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INTRODUCTION

This chapter introduces you to the 2710 Spectrum Analyzer
User's Guide and the typographical conventions used herein. It
briefly describes scanning spectrum analyzers in general and
gives an overview of the Tektronix 2710 Spectrum Analyzer.

Using This Manual
L. ]

) This manual tells you how to carry out a variety of practical
measurements using your 2710 Spectrum Analyzer. It does not
replace your Operators Manual. The Operators Manual defines
the functions of each control or menu; this manual tells you
how to use those controls and menus to make measurements
quickly and easily. Read the User's Guide interactively with
the 2710; carry out the instructions in the manual using the
spectrum analyzer. In this way you will quickly acquire the
knowledge and skills necessary to confidently make accurate
measurements.

Proceed serially through this manual. Although each section of
the manual can stand alone, it has been written to acquaint you
with the most important features of the analyzer first, and to
gain you increased experience with previously-discussed
controls as you proceed through the tutorial. If you are new to

) the 2710 or spectrum analysis in general, we recommend that

g you also read Tektronix application note 26W-7037, Spectrum
Analyzer Fundamentals.

1.1
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The User's Guide is divided into small lessons. The end of one
lesson and start of the next are indicated by a "settings box"
that looks like this:

The box shows what the control settings of the 2710 should be
to continue with the section of the manual which follows it.
The contents of the box resemble the analyzer's standard on-
screen data readouts which will be explained in more detail in
the next chapter. Each lesson begins with the sweep and
resolution bandwidth controls in AUTO mode. To remind you
of this, (AUTO SWEEP) is shown in the top center of the box
and (AUTO) follows the resolution bandwidth setting. The
parentheses mean the enclosed item is not part of the normal
on-screen readouts.

As a newcomer to spectrum analysis, you will find the material
in the Introduction and Getting Started sections of this manual
especially helpful. The Introduction contains a brief descrip-
tion of spectrum analysis and reviews the characteristics of the
Tektronix 2710 Spectrum Analyzer. Getting Started enables
you to safely apply power and signals to the 2710. You become
acquainted with the front panel of the instrument and make
your first measurement using the built-in calibration signal. The
Introduction and Getting Started are complete lessons and,
therefore, contain no settings boxes.

The Controls and The Menus--Ultimate Versatility explain —
with the help of examples you carry out — the features of the
2710 and the benefits you gain from each control and menu
option. You learn to easily obtain accurate spectral and time-
domain measurements.

External I/O teaches you how to get signals in and out of the
back panel of your spectrum analyzer.

N
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If you are already familiar with the 2710, this guide can serve
as a handy "how to" reference. Check the index or table of
contents for the location of information about specific
functions.Then set up the analyzer according to the settings box
preceding the topic of interest and refresh your memory by
following the example.

Typographical Conventions

A few typographical conventions are used to make this manual
more convenient to use. Text consists of information and
instructions. Instructions are printed in bold type to distinguish
them from purely informational statements. For example, the
instruction:

Change the center frequency by turning the FREQ/
MARKERS knob.

is distinguished from the informational statement:

Turning the FREQ/MARKERS knob changes the
frequency.

by the bold text.

Textual information that appears on the spectrum analyzer
screen, such as the data in the readout areas, is printed as it
appears on screen. For instance, the span per division and
resolution bandwidth appear in the upper left of the screen in
this format:

20.0 MHz/
5 KHz RBW

Square brackets enclose the names of keys which you press on
the 2710 Spectrum Analyzer. The names will be in upper-case
print (with the exception of the d in dB) as they appear on the
spectrum analyzer front panel except that names occupying
more than one line on the analyzer are printed on a single line.

1-3
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For instance, if we tell you to press:
[MAX SPAN]

we mean "Press the key that looks like

in the upper center of the 2710 control panel."

When making choices from menus, twelve numerical keypad
indicators adjacent to certain keys are illuminated by green

LED's. Then the key is referred to by the number adjacent to it.

For instance, when the MAX SPAN key is being used as
keypad number 7, a green LED next to the key will backlight a
numeral 7. We will then tell you to press:

(71

When we want you to press a series of keys, we print the series
using slashes (/) as delimiters. For instance, if we tell you to
press:

[UTIL MENUY/[1)/[1]

we mean sequentially press the UTIL MENU key, the 1 key,
and the 1 key a second time.

When selection of an item from a menu is required, the item
number, its description as it appears on the menu, or both are
given. For instance, soon you will select item 9 from the Input
Menu. This is how the description of item 9 appears on the
menu and in text:

CAL SIG @ 100MHZ -30DBM

ipectrum Analyzer User's Guide i,
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There are two other important conventions. The first is the
Caution symbol:

CAUTION

This symbol prefaces a warning to you that there is
a potential for equipment damage.

