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This presentation is intended to be a beginning tutorial on signal analysis. Vector signal analysis
includes but is not restricted to spectrum analysis. It is written for those who are unfamiliar with
spectrum analyzers and vector signal analyzers, and would like a basic understanding of how they
work, what you need to know to use them to their fullest potential, and how to make them more
effective for particular applications. It is written for new engineers and technicians, therefore a
basic understanding of electrical concepts is recommended.

We will begin with an overview of spectrum analysis. In this section, we will define spectrum
analysis as well as present a brief introduction to the types of tests that are made with a spectrum
and signal analyzer. From there, we will learn about spectrum and signal analyzers in terms of the
hardware inside, what the importance of each component is, and how it all works together. In
order to make measurements on a signal analyzer and to interpret the results correctly, it is
important to understand the characteristics of the analyzer. Spectrum and signal analyzer
specifications will help you determine if a particular instrument will make the measurements you
need to make, and how accurate the results will be.

New digital modulation types have introduced the necessity of new types of tests made on the
signals. In addition to traditional spectrum analyzer tests, new power tests and demodulation
measurements have to be performed. We will introduce these types of tests and what type of
instruments that are needed to make them.

And finally, we will wrap up with a summary.

For the remainder of the speaker notes, spectrum and signal analysis will simply be referred to as
spectrum analysis. Sections that refer to vector signal analysis, in particular, will specify it as vector
signal analysis.

Let’s begin with an Overview of Spectrum Analysis.
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Analyzer Definitions

Spectrum Analyzer

— “A spectrum analyzer measures the magnitude of an input signal versus
frequency within the full frequency range of the instrument. The primary
use is to measure the power of the spectrum of known and unknown

signals.”
Vector Signal Analyzer

— “A vector signal analyzer measures the magnitude and phase of an input
signal at a single frequency within the IF bandwidth of the instrument.
The primary use is to make in-channel measurements, such as error
vector magnitude, code domain power, and spectral flatness, on known

signals.”
Signal Analyzer
— “A signal analyzer provides the functions of a spectrum analyzer and a
vector signal analyzer.”
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Overview
What is Spectrum Analysis?
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Spectrum Analysis

*Display and measure amplitude versus frequency for RF & MW signals

+Separate or demodulate complex signals into their base components (sine waves)
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If you are designing, manufacturing, or doing field service/repair of electrical devices or systems,
you need a tool that will help you analyze the electrical signals that are passing through or being
transmitted by your system or device. By analyzing the characteristics of the signal once its gone
through the device/system, you can determine the performance, find problems, troubleshoot,
etc.

How do we measure these electrical signals in order to see what happens to them as they pass
through our device/system and therefore verify the performance? We need a passive receiver,
meaning it doesn't do anything to the signal - it just displays it in a way that makes analysis of the
signal easy. This is called a spectrum analyzer. Spectrum analyzers usually display raw,
unprocessed signal information such as voltage, power, period, wave shape, sidebands, and
frequency. They can provide you with a clear and precise window into the frequency spectrum.
A vector signal analyzer can display the data in the same way as a spectrum analyzer, but it has
the added ability to display and process the time data of the signal.

Depending upon the application, a signal could have several different characteristics. For
example, in communications, in order to send information such as your voice or data, it must be
modulated onto a higher frequency carrier. A modulated signal will have specific characteristics
depending on the type of modulation used. When testing non-linear devices such as amplifiers
or mixers, it is important to understand how these create distortion products and what these
distortion products look like. Understanding the characteristics of noise and how a noise signal
looks compared to other types of signals can also help you in analyzing your device/system.

Understanding the important aspects of a spectrum analyzer for measuring all of these types of
signals will help you make more accurate measurements and give you confidence that you are
interpreting the results correctly.
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Agilent Technologies’ Signal Analysis Portfolio
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A year and a half after the first introduction of the PXA, Agilent is now introducing the
world’s highest performance mmW signal analyzer in April ‘11.



Overview
Frequency versus Time Domain
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Traditionally, when you want to look at an electrical signal, you use an oscilloscope to see how the signal varies with time.
This is very important information, however, it doesn't give you the full picture. To fully understand the performance of your
device/system, you will also want to analyze the signal(s) in the frequency-domain. This is a graphical representation of the
signal's amplitude as a function of frequency The spectrum analyzer is to the frequency domain as the oscilloscope is to the
time domain. (Itis important to note that spectrum analyzers can also be used in the fixed-tune mode (zero span) to provide
time-domain measurement capability much like that of an oscilloscope.)

