given in Figs 9.10, 9.11, and
9.12.
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Fig. 9.10 Test Wave Seen on Ordinary CRO
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Fig. 9.11 Display on the Spectrum CRO


http://www.electrical4u.com/
http://www.eeeguide.com/wp-content/uploads/2017/07/Spectrum-Analyzer-1.jpg
http://www.eeeguide.com/wp-content/uploads/2017/07/Spectrum-Analyzer-2.jpg
http://www.eeeguide.com/wp-content/uploads/2017/07/Spectrum-Analyzer-3.jpg

s A r(
Amplitude ) e o= 2f

P 2™ Harmonic

20 X - fi=f

p Fundamental

.

Time

Fig. 9.12 Test Waveform as Seen on X-Axis (Time)
and Z-Axis (Frequency)

SpectrumAnalyzerApplications

One of the principal applications of spectrum analyzers has been in the studyof the RF spectrum
producedinmicrowaveinstruments.Inamicrowaveinstrument,thehorizontalaxiscandisplayas awide
a rangeas 2 — 3 GHz forabroadsurveyandasnarrow as 30kHz, fora highlymagnified view of any
small portion of the spectrum. Signals at microwave frequency separated by only a few kHz can
be seen individually.

The frequency range covered by this instrument is from 1 MHz to 40 GHz. The basic block
diagram (Fig. 9.13) is of a spectrum analyzer covering the range 500 kHz to 1 GHz, which is
representative of a superheterodyne type.

0 1GHz
Input Low IF

—» Pass ——@E_‘——- Amplifier = Detector
0-1GHz | kipter A 2 GHz

Voltage ZNA
Tuned |, Sweep @
Local Generator|
Oscillator

2-3GHz

Fig. 9.13 RF Spectrum Analyzer

Theinputsignalisfedintoamixerwhichisdrivenbyalocaloscillator. Thisoscillatorislinearly ~ tunable
electrically over the range 2 — 3 GHz. The mixer provides two signals at its output that are
proportional in amplitude to the input signal but of frequencies which are the sum and difference
of the input signal and local oscillator frequency.

The IF amplifier is tuned to a narrow band around 2 GHz, since the local oscillator is tuned over
the range of 2 — 3 GHz, only inputs that are separated from the local oscillator frequency by 2
GHzwillbeconvertedtolFfrequencyband, passthroughthel Ffrequencyamplifier,getrectified and
produce a vertical deflection on the CRT.



http://www.circuitstoday.com/
http://www.eeeguide.com/magnetic-materials-and-their-properties/
http://www.eeeguide.com/chopper-type-dc-amplifier-voltmeter/
http://www.eeeguide.com/wp-content/uploads/2017/07/Spectrum-Analyzer-4.jpg
http://www.eeeguide.com/wp-content/uploads/2017/07/Spectrum-Analyzer-5.jpg

Fromthis, itisobservedthatasthesawtoothsignalsweeps,thelocaloscillatoralsosweepslinearly from 2
— 3 GHz. Thetuningofthespectrum analyzeris aswept receiver, which sweeps linearly
fromOto1GHz.ThesawtoothscanningsignalisalsoappliedtothehorizontalplatesoftheCRT to form
the frequency axis. (The Spectrum Analyzer Block Diagram is also sensitive to signals from4—
5GHzreferredtoastheimagefrequencyofthesuperheterodyne. Alowpassfilterwith
acutofffrequencyabovelGHzattheinputsuppressesthesespurioussignals.)Spectrumanalyzers  are
widely used in radars, oceanography, and bio-medical fields.

DigitalFourierAnalyzer:

The basic principle of a Digital Fourier Analyzer is shown in Fig. 9.14. The Digital
FourierAnalyzer converts the analogue waveform over time period T into N samples.