The second is the Note symbol:
NOTE

This symbol prefaces information which is not es-
sential to an operation but may promote a fuller
understanding.

What is a Spectrum Analyzer?
L =

There are several types of spectrum analyzers, but we will
describe only the heterodyne or scanning analyzer. A scanning
spectrum analyzer is essentially a radio receiver. Imagine you
tune a conventional FM broadcast receiver from one end of the
band to the other. As you tune, plot the reading of the tuning
meter versus frequency. The graph you produce is a frequency
domain representation, or spectrum, of the FM broadcast band;
it tells you at which frequencies the signals occur and how
strong they are. If stations are too close together, you will hear
them simultaneously and you will not be able to get an inde-
pendent meter reading for each. This is because the intermedi-
ate frequency (IF) filter of the receiver has a bandwidth too
wide to resolve, or separate, the stations.

In this thought-experiment, you are manually tuning, or
scanning, the FM broadcast band with a resolution bandwidth
(RBW) equal to the bandwidth of the IF filter in your receiver.
Suppose you plot your measurements on graph paper with one
centimeter divisions, making each division equal one MHz.
The span/division of the resulting plot is then 1 MHz/division.
When you stop tuning, your receiver is no longer scanning; it is
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in zero span mode. The output of the receiver is now a time
domain representation (signal amplitude vs. time) of the signal
coming through the IF filter at the frequency to which the
receiver is presently tuned. After detection, the signal appears
at the receiver's speaker as the sound you hear.

A spectrum analyzer performs similarly except that the scan is
usually performed automatically (and faster than you do it
manually) and there is a selection of IF bandwidths or RBW's
to choose from. Multiple RBW's are needed because in some
cases you will want to separate closely-spaced, narrowband
signals, while in others you will want to examine signals with
larger bandwidths. There is a maximum speed at which a band
can be accurately scanned with a RBW of a given width;
generally the smaller the RBW, the slower the speed. The 2710
can automatically select the fastest speed for you.

You can find additional information about basic spectrum
analyzer concepts and definitions in Spectrum Analyzer
Fundamentals .

Figure 1-1 is a conceptual illustration of how the 2710 is put
together. As you proceed through the tutorial, you may find it
useful to refer to this block diagram to understand how the
various features of the analyzer operate.
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& Microprocessor Controlled

Phase Gate Signal

High Speed Bus

Figure 1-1. Spectrum analyzer block diagram (late model).

1.7
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What Can You Do

with a Spectrum Analyzer?
L

Spectrum analyzers measure how the power in an input signal
is distributed in frequency. Therefore, you can use them to
determine signal amplitudes and frequencies, noise power,
carrier-to-noise (C/N) ratios, signal or filter bandwidths,
distortion (harmonic and intermodulation), FM deviation, per
cent modulation, detect spurious signais, align transmitters and
receivers, check specifications, and so forth.

About The 2710
L

The Tektronix 2710 is a portable radio frequency (RF) scanning
spectrum analyzer designed for use in the field as well as the
laboratory. It is light weight (less than 21 1bs/9.5 kg) and can be
equipped with battery and inverter for use in locations without
AC power. The instrument is very durable, but rough handling
or liquids, dust, or other contaminants inside the case can cause
damage. The optional Travel Line package provides additional
protection during transportation.

The 2710's user interface is simple enough for the neophyte but
versatile enough to satisfy an expert. Fundamental measure-
ment parameters (center frequency, span/division, reference
level, etc.) can be controlled directly with dedicated keys. In
fact, as you'll learn in the next chapter, you can display a
spectrum by touching only three controls. Making measure-
ments can be so easy that even experienced engineers get the
feeling of "1, 2, 3...how simple can it get?" On the other hand,
call-up menus enable you to automate certain operations, such
as bandwidth or carrier-to-noise ratio measurements, and to
directly enter front-panel control settings. Measurement
parameters and results are displayed on-screen.

To increase measurement flexibility, the 2710 has a broad
range of standard features. Input signal sensitivity with the
built-in preamp activated is -129 dBm , and signals as large as
+20 dBm can be accomodated. A frequency-corrected oscilla-
tor provides accuracy of 1 x 10° of center frequency +5 KHz.
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AUTO operation allows both sweep speed and resolution
bandwidth to be selected automatically. Digital and analog
displays are standard, as are time domain functions (with 1
sec/div sweep speed in analog mode), AM/FM detection, built-
in preamplifier, user-definable modes, and 3 kHz - 5 MHz
RBW's.