The figure shows a signal in both the time and the frequency domains. In the time domain, all frequency components of the
signal are summed together and displayed. In the frequency domain, complex signals (that is, signals composed of more than
one frequency) are separated into their frequency components, and the level at each frequency is displayed.

Frequency domain measurements have several distinct advantages. For example, let's say you're looking at a signal on an
oscilloscope that appears to be a pure sine wave. A pure sine wave has no harmonic distortion. If you look at the signal on a
spectrum analyzer, you may find that your signal is actually made up of several frequencies. What was not discernible on the
oscilloscope becomes very apparent on the spectrum analyzer.

Some systems are inherently frequency domain oriented. For example, many telecommunications systems use what is called
Frequency Division Multiple Access (FDMA) or Frequency Division Multiplexing (FDM). In these systems, different users are
assigned different frequencies for transmitting and receiving, such as with a cellular phone. Radio stations also use FDM,
with each station in a given geographical area occupying a particular frequency band. These types of systems must be
analyzed in the frequency domain in order to make sure that no one is interfering with users/radio stations on neighboring
frequencies. We shall also see later how measuring with a frequency domain analyzer can greatly reduce the amount of
noise present in the measurement because of its ability to narrow the measurement bandwidth.

From this view of the spectrum, measurements of frequency, power, harmonic content, modulation, spurs, and noise can
easily be made. Given the capability to measure these quantities, we can determine total harmonic distortion, occupied
bandwidth, signal stability, output power, intermodulation distortion, power bandwidth, carrier-to-noise ratio, and a host of
other measurements, using just a spectrum analyzer.
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Overview
Types of Measurements Available

Frequency, power, modulation, distortion
& noise

— Spectrum monitoring

— Spurious emissions

— Scalar network analysis

— Noise figure & phase noise

— Harmonic & intermodulation distortion

- Analog, dj:?ital, burst & pulsed RF Modulation
— Wide bandwidth vector analysis

— Electromagnetic interference

— Measurement range (-172 dBm to +30 dBm)
— Frequency range (3 Hz to >>325 GHz)
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Overview
Different Types of Analyzers
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Now that we understand why spectrum analyzers are important, let's take a look at the different
types of analyzers available for measuring RF.

There are basically two ways to make frequency domain measurements (what we call spectrum
analysis): Fast Fourier transform (FFT) and swept-tuned.

The FFT analyzer basically takes a time-domain signal, digitizes it using digital sampling, and then
performs the mathematics required to convert it to the frequency domain*, and display the
resulting spectrum. It is as if the analyzer is looking at the entire frequency range at the same
time using parallel filters measuring simultaneously. It is actually capturing the time domain
information which contains all the frequency information in it. With its real-time signal analysis
capability, the Fourier analyzer is able to capture periodic as well as random and transient
events. It also can measure phase as well as magnitude, and under some

measurement conditions (spans that are within the bandwidth of the digitizer or when wide
spans and narrow RBW settings are used in a modern SA with digital IF processing), FFT can be
faster than swept. Under other conditions (spans that are much wider than the bandwidth of the
digitizer with wider RBW settings) , swept is faster than FFT

Fourier analyzers are becoming more prevalent, as analog-to-digital converters (ADC) and digital
signal processing (DSP) technologies advance. Operations that once required a lot of custom,
power-hungry discrete hardware can now be performed with commercial off-the-shelf DSP
chips, which get smaller and faster every year.

* The frequency domain is related to the time domain by a body of knowledge generally known
as Fourier theory (named for Jean Baptiste Joseph Fourier, 1768-1830). Discrete, or digitized
signals can be transformed into the frequency domain using the discrete Fourier transform.
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Overview
Different Types of Analyzers
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The other type of spectrum analyzer is the swept-tuned receiver. It has
traditionally been the most widely accepted, general-purpose tool for frequency-
domain measurements. The technique most widely used is super-heterodyne.
Heterodyne means to mix - that is, to translate frequency - and super refers to
super-audio frequencies, or frequencies above the audio range. Very basically,
these analyzers "sweep" across the frequency range of interest, displaying all the
frequency components present. We shall see how this is actually accomplished
in the next section. The swept-tuned analyzer works just like the AM radio in
your home except that on your radio, the dial controls the tuning and instead of
a display, your radio has a speaker.