The discrete spectral response Sx(kAf);k=1,2,....N which is equivalent to simultaneously
obtaining the output from N filters having a bandwidth given byAf=1/T, is obtained byapplying
aDiscreteFourierTransform(DFT)tothesampledversionofthesignal. Thespectralresponseis thus
given by

—j2Tlkn
S(kAf)—— x(n- At)exp(—————
2 5
wherek=1,2,3,....N.
bk Fast CRT Display
NPUl | Fourier
Transform J_LL
CRT Display is
Equivalentto a
I Waveforms ' Parallel Filter Bank
Sampled for Analyzer Having N
Time T, Filters with Band-width
N Samples 1T

Fig. 9.14 Basic of a Digital Fourier Analyzer

Sx(kAf) is a complex quantity, which is obtained by operating on all the sample
x(n.At);n=1,2,3,...,N by the complex factor exp [-j[(2ITkn)/N]].

Thediscreteinversetransformisgiven by

x(n-Ap= -—ZS (k - Af)exp(jz]rvlkn)
nl

wheren=1,2, ..., N.
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SinceSx(k.Af);k=1,2,...,Nisacomplexquantity,theDF Tprovidesbothamplitudeandphase
information at a particular point in the spectrum.

The discrete transforms are usually implemented by means of the Fast Fourier Transform (FFT),
which is particularly suitable for implementation in a digital computer, since N is constrained to
the power of 2, i.e. 210 = 1024.

AdigitalsignalanalyzerblockdiagramisshowninFig.9.15.Thisdigitalsignalanalyzeremploys an FFT
algorithm.

Theblockdiagramisdividedintothreesections,namelytheinputsection,thecontrolsectionand the
display section.

The input section consists of two identical channels. The input signal is applied to the
inputamplifier,whereitisconditionedandpassedthroughtwoormoreanti-aliasingfilters. Thecut-off
frequenciesofthesefiltersareselectedwithrespecttothesamplingfrequencybeingused. The30
kHzfilterisusedwithasamplingrateof102.4kHzandthe300kHzfilterwithasamplingrateof

1.024 MHz.

To convert the signal into digital form, a 12 bit ADC is used. The output from the ADC is
connected to a multiplier and a digital filter.

Depending on the mode of the analyzer to be used, either in Base-band mode (in which the
spectrumisdisplayedfromadctoanupperfrequencywithinthebandwidthoftheanalyzer)orin
thebandselectablemode(whichallowsthefullresolutionoftheanalyzertobefocusedinanarrowfrequen
cy band), the signal is multiplied either by a sine or cosine function.

The processing section of the analyzer provides FFT processing on the input signal (linear or
logarithm).

Foronechannelthiscanprovidethereal(magnitude)andimaginary(phase)ofthelinearspectrum  Sx(f)
of a time domain signal

S, (f)=F (x (1))

where F(x (t))is theFouriertransformofx(t). The autospectrum Gxx(f)whichcontains no phase
information is obtained from Sx(f) as where Sx (f)* indicates the complex conjugate of Sx ().

G () =8 S ()

ThePowerSpectralDensity(PSD)isobtainedbynormalizingthefunctionGxx(f)toabandwidth of 1
Hz, which represents the power in a bandwidth of 1 Hz centered around the frequency f

ThelnverseFourierTransformofGxx(f) isgiven by

R.u- (7)= F“—l (G.r.t (f))
R.\'.c (T) - P‘_l (St <f) S.t O‘))‘
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writingtheaboveequationintermsofthetimedomaincharacteristicsofthesignalx(t),its autocorrelation
function is defined as

=
R, (7)= }T}v % x()x(t+ 1) dt
0

Bytheuseoftwochannels,thecombinedpropertiesofthetwosignalscanbeobtained. Thecross- power
spectrum of the two signals x(t) and y(t) can be computed as

Gy (=5, @),

whereSy(t)isthelinear spectrumofy(t) andSx(t)* isthecomplex conjugatespectrumofx(t).

Ifx(t)representstheinputtoasystemand y(t)theoutputofthesystem,thenitstransferfunction H(f), which
contains both amplitude and phase information can be obtained by computing

G, ()
G ()

H(f) =
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