Standard post-detection digital sampling (at a 2.5 MHz conver-
sion rate) and storage is used with a unique max/min display
mode that provides a close approximation of analog displays.
Peak detection is also provided. It is possible to display up to
four traces simultaneously and to perform ensemble statistics.
A continuously updated "waterfall" display mode can be used
to compare the four most recent spectral sweeps. Standard non-
volatile random access memory (NVRAM) enables you to save
nine front-panel configurations and about 18 on-screen dis-
plays. The exact number depends on what else you are storing
in the instrument (such as user-defined keystoke sequences),
and whether certain other options are also installed.

Optional 2710 capabilities result in even greater performance.
Option 1 includes phaselocked stability and a 300 Hz RBW
filter. Sensitivity is increased to -139 dBm with the built-in
preamp activated and 10 times greater resolution is provided
than the standard 3 kHz filter. Option 2 is a digital frequency
counter which reads out on screen. Along with Option 1, it
increases frequency accuracy to 5 x 107 of center frequency
+10 Hz +1 least significant digit.

NOTE

Since Tektronix continually improves its products,
itis possible there may be a few differences in how
your 2710 operates compared to the description in
this document. Check with Tektronix if further in-
formation is needed.



2710 Spectrum Analyzer

User’s Guide

Getting Started

i
5:\”“

)




X \,_"/

20

ity 2710 Spectrum Analyzer User's Guide i

GETTING STARTED

In this chapter you are going to make your first measurement
with the 2710 Spectrum Analyzer. It is a simple verification of
the built-in calibrator signal. Along the way you will learn
precautions to safeguard the instrument, discover the necessity
for normalization procedures, and become acquainted with the
layout of the front panel and display.

Precautions

The 2710 is. tough but not indestructable. It can be damaged by:

® applying too large a signal to the input

® applying incorrect mains power

@ allowing moisture, dust, or other contaminants inside
the case

® handling the analyzer with undue roughness

® not providing proper ventilation

Never input signals to the analyzer if their combined amplitude

#/ is greater than +20 dBm or has a DC component greater than

100 volts. If you exceed the maximum input ratings,
You Can Turn the 2710 Into a Smoke Generator!

If necessary, use an external attenuator first. Further, to prevent
damaging transients, use maximum RF attenuation when
connecting a signal with a DC component. Then remove
attenuation as needed to make the measurement. Also be aware
that the 2710 is optimized for a -30 dBm input to the first
mixer. A larger input signal may lead to nonlinear operation

and inaccurate results.

We recommend that you Do Not connect the 2710 directly to a
CATV trunk carrying AC power. The mixer can be overloaded
making accurate measurements impossible, and a surge in the
AC power might place the peak AC voltage above the 100 volt
level tolerable by the 2710.

21
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NOTE

The maximum safe RF and DC input levels are clearly
printed near the signal input jack.

The 2710 uses mains power of 90 - 250 VAC and 48 - 440 Hz.
In the normal laboratory or factory environment, using standard
plugs and receptacles, it is unlikely that you will apply incor-
rect power. However, in the field or during abnormal condi-
tions, you might have to rig temporary power. Be certain that
any power source connected to the 2710 applies less than 250 V
AC rms between conductors or between either conductor and
ground. To safeguard the source, ensure that it is rated for at
least 120 Watt operation.

Electronic circuits do not mix well with water, chemicals, dust,
or grit. Avoid exposing your instrument to these or other
contaminants; its case is not water- or airtight. Do not place
liquid containers on or near the analyzer where they can be
spilled into it. Use the Travel Line rain cover, part number 016-
0848-00 (or other suitable covering), when transporting the
2710 out of doors.

CAUTION

Do not operate the 2710 in rain. Water or other liquids
inside its case can permanently damage the instrument.

A cooling fan is an integral part of the 2710. Although the
instrument can be operated in any orientation, you must ensure
that the clearance provided by the feet is maintained on the
bottom and that there are at least two inches (more if practical)
clearance around other sides. In no case should you block the
air intake areas at the front of the 2710 or the exhaust areas at
the rear. Never run the instrument inside the Travel Line case.