The swept receiver technique enables frequency domain measurements to be
made over a large dynamic range and a wide frequency range, thereby making
significant contributions to frequency-domain signal analysis for numerous
applications, including the manufacture and maintenance of microwave
communications links, radar, telecommunications equipment, cable TV systems,
broadcast equipment, mobile communication systems, EMI diagnostic testing,
component testing, and signal surveillance.
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Based on the previous slide, you might be picturing the inside of the analyzer
consisting of a bandpass filter that sweeps across the frequency range of
interest. If the input signal is say, 1 MHz, then when the bandpass filter passes
over 1 MHz, it will "see" the input signal and display it on the screen.

Although this concept would work, it is very difficult and therefore expensive to
build a filter which tunes over a wide range. An easier, and therefore less
expensive, implementation is to use a tunable local oscillator (LO), and keep the
bandpass filter fixed. We will see when we go into more detail, that in this
concept, we are sweeping the input signal past the fixed filter, and as it passes
through the fixed bandpass filter, it is displayed on the screen. Don't worry if it
seems confusing now - as we discuss the block diagram, the concept will
become clearer.

We will first go into more detail as to how the swept spectrum analyzer works.
Then we will compare that architecture to the architecture of a modern FFT
analyzer.
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Theory of Operation

Display terminology
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Theory of Operation

Swept Spectrum Analyzer Block Diagram
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The major components in a spectrum analyzer are the RF input attenuator,
mixer, IF (Intermediate Frequency) gain, IF filter, detector, video filter, local
oscillator, sweep generator, and LCD display. Before we talk about how these

pieces work together, let's get a fundamental understanding of each component
individually.
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Theory of Operation
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We'll start with the mixer.

A mixer is a three-port device that converts a signal from one frequency to
another (sometimes called a frequency translation device). We apply the input
signal to one input port, and the Local Oscillator output signal to the other. By
definition, a mixer is a non-linear device, meaning that there will be frequencies
at the output that were not present at the input. The output frequencies that
will be produced by the mixer are the original input signals, plus the sum and
difference frequencies of these two signals. It is the difference frequency that is
of interest in the spectrum analyzer, which we will see shortly. We call this signal
the IF signal, or Intermediate Frequency signal.
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Theory of Operation
IF Filter (Resolution Bandwidth — RBW)

IF Filter
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The IF filter is a bandpass filter which is used as the "window" for detecting
signals. Its bandwidth is also called the resolution bandwidth (RBW) of the
analyzer and can be changed via the front panel of the analyzer.

By giving you a broad range of variable resolution bandwidth settings, the
instrument can be optimized for the sweep and signal conditions, letting you
trade-off frequency selectivity (the ability to resolve signals), signal-to-noise ratio
(SNR), and measurement speed.

We can see from the slide that as RBW is narrowed, selectivity is improved (we
are able to resolve the two input signals). This will also often improve SNR. The
sweep speed and trace update rate, however, will degrade with narrower RBWs.
The optimum RBW setting depends heavily on the characteristics of the signals
of interest.
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Theory of Operation
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Theory of Operation
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The analyzer must covert the IF signal to a baseband or video signal so it can be
digitized and then viewed on the analyzer display. This is accomplished with an
envelope detector whose video output is then digitized with an analog-to-digital
converter (ADC). The digitized output of the ADC is then represented as the
signal’s amplitude on the Y-axis of the display. This allows for several different
detector modes that dramatically affect how the signal is displayed.

In positive detection mode, we take the peak value of the signal over the
duration of one trace element, whereas in negative detection mode, it’s the
minimum value. Positive detection mode is typically used when analyzing
sinusoids, but is not good for displaying noise, since it will not show the true
randomness of the noise. In sample detection, a random value for each bin is
produced. For burst or narrowband signals, it is not a good mode to use, as the
analyzer might miss the signals of interest.

When displaying both signals and noise, the best mode is the normal mode, or
the rosenfell mode. This is a "smart" mode, which will dynamically change
depending upon the input signal. For example, if the signal both rose and fell
within a sampling bin, it assumes it is noise and will use positive & negative
detection alternately. If it continues to rise, it assumes a signal and uses positive
peak detection.

Another type of detector that is not shown on the graph is an Average detector.
This is also called an rms detector and is the most useful when measuring noise
or noise-like signals.
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Theory of Operation
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Although modern digital modulation schemes have noise-like characteristics,
sample detection does not always provide us with the information we need. For
instance, when taking a channel power measurement on a W-CDMA signal,
integration of the rms values is required. This measurement involves summing
power across a range of analyzer frequency buckets. Sample detection does not
provide this.

While spectrum analyzers typically collect amplitude data many times in each
bin, sample detection keeps only one of those values and throws away the rest.
On the other hand, an averaging detector uses all of the data values collected
within the time interval of a bin. Once we have digitized the data, and knowing
the circumstances under which they were digitized, we can manipulate the data
in a variety of ways to achieve the desired results.

Some spectrum analyzers refer to the averaging detector as an rms detector
when it averages the power (based on the root mean square of voltage).
Agilent’s spectrum analyzers can perform this and other averaging functions with
the average detector. The Power (rms) averaging function calculates the true
average power, and is best for measuring the power of complex signals.
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Theory of Operation
Video Filter (Video Bandwidth — VBW)
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The video filter is a low-pass filter that is located after the envelope detector and
before the ADC. This filter determines the bandwidth of the video amplifier, and
is used to average or smooth the trace seen on the screen.

The spectrum analyzer displays signal-plus-noise so that the closer a signal is to
the noise level, the more the noise impedes the measurement of the signal. By
changing the video bandwidth (VBW) setting, we can decrease the peak-to-peak
variations of noise. This type of display smoothing can be used to help find
signals that otherwise might be obscured in the noise.
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Theory of Operation
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There are several processes in a spectrum analyzer that smooth the variations in
the envelope-detected amplitude. Average detection was previously discussed
in the detector section of the presentation. We have just covered video filtering.
There is also a process called trace averaging. There is often confusion between
video averaging and trace averaging so we’ll cover that here.

The video filter is a low-pass filter that comes after the envelope detector and
determines the bandwidth of the video signal that is displayed. When the cutoff
frequency of the video filter is reduced, the video system can no longer follow
the more rapid variations of the envelope of the signal passing through the IF
chain. The result is a smoothing of the displayed signal. The amount of
smoothing is determined by the ratio of the video BW to resolution BW. Ratios
of 0.01 or less provide very good smoothing.

Digital displays offer another choice for smoothing the display: trace averaging.
This is a completely different process than that performed using the average
detector. In this case, averaging is accomplished over two or more sweeps on a
point-by-point basis. At each display point, the new value is averaged in with the
previously averaged data. Thus, the display gradually converges to an average
over a number of sweeps. Unlike video averaging, trace averaging does not
affect the sweep time, however because multiple sweeps are required to
average together, the time to reach a given degree of averaging is about the
same as with video filtering.
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Theory of Operation

Other Components
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And finally, a brief description of the last few components.

The local oscillator (LO) is either a YIG (Yttrium Iron Garnet) tuned oscillator or Voltage
Controlled Oscillator (VCO) which in effect tunes the analyzer. The sweep generator
actually tunes the LO so that its frequency changes in proportion to the ramp voltage.

The sampling of the video signal by the ADC is also synchronized with the sweep
generator to create the frequency scale on the x-axis. Because the relationship between
the local oscillator and the input signal is known, the horizontal axis of the display can
be calibrated in terms of the input signal’s frequency.

The RF input attenuator is a step attenuator located between the input connector and
the first mixer. Itis also called the RF attenuator. This is used to adjust the level of the
signal incident upon the first mixer. This is important in order to prevent mixer gain
compression and distortion due to high-level and/or broadband signals.

The IF gain is located after the mixer but before the IF, or RBW, filter. This is used to
adjust the vertical position of signals on the display without affecting the signal level at

the input mixer. When changed, the value of the reference level is changed accordingly.

Since we do not want the reference level to change (i.e. the vertical position of
displayed signals) when we change the input attenuator, these two components are tied
together. The IF gain will automatically be changed to compensate for input attenuator
changes, so signals remain stationary on the LCD display, and the reference level is not
changed.
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Theory of Operation
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Understanding the capabilities and limitations of a spectrum analyzer is a very
important part of understanding spectrum analysis. Today's spectrum analyzers
offer a great variety of features and levels of performance. Reading a datasheet
can be very confusing. How do you know which specifications are important for
your application and why?

Spectrum analyzer specifications are the instrument’s manufacturer's way of
communicating the level of performance you can expect from a particular
instrument. Understanding and interpreting these specifications enables you to
predict how the analyzer will perform in a specific measurement situation.