Do not physically abuse the 2710. It is capable of withstanding
a fair amount of rough handling but dropping it off a work-
bench or bouncing it around the trunk of a car or the back of a
truck may cause damage. Protect the instrument while trans-
porting it and use it where it cannot be accidentally hit, kicked,
or dropped.

e
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Turning on the 2710
L. |

After you have observed the foregoing prercautions, you are
ready to turn on the 2710. Make sure there is no signal source
connected to the analyzer and plug in the power cord. Press:

[POWER]

The green LED adjacent to the power switch lights indicating
that power is turned on. The LED indicators flash and you hear
a few beeps as the analyzer performs its power-up self test. A
display appears onscreen almost immediately. You may see the
messages:

STAND BY
WARMUP TIME 15 MIN

When the factory default power-up settings are being used, the
STAND BY message does not appear and it is possible to make
general observations and measurements immediately after the
power is turned on. If user-defined power-up settings (see
USER-DEFINED POWER-UP SETTINGS in The Menus --
Ultimate Flexibility) are implemented, the STAND BY
message appears briefly. The 2710 front panel is locked out
while the message is displayed. After the message disappears,
the factory default settings are replaced by the user-defined
settings, and you can proceed with your observations. Which-
ever settings are used, the WARMUP message is displayed. It
disappears after a few seconds. Remember, however, that the
analyzer may require the full 15 minutes to be operating within
specification.

It is possible that you may see the phrase:
NORMALIZATION SUGGESTED

Normalization is a procedure by which the 2710 measures and
memorizes its own calibration parameters using a built-in
reference. When this message appears, the instrument is telling
you that its self-test feature has determined that the perform-
ance of the 2710 no longer matches that predicted by the
previous normalization. This is not unusual during the warm up
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period, especially if a narrow RBW filter is called for by user-
defined power-up settings and/or the ambient temperature is
different than that at which the previous normalization was
performed. The phrase should disappear from the screen
shortly. If it doesn't disappear with a few minutes, a new
normalization should be carried out. Normalization ensures the
utmost precision when making measurements. It is suggested,
that when maximum accuracy is required, you allow your
instrument to reach a stable operating temperature in the
environment in which the measurements will be carried out,
and then perform a normalization before making the measure-
ments. See the Utility Menu section of The Menus for the
procedure.

Restoring the Factory Default Settings
L

When power is first applied to the 2710, it initializes its front-
panel controls to settings stored in memory. If the instrument
has been used before, those settings may be user- defined (see
USER-DEFINED POWER-UP SETTINGS in The Menus).
If no user-defined settings exist, the instrument defaults to the
factory power-on settings which are permanently stored in
read-only memory (ROM). To ensure that you are using the
factory default power-on settings, press:

/ [UTIL MENU)[1)/[1]

Pressing this sequence of buttons always restores the factory
default settings no matter what the analyzer was doing previ-
ously. It is a handy method of returning to a fixed set of
conditions if you ever get lost.

The Specfral Display
L

When spectral measurements are being performed, the 2710
screen can display front-panel control settings, the results of
certain measurements, and one or more signal spectra. Let's
look at it more closely.
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Figure 2-1 shows what the 2710 screen looks like with the
factory power-up settings implemented. The displayed spec-
trum represents the noise floor of the 2710. The noise floor is
the amplitude of the noise generated internally by the analyzer
itself and passed through the RBW filter. Narrowing the RBW
lowers the noise floor (because noise power is proportional to
the resolution bandwidth). The noise appears as a thick,
irregular band across the bottom half of the screen. To achieve
this appearance, we've used digital display storage. The unique
MAX/MIN display shown here is designed to resemble the
analog spectra which the 2710 inherently produces. The
maximum and minimum amplitudes of the analog spectrum are
alternately sampled at 512 successive points. Plotting the two
interleaved sets of 256 points produces the graph of the
spectrum that you see. This display not only imitates the analog
spectrum, but can also assist in detecting low level signals by
more effectively showing the characteristic void they produce
under the noise floor.

Center Frequency
OHz 900 MHz 1800 MHz

v

Reference

seerHz ATTH Saenp

Level= ge.apBM . - wr wipe
20.0 dBm 180MHZ, MAX [ 1e s
5MHZ RBUY T S -2e
: . $ 10dB
— 30
- &4

2710

Self Noise
or Noise
Floor

180 MHz

Figure 2-1. 2710 display with factory power-up settings.

2-5



Tt 2710 Spectrum Analyzer User's Guide i

Other data are also displayed. The on-screen data readout
includes two columns of information. Listed in order in the left
column are:

center or starting frequency

reference level (signal amplitude at the top graticule line)

horizontal scale factor (frequency or time per major
horizontal division)

resolution bandwidth

Normally the item at the top of the left column is the center
frequency of the display, but you can choose to have the
starting frequency (frequency at the left edge of the display)
listed instead. When the factory power-up settings are used, the
entire input frequency range is displayed. In this mode (called
MAX SPAN and indicated by /MAX following the horizontal
scale factor), the first item in the column lists the frequency at
the location of the marker (intensified spot on the display).

The types of information displayed in the right column can
change. Normally the column lists:

RF attenuation

video filter bandwidth

vertical scale factor (decibels or voltage per vertical
division)

However, in some operating modes the results of measurements
or other data appear on the right. We will point out when to
expect alternate information as we deal with the various modes.

Later you will learn how to turn off the on-screen readouts or
add other information to them.
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The Control Panel

The 2710 control panel possesses several characteristics which
4 7 make it easy and convenient to operate:

@ Controls that have related functions are grouped to-
gether. The groupings are defined by the background
color surrounding the related controls. We shall refer
to the groupings as function blocks.

® The three controls most fundamental to spectrum
measurement are located near the top of the control
panel (on later model 2710's, they have a distinctive

" blue background).

® Dedicated function keys permit quick setting of all
critical measurement parameters.

® Menu keys surrounded by black borders call up menus
of features.

® Red LED status indicators adjacent to certain keys
indicate when the function is active.

® Green LED keypad indicators labeled 0 - 9, ., and <-
' ) (backarrow) laid out in conventional calculator
’ numeric keypad configuration are illuminated when
any menu is active. Pressing the key adjacent to each
selects the numbered menu option. The keypad is
also used to enter numerical data or settings.

Spectrum measurements can be carried out using only the
front-panel dedicated function keys; you don't have to use
menus. However, the menus do provide flexibility and a degree
of measurement automation. The most important controls when
measuring spectra are the center frequency, span/div and
reference level. These controls are located across the top right
of the 2710 where they are convenient to most users.

NOTE

) The SWEEP and RESOLUTION BW function blocks
have AUTO keys with an LED indicator adjacent to
them. The AUTO mode allows the 2710 to pick the best
combination of sweep speed and resolution bandwidth
for a given span/division. When these blocks are in
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AUTO mode (LED is lit) it is possible to make spec-
trum measurements by touching no more than three
controls!

There are several "arrow" keys on the control panel. The most
frequently used are the FREQ SPAN/DIV and REF LEVEL
arrow keys. We've tried to make their use intuitive by causing
the displayed spectrum to change in the same direction as the
arrows. For instance, arrows pointing towards each other
squeeze or compress the spectrum. When an arrow key is
pressed, the on-screen readout also changes to reflect the new
value of the parameter controlled by the arrow key. This
behavior is summarized in Table 2-1.

Table 2-1. Effect of arrow keys.

FREQ SPAN/DIV REF LEVEL
O sia
ao D<A ol Iy
Expand Compress Raise signal Lower signal
spectrum spectrum display display
SPAN/DIV  SPAN/DIV REF LEVEL & REF LEVEL &
decreases increases attenuation attenuation
decrease increase

One other noteworthy feature: many of the keys are toggle-
action. The ability to undo an action, including menu selection,
by pushing the same button or sequence of buttons that carried
out the action is typical of operations you perform with the
2710. To watch this happen, press:

twice. You will see the spectral display shrink vertically
following the first push (which turns on the filter), and then
expand to its original size following the second push (which
turns off the filter).
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Sounds
—

The 2710 emits tones under the following conditions:

during power-on self test

during operator-initiated audio alert testing
when a front-panel key is pressed

when an abnormal condition occurs

when a message appears

You heard the self test beeps when you turned on the 2710. The
analyzer also emits a series of tones if you select the Audio
Beep option via [UTIL MENUY/[S)/[1)/[2]-

If the built-in sound generator is turned on, a beep is emitted
when a front-panel key is pressed. The beep can be set to low,
high, CW, or off using the Utility Menu. The factory default is
low.

If an abnormal condition exists, such as a request to extend a
measurement parameter beyond its range, the 2710 emits the
high level beep. A message is simultaneously displayed on
screen describing the abnormal condition.

The 2710 can also emit more interesting sounds. It is equipped
with AM and FM detection circuits which extract the audio
modulation on amplitude or frequency modulated RF signals.
The detector output is amplified and placed on the built-in
speaker. This feature can be used to identify most voice
channels based on their content or call signs, and can help to
identify others by enabling you to determine the type of
modulation (frequency shift keying, pulsed CW, etc.). For
better audio (essentially hi-fi quality) or private listening, use
the headphone jack on the right side of the analyzer. The AM/
FM dectors are covered in the discussion of the Detector/
Generator Menu.



ittt 2710 Spectrum Analyzer User's Guide i

The Built-in Calibrator
L

The 2710 is equipped with a built-in calibration source. But the
calibrator for the 2710 is a bit different from others you've
encountered in that there is no external "Cal Signal" jack.
Instead, the calibrator is tucked securely inside the analyzer and
"connected" to the input of the 2710 without the need for
external cabling (and attendant mismatches) by selecting the
proper Input Menu option.