We will now describe a variety of specifications that are important to
understand.
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Key Specifications
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What do you need to know about a spectrum analyzer in order to make sure you
choose one that will make the measurements you’re interested in, and make
them adequately? Very basically, you need to know 1) the frequency range, 2)
the amplitude range (maximum input and sensitivity), 3) the difference between
two signals, both in amplitude (dynamic range) and frequency (resolution), and
4) accuracy of measurements once you’ve made them.

Although not in the same order, we will describe each of these areas in detail in
terms of what they mean and why they are important.
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Specifications?
A Definition

Specifications describe the performance of parameters covered by
the product warranty (temperature = 0 to 55°C, unless otherwise
noted).

Typical values describe additional product performance
information that is not covered by the product warranty. It is
performance beyond specification that 80 % of the units exhibit
with a 95 % confidence level over the temperature range 20 to
30° C. Typical performance does not include measurement
uncertainty.

Nominal values indicate expected performance, or describe
product performance that is useful in the application of the
product, but is not covered by the product warranty.

Back to Basics Training
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Specifications
Practicing safe spectrum analysis - Safe Hookups to RF Input

Use best practices to eliminate static discharge to the RF input!
*Do not exceed the Damage Level on the RF Input!

+Do not input signals with DC bias exceeding what the analyzer can tolerate while DC coupled!

0V DC MAX
+30dBm (1W) MAX
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Before connecting the signal to a spectrum analyzer (or any instrument) be sure
that thereis no charge on the cable and be aware of input limitations. These
are usually printed close the terminals. Static precautions are usually observed
very strictly in production environments and should be taken seriously in less
structured situations. Although the effect of static discharge may be obvious if it
destroys the instrument input, often the effect is gradual, causing a progressive
deterioration in performance.
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Specifications
Frequency Range

Description Specifications
Internal Mixing
Bands

0 3 Hz to 3.6 GHz
1 3.5t0 8.4 GHz
2 8.3t0 13.6 GHz
3 13.5 to 17.1 GHz
4 17 to 26.5 GHz
5 26.4 to 34.5 GHz
6 34.4 to 50 GHz

Back to Basics Training

Agilent Technologies

Frequency Range
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Specifications
Accuracy: Frequency & amplitude

Components which contribute to uncertainty are:

* Input mismatch (VSWR)

« RF Input attenuator (Atten. switching uncertainty) @

* Mixer and input filter (frequency response)

« |IF gain/attenuation (reference level accuracy)
« RBW filters (RBW switching uncertainty)

* Log amp (display scale fidelity)

« Reference oscillator (frequency accuracy)

« Calibrator (amplitude accuracy)
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Accuracy
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Specifications
Absolute and Relative Accuracy: Frequency & Amplitude
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The second area to understand is accuracy; how accurate will my results be in
both frequency and amplitude? When talking about accuracy specifications, it is
important to understand that there are both an absolute accuracy specification,
and a relative accuracy specification.

The absolute measurement is made with a single marker. For example, the
frequency and power level of a carrier for distortion measurements is an
absolute measurement.

The relative measurement is made with the relative, or delta, marker. Examples
include modulation frequencies, channel spacing, pulse repetition frequencies,
and offset frequencies relative to the carrier. Relative measurements are more
accurate than absolute measurements.

Let's begin by discussing frequency accuracy.
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Specifications
Accuracy: Frequency Readout Accuracy

Determined by Reference
Accuracy
» From the PXA Data Sheet:

+ (marker frequency x freq reference accuracy +
0.1%"*span + 5% of RBW + 2Hz + 0.5 x Horiz. Res.”)

RBW Error

IF filter center frequency error

Residual Error

“Horizontal resolution is span/(sweep points — 1)
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Frequency accuracy is often listed under the Frequency Readout Accuracy specification and is
usually specified as the sum of several sources of errors, including frequency-reference
inaccuracy, span error, and RBW center-frequency error.

Frequency-reference accuracy is determined by the basic architecture of the analyzer. The
quality of the instrument's internal timebase is also a factor, however, many spectrum analyzers
use an ovenized, high-performance crystal oscillator as a standard or optional component, so this
term is small.

There are two major design categories of modern spectrum analyzers: synthesized and free-
running. In a synthesized analyzer, some or all of the oscillators are phase-locked to a single,
traceable, reference oscillator. These analyzers have typical accuracies on the order of a few
hundred hertz. This design method provides the ultimate in performance with assoc