To call up the Input Menu, press:
[INPUT MENU]

Item 9 specifies a CAL SIG @ 100MHz -30DBM. The calibra-

tor emits a CW signal with a fundamental frequency of 100

MHz + 5kHz (+ 2kHz with Option 01) at an amplitude of -30 = Z~ /
+ 0.3 dBm. Higher order harmonics at lower levels are also

present. Item 9 toggles the calibrator on and off. Turn the

calibrator on by pressing:

[l
The screen reverts immediately to the spectral display. The
word CALIBRATOR now appears near the bottom right of the
screen signifying that the calibrator is turned on.

Turn the calibrator off by pressing:

[INPUT MENUJ/[9]

NOTE
When the calibrator is turned on the normal RF input

is disconnected internally from the input attenuator and
cannot be viewed.

2-10
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Making Your First Measurement
L ___________________________________ ]

Now let's make a measurement with the 2710. We'll verify the
frequency and amplitude of the calibration signal. Although the
calibration signal is used, the technique is the same for measur-
ing any continuous signal. In the process, you will learn to use
three of the most important controls on the analyzer.

If you have not already done so, turn on the power to the
2710 and allow your instrument to reach a stable operating
temperature. If the NORMALIZATION SUGGESTED
message is displayed, it will usually disappear as the 2710
reaches normal operating temperature. Restore the factory
default power-on settings by pressing [UTIL MENUJ/[1)/[1].

# The RF attenuation is set to 50 dB. This affords maximum
protection to the analyzer because any signal at the input
undergoes maximum attenuation before reaching the power-
sensitive mixer circuit. It is recommended that you use this
setting when connecting unknown signals to the 2710. T‘E—span
is set to 180 MHz per division. This is maximum span and it is
indicated by the word MAX in the span readout. This is the
safe setting for introducing new signals. It enables you to view
the entirc measurement range (1.8 GHz) of the analyzer. If a
smaller span is used, large signals can be present off-screen.
Remember -- the total signal amplitude (that is, all signals on
screen or off added together), not just the signal of interest,
must remain below +20 dBm. With a small span it is also
possible to reduce the attenuation to view a low level, on-
screen signal while inadvertently allowing an off-screen high-
level signal to saturate the mixer.

Turn on the calibrator via the Input Menu. The word
CALIBRATOR appears on screen and you may notice a few
signal peaks towards the left of the display. These are the
calibration signal's fundamental and harmonics. If you don't see
them, your eyes are probably not going bad; the amplitudes of
the harmonics may be lower than the 2710's noise floor.

2-11
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Make the calibration signal peaks higher and more visible
by pressing:

in the REF LEVEL function block three times. You have
reduced the RF attenuation 30 dB (The attenuation readout now
indicates 20 dB). The resulting reference level (top graticule
line) is -10 dBm. Normally, the reference level and RF attenu-
ation and/or IF gain change 10 dB each time you press [SIG(}]
or [SIG {]. Figure 2-2 shows what the display should look like.
Don't be concerned if some of the signal peaks on your ana-
Iyzer have slightly different amplitudes.

Fundamental

Harmonics
A
~ —
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v 4th
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Soewnz| | | i | lveh edos’
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|
Figure 2-"2. 27}0 calibration signal and harmonics.
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Let's look at the calibration signal more closely. Turn the
large round knob in the FREQ/MARKERS function block
several clicks counter-clockwise. Do you see what's hap-
pened? The marker has moved to the left and the frequency
readout has decreased. In most modes of operation, the knob
controls the center frequency of the display. It is essentially the
"tuning" knob of our receiver. However, because the 2710 is
spanning its maximum frequency range (1.8 GHz), the center
frequency must be constant at 900 MHz. The knob now
controls the position of the marker while the uppermost readout
in the left column indicates marker frequency. Continue
turning the knob until the frequency readout indicates 100
MHz.

Expand the display by pressing:

in the FREQ SPAN/DIYV function block. What happened?
Since you are no longer in MAX SPAN, the intensified spot
reverts to a center frequency marker and the readout now
indicates center frequency. Simultaneously, the marker and the
spectral display shift to the right to center around 100 MHz.
The signal one division to the left of center is the zero fre-
quency peak. Although it is an artifact produced by the ana-
lyzer, it is a true marker of zero frequency. Signals to the left of
zero frequency can be ignored; they are also artifacts, or
images, of signais on the right.

Again press:

‘See the spectrum spread out? This key enables you to "zoom
in" on the spectral display. Press the key until the span
readout indicates 20 MHz/. The display should now look like
Figure 2-3. The high peak at 100 MHz is the calibrator's
fundamental and the peak at the right edge of the screen is its
second harmonic. Since the fundamental is two divisions down
from the top graticule line and the vertical scale is 10 dB/
division, the amplitude of the calibration signal is -30 dBm
{-10dBm ref level - (2 x 10dB/div) = -30dBm}.

2-13
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By manijpulating only three controls you've just determined the
frequency and amplitude of the calibration signal. One, two,
three.....how simple it can be!

Believe it or not, by using the same 3 controls plus a fourth, it
not only gets easier, but also more accurate. You'll find out
how in the next chapter.

Fundamental Second Harmonic
(100 MHz) (200 MHz)

TNEDBf

| P'vé orfet
O

<€ -30dBm

Figure 2-3. Calibration signal and second
harmonic.
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THE CONTROLS

This chapter describes the controls of the 2710 in detail and
indicates how they are used to effectively measure signal
spectra. We look first at the controls fundamental to spectrum
analysis.

Fundamental Operations

In the previous chapter you learned to quickly measure the
amplitude and frequency of a continuous narrowband signal
using only three keys. In this section we'll repeat that initial
measurement, but this time we'll look more closely at the
FREQ/MARKERS, FREQ SPAN/DIV, and REF LEVEL
function blocks. These blocks contain the controls which are
most fundamental to the operation of the spectrum analyzer.
You could even perform the majority of spectral measurements
with only these controls if you choose.
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Frequency Span/Division

3.2

Restore the factory default power-on settings and
ensure that the calibrator is turned on. Reset the
frequency to approximately 400 MHz and the refer-
ence level to -10.0 dBm. Remember that in MAX SPAN
it is the marker that changes position and not the center
frequency.

The arrow keys in the FREQ SPAN/DIV function block are
used to directly increase or decrease the span/div. Beginning
with the maximum span, press:

[GQ>]

several times to decrease the span/div to 20 MHz.! See how
you "zoom in" on the spectral display? Now press:

D@l

until the span/division increases to 180 MHz. Watch the
spectral display "zoom out" just as though it was moving away
from you.

These two keys perform inverse functions. The inward-facing
arrows compress or squeeze the spectrum together whereas the
outward-facing arrows expand or siretch the spectrum. Experi-
ment if you wish and then set the span to 20 MHz/.

! If you request a narrow span before the 2710 is completely warmed up,
you may get a NORMALIZATION SUGGESTED message. This message
should disappear as the analyzer warms up.
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Maximum Span
L e .

To obtain the largest span available on the 2710 press:

[MAX SPAN]

The span/div readout now indicates 180 MHz/ MAX. Press
[MAX SPAN] a second time to return to 20 MHz/. Many of
the keys on the 2710 are toggle-action. The ability to undo an
action by pushing the same button that carried out the action is
typical. [MAX SPAN] is a toggle-action key taking you from
the current span/div to 180 MHz/div and back again.

Zero Span
L -

For your next experiment, reset the center frequency to
100 MHz and notice that the calibration signal peak is
centered in the display. Press:

[ZERO SPAN]

The signal is a straight, horizontal line! In ZERO SPAN the
analyzer remains at a fixed center frequency. What you see is
the time variations of the signal coming through the RBW filter
at that frequency. Since the calibration signal has constant
amplitude, the spectral display is constant. Slowly increase the
center frequency. The noise generated internally by the
analyzer has a time-varying random amplitude. You will notice
the signal amplitude decrease and the noise increase as you
tune away from the calibration signal.

In the zero span mode, the 2710 does not sweep the frequency
spectrum. Rather, the local oscillator remains at a fixed
frequency so that the resolution bandwidth filter brackets the
designated center frequency. Because the display screen is still
swept, the span readout indicates sweep speed (time per
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division rather than frequency per division). The word ZSPAN
follows the sweep speed to denote zero span operation. In a
sense, you turned your spectrum analyzer into an oscilloscope.
[ZERO SPAN] is another toggle-action key. Press it again to
return to 20 MHz/div span. Reset the center frequency to
400 MHz and the span to 100 MHz/.

Center Frequency Control

Turn the FREQ/MARKERS knob a few clicks
clockwise. Each click of the knob increases the
center frequency by 2.0 MHz. Turn the knob
counter-clockwise and the center frequency
~ decreases by the same amount. Continue
turning the knob until the center frequency
readout indicates 100 MHz. Now press [30>]
in the FREQ SPAN/DIV function block until
the span readout indicates 20 MHz/. Again turn the FREQ/
MARKERS knob a few clicks clockwise. The spectral display
appears to move sidewards at about the same rate as it origi-
nally did. However, it is now moving only 0.4 MHz per click.
We call this visual behavior constant rate tuning. It occurs
because the knob normally changes the center frequency at
0.02 of the span/div per click. The indicated frequency changes
alternately by 3 or 4 MHz in MAX SPAN and as a percent of
the RBW in ZERO SPAN. In Selecting the Tuning Increment,
you will learn how to change the tuning rate.

Do you see why we originally changed the center frequency
before changing the span? How many more clicks of the knob
would it take to change the center frequency back to the
original 400 MHz using .02 of this span? Any time you have to
manually make a significant change in the center frequency,
use a large span. Later you will learn to directly enter a center
frequency using the Marker/Frequency Menu.
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Reference Level

Let's review signal height adjustment. In the REF LEVEL
function block, Press:

[SIG {}]

The reference level is now -20 dBm and the attenuation is
10 dB. The calibration signal peak is one division below

the reference level. The signal peak appeared to increase

10 dB when you pressed the key.? Now reduce the on-screen
signal height one division by pressing:

[siG ¢]

Both the RF attenuation and the reference level readouts
increased 10 dB but the signal amplitude is still -30.0 dBm.

NOTE

Signal amplitude does not change, only its displayed
height does.

[SIG {}] raises the signal height whereas [SIG {}] lowers it.
Experiment if you wish and then reset the reference level to
-10 dBm.

2 Remember that you are dealing with negative numbers: -20 dBm is a
smaller number than -10 dBm. What you did to achieve the apparent in-
crease in signal height was to slide the whole display upwards 10 dB by
decreasing the RF attenuation,

35
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Reference Level

In the REF LEVEL function block, press:

[1dB 10dB]

Nothing happened on screen, but the red LED next to the key
lit. The LED is telling you that the rate at which [SIG {}] and
[SIG {} ] change the on-screen signal height and reference
level is now 1 dB per push rather than 10 dB. Try pressing
[SIG {}] five times. The signal peak raises half a division and
the reference level readout indicates -15 dBm. Press [SIG {}]
five times and watch the reverse happen. [1 dB 10 dB] is
another toggle-action key. Press [1 dB 10 dB] again to return
to 10 dB per push and extinguish the LED. Ensure the
reference level is set to -10 dBm.

3-6
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Enhanced Versatilitx

In the preceding section you learned to operate the fundamental
controls of the 2710. In this section you will learn how the
remaining controls enhance your ability to make accurate
spectral measurements easily and conveniently. You will
discover how to change the resolution bandwidth and vertical
scale factor, and how to control sweep speed. You will learn
that display storage and marker control enable you to quickly
measure signal amplitude and frequency with maximum
accuracy. You will also learn to make direct spectral compari-
sons and, with non-volatile RAM (NVRAM), to save important
results for future reference.

Resolution Bandwidth

Thus far, we have ignored the RESOLUTION BW

function block. It's been left in AUTO mode which

enables you to make measurements without worrying

about where the RBW is set, but there are circumstances

in which you will want to control the RBW yourself. For
instance, when you look at the time domain representation
of a TV video signal using zero span, you will want to use
the 5 MHz (maximum) RBW to ensure that all the energy
of the wideband signal gets through the filter. In other cases
you may wish to select a very narrow RBW in order to resolve
signal sidebands or intermodulation distortion products. The
resolution bandwidth arrow keys enable you to select RBW's of
3 kHz, 30 kHz, 300 kHz, or 5 MHz in the standard 2710 (also
10 kHz, 100 kHz, and 1 MHz with option 14; 300 Hz with
option 01; and 1 kHz with options 01 and 14).

Consider this: how far do signals have to be separated before
we can see them as separate? The exact answer depends on the

———
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particular filters, bandwidths, signal levels-and other factors,
but two rules of thumb apply:

® If the signal amplitudes are less than 3 dB different,
they are resolved when their frequency separation
equals the RBW.

@ For signals more widely separated in amplitude and
frequency, let A be the amplitude difference. Then:

F=(1 + A/22) RBW

where F is the required frequency separation. This
rule is based on the fact that the 2710's 60 dB filter
bandwidths tend to be about 7 times the 6 dB band-
width and assumes the filter roll-off is approximately
linear in dB. Using this condition, if the signals are
30 dB different in amplitude, A, then they have to be
separated by about 2.4 x RBW,

Set the span to 2.0 MHz/. The RBW readout indicates 300
kHz.

NOTE

Because early models of the 2710 use a 500 kHz filter
instead of 300 kHz, your readout may indicate 500 kHz.
Both filters produce comparable results.

Let's change the RBW to see what happens. In the RESOLU-
TION BW function block, press:

[Go]

The LED went out indicating that the analyzer is no longer in
AUTO RBW mode and the RBW readout indicates 5 MHz.
What else happened? The calibration signal now appears to be
5 MHz wide! Theoretically, the cal signal should be infinitely
narrow -- a spike at 100 MHz. To understand what has hap-
pened, you must recall th